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“Background O The Invention This invention relates to a process
.and catalyst for the dehydrogenation 5 . of hydrocarbons. Mre _
particularly, this invention relates to a catalyst and process for the

dehydr ogenati on of paraffinic hydrocarbon utilizing a catalyst
conprising a platinumgroup netal and zi Ac on a support conponent
conprising borosilicate and an al kali netal, useful for the production of

hi gh oxygen-cont ent fuels bl endi n% onent s &togé;enat es) and
chemical 10 industrDEHYRROGENATION CATALYST AN @OESSecen part of
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for .oxygenat és has increased a now bei ng
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em ssi Qns1, MIIIStWUfQMStO -efficiency, and cost have dampened industry.
enthusi asm for tighgenates havg1DREA PaR. of/tﬁemrmeat&ateefgatsbm@ {w %MEBE has

b ti h
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the 30 bl enchaliytierystandargsgen the near future, it is expected that between 30 and 60
percent of the United States gasoline pool may require oxygenates.
- The most commonly used oxygenates today are methanol, ethanol, and
_ ethers such as methyl tertiary butyl ether (MTBE). Although methanol and
20 - ethanol have high blending octanes, problems with toxicity, water miscibility,
~ high Reid Vapor Pressure (RVP), high nitrogen oxide emissions, lower fuel
-efficiency, and cost have dampened industry enthusiasm for these
components. As a result of the above, MTBE has become particuiarly
attractive.
25 - .- Homologues of MTBE such as ethy! tertiary butyl ether (ETBE) and
- m_ét_hyi tertiary amyl ether (TAME) are also gaining industry acceptance.
Moreover, commercial activity with respect to ETBE and TAME is expected to
increase relative to MT! BE, in view of recent Environmental Protection Agency
. decisions to reduce the RVP requirements for gasolines well below 9 psia, the
30 blending RVP of MTBE. :
_ . Ether. production capacity, however, is oﬂan lumated by iso-olefin-
.feedstock.qyailabnlny Commercial MTBE and ETBE processes both utilize
isobutylene as a feedstock while TAME processes utilize isoamylene as a
 feedstock. : Isobutylene and isoamylene are generally supplied to a
35 commercial ether process from a fluid catalytic cracking unit (FCC), a fluidized
or delayed coker, or from downstream paraffin isomerization and
o dehydrogenatxon facilities. As a result, the availability of hydrocarbons having
- 4 or 5 carbon atoms is limited by constraints such as, but not fimited to, crude
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Et her production capacity, however, is often |imted by iso-olefin-
f eedst ockwensaiokzsbi | ity. Commercial MIBE and ETBE processes P@f‘rflsé&ﬁsﬁzze

i sobutyl ene as a feedstock whi'l e TAVE processes utilize isoanylene as a
feedstock. 1sobutyl ene and isoanylene are generally supplled to a 35
commercial ether process froma fluid catalytic cracking unit (FCC), a
fluidized or del ayed coker, or, from downstream paraffin isonerization
and dehydrogenation facilities. As a result, the availability of

hydr ocar bons havi ng 4 or 5 carbon atdms is linited by constraints such
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For exanpl e, othoustnMoemstw tacjiity Otization4, 374, 046, and 4, 458,098 to

Processes for dehydrogenating paraffins in the presence of hydrogen
and a catalyst comprising a platinum group metal on an amorphous alumina

20 support have been disciosed in the art.

For example, U. S. Patent Nos. 4,190,521, 4,374,046, and 4,458,098 to
Antos disclose a catalyst comprising a platinum group 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 dehydrogenatioh
process using a catalyst comprising a platinum group component, an alkali or
alkaline earth component, and optionally 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 a catalyst comprising a platinum group metal on an aluminosilicate or
silicalite molecular sieve support have aiso 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 C2 to C1¢ 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
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Ant os di scl ose a catal yst conprising a platinum group conponent, nickel,

and zinc on a porous carrier material such as alumna for
dehydrogerl"?;ﬁ’lgf(@;l23 paraffinic hydrocarbon. 25 U RCTA39951832R)0.
4,438,288 to Imai et al. discloses a dehydrogenation _process using a
cat al yst conprising a platinum group conponent, an al kali or al kaline
earth conponent, and optionally a G oup IV conponent 'such as tin, on a

porous support material such as alum na. The properties and
characteristics of the catal yst general.l\g necessitate periodic catal yst 30
regeneration in the presence of a hal ogen. Processes for
dehydrogenating paraffins in the presence of hydrogen and a catal yst

conpri sing a- gf siicon|izing; andoxygenlatoms.alThe catslyse i gernsraNy formed such ltﬂat(ita' ite

nmol ecul ar si eiéguggﬁgﬁ%@ Sfﬁl imglgﬁpglggﬁn%cww the art.

F | “E%o %32 to B d U 35
Soeri(gﬁ ﬁlos 5, 2586520 %nth& 14323218 doBéN'Pr edlse!psegl é?[”&ﬂﬁigr esses
for dehydbhyywmnaung déobitane In the plesente phiaoéilfurcontdinitigy aaéﬁd !St

siiheari 18 o iehaton caflfi, THE gty %@ﬁi“@@?ﬁéﬁﬁ%i ots

essential |y of2€9 !tP GBM’(‘B cf%@n 19%hy weight barium, from 0.6 - 1.0% platinum,
SUBSTI TUTE SHaridTting Bt ak- afsinic ratio \W@tﬁﬁb%ﬁﬁﬁl of about 1:1. The dehydrogenation
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silicon, zinc tagp further copg rises_r%n mOIigaa]n I bmdergi%'@fﬂgq y'%ﬁﬂﬁdg?b'eh t hat
it is s Wf@ﬁ"ﬂﬂavzﬁ“ﬂ %l!"l@ﬂ\qs igates kal i ne earth netal s.

U S. Patdht No. 4 ﬁﬂit:e%sﬁot dehydrbgenwtirmcbmﬂmanmmcmeﬁ@é of hydrogen

S ehydr ogerd & Sa <l dSmpRlshl AERGH SFodt pibedl bl 4 ToRYBLMC bk sfigme™" °
gul gfgggr o9 bﬂ'!'éf ﬁP@L@HP% HFﬁ%ePKG'Fﬁo% aﬂbon%;awel é?}t bjrjrlgum fromO0.6
- 1.0% pl atinum U. S. Ratént No. #,433)180 torSikkenaga ®tvil! distiosed laopronsss ftfr about

b ndor s oot SR o, o ity o ARRRAATN 06, et ML
al uri nos|1|qe drogenation cataPyst comprising an A%ASJB crystailme borosilicate-
based catalyst composition and containing a noble metal. '
While the above-described processes and catalysts have achieved
'varying degrees of laboratory success, it has been found that in commercial
application, catalysts such as those described above have been prone to early
20 deactivation and short on-stream run lengths. In order to overcome this
' obstacle, the process operator ‘has generally needed to perform the
dehydrogenation reaction in the presence of supplemental hydrogen for
“reducing catalyst coke formation. Supplemenital hydrogen supply facilities are
particularly complex and generally require costly compression and hydrogen
25  purification equipment. Moreover, supplemental hydrogen addition drives the
:dehydrogenation reaction stouchuometncally away from dahydrogenatnon and
towards olefin saturation.
o Notwnhstandmg the presence of supplemental hydrogen addition and
~ recirculation equipment, the process operator has still generally needed to
30 resort to catalyst regeneration. Catalyst regeneration is generally performed in
" * large, high temperature catalyst 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
.. facilities are extremely costly. For fixed bed reaction schemes, an additional
'35 swing reactor must be erected and the' process operated with at least one
reactor off-stream and in regeneratioh mode all of the time. -
it has now been found that a dehydrogenation catalyst comprising a
platinum group metal and zinc on a éupport comprising borosilicate and an
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10 A process for dehydrogenating paraffins in the presence of
- hydr ogen a catalyst conprising a platinumgroup nmetal on
oo

non- zeol i tY ilicate ~ nolecul ar sieve support has %EﬂmﬂﬁwgyFosed :
in the art. U 'S. Patent No. 4,433,190 to Si kkenga et al.

di scl oses a process for dehydrogenating and isonerizing a
substantially |linear alkane using a 15 dehydrogenation catal yst conpri sing
an AM5- 1B crystalline borosilicate- based catal yst conposition and
containing a noble netal . . . Whidl e t he above-descri bed processes
and catal ysts have achi eved varyi ng degrees of |aboratory success, it
has been found that in comrerci al application, catalysts such as those

descri bed abalkalhmetabpeoviges supedoe glehydrmyenatiaot pedotmancendn demms of
on-stream r Uiygf 'rﬁﬂﬁtr%bﬁverﬁbrprélﬂﬁn Eale@tiﬁf)‘?% 1efiR yield tohat of hife ghB?aRr 0cess

P e’ br oo ASEVOfoRe IR ERabets AS maluaiia fuch levef SLShatlY Marlrhpahce,o

f ormati on. Suptttoatmegeneret}eh degelongepthan fanyi ofi thecprior art catalystatesteditor | y
conpl ex agd ggpgral ly reqw re costly corrpr ession and hydrogen 25 -

~purification equi pnent { oge ition drives the
8ehydrogenat i oﬂ r&a’&q G'?"s ?RLBH’ZW Heﬁy%ﬂﬂﬁx&%ﬁ%@&ﬁg TSNS R and
t owar ds ol ef iptatinam gmup)metel and zinc on Eosuppar comgrisingt bm'oesllestermd ah -
ey Al Mar oRifhde @initpctanded, purEti SYCR MG Hariv e be B
regeneration w‘&a %@E?"‘r%‘b@ﬁ%m tab)hyt‘@ﬂaer?&@'f%wﬂﬂ?f%ﬁﬁ&&}ﬁ"w!? super % ge,
hi gh t enfOr atlevels obperffarslancegener ators present in f|ui.dized bed/riser ‘
;g?ggﬁe o thougbrop%uradses & thbr sesem iRdértion, %ggftgbﬂgel%i&heéﬁﬁgt o
facilities ars@'éﬁw rﬁ"% Y'?E’ #FHPX%S"?)QH qvgﬁgtmﬁﬂ"'géﬁ@(ﬂggghaﬁ[’
addi tional 3Talculsted by enale @andrin accardasce withthe follawirg modsisss operated with
at least one reactor off-streamand in regeneration node all of the

tinme. |t _has .now been 1foaum|-g hmmggfmw 0l taI st
conpri si A§ a Paratfin SoAversian g p—Te L7 |ng
.borosilicate and an WO 96/ 01239 . : co T }
PCT/ US95/. 083202l . Selectl _ _ | Mol%oteﬁnnmw \ -4 <100
efin vity = 355e MoT% H2 product - Mol% Paraiiin proguct
Olefin _Yield = (_Olgt_in Se_leg_ .N!n‘: O(Paramn gonversion)
20 _ It is therefore an ‘object of the present mventuen to provnde a
dehydrogenation process and. catalyst that eftectlvely dehydrogenate
pareftinic hydroeerbon

it is another object of the present mventlon to. provrde a
dehydrogenation catalyst that reststs deactrvatr_on and prolongs catalyst cycle
25 life under dehydrogenation conditions.
It is yet another object of the. present mventnon to provide a
_ dehydregenatron process.and catalyst that can be eftectively operated in the
absence of supplemental hydrogen addition. . ...
_ It is still enother object of the present invention . to provide a-
30 dehydrogenatlon process that, in view of its slmplicrty can be adapted to
utilize equipment from any of severat existing petroleum refinery. or chemical
plant operating facilities. _
Other objects eppear herein.
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“al kali metal provides superior dehydrogenation performance in terms of

paraffin W%?o gjé’hydrm efin selectivity, and olefin yield kgﬂgsgmsg{ t he

prior art ogenation catal ysts and mai ntains suc

“superior perfornmance, wi t hout regeneration, -far |onger than any of the
prior art catalysts tested to 5 date. It has al so been found

that a dehydrogenation catal yst conprising a pl ati num group netal and

zinc on a support conprising borosilicate and an al kali metal provides
such an extended operating cycle life, tat it can be used wth or

wi t hout suppl enental hydrogen addition while still achieving superior 10

| evel s of performance. For purposes of the present invention,

paraffin conversion; . olefin Sunvebst Of The Inventiow! efi n yi el d shal | have

the foll ow ng Wea“tﬁgsﬁ% QBﬁHs Q:l‘in be atfibved By provVidify @ Phcéds for

accordance with th

5 S Stang & TR Aeeock ADPORRG AN BIPnS pRoGUFLC -
_dehydr ogenat | ompnmgsaomactmgathd jandstdukt attbhydrogehatiore lepriditions awvith a

Pevent i on o Eeffstadétiion catalyst compril ?8’?1’%5‘{“ OPWafing Dorcai 18 aBOGH
deacti vation gf?d‘"ﬂ'ﬂm Bﬂ@?%ﬁftﬁpﬁmu Q'IOGPZB @P&Eﬂf 092r¥eigbhReerbn
condi ti ons. to about 10.0 weéights pgrciantiod zine; anldj ewppbntdfmpumrdbmp?m I on

to provide a s{hgggyﬁ{fﬂf?gﬁtah%tgf ocess and catal yst that can be

effectively oper sence of suppl.enental Bédrogen addi ti on.

It is still anothel® @ppther embediments 1R above Hbigets: gan, bei achiavesh by
dehydr oget@it i providing e iehpdtogenation ccatalyyst compirising trofry ,aboem 001 awighed to

gth:alml égl eq.w pBE{&n{ 0 eratslﬂ @gﬁ’ﬁr@bn@?'ébl’aﬁﬂuﬁ%%%j;ﬁl g{‘%ﬁ(n ear
herein. - - we nt to about 10.0 we:ght percent of zinc, a s:llcat molecul |P
' - sieve, and from about 0.10 weight percent to about 10.0 weight percent of an
~ alkali metal.
1§ ° The dehydrogenation catalyst and process of the present invention
' ~ provide superior overall dehydrogenation properties and particularly
. extraordinary levels of paraffin conversion closely approaching
thermodynamic equilibrium. . The paraffin conversion and olefin selectivity
.. . attendant to the dehydrogenation catalyst and process of the present invention
- 20 generally result in olefin yiéld levels in excess of 25 percent, typically in
- @xcess of 35 percent, and commonly in excess of 40 percent.
The. dehydrogenation catalyst and process of the present invention
~ provide  the ‘above-described levels of performance ‘while resisting
-deactivation under dehydrogenation conditions, thereby extending catalyst
25 cycle life. The dehydrogenation catalyst of the present invention can and has
- achieved olefin yield deactivation loss levels of 0.6 percent conversion per day
-or lees at a reaction temperature of 1050°F and 1.1 percent conversion or less
- at reaction temperatures of 1075°F.
The dehydrogenation catalyst and process of the present invention can
30 be utilized for on stream periods in excess of 400 hours at a reaction
temperature of 1000°F before raquiring catalyst regeneration or replacement. -
- The dshydrogenation 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 supplemental hydrogen addition.
35 ' Operating in the absence of supplemental hydrogen addition not only avoids
~ enormous  capital and operating costs connected to the installation and
“operation of hydrogen recovery facilities but also favorably drives the
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Summary OWOP012¥ent i on- ~ The above obj ects can RETASISE’Y by
provi ding a process for dehydrogenating a hydrocarbon feedstock and
‘produci ng an ol efinic product conprising contacting the feedstock at
dehydrogenation conditions with a 5 dehydrogenati on catal yst conprising
from about 0.01 wei ght percent to about 5.0 wei ght percent- of a

pl ati num group netal, from about 0.02 weiglht percent to about 10.0
wei ght percent of zinc, and a support conponent conpri sing

borosilicate and an al kali netal. I n anot her enbodi nent, the

above obj ect sqgiydrogendticiyctelgtidn srotchidimetricaliyhy towgedsit iinoressed yst

conprisin fr ht percent
Ofrrg pl’ at?nu @Eﬁﬂ@gﬁjanﬁéﬁnageqa%ﬂ)g&ﬁﬂhﬁﬁﬁ P%F@SW? 0 agout
10. 0 wei ght percen Q)“'ﬂdmﬁmﬂﬂr“@&ﬁ'ﬁtcﬂﬁdepm%%m &'19 presentinv@ationean 1 om
about 0.10 web pétrohtteds utilize existing procosses aid fauumersuchfasabut not limitédh| i

t al 15 | t
vantions 10 fost Gmiaty 6805 ‘B?V*e"?ﬁfﬁﬁ’ha S o8 X '%“'?f“i%‘*o%ﬁ? .
particularly POSSGSQXPQMMSMPWS F@ﬁ/é\‘%m é& raGe hap; sﬁWﬁ
approachi ng separativi, End)catalyst regehération equiphient pantwlany synevgistic tmusmd

ol efin selectj ehydr ogenati on .cat al yst and
process of thﬁ%&%@'ﬁ?e?ﬁé ﬁ?dpgﬁé%?m@é 8€al ly result in olefin yield

| evel s in excess of 25 percent, typlcally I n excess of 35 percent, an
commonly 40 excess of 40 perc. Te bhiaveitiondr ogenat i on cat al yst

and process of th r s:\‘ ﬁ%ﬁ%ﬁﬁ ck suit“dgvfﬂ?%Stﬂhslltﬂbwﬁltdﬁlgcw’&%ﬂt

| evel s' of perfornma vat | on
dehydr ogenat i ioneftionigenerally WN@H&!@%M@ ydrocarbansshaving frograboyti2 10 The

