. (54) Title: HYDROCARBON DEHYDROGENATI ON CATALYST AND PROCESS Q
(57) Abstract: A catalyst and a process enploying such cat a23/duly £6¢4 t he
dehydr ogenati on of paraffinic hydrocarbons are disclosed, wherein the
catal yst conprises a platinumgroup netal component, a zinc conponent and a

2004 TYORCCARBCN CRITPeRBRAN oA PR TR CAtaE kst ERROFRSR: of ine’
| nvention This invention rel at esBdokgraund ofdhs hivamtbncat al yst for the
dehydrogenation OtI'his invention relates to a process and catalyst for the dehydrogenation of
hydrocarbons. More particutarly, this invention relates to a catalyst and process for
5 the dehydrogenation of paraffinic hydrocarbon utilizing a catalyst comprising a
platinum group metal component, a zinc component and a magnesium component
-on a support component comprising ZSM or borosilicate, useful for the production of
chemical industry feedstocks.
Propylene, also termed propene, is a commercially valuable feedstock
10 employed in the manufacture of polypropylene, acrylonitrile, and propylene oxide.
More than ninety-five percent of propylene is presently produced as a byproduct of
olefins cracking and recovered. Propane dehydrogenation (hereinafter referred to as
“PDH") is an alternative route for producing propylene. However, préviously known
PDH processes have been hampered by relatively low chemical conversion of
16  propane. ,

Processes for dehydrdgenating paraffins ifi the presence of hydrogen and a
catalyst comprising a platinum group metal on an amorphous alumina support have
been disclosed in the art.

For example, U.S. Pat. Nos. 4,190,521, 4,374,046, and 4,458,098 to Antos

20 disclose a catalyst comprising a platinum group compenent, nickel, and a zinc on a
porous carrier material such as alumina for dehydrogenating parafﬁnic‘hydrocarbon_

U.S. Pat. No. 4,438,288 to Imai et al. discloses a dehydrogenation process

| using a catalyst comprising a platinum group component, an alkalt or alkaline earth
component, and optionally a Group IV component such as tin, on a porous support

25 material such as alumina. The properiies and characteristics of the catalyst generally
necessitate periodic catalyst 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 also been disclosed in the art.

30 For example, U.S. Pat. Nos. 4,665,267 and 4,795,_732 to Barn and U.S. Pat.
Nos. 5,208,201, and 5,126,502 to Barn et al. disclose processes for dehydrogenation
of 2 to 30 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
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hydrocarbons. Mre particularly, this invention relates to a catal yst and
process for 5 the dehydrogenation of paraffinic hydrocarbo? duly P0@4 ng a
catal yst conprising a platinumgroup nmetal conponent, a zinc conponent and
a magnesi um corrponent on a support conponent conprising ZSM or

bor osi li cat e, usef for. the pro t] S Ks.
Propyl ene, al %st?ef‘téz?m sgicah éﬂg X‘?gse%aaté)@ﬁ’r%rfgro f:lg'gﬁn Qﬁ]lcl hﬁlﬂiﬁlﬁ}g" h %’?gciﬁé

enpl oyed in tmalgrﬁnufgenemuyefwhe@@hgfpt’f‘@p}tll%ﬁébst%{é'ﬁw Beg of pl é'ka&rﬁ’d afieling/ | ene
oxide. More th ety-five percent of propylene is presently produced as

a byproduct of® oI e I'ns cracking and recovered. Propane dehydrogenat.i on
(hereinafter referd.8dPab Ng 4735%1—16) toj Millgp, disFlogesh atRT9eess Jat demsiroganalingi ng

propyl ene. ﬁﬁne Plrtﬁt\-.( ?R—:‘ééﬁéé SeosMFur-EdAthih @ g8S 8@ a haw@r&mandsramaly@td by
C