- dehydr ogenat i gm caidion! atés @ndtrivere remblylfmuedbommommhmmsformhl eved

olefin yield
or less o a (EB0f; dfe: @%ﬁ*&@%@&@%ﬁ@%m ffirehag ot Boude
| ess 1%t 70RQ% |Q!nat"@ﬂ§MQItQJrR!§5§H'°19‘F§[ ppref 'aby be"’"ﬂﬁgo

dehydr ogenat i gimosphetiy pressore.pr ocess of the present i nvention can 30 be

utilized for on stpeqy Brbbafifert e preesd baf B Providedfor Yehfdidgeating
- hydrocarbon for direct or eventual upgrade to ethers such as, but not limited to,
_ MTBE, ETBE, and TAME. Feedstocks for. use with the present invention and
20 suitable for providing etherification feedstocks will generally comprise aliphatic -
or alicyclic hydrocarbon having from 3 to 7 carbon atoms. The preferred
feedstocks generally comprise at least 5 weight percent paraffinic hydrocarbon
and more preferably at least 10 weight percent paraffinic hydrocarbon to justify
the capital and operating costs to perform dehydrogenation. Since most
25 etherification processes convert iso-olefins to ethers, the feedstock to such
processes often requires: isomerization prior to etherification. The feedstock
suitable for use with the present invention can effectively dehydrogenate
isoparaffing as well as normal paraffins therefore providing the flexibility to
. incorporate the process upstream downstream or concurrent with an
30 isomerization step. -

_ In a second embodnment the process can be prowded for-
dehydrogenating hydrocarbon for improving gasoline research and/or motor
octane. Generally, olefinic hydracarbon boiling in the gasoline or naphtha

 boiling. point temperature range has a higher research and motor octane than

35 its paraffinic counterparts. At least a portion of such feedstocks will generally
comprise paraffinic hydrocarbon having from. 4-to 12 carbon atoms and the-
paraffinic hydrocarbon can be normal, isomeric, or a combination thereof.
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“tenperature of 1000[erf] F before requiring catal yst regeneration or

- replacemepit . - The dehydrogenation catal yst and process_of the present
inventi onWA%01%59 effective with regard to catal yst st BEFUSYP gﬁd
“deactivation resistance that the cat al yst can be operated In t he
absence of supplenental hydrogen addition. 35 Operating in the absence of
suppl emental hydrogen addition not only avoids enor nous capital and
operating costs connected to the installation and operation of
“hydrogen recovery facilities but also faworably drives the
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dehydr ogenati on reacthirdnembodiment,dhetprocess| gan be\prodded rtondehndmgena_te _

The. dehycr ogellToaiogs b o8 € patlodicietinen BRYGHEN plocete hdciiocke

be retrofi tteﬂ‘"ﬁb #E!J'@QPQ{&M'G vgﬁhﬂ}eaerqspp @g a'&é?‘”but
not limted ;ﬁowdmgt alkylation unit rfagdsjmld p@te;'abucnqmmmaamﬁfmc hydrgcaribon

fcl'oﬁ ﬁ;’éte '8 gfﬁm\a o' 3 to 6 d&?ﬁéﬁ%someaarﬁd mréxﬁbﬁﬁmg%m% @eﬁt'?gt". o
caui prent parePEsh afte PEGRE fraption BE G BeStbon Faf ¢ b, S0, of e
present | nvermmblnatlmthereof Brief Description O The
the present 'ﬁvzﬁ”?“ﬁ”‘“éﬁcﬁ’;'?“"“”ds‘““"'““@?*f"f“yd’?ﬁ"%‘r"b?ﬁ?b°“t
havi ng from a‘Eﬁ!lY ?' d%ﬁﬁp{ﬂ %r{sgggﬁézﬁﬁ@)ﬁﬁﬁa@ck} iﬁw FF'HH? ‘about
2 to 12 cHy bolFaeadmnksf hnvmedtom 2 to Accarbon atoms cpateberdelwdnml\ated timto

feedst ock boidifiie Qe?ﬂ@%%kat Y61C the 3abseqdént 7&2?%(‘ iof 8f ﬁél?ﬁ e é,C

1 one. enbodi PRIFRTOPYIALS e, A et ciiminel portroRting dratels-camony

hydr ocar bon fsnidmwﬂordlqmd/bﬂnaal ~upgrade to ethers such-as, but not

limted to, The above feedstocks can be processed through the procéss ot the

15 present invention neat or can be combined with recycled portions of the

_product stream from the dehydrogenation process. Similarly, combinations of

the above-described feedstock embodiments can be directed to the process of

the present invention and the products subsequently fractionated to individual

product pools. The process of the present invention can also be operated in

20 “blocked out® mode where only one feedstock is processed through the facility

at any one time. Blocked out operation simplifies processing capital

. requirements but can also increase tankage capital and inventory holding

costs. Other feedstock combinations and methods to comport the process of

- the present invention to individual needs will be known to those skilled in the

25 at o o - . .

- The process of the present invention comprises a dehydrogenation

catalyst comprising a platinum group metal and zinc on a support component

comprising a- borosilicate molecular sieve and an alkali metal. The

. borosilicate . molecular sieve-containing support can also comprise an

30 inorganic oxide binder. :

- The preferred crystallme borosmcate molecular sieves are of the AMS’

type and have the following compaosition in terms of mole ratios of oxides:

o 0.9 £ 0.2 M2n©:B203:ySi02:2H20

Whe_r_ein M is at least one cation having-a vaience of n, y ranges from about 4
to about 600, and z ranges from 0 to about 160, and provide an X-ray
diffraction pattern comprising the following X-ray lines and assigned strengths:

SUBSTITUTE SHEET (RULE 26)



MIBE, ETBE, and TAME. Feedstocks for use with the present invention and 20
SU|tabIe for éWOVldlng etherification feedstocks wll general%%gcogﬁrlse
allphatlc allcycllc hydr ocar bon having from3 to 7 pie!

The preferred f eedst ocks generally conprise at |east 5 weight percent
paraf finic hydrocarbon and nore preferably at |east 10 wei ght percent
paraffinic hydrocarbon to justify the capital . and operating costs to
per f orm dehydrogenation. Since nost 25 etherification processes convert

i so-olefins to ethers, the feedstock to guch processes often requires
| somerization prior to etherification. The feedstock sui tabl e for use
with the present invention can effectively dehydrogenate | soparaf fins
as well as normal paraffins therefore providing the flexibility to

i ncorporate the pr ocesa ﬁﬁsueﬁﬂ downst ream Wth an 30
i somerization step. n a second e process can be

provided for. . -- dehydrlta;hﬂ:al ng hydrocarbon for |W3V5v| ng gasoline
research and/or notor 10,0+ 6% ane. Cenerally, ol eflw.Ms"lydrocar bon boiling
in the gagoline or napgé}a boi li ng point tenp re range has a

hi gher re&earch and no %gtogne than 35 its paraf C counterparts. At

| east a portion of sucB.820880ccks will generally VS conprise paraffinic
hydr ocarbon having fromyp£0.0562 carbon atons and thgs paraffinic

hydr ocar bon can be nor tb% ric, or a conbi natlﬁanhereof

SUBSTI TUTE SHEET ( RULE WO 96/ 01239

PCT/ US95/ 08322 2,97 £0.02° - W-M 7.

In a thirg enbodi nment, {idges proacess can be provi ded vw.mehydrogenate
hydrocarbon for feed to a petroleumrefinery alkylation process. Feedstocks
suitable for dehydrogenatlon in accordance with the present invention and
for provi di ndFosl egsentof neporting %aysmmmresugs.ywaﬂw iintensitiest f i ni c

hydrocarbon  (pgiafive’ pék ﬁéiﬁms ﬁe?eﬁrﬂiﬁérh?'&s@bﬂéa tmcblwm palgéer ably from 3

. to 5 carbon ~at ons. e paraffl nic fraction of the feedstock can. be
| . normal, isoneric, or a_ - _
| 15 Bejatm.aﬂak.l:lﬂlgm . Assjgnsd.&mnmn
' ‘lessthan 10 - vw (very weak)
10-19 W(wea_k) o
20-39 : M (medium)
- 40-70 ' ' MS (medium strong)

.20 - greater than 70 VS (very strong)

The preferred borosilicate molecular sieve, by virtue of its superior
stability and selectivity, is the AMS-1B type which is in the sodium form as
synthesized. The original cation in the AMS-1B ‘crystalline borosilicate

25 molecular sieve, which usually is sodium ion, can be replaced all or in part by
ion exchange with other cations including other metal ions and their amino
comploxes. -alkylammonium .ions, ‘hydrogen ions; and mixtures thereof.
Preferred replacing cations are those which render the crystaliine borosilicate

_ molecular sieve catalytically active, particularly for hydrocarbon conversion.

30 Suitable catalytically active ions include hydrogen, metal ions of Groups IB,
IIA, 1B, A, VIB, and VIII (JUPAC), and ions of manganese, vanadium,’
chromium, uranium, and rare earth elements. The preferred form of AMS-1B is
the hydrogen form, HAMS-1B, which can be prepared by ammonium
~exchange followed by calcination. Further details with respect to these

35 crystalline borosilicate molecular sieves can be found in commonly assigned
U.S. Patent No. 4,269,813 to Klotz, which is herein incorporated by reference.

The AMS-1B borosilicate molecular sieve useful in this invention can be
prepared by crystallizing an aqueous mixture of cation sources, an oxide of

- SUBSTITUTE SHEET {RULE 26) -



“conbi nation thereof. ' “In still another embodi ment , the process‘

can be Pr Q% 5@*{{9 dehydr ogenat e hydrocarbon as feed gg& |aI
chem cal nanu ure. 10 Feedstocks having from2.to 4 carbon a ns can be
“dehydrogenated into .oleflnlc_feedstocks for the subsequent -production
of polyethyl ene, pol ypropyl ene, pol ybutene, or other chem cal
conpositions that are comonly sold in solid or liquid fornmns.

The above' feedstocks can be processed through the process of the 15
present invention neat or can be conbine@ with recycled portions of the: _
product stream fromthe dehydrogenation process. Simlarly, conbinations of
t he above-descri bed feedstock enbodi nents can be directed to the process of
t he present iboremtarooxideof silicomrardian srgartic &mmatel gormpaourid, at &t eahttolied

i ndi vi dual gf product pool s. The process of 't he’ present I nventi on can

al so be operated ocked our where o e fe dsto K. is
processed thr oughﬂﬂ@aﬂbcﬁe rat"’saBP g?ﬂ/ VBH@“?l ﬁﬁéaB{]soE%}%H? e d9at i on
sinplifies prprodace rtgecagnstalme borosiligate emeleculdrusievenohlithis iimeentione

tankage cgpi ts}@&ﬂ%ﬂﬁé%&&hﬁ& &4 Y initial reaefdnt ggﬁmfansﬁs% mifmea |

conbi nati ons S to conport the process resent

I nvention tc)QQNBVV|duaI needs will be known to those skilled in the 25

art. : The process of the present invention-conprisosh

dehydr ogenati on cat al yst conprlgkggda plaE%#HﬂMQrOUp me zi nc on
a support conpone conpri sing rosilic nol ecul ar and an

~alkali netal. Ther§i02l829@r osilicate PofQRular ¥9-d90- cont ai ni HB'Q’QJpport can
al so conplii se an ROH[ReOYarManOki de Obi ntidr. 0.2-0.97 The PMr3f@O7ed
crystal l'ine borosigiggios mol ecul ar siggyesypre @h .the AVB o.fype and have
the foll owing conposition in terns of nole ratios of oxides: )
[err] 35 wherein Mis at |east one cation having a valence of n, vy
ranges from akivarsindR is an torgadic .comiisundaand Mrisrgjdsast rane Gatian hiaving & 60,

and provide % ideH, suc a‘é' an Ml Ristdioor BhMaIKANAY baith mbtaf g&h ‘%@9
X-ray I| S ss| ed stren E
SHEET ( RU ulation 9651%@8;9 of ‘boron (represented as B20j3) in the reaction
PCT/ U895/ 083 zﬁlxture. it is possible to vary the SiO2 molar ratio in the final product.

More specifically, the material useful in the present invention is
prepared by mixing a cation source compound, a boron oxide source, and an
organic template compound in water (preferably distilled or deionized). The

20 - order of addition is generally not critical although a typical procedure is to
dissolve sodium hydroxide and boric acid in water and then add the template
compound. Generally, after adjusting the pH, the silicon oxide compound is

- . added, with intensive mixing, such as that performed in a Waring biender.
.. After the pH is checked and adjusted it necessary, the resuiting slurry is

25 transferred to a closed crystaliization vessel for a suitable time.. After
crystallization, the resulting crystalline product can be filtered, washed with
water, dried, and caicined.

- During preparation, acidic conditions should be avoided. ‘When alkali

: metal hydroxides are used, the vaiues of the ratio of OH"/SiO2 shown above

30 should fumish a pH of the system that broadly falls within the range of about 9

. to about 13.5. Advantageously, the pH. of the reaction system falls within the -
range of about 10.5 to about 11.5 and. more preferably ‘between about 10.8
and about 11.2 for best results.

- Examples of oxides of silicon useful in tms mvemion include snliclc acid,

35 sodlum silicate, tetraalkyl silicates, and Ludox, a stabilized polymer of silicic

. acid manufactured by E. 1. DuPont de Nemours & Co. The silica source is
preferably a low sodium content silica source containing less than 2,000 ppm

-sodium and more preferably less than 1000 ppm sodium, such as Ludox HS-
SUBSTITUTE SHEET (RULE 26)
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11.2 +
W M5
3.82
VS .
2.97
VW M

intensities
follow ng values: 15

Streng
10 -19
M (med
strong

0.2 W VS 10.0. 0.2
5 WO096/01239 5,97 0.07 : _V\PWIUS95/08322
0. 05 - - VS : _ 3.70 [err] 0.05
3.62 0.05 o M MS
0.02 WM 10 : : 1.99 0.02

th

I um
) 20

d- Spaci ng( A Assi gned Strength

For- ease of reportlng X-ray diffraction results, rel ative
(reI ative peak hei ghtsyowere arbitrarily aSS|gned t he
Rel ati ve Peak Hei ght Assi gned

| ess than 10 ' VW (very weak)

40 which contains aboV{ (406@i%h SiO2 and 0.08 wi% NagQ or Rico 2327
which has similar ﬁ%cﬁ 8 Theooxlde of boron sourcg,g %érgﬁgwmﬁ g)

The preferr eaadoaMmmhceamvaientesmqes $@a/ke used\suchyas sodium borater and

stabi lity angthafbefdr-gontHiningScam

. borosilic tntehggl Zﬁ%ﬁ"g&%ﬂ%' iﬁe@@fo

repl aced al | estthi mefgir catigns such; as %%@ng@tﬂﬁﬁ'ﬁﬂbt lithiursatqaleiym, nafdidi ng
ot her netal j

hose Lﬁ”%&%@@@r@s (i RAsi songitorh e rﬁg’f‘iﬁ%?@!"*?f‘é"’ g =

cat al yti cal | theamolecular sieve ofithis ipvensionihe seurcad! suah eationyusually isxi t abl

as

8 i ot A

esilfh. | AghrhoARinT @ations maybé €ised. alohé WranTeunjunbtion with

catal ytif@l | HydrekidySuchrds sotiidr dydroside0ARermatively, AMS>1Bfcafr 19¢! propaPed

[TA |

| B,

chrom um :Jlrlgﬁ?‘m\{(:'%

t he hydr ogenbasé sych-as/ethyienegiaminecan be prepar ed by anmmoni um

15

20

25

30

35

- Organic templates useful in preparing AMS-1B crystalline borosilicate
molecular siéves include alkylammonium cations or precursors thereof such
as tetraalkylammonium compounds. A useful organic template is tetra-n-
propylammonium bromide. Diamines, such as hexamethylenednamme, can
also be used. . : -

it is noted that the preferable amount of alkylammonium temiplate
compound used in the above-described preparation method is substantially

less than that required to produce AMS-1B conventnonally usmg an alkali

metal cation base. .
The crystalline borosihcate molecular sieve' prepared by the above-

~described method typically contains at least9, 000 ppm boron and less than

about 100 ppm sodium and is designated as HAMS-1B-3. The HAMS-1B-3
crystalline  borosilicate molecular sieve has a higher boron content and a

lower sodium content than crystalline borosilicates formed using conventional

techniques.

_ in a more detailed descriptnon of a typical preparatlon of the borosilucate -
used in the catalyst and process of the present invention, suitable quantmes of
sodium hydroxide and boric acid {H3BOg3) are dissolved in distilled or.

deionized water followed by addition of the organic template. The pH may be "

adjusted between about 11.0 £ 0.2 using a compatible base or acid such as
sodium bisulfate or sodium hydroxide. After sufficient quantities of silicic acid

polymer (Ludox HS-40) are added with intensive mixing, the pH can again be

checked and adjusted to a range of from about 11.0 £ 0:2. The resutting slurry
is transferred to a closed crystallization vesseél and reacted usually at a

pressure of at least.the vapor pressure of water for a time sufficient to permit

crystallization. This time period generally ranges from about 6 hours to about
SUBSTITUTE SHEET (RULE 26) -
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“exchange followed by calcination. Further details with respect to these 35
crystalline borosilicate nol ecul ar sieves can be found in connnnl assi gned

U.S. Pat er?VORE0122% 269, 813 to Klotz, which is herein incor pRGHEWSH§22

ref erence. The AMS- 1B borosi | i cate molecul ar sieve useful in
this invention can be prepared by crystallizing an aqueous m xture of
cati-on sources, an oxide of - WO 96/ 01239

PCT/ US95/ 08322 9 bor on,
an oxide of silicon, and an organic tenplldte conmpound, at a controlled -

pH. Typically, the nole ratios of the various reactants can be
varied to produce the crystalline borosilicate nolecular sieve of this

i nvention. 5 203R¥Si NR',%“VWO'F [aboub) day 4piaboubiiOdays; and preterably. extends

concent r at i ongrot @bobt Scadysdto aboutbzldays The temperature for crystallization is
Most

Proferred  9oneraly mainigined. gt Oibaut 21'%“?613 Mpiﬁ"?r %8’1%% from
'10-80 10 - - about 2577F 10 3?9!-4 Bo *F nd mare Pfetﬁfebw at7about 329°Fpfos- QPS@? |
S'H Sigers] results The crystallizing rhaterial tan bd stirred or dpitated &s in a rookeer ei n
i's an organi : | F ence
n, such asgan b al i %ﬁpbﬁd\éahﬁysﬁhﬁ% @gﬁﬁaﬂrg% nﬂx’ﬁ%ﬁé‘d Igahlvé\{%
“regul ation of dﬁﬁ@"@@&ﬂ?ﬂt@m@ﬁfﬁi%ﬁ the-praapic tamplate compeynd.i rsema!es ®fction
mxture, . it imameriai ltan be removed dufingl cnystallzation toichack nthiehdegtewiof

produt. o crvetalizatifi g iGhiinG Ha Youtiif SFuBlot BREL | Lo presen:

i nvention i s qag ource conpound, a boron
oxi de soul®e, - and dhe crystalling.material formad cﬁﬂrﬁﬁ)ﬁﬁﬂamemr recoverask By y
distilled or dmlummd}neaﬁbesu%ﬁ as)byldiltratfonaﬁdhtwashinga Thie rredteyalesn be

ol o)<t QUMY I G0 rBORE i, B8 oup o 2Vl L WG
af ter adj usti igmpaEatyes, typically ranging FU%bQ!'Brﬁ? 1o abgut 392% Fad@ dorm -
i ntensive m Xxicaje. Theldrpcakd oan tiser’ be erthed 1o a\owdey drite sevall. pamcles and
.16  extruded, pelletized, or made into forms suitable for its intended use.
- Typically, materials prepared after mild drying contain the organic template
- compound and water of hydration with the solid mass and a subsequent
activation or calcination procedure is necessary if it is desired to remove this
material from the final product. Caicination is generally performed at
20 temperatures ranging from about 500°F to about 1562°F and preferably from
- about 977°F to about 1112°F for best resuits. Extreme caicination
temperatures or prolonged crystallization times may prove detrimental to the
crystal structure or may destroy it. Generally there is minimal benefit in raising
. the caicination temperature beyond about 1112°F in order to remove organic
- 25 - material from the originally formed crystalline material. The molecular sieve
material can then be dried in a forced draft oven at about 329°F for about 16
- hours prior to calcination in air.in a mahner such that the temperature rise
- does not exceed 225°F per hour. Once a temperature of about 1000°F is
| reached, calcination tamperature is generally maintained for about an
-30 add‘nlonal 4 to 16 hours.’ C
‘The dehydrogenation metals in accordance with the present invention -
| generally include a zinc ccmponent in combination with one or mcre platinum
- . group metals. : =
The zinc component can be prasent in its elemental form or as its oxide,
35 sulfide, or mixtures thereof. The zinc component is generally present in the
dehydrogenation catalyst in an amount ranging from about 0.02 weight .
- percent to about 10.0 weight percent, preferably from about 0.1 weight percent
to abcut 5.0 weight percent, and more preferably from about 1.0 weight
SUBSTITUTE SHEET (RULE 26)



After the pHis checked and adjusted if necessary, the resulting slurry is
25 transferred to a closed crystallization vessel for a suitable tinme.

After - WOBHEP| i zation, the resulting crystalline produB€TEaASARE22
filtered, washed with wat er, dried, and cal ci ned. Duri ng
pr epar at i on, acidic conditions should be avoi ded. Wen al kal i met al

hydr oxi des are used, the values of the ratio of OH/SiJerr] shown above 30
shoul d furnish a pH of the systemthat broadly falls within the range of

about 9 to about 13.5. Advantageousli2 the pH of the reaction system
falls within the . range of about 10.5 to about 11. 5 and nore preferably -
bet ween about 10.8 and about 11.2 for best result

Exanpl es of opelRentolo ebput &0 Weight Refcent Sasadcon |'5H fatal weighti of dhe
acid, 35 'sodigghydrogbsation ed:aynemi&cémahuqsmae,aadbwdmw stabi | i zed

ol yrer ot il)L'rﬁ'eCW platilg ofEH AL SdfiogHert cah 1nbliE8 Hnd By LTS 0
cont ai ni ng | eplatinuemgroupovelals: preferably glatinumar palladivymepad more prefesablyian

1000 ppm sgdi pratinwhf fordsest tdsultstiSThe platindth YeoGp. Atflals can. be present in the
PCT/ US95/ 0832

. 40
whi ch contain H%%’BP"%‘%‘E?@Y gy r?'r g'ne('jl'I ?5“6‘8'0\5&1 O%rlﬁesl tg?‘rr 8 R%I'fldes.gﬂ
whi ch has si mimisuresthereofc aThep i"ﬂﬁbﬂ&ﬂl’d@ﬂﬂ'ﬂ?@&h‘%"@y P?sgetm anly
boric acigthount fig ¢rom 4BbEN0.03 weightspercenito about 5.00keight perdent)

h Format 1 on SrefRfab ¢ ‘*F Ao o0 1 liht Pﬁ&“?*@%@"s} 3.9 weight ”%%'*a? e el
cations s#@h wfgmmmmenmigm percent toabout 2.0 weight percent;agd &Rt m ‘
Ammoni um cat i gRsterably fiEmLERU 8l 10Neight perentit) amnnomwai percent buséu ort al

"t: ﬁfal ﬁgfécﬁi 2??@4)@%%&??#@?%%5@%@%%%)8 stZrQ%p n us ually is
a 10 hydroxi de suEatalystsahydragepation imatals gancepirations 9“‘3H98° abovene
prepar ed desritséd Yincharid cutmulétive cplafimurm groupembtals rgngescareTgeneralipt | on
W th an oyganiges econBRiE S¥HighéS nfdtlls BRESATAlIGNs can require more total
dehydrogenation metal component due 'to_ reduced dispersion and
- hydrocarbon/catalyst contact.. Lower metals concentration can result in
increased support material requirements, catalyst handling, transportatlon

_ and capital costs.

20 The zinc and platinum group dehydrogenatlon metal components can
be deposed or incorporated upon the support component by impregnation
empioying heat-decomposable salts of the zinc and platinum group metais 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

25 metals can be imprepnsted. onto the support separately, or can be co-
impregnated onto the support. Suitable aqueous impregnation solutions
include, but are not limited to, zinc nitrate, zinc chioride, chioroplatinic acid,

:palladium chloride, tetraamme palladuum ohlonde. and. tetraamine platinum
30 lmpregnatlon uslng an mpregnation solut:on oompnslng zinc nltrate and
tetraamine platinum chloride can. be performed by precalcining the
- dehydrogenation support component, in the form of a powder, pellets,
extrudates, or spheres and determining the amount of water that must be
added to wet all of the material. The zinc nitrate and tetraamine platinum

35 - chioride are then dissoived in the calculated amount of water, and the solution
added to the support.in @ manner such that the solution completely saturates .
the support. The zinc nitrate and tetraamine platinum chioride are added in a
manner such that the aqueous solution contains the total amount of elemental
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"Organic tenplates useful in preparing AVS-1B crystalline borosilicate

nmol ecul ar _si eves include al kyl ammoni um cati ons or precursors thereof such
15 as t e AP %amoni um conpounds. A useful organi.c tenpll’&:tT@ﬁ%’“Q?@%ra n-
‘propyl ammoni um broni de. Di ami nes, such as hexanet hyl enedi ani ne, can

al so be used. It is noted that the preferabl e amunt of

al kyl ammoni um tenpl ate - conmpound used in the above-described.
preparation nethod is substantially 20 |ess than that required to produce
AMVB- 1B conventional ly using an al kal i 13 netal cation base.

The crystalline borosilicate nol ecul ar sieve prepared by the above-
descri bed nethod typically contains at |east 9,000 ppm boron and | ess than
about 100 ppnznm)dndu platinumi to bécdéppsited dnabe igiven- massof Eunpmmpragr&tba

crystalline aiae nd a

| ower sodi um cont e h@,%&gépE#¢P%%| r os|, ’yﬁéﬁlg@ﬁ?or e ugﬁiﬂged}hna
conventi onal Step Q!’@HHl {Rres Rations, of as asip QR $18Rcr iTHEi on' of
a typical premumtednsuﬂpamesbmmlgbneealw separatsdd drautdub aad odigjed iand
process ofg eBﬁFa%SRtfol‘ ﬁgiére.ahf dl'ﬂﬁmd %nﬁ?ne@f be ?8&%6&?

hydr oxi de an & err i stil Pbl oni zed
wat er foll owe %5#"{‘:? Fﬁséefé?ﬂlﬂ?g “ﬁ?@

adj ust ed bet \mmmdﬂ'lmhss marotl'{edull ]ammmt of iaqueous: aulpuom I(Su!:m &om 93&& 0 such
as sodi. U{edd%w' Jaahﬁe of a§ g{a U SN HoBssy b Satirith bl iithe %u@&sd ties

Che’ pH can agarlnstonenkialliJn ATP 0%(59’{'895??‘1"3ngv\4'8?' a5 Gt 1011 o

0.2. The t(esuaboubd,2029F 1(315°C to about SM)eor madra preferablysfeom abpat 2009Fat i| on
vessel and. rewq o87<e( 57'1°@ttoa%bfout 575"@36#66‘&%5&{3 | east the vapor

pressure of ati cle stal lization.
This time period db%\%sap9§/“nﬁaﬂ'é%§k 89\“3?6%‘08 B‘"ﬁoﬁﬁ'@; R@"&%ﬂuﬂm"p metal
SUBSTI TUTE Sl-Eda'l“poinldtfmz @rcordance/\@ithothe 1 prasent invention provides substantnal!y
PCT/ US95/ 083

days, typ15calre>£r?ro efegonsmb"%c';teﬁu"ﬂ? al}z'::rre rep re‘f.yé%ﬁ) extends

enerations an exten%d overall catalyst lite acement, The zinc
and platinum group metals can be added to the catalyst of the present
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 results.
~ It has also been found that during dehydrogenation operation in
20 accordance with the present invention, post-analysis of the catalyst after
significant hours oh_ stream can show significant reductions in zinc
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
25 during dehydrogenation operations where operating temperatures can often
exceed 1000°F. While the zinc concentrations and therefore the zinc to
platinum ratio tend to be reduced with on stream time, the catalyst
performance is generally not substantially effected. Zinc volatilization can be
-managed by post incorporation of zinc after a regeneration cycle or by addition
30 of a Group IVB metal such as zirconium during initial catalyst formuiation.
The dehydrogenation catalyst in accordance with the present invention -
~ can and generally comprises various binders or matrix materials depending
- on the intended process use. The base catalyst can be combined with active
~or inactive materials, synthetic or naturally-occurring zeolites, as well as
35 inorganic or organic materials which would be useful for binding the
borosilicate. Well-known materials include silica, silica-alumina, alumina,
alumina sols, hydrated aluminas, clays such as bentonite or kaoclin, or other
binders known in the art. | -
- SUBSTITUTE SHEET (RULE 26)



fromabout 5 days to about 7 days. The tenperature for crystallizat ion is
general ly mai ntained at fromabout 212[err]F to about 482 referably

err]F,
from WWM2357[ err] F to about 392F, and nore preferabll’FTh-ls%{BQ?&l 329F
for best 5 results. The crystallizing material can be stirred or agitated

as in a rocker bomb. Preferably, the crystallization tenperature is
mai nt ai ned bel ow t he deconposition tenperature -of the organic tenplate
conmpound. Sanpl es of mat eri al can be renoved during crystallization to
check the degree of crystallizati oimg@nd determ ne the optinum
crystallization tinme. 10 The crystalline material forned can be
separated and recovered by wel | - known neans such as by filtration with
washi ng. Thi s mat gficalis GRé pPérerred bifiddrofoy usé iwath therd ratibh GRdly dtew

| h fewd f
about 77F to GLBBRPT . asp Snvenson; DptydBaB el SBlaninhe) Biine! O
then be crusrprdsém mvpnﬁdnramd havingrsilicap hindets weagqngtallyeptafem to -
pel l eti zed, ‘Hn P Ge bifiddrd ﬂ{gﬁ"agfrwx@&)h éh'erél aﬂé&%ﬁ)dﬁli datdl stacudrty in

Typi cal | y ma repar m nt ain the or ni ¢
tenpl at e §1ﬂ£‘°&r¥8 QSFSH‘P"' 'ﬁ?'i'%r?'% é:'ﬁ ot Motal Axides n%;% mopY o
subsequent usedmeatatysisan or ‘cal ci natron procedure is necessary If it is

Goner a1y per f of qa8 orasllicatd Helbésar He0d coRponenis gurkiaty prégehtini BN | o
gGZF andyplroefqgrhﬂm mata?y@ ?R "?H'q’gﬂgﬂ? '@?T?'ﬁ&f tl’—'%?'gmbﬁa
resul ts. Extmscnawgnapamm to abom%eamejg@tspmm WHM from about
crystall i aat' Sif 180, 0'WeigHt petcérteand morer preterabiyt ot ur ¢ §

or nay dest ro

o ey o e et e v A whGHE ey s o2

materi al f rorcnybtalﬂne ganesiliqatbommwalysw{el tompensat iconcentrations @éuﬁar
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preferably frrasulametgdicntammgbacqoesmrrequwemet!te about 5.0 wei ght percent,

gﬂgs%)rﬂengr gLEE?‘ ﬁﬁbﬁ& h@ispersify fé Base catalyst comprising the borasilicate
molecular sieve and: dehydrogenatlon metal components in accordance with
the present invention within a- refr‘at:tory inorganic oxide matrix component are

25 generally well-known to persons skilled in the an. A preferred method is to
blend the base eatalyst component, preferably in a finely divided form, into a '
sol, hydrosol, or hydrogel of an inorganic oxide, and then add a gelling

- - medium such as ammonium hydroxide to the blend with stirring to produce a
gel. The resulting 'Qel'can be dried, dimensionally formed if desired, and

30 caicined. Drying.is preferably conducted in air at a temperature of about 80°F
to about 350°F (about 27°C to about 177°C) for a period of several seconds to-
several hours.: Calcination is preferably conducted by heating in air at about
932°F to about 1202°F (about 500°C to about 650°C) for a period’ of time

" ranging from about 0.5 hours to about 16 hours.

35 Another suitable method for preparing a dispersion of a base catalyst in
a refractory inorganic oxide matrix component is to dry blend particles of each,
preferably in finely divided form, and then to dimensionally form the dispersion
it desired.

SUBSTITUTE SHEET (RULE 26)



“WD 96/ 01239 :

PCT/ US95/ 08322 _ _ 12 ~ percent
to about WOaP6M233ht percent based on the total wei ght of tRETAUSISE8322
“dehydrogenati on catal yst and cal cul ated as oxide, for best results.

The platinum group nmetal conponent can include one or nore of the

pl ati num group netals, preferably platinumor palladium and nore
preferably 5 platinumfor best results. The platinumgroup netals can be

present in the - dehydrogenation cat ggyst i n.their elemental formor as
their oxides, sulfides, or - mxtures thereof. The platinumgroup netals
are cunul atively present in an anount ranging from about 0.01 wei ght

ST 1o o O AMMyaspentios eyl sl Sompolalfan sy i, 0"
\a/ei ght per cem#'ﬁbhg%&m %‘8@!&#5'&85@@@{ _%gngaﬁﬂgtgﬁ)ﬁ gB&&?ﬁ%ﬁBl"V i‘_r om
about 0.1 wewegight ofrthendehydrogenation satalysint Therprefarredh alicaliometals arehe -
Cat al yst. dehfoassil 8ad Solitim Mith SSHGn) Béing mest pretiired. THa dlkah afdtaf
descr ?/be Zi %%"co? ﬁ'a@%ﬂPgﬁ 9@‘%’%??@9{‘ ﬁé}rfﬂtaﬁ%r&lﬁéé’g&%ﬁ@ geseot 1y 15
| ess econoni inventianypeneraliy tanges dor: abouttQ. b wsight percentito @abeut 0.0oveight

Py ocar bons Eoreefiv, Salcaliied 6 a bercbRtags ¢f Whe UBRIGIIGHRSNON catalyst,
i%creased suﬂ@?@%ﬁ‘aﬁ@ﬂ ‘."fté‘t‘,{gi giggﬂ?g.,%e@gﬁ%ﬂ}gy& t?gthdﬁ'ﬂ ;P?'Faﬂis_;%ﬁ ation,
and capital 0ose prefambly from about d.0-waight.parcentita about#.0 weightipedcantdorat i on
met al co{ongaétTesiiiis. ~ be deposed or incorporated upon the support

i me and pl ati nurl D98 oeofpund il 83%%#%%5993&'%@?&’%@%&aige'zhﬁw‘éheé“Shose
skilled in tédehydrogenationacatalyst,dxushwithyan alkali metah conpertiation belomethieods
bﬁ't ngt Er ef er f@@es&@tﬁqﬁw cah aa%mum ﬂmét&hti&ﬁre_d@?iéﬁf] irfélgfihﬁ?iﬁ?ﬁ&gnat ed
SUPPOTt - %ﬂF@ﬁiﬁﬁ%ﬁﬁé&§v¥wa%&2?évelﬁﬁa§aﬁvwmﬂs% indrghses, Suling i ¢ ot
limted 19, loweat olefin yields anddntasios dehydrogenstion nerformance.i cAlkali metal
Ch o socoresreib dead g rasghe dt Tkt BBtuslrars et ARG b |
Zinc ni t1 at cPaFRin coRVIBAFC el hyapwASiel imiRsHIbg i gl if g, "
pr ecal ci ni ngselactivity, thereby resulting in lower olefin yields and inferior dehydrogenation
performance. . : L L
20 Where the alkali metal concentration of the support comprising a
borosilicate molecular sieve would result in a dehydrogenation catalyst having
an alkali metal concentration above the particularly targeted concentration
_ range described above, the alkali metal is generally removed by replacement
~ of the alkali metal with ammonium ions followed by decomposition of the
25 ammonium form by calcination. = |
Where the alkali metal concentration of the support comprising a
borosilicate molecular sieve is below the particularly targeted alkali meta!
. concentration, the alkali metal is generally back-added to the support by
impregnation employing the heat-decomposable salts of the alkali metal or by
30 other methods known to those skilled in the art such as ion-exchange, with
impregnation being preferred. Suitable aqueous sodium impregnation -
solutions can include, but are not limited to sodium nitrate and sodium acetate.
.. |mpregnation, such as with sodium, using sodium nitrate or sodium
- acetate, can begin by precalcining the support component in preparation for
35 using ihcipient wetness techniques. Under conventional incipient wetness
techniques, a 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 predetermined amount of water and a sufficient
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dehydr ogenati on support conponent, in the formof a powder, pellets,
extrudates, or spheres and determ ning the anpbunt of water that nust be
added to wetsemidssof the material. The zinc nitrate and tet PaBMiS9s08322at i numM
35 chloride are then dissolved in the cal cul ated anount of water, and the

solution  added to the support in a manner such that the solution
conpletely saturates t he support. The zinc nitrate and tetraam ne

pl ati num chl oride are added in a manner such that the aqueous sol ution
contains the total anount of el enental - WD 96101239

PCT/ US95/ 08322 16 13 zi nc

and platinumto be dep05| ted on the given nass of support. Inpregnation
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o ot o ISR o oo
nore prefer ahy Qj'lq#ﬂg siep %t%fk ‘@%?%J +€‘F F'i C t o

about 575[ er fe]ea)reactor btﬂuent beatl axchangers prior to enterimog lumace on nontamang
conbi Ni N Zi Bfpg iififq pérd JGS Sugrﬁaar'me ns forCifuP pRofidating R-a Wafdled wth

the present Inven

t d hyd t
Stabi || 110 r coRlaiA eacion FAe Inieh mRarANcS u%@asawipﬁré‘te Hophossas o d
ext ended ovetmhjdepbmadrpsrtot limited te: ivaste hleql ifeoee other refinesy pronesses suchhas

pl ati Pum gr oy aig@ m gt ﬂufdiﬁdcéf tabta%dcétol& uRit & ctalytic
oo Bnéé%%m kot Aofrus, disgligucs Ak, 4 Jakéiync et {S&qt&”ﬁ 0 1:1
- for best reshydretreating units foundiin commiooal m!mietﬂmunﬂmm during
- dehydrogpgati on | W 2aRbe GHIRAKIEEWRA &'hydrobbR sBEMAIHortG ) AUNNGYN.
| post - ana ysi s of e ca st .atter
and/or after p ating, before the catalytic. dehydrogenatron reaction zone, in
any one or more of the reactors in the reaction zone, or between reactors in a
multiple reactor reaction zone. The process may also be operated in the
substantial absence of supplemental hydrogen addition. A fundamental and
20 invaluable aspect of the present invention is that the subject dehydrogenatlon
catalyst can be effectively utilized without the addition of supplemental
- hydrogen in addition to that inherently released through the dehydrogenation
reaction. The addition of supplemental ‘hydrogen in the process can reduce
the rate of catalyst deactivation, resulting in reduced catalyst regeneration
25 requirements. However, hydrogen addition may also adversely affect olefin
-yield by directing the reaction stoichiometrically away from dehydrogenatron
* and toward olefin saturation. '
-Where a supplemental hydrogen stream is added, the hydrogen stream
can be pure hydrogen or can be in admixture with diluents such as low-boiling
30 hydrocarbons, carbon monoxide, carbon dioxide, nitrogen, water,. sulfur
compounds, and the like. The hydrogen stream purity should be at least about"
50% by volume hydrogen, preferably at least about 65% by volume’ hydrogen,
and more preferably at least about 75% by volume hydrogen for best resuits.
Hydrogen can be supplied from a hydrogen plant, a catalytic reforming tacility,
35 or other hydrogen-producing or hydrogen-recovery processes
The reaction zone can mctude, but is hot limited to, one or more fixed
bed reactors contaunmg the same. or. dufferent catalysts. a moving column
reactor and catalyst regeneratron system, or a flurdlzed bed reactor and
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“significant hours on stream can show significant reductions in zinc
concentra&vag on the catalyst to levels as | ow as 50 percent 25 ercent,
and d percent of the level of the originally |nﬁ 22
‘catalyst. This is believed to be true due to volatlllzatlon of the
i npregnat ed zi nc conmponent 25 during dehydrogenation operations where
operating tenperatures can often exceed 1000F. Wiile the zinc
concentrations and therefore the zinc to platinumratio tend to be
reduced with on streamtine, the catalysi7 performance is generally not
substantially effected. Zinc volatilization can-be nanaged by post

I ncorporation of zinc after _a neration c e, or b addl | 3 f a
G oup | VB . et FgeBEREAtOr, With; g ﬁl‘ﬁf{ ngd%ﬁqt?(gpmﬁ9¥$ gP'"@eﬂ"S t? Qﬂ%‘?ﬁ%
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on the i ntend ess us ata can co & active
or inactive n'i‘@e‘&‘!ﬂc ‘qyfdsﬂ 358(:9'? n‘{fp?éﬂp'??%sw hthe,e |
as 35 ind gabest resunsrojmmed mathervabspmase;h woul d be usef ul for binding the
borosilicate. Vellg g@ 'rihéﬂdrﬁcawj%abhbl?éor Ss'.y‘sté‘n"isf’ﬂ‘s N tRAUM Na,

alumi na sol &yt 8o PR 1487 5HS g o 1. o KA 13

"PCT/ US95/ 0832@1 and commonly used in processes such as catalytic refcrmmg The system

Silica is theggd st
of. the pr en? ginhs@ﬁhﬁ f{rﬁéal%?@n t&&aﬁlﬁf?ﬁe‘?% pqégﬁce % the
present tRS/en%" %?RJ“WQ% %r"é
alternative bﬂmdcowands thecenteheythe)reamogereeseil Ichcmsot thevmowing hmtdl yst

acidity in amet wba@wah &awiaregsuam.aﬁwmsﬁgecam% met al

oxi des conmmon ate

nol ecul ar si ev'é %Ré‘f%’ *‘é” LATRONeMS-he dehydrogenati on
catal yst of the prEoidizedi be:breactors; whwh anecconmomoalyqised ihrﬂmdized catdiytict 5.0

wei ght  pefg entralcing Und!fiuitiizét BEKIRY' protsess) tuidké{nd catalyst' dirdeuF ¥ithin the
hydrocarbon feedstock, separate. the catalyst from the reaction products, and
{_dlrect the spent catalyst back to a regeneration zone for regeneration. The
heat of reaction from the bumlng of coke from the catalyst generally supplies
~_the heat requirements for sustaining the particular process reactions.
20 ' The preferred reaction zone facilities for use with the dehydrogenation
process of the present invention are fi fxed bed reactors. It is preferred that the
~ 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 equnpped ‘with proper mamfoldmg to. permit removal of each reactor
25 from operation in a manner so as to provnde for regeneration of the catalyst in
' that reactor while the other reactor or reactors sustain process operations.
_ Fixad bed reactors in accordance with the present invention can also comprise
- @ plurality of catalyst beds The plurality of catalyst beds in a single fixed bed
- reactor can also comprise the same or dlfferem catalysts.
30 Since the dehydrcgenatscn r_ea_ction is generally. endothermic,
| 'mters'tage heating, consisting of heat transfer devnces'between fixed bed-
- reactors or between catalyst beds in the same reactor shell, can be employed.
Heat sources can include conventlonal process heaters such as one or more
| process furnaces or can mclude mternally produced heat such as that
35 produced from catalyst regeneraticn wnthm a fluidized catalytlc process.
Heating reqmrements may also be met from heating sources available from
other refinery process units such as frcm a fluid catalytic crackmg process ora
fiuidized coker. Multiple reactor processes can provide reduced temperature
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10 20.0 wei ght percent to about 80.0 weight percent, and nore preferably

from bout 0.0 wei ght percent to about 60.0 wei ght per best

- results. 96’°éf:ést alline borosilicate nolecul ar sieve con%gﬁ-g#%ﬂ&%z
concentrations as a per cent age of the dehydrogenation catalyst, in a
range of from about 40.0 wei ght percent to about 60:0 wei ght percent,
are particularly preferred 15 because it has been found, that these |evels
pronote an opti mum bal ance of paraffin conversion and ol efin
selectivity for produci ng maxi num vol une1g. yi el ds of the desired
ol efins. Hi gher percentages of the borosilicate molecul ar Si eve

conponent can result in a softer and less-attrition resistant '

catalyet 20 Q@%‘{’E‘ﬁ*ﬂ% ! ““““*’eﬁf‘a" ot orecmative K OO B e
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Rer Itﬁd of tlt WEY rogen pa ARy, NHeéycldd Aydrd eﬁcﬁnlwmpressbeusuﬂp@erhemmﬁﬁ |
not her suitaple re ersio

a refractory iMBKeHR c%ﬁf%&t’afﬁi %C@Sghi‘gt hﬁé QES P%g‘?ésﬁd&’g ?‘{'*ﬁﬁes of

each, 15 pdeltydrooenatlon wherelsppelomemd to dinmensionally

- formthe dispersiophg strippér’ ltdtﬂal émlient produi® iQGthth@Gnerally conveyed to

PCT/ US95/ 0832aownsteam processmg faciliies. The olefin product can be ditected to an
- isomerization process for isomerization and thereafter dlrected to an ether
facility for conversion, in the presence of alkanol, to an ether. Where at least a

20 portion of the olefin from the process of the present invention is iso-olefin, the
“stream can be sent dlrectly to an ether facility. Prior to d|rect|on to an ether
facility, the product stream can be punﬁed by removing unconverted paraffinic
hydrocarbon from the product This unoonverted product can be reoycled back
to the reactton zone or further mampulated in other process units. The olefin
25 product can be directed to an alkylatton process for reaction wrth rsoparaffln to
form higher octane, lower volattllty gasoltne blending oomponents The olefin
product can be directed t0' a chemicat manufacture prooess for conversion to
other commodity chemical products ‘or process streams. Methods for
integration of the process of the present invention with other conventional
30 refinery or chemical plant processes or products will be generally known to _
those skilled in the art. | :
Notwrthstandmg the supenor stabtltty properties of the dehydrogenatlon
' 'catalyst of the present mventlon, periodic oatalyst regeneratron may be
: required dependtng on the seventy of operatlon and other process
35 parameters It is antictpated that the catalyst’ utllrzed in the process of the
present tnvention may requrre repeneratlon as olten as once every 6 months, |
as often as once every 3 months, and, on oocasron. as often as once or twice
every month. The dehydrogenatton catalyst of the present mventton is
SUBSTITUTE SHEET (RULE 26)



‘The dehydrogenation catal yst support conponent al so conprises a
particularly targeted al kali netal concentration, calculated as a
_percent ag®®96/01239 wei ght of -t he dehydrogenation .catal yst. PCRASpIasseY r ed

al kali nmetals are pot-assi um and sodi um wi t h ‘'sodi um bei ng nost
preferred. The alkali netal 5 concentration of the dehydrogenation

catal yst in accordance with the present I nvention generally ranges
fromabout 0.1 weight percent to about 10.0 wei ght percent, cal cul ated
as a percentage of the dehydrogenation gatalyst, preferably from about .
0.5 weight percent to about 7.0 weight percent, and - nmore preferably

fromabout 1:0 weight percent to about 4.0 weight percent for 10 - best
ot a ¢ PEICUSY ylMS e oehnito b nd Sap kg O Gl 10
concentrati OFBB@F"@%??‘/F@ ace9%€%go§tgtmﬁ'lo?{y|%eg'ﬁ\pé\, og&g%;@ﬁipinprpas.
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and i nf er'gor - \r/' Eﬁ%geq tion per og&ﬁnce. . . ms.ts ﬁoncentration
above t hebr antgeneEion: for pupBtes o the prasentinventiod sBel meenthe recoveny o 1
conver si on t lohtat daast\ehporiodi ofi the sholegulan sisivadnitiab activitysby icooibuisting the

sel ectivity, cblédspysitsTrtihe! ciftalyst with\Exygehdr'an -diygbﬁ-%oafyihih@ag.i or -
dehydr ogenat i on erformance, 20 \Weré the al kal'i” netal
concentration of ?H@'&l?ﬁﬁ&‘r\s"eaﬁﬁ? ath catalyst '99988?43‘9“%&?'9”%{‘%@3\‘ si eve .
woul d resul t bienempleyediindbaapiocass afathes present rigvention.apSamaa'bt thesal
osor | beq b rugsnetmiar fachnidues ihftive chamit Hstheds Kt therasing e actidityc

of the al kal ©f faestivatpd moleruiar Hiaves,, SO, ineiuding ke Afsieried Bthads, e o5
ammoni um f or relate tooprocassescor. methods for regenaratingtcatbaen kalso knewnlas coke)
concentratio -,H@ | nSHh [k fn |yl ' ; si eve
is belowt heraegiml cu g??ﬁsta%et eﬁ ﬁ%?? or%qea _Qﬁhcdgnc tefri?k,ﬁf(;ﬁrﬁ'ﬁq he

al kali netal 5@!@?@% al ly back-added to the support by i npregnation
enpl oyi nd5t he heafotexamples &h|S: RajéntsNaf 2,808,327 iditdloses: thie regenheration obt her

met hods knowgatglyéth Oschtakindied with 'cBfocHacedUs Ngbosite 'with Chdyefic 1l lof
| npregnation bel nﬁ refggéﬂr ed. Suitable aqueous sodium i npregnation

sol utions carf®y s'are not limted to sodiumnitrate and sodi um
acetate. ~U.- S| RatentnNoi ¢758.961 relatest to dheli regenemtion obdioker

nitrate or sqdntditing cryftEMihez8olité Aoleediar sieweB Witich Halb 'Hbehhemploned in

conponent, i N _preparation for 35 using.lncipient t ness techni ques. Under
convent | 8al 3 EPEHTBHYS hypiicatbon sSpaidsnn erBeess. , e Broness ineves the
gener al | y nadontisuous circulationuof anfineettgas containing @ quantity ofaxygancnaand fil |

11 D21 ng ¢ nSGREIN SangaRRuch ine Bad ot Heiar ipve o, P o0
SUBSTI TU%E SHEP’ET' L{-Eﬁ]m N%. 4, 0,94 \‘\élalates to the use of a circutlating gas to

regenerate a coke deactivated zeolite-containing catalyst.  The circulating gas
25 is maintained at a low moisture level by purging wet gases from the loop while
- - 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. -
The conditions and methods at which a catalyst may be regenerated by
30 coke nombustion can vary. It is typically desired to perform coke combustion at
- conditions of temperature, pressure, gas space velocity, etc. which are least-
damaging thermally to the catalyst being regenerated. It is also desired to
perform the regeneration in a timely manner to reduce process down-time in
. the case of a fixed bed reactor system or equipment size, in the case of a
35 continuous regeneration process. - -~
-~ Optimum regeneration conditions and methods are generally disclosed
in the prior art as mentioned hereabove. Catalyst regeneration is typically -
accomplished at conditions including a temperature range of from about 550°F
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anount of WO/04289 um salt to provide a dehydrogenatlon cat RCrarsosressanhg the
desired concentration of sodium The i mpregnat ed support conponent is.then
separated, drained, and dried in preparation for calcining. Calcination is
generally performed at a tenperature ranging from about 600F to about 5 1
, 202F, and preferably from about 700F to about 1 067[err]F. "The
dehydr ogenati on process of the present . E ent'_i on can begin with a

hydr ocar bon feedstock preheating step. The feedstock can be preheated in
feed/reactor effluent heat exchangers prior to entering a furnace or

t act
roheat i ng t ooRtt 13004 préSBeta 5"%@‘?‘?‘@;‘@0@5‘?&#’5{9&‘ d0d geig, and,
Sui tabl e fina® mmamgamee%&ﬁmem ut Q. male Pﬁfﬁeﬁgl toabout ¢ o

wast e heat frmahbbrpme’enuen‘hemgeamtmcdf tbe regeneratnbh \gas isatypicaity Cc

Ki t
v ocr Scker inghdsed il oflibe dhia alEA rdedorafiof Héudtiré bass on,
hydr ot r eat§ ngcatalystbed utiet; tamperatures; ifedepia FQQQS'GH‘PéW Gatalyst as guickly
The feedst ockas possivieostiiecavoidingicatalystidatagirg prdcesaicopditions.t o, duri ng,

and/ or after preheﬁ;d B%fe%&%ﬁ&%‘ereﬁahaﬂfohc 4 t‘ﬂ‘e HER Ioﬂeﬁ@gﬁmm

zone, in any one

or
bet ween r eact @ngingtrem about BROFF 1o @%P%E&Q FS@ag{qngrezmmgr
al so be Oper absld to rabolt 150 psigstdmt artagaieraﬁsmgae mdygenmohtemmfdbobyomgen

addi ti on. the present invention
I s that t‘ne SUQW ?BQ enaﬁ'ﬂdwabhbamﬁ,r%5 z ﬁ be gff ctivel '
utilized wit hout tm AsSJmpoRapt that regen mw" F i/n%n to

that i nher ent presente of af dﬂygeu@bntdin’indfdlﬁdrﬁlgemygmoontanmmgewgemraﬂoﬁwe

of ‘catal'yat ML NHEHY %‘@é‘zﬁgﬁ?’ﬁ‘a@. ; re%ﬁﬂﬁg‘s Bsligh $idducts such sd 3" ©
requi rements. cenbmmnonéejaagsﬁ ioxige. F%ly’hﬁhsméﬂs@? ool @ir bas i n
yi el d by 18 r elséemadiéd: Howevern it i8 possiblerthat thenbkygen/can bedntroduced into

- dehydrogenat i gy rengnerdiiingatcas’ pte"bxyhencbr'ad!d Mixture of oxygen diluted with

another gaseous component. Air is the preferred oxygen-containing gas
Operating conditions to be used in the dehydrogenation process of the
present invention include an average catalytic reaction zone temperature of

20 from about S00°F to about 1300°F, preferably from about 700°F to about
1200°F, and more preferably from. about 850°F to about 1100°F for best
results. Reaction temperature's;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.

25 ‘The 'prooess ‘of the present invention generally operates at catalytic
reaction zone pressures ranging. from as low as substantially vacuum pressure
(about 0 to about 27.6 inches of water vacuum) to about 500 psig, preferably
from about vacuum pressure to about 300 psig, and more preferably from
‘about vacuum pressure to about 100 psig for best results. Whaere the process

30 operates in the presence of hydrogen, hydrogen circulation rates generally
range from about 1 SCF/Bbl to about 12,000 SCF/Bbl, preferably from about 1 -
SCF/Bbl to about 6,000 SCF/Bbl, and most preferably from about 1 SCF/Bbl to
about 1,000 SCF/Bbl for best results. .- Reaction pressures and hydrogen
circulation rates below these ranges can result in higher catalyst deactivation

35 rates resulting in increased energy intensive regeneration cycles. -Excessively
high reaction pressures increase energy and equipment costs and provide
dnmmnshmg margmal benems Excessively hugh hydrogen circulation rates

SUBSTITUTE SHEET (RULE26)



"Where a suppl enental hydrogen streamis added, the hydr ogen stream can
be pure hﬁ en or can be in adm xture - with dlluents such _as | ow boi li ng

30 hydro % carbon nonoxi de, carbon dioxide, nitrogeRCTHRPPE2Z | £ yr
conpounds, and the | i ke. The hydrogen stream puriity ‘should be at |east
about '~ 50% by vol une hydrogen, preferably at |east about 65% by vol ume
- hydr ogen, and nore preferably at | east about 75% by vol une hydr ogen
for best results.: "Hydrogen can be supplied froma hydrogen plant, a
catalytic reformng facility, 35 or otkar hydrogen-producing or

hydr ogen-recovery processes. The reaction zone can include, but
Is not limted to, one or nore fixed bed reactors containing the sane

or different cantaiby dhfiuententactign ayuilibium and deve tive reactioreundgsitably
regenerati Oné@ﬁl‘dg%d@éedapérﬁfﬁhcﬂoﬁggrshﬁpaﬁfWé?rolﬁﬂpyleld Vo 96/ 01239

PCT/ US95/ 083
regenerat or, withVhefprReessyelthe-prasgpt jnventien Q%PF@“YpPB?@?Q%Gt 3TW9'9|'“

feedstock  hounfyspacecvelboity {WHSY) of fearhadlyaut 011 Artadadbouit 1001 hent, ei t her

upwar d, dg W”}ﬁgé@ sk b LULERT R, B3 R BRRAR oo

f a3 Ha{‘ﬁ'{' 5 d
P vapor phadshrhio aput 2 AT 196 b9 rasults, Fied bpace welocities axesding 100 i n
t he vapor phaéms descnbed herewtgenatallyotdsun in e eoline im Arsonversiosyst ens

h t hat 4 d et
o are knowdish opdwRbInT sy gdin Iy ﬁ%ﬁméﬂﬁa‘ww% fesiiing if iQherolR " ©
catal ytic refyigigi Fgedspace yelpeities short of Bgfﬂiﬂ are genemlly ,
el ongat edore@egﬁly)n tunﬁsoi capnﬁpfeqalrmam;vl ng 10 annul ar colums of catal yst

wher ei n hydr ocarb r f 0
center of the reag I on ?o}&%ahg ?:%ﬁlalk Pd ﬂ%b@és O'éh%eéz{g%& Wq@%t al yst
are conti nuolEPYides suppder oyerall; @MPQ?"Q?W%PQR#H'? closaly Appseachin

t he catal yst tb&mmdyhauﬂmhqembdumf Thekdehydrpgenation catalyst of tha Fésdntil zed

o o gLrcAmUMBR SAF (GRETSRrTSoniiulnt oo by o 28 Tarbhl 12

hydr ocar B8n tyRiealyot excass ot a?% Reresnts ARH COMMPA Q"‘FQ#&C? 6& RAMGORtct s,

and ~ . Olefin selectivity levels are generally maintained in excess of 80 percent,
typically in excess of 85 percent, and commonly exceed 90 percent.  These
levels of paraffin conversion and olefin selectivity result in olefin yield levels

. which generally exceed 25 percent, typically exceed 35 percent, and

20 commonly exceed 40 percent.

- The dehydrogenation catalyst and process of the present invention
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

25 has achieved olefin yield deactivation loss levels of 0.6 percent per day or less

: at a reaction temperature of 1050°F. At reaction temperatures of 1075°F, the
dehydrogenation catalyst of the present:invention has maintained olefin yield
deactivation loss at levels of 1.1 percent conversion or lower. The catalyst of
‘the present invention has operated with negligible olefin yield loss (and

30 actually a slight increase) over an on: stream period in excess of 1100 hours
with only 3 regenerations. During this scenario, paraffin conversion actually -
increased at a rate in excess of the rate of loss of olefin selectivity, resulting in
an actual increase in olefin yield.

. ' The dehydrogenation catalyst and process of the present invention can

35 be utilized for on stream periods in excess of 120 hours, 310 hours, 400 hours,

' and even in excess of one t0 several months at a reaction temperature of

1000°F before requiring catalyst regeneration or replacement. - As deactivation

Ievels increase over time on stream, olefin selectivity may be reduced, thereby
SUBSTITUTE SHEET (RULE 26)



direct the spent catal yst back to a regeneration zone for regeneration. The
heat of reaction fromthe burning of coke fromthe catalyst general

suppl i es WOIRIEE heat requirements for sustaining the par tPc%(ﬂlsQF gcess
reactions. 20 ' The preferred reaction zone facilities for use mnth

t he dehydr ogenati on . process of the present invention are fixed bed
reactors. It is preferred that the dehydr ogenati on reaction zone
conprise at least two fixed bed reactors so as to facilitate on stream
regeneration of the catalyst. The fixed pgd reactors are general |y

equi pped with proper manifolding to permt repoval of each reactor 25 from
operation in a manner so as to provide for regeneration of the catalyst in

that reactor pyaihtthgt IR RV di6Me! Ploldrand andcyssitatingaincraa8eds seaction

5L . apa i e PRI 4 o
plurality of mlymmqtheaﬂm\gm@nmms@ed g reactor can al so
conprise the same e @éHyded leﬁto&tal%tsanmocess of thei presehtiiavention are

- dehyd t t ,

consi SLing oég%n%‘éﬁhﬂ@r@a@’e @e‘%@é&%eﬁm@?rﬁxeﬂ"%"” feidihniar ™ | "0
bet ween cat al Galalyst-can be apesated in the absgnce; gt supplemental hyelpggn-addition.  eat
sources can iTg i¢lan Exirasriiney Advanage of th@@?ﬁe%s&mhemsemmvenﬂﬁn@or

D oduced 11 orSBra] reesohs 5@%%3@?# ﬂfﬁfﬂ”@ﬁ@w SHeb etk rydfdeRtadditn, 0>
Heat i ng requi eemevme emymeuscamalram QP%'MQ%QMEMS“&W&ND&B |§|qﬂr om
ot her ref 'merand?rdifé?SﬁoN%ﬁ % akb“dbrﬁ&eéé atddilities wHioh Ygemeralipcinciae

e Pemadniragen B d'%@ggﬁgﬁg’ sbbafafioh aGifiés BLEH 4" ApHCHIosBLRY de.
PCT/ US95/ 083 2rocess towers and membranes. Operating in the absence .of supplemental
endot hlelr m perh)‘ drdgled Al | 1dvishabily © deiviesCt thee demydrogenationnt realctiont
Genya ogenat | SAIGAEDS {‘rmﬁng@%q#a@'ghﬁbr@%éh@ﬁz‘i“ 2wsy, Jrom ,hysrBen
ef f1 uent & r esaturation; in costradistinction, 1o éh@)rp'ﬂ’é\ﬁ'&é‘ gdrpgenationprogetses: over
where 5 i ohhichyéhery i be eoridugteadiarthé modwﬂsuppbhmmaawrmnst ep
can be ‘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
20 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 several sources. A catalytic reformer may also possess
furnace hardware, hydrocarbon separation, - and - catalyst ‘regeneration
equment particularly synergistic to use w:th the process of the present
25 invention. Catalytic reforming is also particularly suited for retrofit with the
.present invention in view of recent environmental mandates to produce
gasolines containing lower aromatic concentrations. (a fundamental product of
cataiytic reforming). _ :
: : The present invention is desenbed in further detail in connection with
30 the following examples, it being understood that the same are for purposes of
illustration and not limitation. - )

EXAMPLE 1 -
. A paraffin dehydrogenatlon catalyst in accordance with the present
35 invention and comprising about 57.50 percent by weight of a borosilicate
molecular sieve, 38.30 percent by weight of a silica binder, 2.10 percent by
weight of sodlum 1.78 percent by weight of zinc; and about 0.32 percent by
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renoved and directed to nore appropriate hydrocarbon pools. Were the
process isqui d in the presence of supplenental hydrogen or sufficient
internal |y generated hydrogen is produced, a separate hydr o§EHUSE#B2: i on
step can be perforned upstream of and prior to |ight hydrocarbon
separation. 10 Sonme of ‘the recovered hydrogen can be recycled back to the
process while . sone of the hydrogen can be purged to external systens
such as plant or refinery fuel. The hydrogen purge rate can be
controll'ed to maintain m ni num hydr @en purity. Recycl ed hydrogen can
be conpressed, supplenented with "make-up" hydrogen, and reinjected
into the process for further 15 dehydrogenation where suppl erent al
hydrogen is a¥@ight of platinum W?ﬁep@PﬂF%gW |qoqIparisemnt withhcatalystacnot n t hen
general | y conacysrdahce with thelprgsehtiavedtionzessing facilities. The olefin
product can be dir . LS LZat | rocess for isonerization
and thereafter di [gﬁé g’%h&@%n&'ﬁaréﬁgﬁ{ #‘é%l b?%???%ibycﬁme?@iﬂzﬁﬁ'zmﬂ % he-
presence of afKaMiy of ap ammeniyey exalyasged HAMS-1H-3 borasiligate maleculdr siews .
oIt efin fr.ombt ire apmannes siniilarto that deséribed i Eupdpadn Paterit! 196, 018448 tot _
stream can be 0 er r irgction to an
et her fat@?ﬁﬁg,& ?ﬁg:??“(’éug?& sr?ﬂéé%’}c%ﬁs*bde{%ﬂﬁﬁé#gat é(/)‘ tﬂg 59'?@"“
unconverted pQtWhichare hereby incerparatedby; referancene product. Thi's unconvert ed
pr O_duc? can be r ecYhé adbhydedgenationt oatrallystlrwastprega?éwebéorndmbhh%tness g
mani pul ated i 0L O | r t N rected
to an alk b\gtﬁg ?‘é&'gés&f??"dr@a'éﬁ'l‘oyﬁhghgﬁt“g@dﬁ @f%i‘g #’gqegq'mﬁgr'ﬂ#ﬁ gher
oct ane, | ber Potstlicate molaeular isiavewithdr seldinn santaining 122 granis of zinc
pr(r)]duct candbacet'atee(Zn@OQcHgM»ahd 3010.granisofowatenCThe zineimprayated on to
ot her comuodi ' .. Met o r
integration o gliﬁhﬁmre(c)ygs'&sguggﬁhze&r;%és)éﬁﬁgm%@%nt A cﬁqhgﬁoégn‘%ﬁc i onal
30 refinery a?neieﬁﬁdmurm Jihe ¢aleiped patiouiatgrwas impregnatedousiog incipishly
known to welmess tdchniqubs -withha solution containing 0.2t Ytdms teinpliaisiuime

L
superi or abjdes ; i fi dehlyd ' al yst gf the
pr gsent i ﬁ%entdlt@hlﬁée% c@ﬁ&@é?’yﬁ%géég@%p%ﬂ’gyﬁb@sm@tw (ﬁuiﬁ@d
dependi ng on Pigtinu®,and Zincimpreanaterdoborgsticatenmolenuigr-siove was driedwane s. | t
i feggtn |t ci P\ate ﬁap.ﬂgltnthﬂ tha driby ?hrtl(i:idté ficed Wisth h@.&’bﬁﬁ;ﬁ 8% gt«ﬁ-besru. EéH-r?D Tt hs
I nv sk f : .
gs often as O%E%H‘ gﬁg’)r(m%ﬂlr’rub(;ngﬁ sé‘ﬁ’gﬂ g"%@%@a@%twgs&ﬂ@?éﬁ %ﬁsﬁ Hates, ,
tw ce evir§ smﬁ’h‘&?“ﬂﬂ@ma@bgmmﬁf & ta APyminutgs. t he mixtuze was
i nventi ore0 s dried aV¥302F 0. 8 fiours in a forced air oven, crushed, and sized to 12 to 20
PCT/ US95/ 0832feen (U. S. Sieve Series). The crushed and sized base catalyst (23.3 grams)
: was further impregnated with a solution containing 1.7 grams of sodium nitrate
and 22.0 grams of distilled water and dried. The catalyst was designated as
'Catalyst 1. The properties of the HAMS-1B-3, the CAB-O-SIL EH-5 silica, and
25 Catalyst 1 are provided in Table 1. | |
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19 particularly suited for regeneration by the oxidation or bur ni ng

of catal yst - deacti vati ng carbonaceous deposits with oxygen or an
oxygen- coM&iIAY gas. Mor eover, catal yst perfor nance RCI/4fg8/0833her al | y
di m ni shed fromperiodic regeneration, in contradistinction to
conparison catalysts tested. The term 5 "regeneration," for purposes of
the present invention, shall méan the recovery of at least a portion
of the nolecular sieve initial activity by conbusting the coke

deposits on the catal yst with oxygen. or oy" oxygen-containi ng gas.

The prior art is replete with catal yst regeneration techniques that may

be enpl oyed in the process of the present invention. Sone of these 10
regeneration techni ques involve chem grpt hods for increasing the
activity -of deactivated nol ecul ar sieves. Qthers, including the
preferred nethods, . relate to processes or nethods for regenerating
carbon (al so-known as coke) =~ ngleggctivated catal ysts bychBeosgfrbusti on of
the coke with ancaulygen- cont aZniHAMS-18-3 gas HAMS-1B:3 15  EH:8 Sllépr exanpl e,
U S Patent No.. 2,391, 327 .di scl oses the regeneration of - catal ysts
cont am nat ed%®ev¥e car bonaceous d&gS8its with P%3&klic flow of '

regenerati on%gﬁags.' ' . Pat ent No_.__3, 755, 961 r1enl ates to the
regeneration o oke- cont ai*RrY g crystalline zeolite nol Qcul ar si eves
whi ch have bggs enployed in 20 agagbsorptive hydrocarbon separation _
process. The process involves the continuous circulation of an inert
gas contai ni sgzna quantity of oxygemgin a "~ co0sed | oop ar#angenent

t hrough the bed of nol ecul ar sieve. : U S. Patent No. 4,480,144
relates to tPMdause of a circulati®df@gas to 0.0Begener at e a—toke

deactivated zeolite-containing catalyst. The circulating gas 25 -is
mai nt ai ned af* GrRWMoi st ure 1evel 8by pur gi ng W gases fronmithe | oop while

si mul t aneous it uci ng dry ga into the Lesp. This methgd is
particul arl ybhbn' ’[ﬁgf ul with zeo?ﬁi c. catal ystaysi nce zeol i%algc cat al ysts

can be detri gomipalelvélLccg ©f fetedoby the presegoe of water. 123 The
condi tions and nethods at which a cat al yst may be regenerated by 30 coke

conbusti on cMicropere\Ared, tnigs t ypi cah4d desired t @?®erform coketZonbustion at
conditions of tenperature, pressure, gas space velocity, etc. which are
[ east d Mismpered/ol B9 nal |y to %488 cat al yst BES%g regener®P®. 1t is also
desired to performthe regeneration in a tinmely manner to reduce
process down-tine in the case ogxamMpreeg bed reactor system or

quipTEnt si ze, 1 § Lhe CASE palatin dehydrajordhin Sack A AR 1 BalhRET Vi

5 without back-added sodium was prepared for comparison with the
' dehydrogenation catalyst in accordance with the present invention. The
comparison catalyst comprised about 58.7 percent by weight of a borosilicate
molecular sieve, 39.2 percent by weight of a silica binder, 1.8 percent by
weight of zinc, and about 0.3 percent by weight of platinum. o
10 The dehydrogenation catalyst was prepared by first synthesizing a
quantity of an ammonium exchanged HAMS-1B-3 borosilicate molecular sieve
in a manner similar to that described for Catalyst 1. The dehydrogenation
catalyst was prepared by incipient wetness impregnation of 25.0 grams of the |
ammonium exchanged HAMS-1B-3 borosilicate molecular sieve with a
15 solution containing 2.7 grams of zinc acetate (Zn(OOCCHg » 2H20)) and 30.0 -
grams of water. The zinc impregnated borosilicate molecular sieve was dried
and calcined in air at 1000°F for a period of 6 hours. The calcined particulate
was impregnated using incipient wetness techniques with a - solution
containing 0.22 grams of platinum tetraamine nitrate (Pt(NH3)4(NO3)2) and
20 30.0 grams of distilled water. The platinum and zinc impregnated borosilicate
molecular sieve was dried and 20.7 grams of the dried particulate mixed with
13.8 grams of CAB-O-SIL EH-5 silica and 100.0 grams of distilled water in a -
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" Optinum regeneration conditions and nmethods are general |y disclosed
inthe prior art as mentioned hereabove. Catalyst regeneration is typically
acconpl i SWOEAI23%ondi ti ons i ncI uding a tenperature range RCHPHHZRAut

“550[err]F SUBSTI TUTE SHEET (RULE 26) WO
96/ 01239 ' _

PCT/ US95/ 08322 20 to
about 1300[err]F, a pressure range of from about 0 psig to about 300 psig,
and a regeneration gas oxygen cont2ht of from about 0.1 nole percent

t o about 23.0 nol e percent. The oxygen content of the regeneration gas
Is typically i ncreased during the course of a catalyst regeneration

procedur e basmall Waring blerdenarta peribcbat 5 ta 10 enipates: (Thesmixture wasadrigdoat
regenerate tbenogdhah g HourSinda't d&E&d air oven?erushad! Eh s%hl' 1"2"(6' 0 ibsh

erre catal yst

catal yst-da C

regeneratlomtﬁ%'g ggﬁ?ﬂcl 8§aﬁ¥§rﬂﬂ§rdaqsl§@°das rﬁ; from about 600F
to about 1150F, a pressure rangi ng fromabout 0 psig to about 150
psig, ang a regeneration gas oxygen Mpﬂgg)f about 0.1 10 nole percent
t o about 10 nol e percent for bﬁ- sul t's ddi bgmnal ly, S

i nportant that eﬁ@ﬂ@PﬂF?%"% ‘&MYHF‘?Q@I’?@HW gatajyst similar i Tobut an

oxygen- cont awithou zgmswaQ' pesparad)tor-compazison withrthg elebydrogenation catglystin
typically co ;gg}% co-ﬁipél %
car bon rmnoxg% car ?IIO iveHfien j ch %& Q6R@éﬁélﬁ ormor alr has

15 been add@RP 9%? F—PWE]FQP %Q&Y’c S Roreemt Yquced
into 10t hwenghg@rhear aiiucarbim aso mmmmmygwgrnrofasodlummurabmit 0.8ygen
diluted wit hpe Bn'&ﬁfoﬂﬂm conponent ..- Air is the preferred

oxygen- contalnln condltlgns to be used in the

dehydr ogenation p QQEV@'PQFH@"" cgjag}‘%s'@ﬁg Rreparad By, first syatbesizing, 8 age
catal yti c r equartityof am anmreoniemaaxchangsd EIQMS—H 83 bbrosilicat®Onelechfar tsievebout

oot an)y ol anid? rgéﬁ'hﬂp 48 dosergg for SJ‘ZPO[‘W déhyciger] 2
React i onJQ/ ent ni! é%"ép eahy thf' r? ?étﬂlg@&‘s
paraffin conammnmmaadchangad HANSA Bﬂaebdroﬁmml molecrsiqre sigver withalaove
these solution containing 0.22 grams .of platinum tetraamine ' nitrate

(Pt(NH3)4(NO3)2) and 30.0 grams of distiled water. The platinum

: impregnated borosilicate molecular sieve was dried and 20.0 grams of the

20 dried particulate mixed with 13.3 grams of CAB-O-SIL EH-5 silica and 100.0

grams,of distilled water in a smalil Waring blender for a period of 5 to 10

minutes. The mixture was dried at 250°F for 16 hours in a forced air oven,

. crushed, and sized to 12 to 20 mesh (U. S. Sieve Series). The crushed and

~ sized base catalyst (20.0 fgrams) was further impregnated with a solution

25 containing 1.5 grams of sodium nitrate and 19.0- -grams of distilled water and
dried. The catalyst was designatad as Catalyst 3.

EXAMPLE 4

. A comparison paraffn dehydrogenation catalyst similar to Catalyst 1 but

30 with a sodium-containing alumina support in lieu of a sodium, borosilicate, and
silica-containing support was. prepared for comparison with the .

. dehydrogenation catalyst in accordance with the present invention. The

comparison catalyst comprised about 95.9 percent by waight' of an alumina

- support, 2.0 percent by weight of sodium, 1.8 percent by weight of zinc, and

35 about 0.3 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
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.ranges can result in reduced olefin selectivity and lower olefin yields. 25
The process of the present invention generally operates at catal ytic

reacti on 2¥A&YE¥ssures ranging fromas | ow as substanti al IRFVERGEH22

- pressure - (about 0 to about 27.6 inches of water vacuum to about 500
psig, preferably fromabout vacuum pressure to about 300 psig, and
nore preferably from about vacuum pressure to about 100 psig for best .
results. Were the process 30 operates in the presence of hydrogen,
hydrogen circul ation rates generally 2¢range from about 1 SCF/Bbl to-
about 12,000 SCF/ Bbl, preferably from about 1 SCF/ Bbl to about 6,000
‘SCF/ Bbl , and nost preferably fron1about 1 SCF/Bbl to about 1, 000

Cat s bel ow tt‘?ﬁ!e sz’ii"ﬁ‘g’r’t‘u HiTR%0R Wbl AT Bine imp '@"ga‘*?t e
rates resul tidHmi aﬁééad Eﬁp f'h?' ﬁg]@QO iﬁin%ﬁépggy?ﬂ% L
Excessi vel y calcindd gartioulatel(éa O geams) wesiimpregnated using, ingipieat, wenass:

ﬁozt s and prgq flﬂlﬁ ues "wifh & 8bIBHoR LomMaiRingRD.40egrdmB Sof platineR Yetraarhingh
P)é'r; 8%82 / gégcﬂutrgtel h[l-?54(il03)2) al\{g) 48% 8?3 of distilled water. The pigtinum and

al so i nfl ueninc impregnatedcalumina was drieg and #0.Q wmw&ﬂhm#ﬂeﬂmwdwy
Igf‘g’g;gg gfdghe&agggem eonvﬁﬁawem :%ﬁté?ﬁin r@slmps 8t ebiriny icaftsbnate and 40. ohou;rlhye/
space vel oci tgf@ Pg F’“ﬁ an‘f‘ﬁr Ehﬁaigﬁ@'%ﬁ&%%‘fm
preferably frmdﬂwhnﬁﬁmg(aﬂlspftm particulateomixedwith 159-gramsso rabl y
from aboyly  watePand Bblvghézhdt iRto?® tieh pilllefd! [THe peliets ware driedserushed, aned |

space veI oci th es exffﬁ QS‘A‘P% (J,JC%r@'gpelé’%ﬁegfs?ﬁ#gﬁly}%rwggﬁgﬁ%@h% nin

~result in a o#9d Qe
ol efi n sel ectCatalygt 4.t hereby resulting in |ower olefin - yield. Feed

. space velocities short of the levels described herein are generally .10

costly in terns of capi ‘tal requi remargﬁg‘q The dehydrogenati on
catal yst and process of the present i ﬂ"grﬁ provi des superi or
overal | d&hydr ogerﬁaeompammﬂwahydmeﬂaﬂmm signilar to thﬂieﬂ'ﬁ!ﬁﬁﬂﬁ’am c

equi librium the gep )éfkgﬁ%?‘ai u?a szBt | i éifalt’g% plasfuh, tin, and aleiteron can

reach par ?f fi r}kaclﬁ:révgéﬁr'; ?netan on an alu gae Ss%pSIm ageﬁr%g}ad for comparison

~ with the dehydrogenation catalyst in accordance with the present invention.

The comparison catalyst comprised about 96.8 percent by weight of an

20 alumina support, 1.8 percent by weight of sodnum 1.2 pefcant by weught of tin,

and about 0.3 percent by wexght of platinum.

‘The dehydrogenation catalyst was prepared by incipient wetness

impregnation of 70.0 grams of Versal 450 Alumina, manufactured by LaRoche

Chemicals, with a solution containing 2.3 grams of tin (I1) 2-ethylhexanoate

25 (Sn(OOCC7H¢5)2) and 37.0 grams of n-hexana The tin mpregnated alumina

was dried and calcined in air at 1000°F for a penod of 3 hours. The calcined

particulate (51.4 grams) was impregnated using incipient wetness techniques

" with a solution containing 0.31 grams of platinum tetraamine nitrate
(Pt(NH3)4(NO3s)2) and 50.0 grams of distilled water. The platinum and tin

30 impregnated alumina was dried and 50.0 grams of the dried particulate mixed
with a solution containing 3.7 grams of sodium carbonate and 50.0 grams of

distilled water. The tin, platinum, and sodium impregnated alumina was dried

and 33.0 grams of the particulate mixed with 17.0 grams of distilled water and

_ compacted into 2 inch pellets. The pellets were dried, cmshed and sized to

35 12 to 20 mesh (U. S. Sieve Series). The catalyst was designated as Catalyst
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"15 typically in excess of 35 percent, and commonly in excess of 40
percent. ogﬁfl n selectivity levels are generally nai n?é’h‘ﬁggs/ excess
.of 80 perce % typically in excess of 85 percent, and conmon y exc

90 percent. These | evel's of paraffin conversion and ol efin select|V|ty
result in olefin yield levels whi ch generally exceed 25 percent,
typically exceed 35 percent, and 20 conmonly exceed 40 percent.

The dehydrogenati on catal yst and process_of the present invention.

provi des the above-described | evel s of p%?fornance white resisting catal yst
deactivation, thereby extending catalyst cycle |ife under dehydrogenation
condi tions. The dehydrogenati on catakééé ﬁ{ the present invention can and
25 has achieved olefin yield deacti MRLESss [ evel s of 0.6 percent per
day or |ess A feegdsiotk ocontainingal9d.® efeighbOpencent. istbutanet was

‘tenperatures gfy g:igdﬂéd bvet B&Jdr?%ed&i%%@g%&t ucms ?t%hi’"éké?ng%ﬁ jhes,

present I nven mal nt al ne deactivati 0ss at

ie |
|l evel s of 1.1Ab testadysing al%ﬁ& bengh-tep 7eACIQ% unjt having aquanz; csent
i nvent i on Shastubp aeatted contdimnggl packedebed.c fOperatianh avdsodewifiow vith oaeé-ualll y

a slight increg @iﬂ' I f

wth gnl y 3 re%rwtgur agso?:ggé? ?8%E§§§‘ w%ﬁ@er SI on
actual |y Wc!‘%&f testing F&thﬁﬁwlﬂﬁ"?ﬁe Wgt"? twaensa 1P andef i n
selectivity, bettortbetbof 80 to 50 aveshcsizel(U.8.c SievecSaries)l albha gluming. All

The dehydr ogeagbivats wRirg! daivatdd by %‘iﬁﬁgound Tpg on f \?girhﬁf‘rcgé‘ﬂ 35

be utilized for on strea r|o in exc 400

hours, 10 tSMmpersture ? at'(?ﬂé'a'teo°f M“" I‘Ef% oyrs, &t J007 %y,
t enper at ur e oand then heaiem poanopGPFbumdnrea nitrpgen ipunge.a Thieyisobutane teedstockn or

repl acement . tth:%gh the quhﬂ!%chfisﬁ%&eat%ﬁfed eXPoritbritall RA™M

| ef | ect
: ‘;USS'T{‘TfﬁEe g,ig\é'gt Edg@cfmgeur?a%% rggm%wgere conducted at a pressure of less
PCT/ US95/ 0832than 1 psug Gaseous products were analyzed on a Carle Rafinery Gas

tenperat e ﬁ“‘iﬁ'&ib o itftopalgfagil necess!1aling :rSFLEZFﬁ"dQ{E?FE' yield
| evel s atalyst testmg condit ons, product composition, and performan
criteria in terms of isobutane conversion, isobutylene selectivity, and
isobutylene yield (defined hereabove) were determined for ascending time on
stream. The dehydrogenation results for Catalysts 1 - 5 are set forth in Tables
20 2-6. '

-~ Deactivation rates for Catalysts 1-§5 m‘ terms of conversion loss per day
were calculated based on development of a regression line of the isobutylene
yield data presented in Tables 2 - 6. The slope of the line was calculated from
the regressed line for each of Catalysts 1 - 5 and is presented in Table 7 as the

25 percent of initial conversion loss per day through deactivation.
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general ly accel erate the deactivati on process. ' The

dehydrogenati on catal yst and process of the present invention are 5 so

ef fecti ve WPPHORIyard to catal yst stability and deactivati REFYEESO8RRAce

t hat the catal yst can be operated in the absence of suppl enental

hydr ogen addi ti on. This is an extraordi nary advantage of the process
of the present invention for several reasons. Operating in the absence
of suppl emental hydrogen addition can avoid enornmous capital and
operating costs connected to the installation 10 and operation of hydrogen
recovery facilities which generally i nc3&ide hydr ogen gas. conpressors
and separation facilities such as ‘high pressure process towers and
menbranes. Operating in the absence of suppl enental hydr ogen al so
favorably drives the dehydrogenation reaction ~stoichionetrically

t owar ds dehydrogenati on and ayay from hydrogen 15 sgturationg |n
contradistincti @® &0 Yhe prion Qt‘d&ﬁlragéha@l o Prac&ses & S which -
‘general |y nust [ esofHucted i § ldweOpPes%neeQvasG’prﬂ’eaerﬁ al hySereEa
addition in order to maintain a viable catalyst run length. The
dehydr ogenati on catal yst and Bgrocess of the prgsent_igventi on gagy be
retrofitted to UBi @i exi stlﬁganqcossesgal'r'g a%nwtgeg'such .2 uft not
limted 20 to, RhYs@ previ ousl P RdPcR B O A afhtHa™ & or i ng. et

reacti on pressure requi rements are generally |ow and therefore,

sui t abl e react orevessel s may e s aked fnsom a,nyvof° sever gl wsomrces. A
catal ytic reforrgr msa,e;/ al so pﬁs?bsé’ g.l 3 ;urg]ageg*ngdwa@, hydgoear.bon

separation, and Tat Fai yst regeﬂeratl on -~ equfpnent Particul afl P @
synergistic to use with the process of the present 25 invention. Catalytic
reforming is alse pgarticulart® suiveg fprorei r@f @ xi@hghe & Hr@sent

-]

invention in vi @v af @ ecent envigd adnental am@tes 60 Sprebduce g S8
gasol i nes contaai’ning | ower aromatic concentrations (a fundanent al product

of catal ytic reform ng). : The present inventiog i
described in furgher wetail iR @)rﬁea i@NEwWg 238 She B! | owi Ry 'ex‘arrpl es,
it being underst%oﬂ ihat the &alce Qre f=0r°pﬁPr p‘Bses & S i|I18s® aBion and
not limtation. EXAMPLE 1
A paraffin dehydrogenatlon ca,t.al st nac,gor‘daacgvgt e pregedi &5
i nvent i onsNand ccérpt"l ng aboul %Gobacenp Gf a bo osqlgcate
mol ecul arWsi eve, -3% percen@ gt Bf <a |ca ﬂl fder, 221@ (f2rcent
by i ght of sodium 1.78 percent by wei ght of zinc, and about 0. 32
percent T o 8 e3223a833z88 838
8oy g§§§3.do‘_e’eﬁ§.ge’ ags
2o @ 5ggsg2y%8s53s 228
8 d 3 38382234323  d4ds
2 o - Ypegs2383s5s 9¥88
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WD 96/ 01239
23

PCT/ US95/ '
wei ght of %ﬁ g’f“ﬁﬁ% was prepared for comparison wth catal yRGE/PRg508332
‘accordance with the present ‘i nventi on. . _~ The dehydrogenati on
“catal yst was prepared by first synthesizing a guantity of an anmoni um
exchanged HAMS- 1B-3 borosilicate nolecular sieve 5 in a manner simlar to
t hat described in European Patent No. 0184461 to Haddad et al. and
U S. Patent No. 4,725,570 to Haddad et ., the disclosures of which
are hereby incorporated by reference. - The dehydr ogenati on _
catal yst was prepared by incipient wetness - i npregnation of 25.0 grans
of the amoni um exchanged HAMS- 1B-3 10 borosilicate nol ecular sieve with a
solution containing 2.7 grams of ' zinc -  acetate (Zn(OOCCH err].2Herr]))
and 30.0 grams of watgr. The ginc inpre nat ed Dpogosilicate nol ecul ar
sieve was dried @n@ cgl ci ned PnuﬁlvF &t 080k f"orcao @ Seri odeo &3 hours.
The cal ci ned par¥i culte was ®nf ISt & BsihoSi Rcidi 8ne Qebhds

techniques wth a solution containing 0.22 grans of platinum 15
tetraamne nitrage (R (NHerr (uq,err_])c 30d B0 0ran& @f distyl edywater.

The ~ plati nlﬂl an(: zinc i t8d boT.09 | KcB & nBl &cul ar Fi &% was
dried and 20. 7 gtanms of ‘E’he S;al 8d partlcga?ecfnrgeﬁwth Sw%rarns of -
CAB-O-SIL EH 5 . silica (manufactured By Cabot Cor poration) and 100.0
grans of distill@dgwdter ﬂlﬁa-saal-l a\aw e.nc§ rof or aweniod of 5
to 10 m nutes. e~m§<ture 20 dgl Qd t&‘fpﬁ)F"f 6°nours d,nga,jorced
air oven, crushed, and si zed to 12 to 20 “resh ( S SieW® ®erYes).

The cr ushed and sized base catal yst (23.3 grans) was furt her

i mpregnated witlBams@ ution dnBaimigg@l.§ fr Asyoly BDdgum ni tFale g and
22.0 grams of di®t Nl Ied wat ery aod acliréeceh ghe @tdl ysst"V\Bs desig ngtg'j as
Catal yst 1. The properties of the HAMS-1B-3, the CAB—OSI L EH-5 silica, and

25 Catalyst 1 gre pgovided |,51 Table 1. \N)QG/OJ@ -
. I\Pv-v-am o
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24 TABLE 1

Na, Pt, _ CAB- O SI L Cat al yst

Zn/ HAVS- 1BYQ 960128\\5. 1B- 3 EH-5 Silica % Si BGEUSIS08322
57.50 99. 92 % SiJerr] 38. 30

100 % Pt . 0.32 50%Zn

1.78 - MWNa - . 2.10 0. 08

% Crystalinity 48 S - 95 BET SA, nferr]/g -

277 : 03472 8 2 BN (gnﬁPmelﬂV(g gcc/g 8 8 § 78

0. 07 : 228 g Mcrgpere,ABea dr{érg}]/—g s 2 132 N8z 278
12 M cropore Vol , cc/ g 0. 065 - 0. 125 0. 006
EXAMPLE 2 A corrparl son paraffin deg_ydrogegat i on catal st simlar
to Catalyst 1 by® 05c wi t hout3 b8c i Adfd Fdi em= Vs Npr@par edS

comparison with@h® dehy®&r ogena® i en < a® ally st $nBactor dane S'\A:h t he
‘present inventi on. The : conmpari son catal yst conprised about 58.7 :
percent by weight of 2 bor osig i ¢ cate ool ep.ul ar s;\eve 39. g p_ergent by
wei ght of a sil @a"‘bla-,nder 1.3 pemeﬂtmby’ o o we Ih zi ncg gnddabout
0.3 percent by v®igh® of plattntin® ® € "’Tﬁ'e %ycﬁ ogenat'l & <at al yst

was prepared by first synthesizing a ~quantity of an anmmoni um exchanged

HAMS- 1B- 3 borosidigate noleci@as of avey & =i8 gnanuer simlQrg@that

descri bed for C& Syt 1. The;d,ehygjr@genﬁ iSNY « °cgt§yst V\gs rcépared by
o

i nci pi ent wet ness i npregnation of 25.0 grans of the amoni um exchanged

HAMB- 1B-3 borosilicate nolecul ar sieve with a 15 solution containing 2.7

grans of zinc ad@tat® (Zn( O tfefy 18 25 & 3 B) R 80D QgParf of

wat er. The zinc 2 mirBgnat ed Ipress i®aseennf efukars s@ewe was 8r @ and
calcined in air at 1000[err]F for a period of 6 hours. The calcined"
particul ate @ Wasn rrpregnarteg u,swg,_l Q.Cl,plgnp, witaees tech:nl QJ&S wth a
sol ution : c@t% iging 0.2% Rafs DFEpGatd nyntt g raaqne nigr &t & '
(Pt(NH err] (NJ &tr])®and 20 “80.0 grams of d|'§t|IIed"' TRe®pI%t i num
and zinc inpregnated borosilicate
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mol ecul ar sieve was dried and 20.7 granms of .the dried parti cul ate m xed

wth Wo dknogsgns of CAB-O-SIL EH5 silica and 100.0 graps_of distilled
water in a WD 96/ 01239 PCT/US95/08322
PCT/ US95/ 08322 : ' _ 25 smal |

Waring blender for a perlod of 5to 10 minutes. The mixture was dried at
250F for 16 hours in a forced air oven, crushed, and sized to 12 to 20 nesh
(U S. Sieve Series). The catal yst- was designated as Catalyst 2. 5

EXAMPLE 3 . A conpari son paraf% n dehydrogenation catal-yst simlar
to Catal yst 1 but wi t hout zinc was Brepared for conparison with the :
dehydrogenati on catal yst in accordance with the present invention. The
conpari son catal yst conprised . about 58.6 percent by weight of a
borosilicate nol ecul ar sieve, 39.1 percent by 10 weight of a silica

bi nder, 2.0 percent by weight of sodium and about 0.3 percent by

wei ght of platinum | The dehydrogenati on catal yst was prepared: by
first synthesizing a guantity of an ammoni um exchanged HAMS- 1B- 3

borosilicate nol ecul ar sieve in a mnner simlar to that described for
Catal yst 1. The rydgogenatl @ AdSe Gat@l ¥hte Prepaed by i i gnt
wet ness i rrpregnage(m gf 25.0 @afisgoi3tBeg 3 Wgsrﬂm 2 xchan%cﬁl—@l\/B-lB-

?
borosilicate nol ecul al’ sieve Wth a sol ut Pon conf‘hl ning O 22 @rans of

platinum tetraamne nitrate (Pt(NH err](NdJ err]) and 30. 0 grans of
distilled water. @Tlhe @l ati numg @ 3 E)rgggpt-ed“boqfoel ﬁaﬂte nokeql gr sieve
was dried and 20@0"gr§m3 of tlgaaOo iddepast leiag ged Wi & 3...3 gr ans
of "CAB-O-SIL EH5 silica and 100.0 gr ans of distilled wat& T n®a small
Waring bl ender for a geriod of, 5 to 10 mnutes The m xture was dried
at 250F for 16 hﬁun% en a fored alr PWRNE R 2 ‘L‘-’ILShgdPand sBz& o 12 to
20 mesh (U. S. Peve Beries). AR er&MAdSarkl § & & Feds base galmlgst
(20.0 grans) was ‘further inpregnated with a solution 25 containing 1.5

grans of sodiumgitrage and 1& Q, gha f odigtibl Led water and ried.
The catal yst wasgd%l nat ed ag &t'&lgt?gSzg“gq“’S 3a§
m ocvs‘,ﬂoga ¥es
o 2af 283855988358 938
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EXAMPLE 4 A conparison paraffin dehydrogenation catalyst simlar
to Catalyst 1 but 30 with a sodiumcontaining alum na support in lieu of a

sodi um bYWt e, and - silica-containing support wRCTWHE5E8¥A f or
conparison with the dehydrogenation catalyst in accordance with the
present invention. The conparison catal yst conprised about 95.9
percent by weight of an alumna -  support, 2.0 percent by weight of
sodium . 1.8 percent by weight of zinc, and 35 about 0.3 percent by wei ght
of platinum The dehydrogenagion catal yst was prepared by :
i nci pi ent wet ness i npregnati on of 33. 0 grans of Versal 450 Al um na,
manuf act ured by LaRoche Chem cals, with a solution containing 10.1
grans of zinc acetate WO 96/ 01239 '

PCT/ US95/ 08322 . 26

(Zn(OOCCH err] . 2H[err]O)) and 97.0 grans of water The zinc inpregnated
alum na was dried and calcined in air at 1000[err]F for a period of 3
hours. The cal ci'ned particulate (40.0 grans) was i mpregnat ed usi ng

i nci pi ent wet ness techni ques with a solution containing 0.40 grans of
platinumtetraamine 5 nitrate (Pt(NH err](NJerr]) and 40.0 grans of
distilled water.«The @l atinumeand o o @i Rc enfy egngt ed @l um na v@swdried”

and 40.0 grans 05 egdrred pa;td,calﬁeggg wﬁrasoluﬁ o
cont ai ni ngZQgrams of sodi um carbonate and 00 grans of distilled
wat er. The-zinc, platinum and sodiuminpregnated al um na was dried
and 30.0 grans of the particulate mxed wth 15.0 grans of distilled 10
wat er and conpacted into 2 inch pellets. The pellets were dried, crushed, '
and  sized tQ 12 to 20 nesh (U S, Sieve Sgrres Th cat al
desi gnat ed as g"CaIIyst 4péeo§% J’ 8 'y% EXANPLE
5 15 A conpaﬂ s‘Bn par af & rPd‘Bhﬁ:lr‘Bgé’naﬁr On ?:a?ah/ﬁ sim Pardt® t hat
di scl osed
oo EEEEEEREREER 383
< O o © Qroo0cococ @~ 20c SRKRE
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h .
. e 33z2288RKge%s =89
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in U S Patent No. 4,438,288 to Imai et al. (i.e. platinum tin, and

al kali or al kaline earth metals on an alum na support) was prepared
for conpar'¥@8¢01239 \ith the dehydrogenation catal yst in ac?&?f“&ﬁ&g(@@g%vith
"the present invention. The conparison catal yst conprised about 96.8
percent by weight of an 20 alum na support, 1.8 -percent by wei ght of
sodium 1.2 percent by weight of tin, and. about 0.3 percent by weight
of platinum The dehydrogenation catal yst was prepared by

i nci pi ent wet ness |rrpregnat| on of 70 0 grans of Versal 450 Al um na,
manuf act ured by LaRoche Chem cal s, 33i th a sol ution containi ng 2.3 -
grans of tin (I1) 2-ethyl hexanoate 25 (Sn(OOCC7H err]) and 37.0 grans of
n- hexane. The tin inpregnated al un na was dried and calcined in air at
1000[err]F for a period of 3 hours. The cal ci ned articul ate (51 4
grans) was inpregnased using Zhabpgeg gethessit @18 L chhna

sol ution contai nng¥ 031 gramg o pl & idum tetﬂ;aamqeaﬁldprate N o ]
(Pt(NH err](NdJerr]) ‘and 50.0 grans -of distilled water. The plati num and
tin 30 inpregnated alumna was dried and 50.0 granms of the dried
‘particulate mxed with a solution containing 3.7 granms of sodium
carbonate and 5050 grgns of B I,,dks'r‘\;I,Led. gt .,,T.beetlcp pl at-l ne and
sodi um i rrpregnatgd Iam na vvas., d° p ;@ §3 Qs of the par &i cul at e
mxed with 17.0 grams of dlstﬁled ctedlnt”o? Mnch
pellets. The pellets were dri ed, crushed and S|zed to 35 12 to 20 nesh

(U S Sieve Series). The cat al yst was deS| gnated as Catal yst 5.

WD: 96/ 01239 - © o v

PCT/ US95/08322 § & 2 cegztc-2%88+r~8 278 § &
EXAMPLE 6 .2 & X feedst & ke conti ®i ;g D935 q/ve'Pgﬁi Per cen® iBoBut ane
was dehydr ogenat ed over dehydrogenation-Catalysts 1 - 5 from Exanpl es
1- 5. . Al catalysts were tested using a quartz bench-top reactor uni t

having a quartz 5 tube reactor containing a packed bed. Operation was

downfl ow wi t-h oNge-. o throgy h,,hgdr.ocar bonafgovb Sagalgsts of:; Q 8o 20
mesh size (U.S. SdeOSerles)m c oo o8 h
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0
u @ ~ o~
~ - ) - o
] g o 3 EEEEEREEEEEE] Q<o
- © N § N o oo o 3 oac § o -2~
- ~ . & 1
g amw "Iz 3325wd88 N © @
e n o fsccocooccocFoco 8o T S8
o . ] o >
g e QRezggegeesss g8
S o ¥ S coocccoc Qacoc § e ¢ae
- $
g 3. 3 § % o'
s 223 3 ERE
- EERT : : 1 2 3
gl.}msg' O'; { 3;
8i ¢ 8 8 | s O e
oY ) - o g g°= §= 2 ol gii
8! 3 S%*E§§ga=§g-gsz~-§!
gi é-- b 4 B véu'ig-g-g 3‘-’ +.O.! g
=i ® §253>°-'559~3 ? 9 w et 2 :

SUBSTITUTE SHEET (RULE 26)



were used for testing and the catal ysts were positioned between a top and
bottonlbeqng 30.to 50 nesh size (U S. Sieve Series) al pha alum na. Al

catal ysts PO vat ed by heating under -a hydrogen fl ow fPCHUS2HIEI2R0
tenperature to 900[err]F at a heating rate of 55[err]F/ hour, held for 2
hours at 900[err]F, -and then heated to 1000F under a nitrogen purge.
The i sobutane feedstock was processed. through the quartz bench-top
unit at varied experinmental run | engt hs. All dehydrogenation reactions
were conducted at a.pressure of |ess than 1 psig. Gaseous products
were analyzed on a Carle Refinery Gas 8% Anal yzer gas chromat ogr aph

The Catal yst testing conditions, product conposition, and performance
criteria in terns of isobutane conversion, isobutylene selectivity, and

i sobutyl ene yield (defined hereabove) were determi ned for ascending tine on
stream The dehydrogenation results for Catalysts 1 - 5 are set forth in

Tables 20 2 - 6. L ‘Deactivation rates for Catalysts 1 - 5 in
ternms of conversion | oss per day wer e cal cul ated based on devel opnent
of a regression line of the isobutylene yield.data presented in Tables
2 - 6.- The slope of the line was calculated from the regressed |ine
for each of Catg]ystg 1 - 5 agdgi g PLegen)ed o Japl 6e 7.as the, 23 percent
of initial convg FoR | oss pél gagt r_-o:u% ge&:‘t?vﬁiﬁna - 2vP %/ 01239
PCT/ US95/ 08322 = —~ @ - S N o N
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3 a® $238858¥2388ss K
e n § QecccccBecys 849 g
©
8 za= sss38sivsss 583
= S o & R oococcocec joeoe o S8
2aaw AR EEEEEREE SR 2 -8
g amw Nococcocec oo o 2583
gaec 2333t y§8xg8g SRSI
S« S oco0ococcoc Qoac o 2828
: 5 .
: “-_Eg_‘ 3 LR
§Ig§§' oé' iggg
H 2 H . . B | :
i ﬁ -aic : g ‘.'%: '.! 82
81 é g BR| ;§_s§323.§.§§§ 2] §£%
8  E3g 2zl 35EcpF38338,:528/33¢
& = -§:§s==mm“.3-a.:’-._o=z 2 2

. SUBSTITUTE SHEET (RULE 26)



[err] WO 96/ 01239
PCT/ US95/ 29 [err] 239
PCT/ Uson BREsI rctfsositeds: o

*96/ 01239 PCT/ US95/ 08322 - -

35

Catalyst 1, in accordance with the present invention and comprising
platinum and zinc on a support comprising sodium, borosilicate, and silica,
provided superior isobutane conversion, _isobUterne ‘selectivity, and
isobutylene yields at a reaction temperature of about 1000°F with isobutane

5 conversion actually increasi'ng slightly over time. After 150 hours, the reaction
temperature was increased 1o about 1050°F and isobutane conversion was
increased substantially resulting in an isobutylene yield improvement of about
6 to 8 percent. There was only minor deactivation noticed. After 315 hours on
‘stream, the reaction temperature was increased again to about 1075°F and

10 isobutane conversion was increased slightly just offsetting a slight loss in

~ isobutylene selectivity. Overall, rsobutane dehydrogenatron with Catalyst 1
resuited in an isobutylene yteld averagrng m excess of 40 percent for an on-
stream period of in excess of 400 hours. Over thns 400 hour period, Catalyst 1

‘deactivated at a negligible percent conversion loss per day at a reaction

15 temperature of 1000°F, a 0.6 percent conversion loss per ‘day at a reaction

' temperature of 1050°F, and a 1.1 percent conversion loss per day at a reaction
temperature of 1075°F :

Catalyst 2, a comparison catalyst comprismg platmum and zinc on a
support comprising borosilicate and silica and absent the sodium of Catalyst 1,

20 provided higher isobutane.conversion but substantially lower isobutylene
selectivity than Catalyst 1, resulting in a substantially lower isobutylene yield of

37 percent. Moreover, Catalyst 2, without the sodium component, deactivated
at a conversion loss per day of 3.1 percent at a reaction temperature of
1000°F, far exceeding the deactivation rate of the catalyst of the present

25 invention. .

Catalyst 3, a comparison catalyst comprising platinum on a support
comprising sodium, borosilicate, and silica and absent the zinc of Catalyst 1,
provided generally lower isobutane conversion and substantially lower
isobutylene selectivity than Catalyst 1, resulting in a substantially lower

30 isobutylene yield of 28 percent. Of equal importance, the maximum
isobutylene yield was only maintained for a matter of hours. Overall, Catalyst -
3, without the zinc component, deactivated at a conversion loss per day of 33.3
percent at a reaction temperature of 1000°F, far exceeding the deactivation
rate of the catalyst of the present lnventuon -

35 Catalyst 4, a companson catalyst compnsmg platinum and zinc on a
support comprising alumina and sodium and absent the borosilicate and silica
of Catalyst 1, provrded reasonable initial- lsobutane conversion, isobutylene

~ selectivity, and isobutylene yield. The initial isobutane conversion and the
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initial isobutylene yield slightly exceeded 40 percent at a reaction temperature
of 1000°F. However, wuthrn 71 hours, the |sobutane conversion plummeted to
less than 30 percent resultlng in an lsobutylene yleld of less than 30 percent.
Overall, Catalyst 4, substltutlng alumlna for the support of the present
mventron, deactivated ata conversion loss per day ot 5.4 percent, agam far
exceedmg the deactrvatlon rate of the catalyst of the present invention.
Catalyst 5 a companson catalyst cornprislng platinum and tin
(substrtuted for the ZIl‘IC of Catalyst 1)on a support comprising alumina and
absent the borcsilicate and srllca of Catalyst 1, provided reasonable initial
|sobutane conversion, rsobutylene selectivity, and isobutylene yield. The
initial lsobutane converslcn and the initial |sobutylene yield were between 38
and 39 percent ata reactlon temperature of 1000°F. However, within 30

__hours, the lsobutane converslon plummeted to less than 31 percent resulting
in an |sobutylene yleld of less than 30 percent. Overall Catalyst 5, substituting

tin for the zlnc of the present mvention and turther comprising alumina in place
of the support ot the present rnventron. deactivated at a conversion loss per
day of 7.6 percent at a reaction temperature of 1000°F again far exceeding
the deactivation rate of the catalyst of the present invention.

TABLE 7
. : o C o Deactivation,
Catalyst ~_  Temperature, °F _WHSV, hr.! %_Conversion/Day
Catalyst1 1000 29 NN
’ o 1050 29 ' 0.6
__ 1075 2.9 | 1.1
Catalyst 2 . 1000 . 6.0 3.2
Cataiynt3 1000 29 - 333
 Catalyst 4 1000 29 . 5.4
Caayms 1000 2.9 7.6
* No apparent deactivation |
_ EXAMPLE 7

A dehydrogenatlon catalyst in acccrdance with the present invention
was regenerated for evaluation of catalyst pertormance after exposure of the
catalyst to regeneratlon conditions. After dehydrogenatrng isobutane with
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Catalyst 1 for a period of 127 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
was dehydrogenated over Catalyst 6 in a manner similar to that described in
Exampile 6. The dehydrogenatron results are set forth in Table 8.

'EXAMPLE 8
Regenerated dehydrogenatron Catalyst 6 was regenerated again after

- dehydrogenating isobutane for an additional on stream period of 158 hours.

.The catalyst was regenerated under the regeneration conditions of Example 7.
The twice regenerated catalyst was designated as Catalyst 7. isobutane was
processed over Catalyst 7 in a manner similar to that described in Example 6.

" The dehydrogenation results are set forth in Table 8.
15

EXAMPLE 9
Twice regenerated dehydrogenation Catalyst 7 was regenerated again
after dehydrogenating isobutane for an additional on stream period of 400
hours. The catalyst was regenerated under the regeneration conditions of
‘Example 7. The thrice regenerated catalyst was designated as Catalyst 8.
Isobutane was processed over Catalyst 8 in a manner similar to that described
in Example 6. The dehydrogenation results are set forth in Table 8.
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pl ati num and zinc on a support conpr|3|ng sodi um borosilicate, and silica,
provi ded superior isobutane conversion, isobutylene selectivity, and

I sobutyl ene yields at a reaction tenperature of about 1000F wi th i sobutane
5 conversion actually increasing slightly. over tine. After 150 hours, the

reaction tenperature was increased to about 1050[err]F and i sobutane
conver si on was I ncreased substanti%ﬁly resulting in an isobutyl ene

yield inprovenent of about 6 to 8 percent. There was only m nor

deactivation noticed. After 315 hours on stream the reaction _
tenperature was- i ncreased again to about 1075F and 10 isobutane conversion
was increased slightly just offsetting a slight loss in |sobutylene
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strean1per|od of in excess of 400 hours. Over this 400 hour peri od,

Catal yst 1 ctivated at a negligible percent conversion | oss per day
at a react |“(’)(r)1961,(gq®?enperat ure of 1000F, a 0.6 percent conveP&TOE9eE332 per
day at a reaction tenperature of 1050F, and a 1.1 percent conversion

| oss per day at a reaction tenperature of 1075[err]F. ' :

Catal yst 2, a conparison catalyst conprising platinumand zinc on a
support conprising borosilicate and silica and absent the sodi um of

Catal yst 1, 20 provided higher isobutang conversion but substantially

| ower isobutyl ene. selectivity than™Catal yst 1, resulting in a
substantially | ower isobutylene yield of 37 percent. Moreover,

Catal yst 2, without the sodi um conponent, deactivated at a conversion
| oss per day of 3.1 percent at a reaction tenperature of _ 1000F, far
exceedi ng-the deactivation rate of the catalyst of the present 25

i nvention. - . Catalyst 3, a conparison catalyst conprising .
plati numon a supportem corrprlssulg,,sgdl Wmy I;Lorashl |&a1,e and sj| bcam and

absent the zinc & Xaalwyst 1, o Y Y pLof @d2g&neRa i sob@t
conversion and substaftially | o © i sobUt y1 eRe se? eﬁ't ﬁ/l ty tWam «

Catalyst 1, resulting in a substantially |ower 30 isobutylene yield of 28
percent. O equag & nfortance, tﬁe ] a < ifsobutey| €ne yi el d=was aonl y
mai nt ai ned for agrm € f hoursg @Qsagu Bta tg §3°W|tho.ut -t 1§

zi nc conponent, deactlvat ed at a conver si on Ioss per day of 33.3¥ o«
percent at a reaction tenperature of 1000[err]F, far exceeding the

deactivation reait of the catal®yy¥ Bf IR ﬁr&egt g region. S55
Catal yst 4, a cofpdligon catal ys8 eompresiengs psai@ ndmaar@ & nc ong ag
support conprising alumna and sodi um and absent the bor osi I i cate and

41.83

silica -of Catalygt 1, proviged reasonable i &)tl al isobutane
conversion, isobfty esice seI%cf-’\gts card 8sobugyEere Bield. Aha S
initial isobutan® cor@ersion andrtRe® S OSSP 98/ @ 2806 & o T8 g
PCT/ US95/ 08322 - 36
initial butyl gne yael d slightay,.exgesdgd 40 pey cgnt at a reactj oy
tenperatug 5,,35 ;":qeg%sg;éq;s gqs
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of 1000[err]F However, within 71 hours, the isobutane conversion plunmreted
sés t han 30 percent resulting in an isobutylene yield of |ess than

30 percent” 9 %M012390, 01 31 | | Catal yst 4, substituting al um na BGHVUSI@83ppor t

of the present. 5 |nvent|0n, deacti vated at a conversion |oss per day of

5.4 percent, again far exceedi ng the deactivation rate of the catal yst
of the present invention. Catalyst 5, a conparison catalyst
conprising platinum and tin (substituted for the zinc of Catalyst 1)
on a support conprising al unina and absent the borosilicate and silica
of Catalyst 1, provided reasonable init40al 10 isobutane conversion, :
| sobut yl ene select|V|ty and i sobutyl ene yield. The initial isobutane
conversion and the initial isobutylene yield were between 38 and 39

percent at a reaction tenperature of 1000[err]F. However, within 30
“hours, the isobutane conversion plumeted to less than 31 percent resulting

in an isobutylene yield of Iess than 30 percent. Overall, Catalyst 5,
substituting 15 -tin for the . zinc of the present invention and further
conprising alumna in place - of the support of the present invention,

deactivated at @ coniersion | os ger,., o o dyeofy 7,6,_.pe=bcgnt at e &eaction
t enper ature of ﬂ)db[zrqu agaia Sarg egcgec%ng S o @e,,dgactlv&lgng ate
- of the catal yst Tof tMe present ‘?nventlon

TABLE 7 _
Deactivation, = N Cataly® o @ gemasapuiD, RFe V\HS‘Q ar Berr]
%Conversion/Daggg" Catagygtgg?ggg Oggg g 52e9
N A | | 1050 - 2.9 q
0.6 o o 1075 . 2“-9
1.1 ateal $st, 2 2835 30BY 53 N6 8 @3 =32
Cat al yst 3 €m8 1000 §oc8F~3csB6 ¥TS ¢
Catal yst 4 . 1000 S 2.9 5.4 Cat al yst
5 1000 9 7.6 *. No appare :
deacti vati on g‘!”’ .%3832;‘2_38%&"98725&%5 A
dehydr ogeaat i on=c & aEyst in acGrBafc® wPt P tTe® s iFventi & €  was
regenerat'gd for evaluation of catalyst performance after exposure of t he
cat al yst o reggner abi on condi i qgs tgr & Qgegais i sob W th
el yst go reggng abion condi g dgsg Aftgr oy gegagrg 1 soby! apegy
5 =2-8 §ececds-gse8s Ias
o ' _
w o @ t'-"‘“°-"’==;'“°38 333
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Cat-al yst 1WP@E6/0R3Deri od of 127 hours under the conditions RETPRSOR322
sExample - 6, a portion of.Catalyst 1 was regenerated ex-situ by placing
It in an oven at 750[ err] F under a 0.5% oxygen/99. 5% ni trogen _
at nosphere for a period of about 7%1 hour s. The regenerated catal yst
was designated as Catal yst 6. |Isobutane 5 was dehydrogenated over Catal yst
6 in a manner simlar to that described in Exanpl e 6. The
dehydrogenation results are set forth in Table 8. o © o © '
EXAMPLE 8 = o oegenerate @hgdigpognf ig)ng_C& Byst S was eegener at ed
again after 10 aelachoﬁenati ngQ Whet hesf & dingadilisi fpad on sFr g
period of 158 hours. * The catal yst was regenerated under the _
regenerati-on conditions of Exanple 7. The tw ce regenerated catal yst
was designated ag Catdlyst 7. |golwtena vasm @ Sprooasfedover BaGlPst 7
in a manner sini8agyt® ®ehat desg?ig)eg D SxgmBegbs s nBe gz 8
dehydr ogenat i on Tesul®s are set ¥orth in Table 8. 15 S

EXAMPLE 9 . _ Tw ce regenerated dehydrogenation Catal yst 7 was
regener at ed agai w after delydsogeratings ioRURNG orean ad@i § dpal on
st ream peri od. of§4@b.-‘3 © hour s%@egcﬁ By gvae &g%ng’reﬁed ungers tdie
regeneration conUitio?as of 20 Bxanple 7. The thrice regenerated cata yst
was designated as Catal yst 8. | sobut.ane was processed over Catalyst 8

in a manner simlar tQ that desefidedd o « W) SXZM cabN THe 0 o~
dehydr ogenati on .éeﬁjlg&nare set of @t8 IS Faly 6'9_-82 23 -3/\_@96/ 01438 g
PCT/ US95/ 08322 = ~ & = © =7 ¥ ©-. v e
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Examples 7 - 9 and Catalysts 6 - 8 illustrate that the dehydrogenation
catalyst in accordance with the present invention -can catalyze
dehydrogenation for a period of in excess of 1100 hours on stream while still

maintaining supenor yields of rsobutylene Additionally, Catalysts 6 - 8

illustrate that a catalyst in accordance with the present invention can undergo
muttiple regeneration sequences while maintaining superior performance.
Over the 1100+ hour span of the test, isobutane conversion actually increased
about 3.5 percent while isobutylene selectivity fell about 3.0 percent resulting
in an isobutylene yield that actually increased about 2.0 percent from 36.5
percent to about 38.5 percent ‘Therefore, the catalyst in accordance with the
present invention provides extraordinary stability advantages compared to the
catalysts of the prior art that permit it to be regenerated over and over while still
maintaining superior olefin ylelds

EXAMPLE 10
A feedstock contasnmg 99.5 woeight percent propane was -

. dehydrogenated over dehydrogenation Catalyst 1 of Example 1 in a manner

similar to that described in Example 6.

" The catalyst testing. conditions, product composition, and performance
criteria in terms of propane conversion, propylene selectivity, and propylene
yield (defined. hereabove) were determined for ascending time on stream. The
results for use of Catalyst 1 with a propane feedstock are set forth in Table 9.

The use of Catalyst 1 for propane déhydrogenation provided lower
paraffin (propane) conversion than for isobutane dehydrogenation at 26

. percent, largely because of the less favorable thermodynamic equilibrium

properties attendant to propane However, olefin (propylene) selectivity was
maintained at 97 percent. Moreover, propane conversion actually increased
over time at a faster rate than propylene selectivity was reduced, resulting in
an actual increased in propylene yield and dehydrogenation performance.
The dehydrogenation catalyst of the present invention maintained this
performance over an on stream run length of over 150 hours. -
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Other embodlments of the inventlon wnll be apparent to those skilled in

‘the art from a consideration of this specification or from practice of the - -

 invention disclosed herein. It is intended that this specification be considered
, as exemplary only with the true scope and splrit of the invention being
5 indicated by the followmg claums
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Exanmpl es WO%#1238q cat i ysts"6 ¢ 8 illustrate that t he deh?@f"ﬂ&?ﬂ%”%n
catal yst in accordance with the preseng inv
dehydrogenation.for a period of in excess ¢

nﬁ.@@HBQ&JHﬁS@EEﬂt eam whil e

still . mai nt ai ni ng superl or yields of ijpobut Wesaacepddi tipnally,
Catal ysts 6 | at .that a cat al'yst ith the
present i nvent-r?'aﬁa@éév mul tiple regenerati on sequences while

mai nt ai ni ng superi d peA pramasslafor dehydrogenating1a Jiydrbcarbarp deedstockaand
test, isobut agfo&%mgt ﬁhOBH? gaﬂ)lldﬂdcgcé&ﬂéﬁgmg corﬁaaﬁtl séidp?éggﬁbcwhh{ €

|sobutylene S out .3 res

ctiv r
 Sobut ol oo yABPHAraRENalenCORIRES aMIth S0 HenyToRERBYAN GRINEE, 5Sais
per cent t & abdehydrdgénation catalystrcomprising from abuiu2 0,61 welght-percinb ¢e abouh

th -

conpared Lo & B0 WeldH Berbgold r?ﬂww AR foih Utduly /02 WABhERERant
regener at ed o%abanﬁ1e%wewht|m@9mﬂp zine, anﬁ.msupmﬁmwemrcmnewng a
yields. 15 porosilicate molecular sleve and an alkaln msfdiPLE 10

f eedst ock cont ai ni g 99 ht pe ne .wa dro enat ed
over dehydrogenat i {l'gpyg{ S§¢ 0@ ﬁﬂr%{nnﬁﬂﬁleplatmurx P, matgl
that descr0 bedO!inpriEsalntdtmlm'l The catal yst testing conditions,
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15 5. The 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 WHSV of
from about 0.1 to about 100.0.
6. A dehydrogenation c‘atalySt 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, a borosilicate molecular
sieve, and from about 0.10 weight percent to about 10.0 weight percent of an
alkali metal. |
7. The dehydrogenation catalyst of Clalm 6 wherein said platmum
25 group metal comprises platinum.
8. The dehydrogenation catalyst of Clalm 6 wherem said alkali
metal comprises sodium.
S. The dehydrogenation catalyst of Claim 6 wherein said
dehydrogenation catalyst further comprises an morgamc oxide matrix
30 comprising silica.
10. The dehydrogenation catalyst of Clalm 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 a borosilicate molecular sieve, from about 0.5 weight percent to
about 7.0 weight percent sodium, and from about 40.0 to about 60.0 weight

percent of silica.
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xpropylene) select|V|ty was ' frai ntai ned at 97 percent. Moreover,
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propyl e and dehydrogenation performance. 30 The dehydrogenation
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dehydrogenation catalyst, said dehydrogenation catalyst comprising from 0.01 weight percent

to 5.0 weight percent of a platinum group metal, from 0.02 weight percent to 10.0 weight

percent of zinc, and a support component comprising a borosilicate molecular sieve and an

alkali metal.

2. A process according to Claim 1 wherein said piatinum group metal comprises dt
platinum. | _
3.- A process according to Claim 1 or 2 wherein said alkali metal comprises sodium. I
4. A process according to Claim 1, 2 or 3 wherein said support component further

comprises an inorganic oxide matrix comprising silica.

5. A process according to any preceding claim wherein said dehydrogenation conditions

comprise a reaction temperature of from 260° to 816°C (500°F to 1500°F), a reaction

pressure of from vacuum to 3549 KPa (500 psig), and a WHSV of from 0.1 to 100.0. ¢. 5'
6. A dehydrogenation catalyst comprising from 0.01 weight percent to 5.0 weight

percent of a platinum group metal, frorp 0.02 weight percent to 10.0 weight percent of zinc, EXA
a borosilicate molecular sieve, and from 0.10 weight percent to 10.0 weight percent of an

alkali metal. _ |

7. A dehydrogenation catalyst according to Claim 6 wherein said platinum group metal el

. comprises platinum. _

8. A dehydrogenation catalyst according to C1a1m 6 or 7 wherein said alkali metal L2
comprises sodium. .

9. A dehydrogenation catalyst according to Claim 6, 7 or 8 wherein said
dehydrogenation catalyst further comprises an inorganic oxide matrix comprising silica.

10. A dehydrogenation catalyst according to any of Claims 6-9 wherein said
dehydrogenation catalyst comprises from 0.10 weight percent to 2.0 weight percent of
platinum, from 0.20 weight percent to 5.0 weight percent of zinc, from 40.0 weight percent
to 60.0 weight percent of a borosilicate molecular sieve, from 0.5 weight percent to 7.0

weight percent sodium, and from 40.0 to 60.0 weight percent of silica.
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(57) Abstract

A process and catalyst are provided for dehydrogenating a hydrocarbon feedstock and producing an olefinic product, The process
comprises contacting the feedstock at dehydrogenation conditions with a dehydrogenation catalyst comprising from about 0.01 weight
percent to about 5.0 welght percent of a platinum group metal, from about 0.02 weight percent to about 10.0 weight percent of zinc, and a
support component comprising borosilicate and an alkali metal




_percent of zinc, and a support cohponent conprising a borosilicate

mol ecul ar sieve and an alkali netal. 2. A process according to Claim
1 wherein said platinumgroup netal conprises .platinum 3. A process

according to Claim1l or 2 wherein said alkali netal. conprises sodium - 4.
A process according to Caim1, 2 or 3 wherein said support component-
further conpri ses ‘an inorgani c oxide matrix conprising silica. 5. A
process according to any precedi ng claimwherein said dehydrogenation
conditions conprise a reaction tenperature of from260[err] to 816[err]C
(500[err]F to 1500[err]F), a reaction pressure of fromvacuumto 3549 KPa .
(500 psig), and a WHSV- of from 0.1 to 100. 0. 6. A dehydr ogenati on
catal yst conprising fromO0.01 weight percent to 5.0 wei ght percent of a
plati num group netal, from 0.02 wei ght percent to 10.0 wei ght percent of

zi nc, a borosilicate nolecular sieve, and fromO0.10 weight percent to
10. 0 wei ght percent of an al kali netal . 7. A dehydr ogenati on

catal yst according to Claim6 wherein said platinumgroup netal ~ conprises
pl ati num 8. A dehydrogenation catal yst according to Claim6 or 7
wherein said al kali netal conprises sodium - 9. A -dehydrogenation
-catal yst according to Caim 6, 7 or 8 wherein said - dehydrogenati on

catal yst further conprises an inorganic oxide matrix conprising silica.

10. A dehydrogenation catal yst according to any of Cl ains 6-9 wherein
sai d dehydr ogenati on catal yst conprises from0.10 wei ght percent to 2.0
wei ght percent of pl ati num from 0. 20 wei ght percent to 5.0 wei ght
percent of zinc, from 40.0 wei ght percent to 60.0 wei ght percent of a
borosilicate nol ecul ar sieve, fromO0.5 weight percent to 7.0 weight
percent sodium and from40.0 to 60.0 wei ght percent of silica. '
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