rel ativel y | ow chem cal conversion of . 15 roce ses
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4,438,288"%o | mai rogenation_process using
cat al yst corrpeatsayﬂgccanmismgumplmugmurpuasdng@hemta nogrzealiticapqroglicals chH@feart h

conponent, and _opti onal Yn fgpenent such as tin, on a porous
support 25 nat'gfy & pp%ﬂ a}ébéeﬁ@&lgse'd : ro erties and characterl st cs of

t he catal yst generlaSl yPatnd‘!Seséﬁﬁ%eﬂ%D per %P%gacﬁ aPy sESIRRfEn & RI9ERSi Kt he
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presence of hydr

catal yst, co tinum tal on
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di scl osed in Lhg g{raomp%&n&%n@e@ﬁ@du@g aldoBle nikaat - Nos. 4, 665, 267 and
4,795,732 to Barn and . 208, 20 2 et
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and oxygenoat psmornibhee icttras pEparatin gonearsipn. wlﬁftﬂrmt"éi){cﬂ”q Algfin ivield which
substanti al | yISf S"u%%norf toMdt Héaplrfor O aBhyRddeBtion catalysts and maintains such level

of superior performance for an extended period of fime.
Although previous researchers have recorded many important advances, as
described above, a need still exists for an improved PDH catalyst and process.
25 Chemical manufacturers would welcome an improved PDH catalyst and process
which exhibits a relatively higher chemical conversion of propane and improved
stability, as compared to previously known processes and catalysts.
For purposes of the present invention, paraffin conversion and olefin

selectivity shall have the following meanings and shalt be calculated by mole and in

30 accordance with the following models:

Paraffin Conversion =

100 - MOI % H2 pmduct - MO‘ % Parafﬁnprgduct
35 x 100
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earth netals. U S Pat. No. 4,727,216 to MIler discloses a process for
dehydrogenating 5 isobutane in the presence of a sulfur-containing gas and
a dehydrogenation catalyst. The dehydrogenation catal yst conprises a
sulfided L zeolite containing from8-10% by weight barium from0.6-1. 0%
platinum and tin at an atomic ratio with the platinum of abogt Jdy2004The
dehydrogenati on catal yst further conprises an inorganic binder selected
fromthe group déQdNd¥%Hag of silica, alumina, and aluninosilicates. 10 A
process for dehydrogenating paraffins in the presence of hydrogen and a
catal yst conprising a platinumgroup netal on a non-zeolitic borosilicate
nol ecul ar sieve support has been disclosed in the art. U S_ Pat. No.
4,433,190 tQYefty Rty 2t . al . di scl oske %Ofineeess for  dehydr ogenati ng and

isomerizing a substantially lin | kane I 15 dehydr ogenati on

catal yst conprising an AVS-1 B@%’?ﬁél Wﬂ‘ﬁo%]%%?aﬁmﬂeﬂa‘t e-based catal yst
conposi tion and contai.nin . nohle netal. U.S. . Patent . 6,103, 103 to

A exander et - attE ReEe 2 oBe SR BN b S eapaop aroceS
conpri si ng aad phtalystibah effectivplymetyirogemdteziandfirdnhwaireappart  conpri si ng
borosiiicate ang I [ . | des L . iLpn 20
performance in St e|§%£8!g§ P!ﬁg?‘gﬁfﬁe @%ﬁ%ﬂr‘ﬁegﬁ%ndgjl %r? \ll’iﬁggeq%ﬁi?@%%?rgg%g{yg efin
yi el d whi cithati sesisipedeantivaiion md ofolengs satadyst agviclal dify dursige ndehydmoeratien yst s
and mai nt aicRsqisgaeh | evel of superior performance for an extended period of
time. Although previous researchers have recorded many inportant advances,
as described a8 obigcli@BRRPAEPSEI- exi sts for an i nproved PDH catal yst and
process. 25 Chemni cal manufact ur e ubansBlsase an i nproved PDH cat al yst
and process which exhibits a relatively higher chem cal conversion of
propane and i npfode&sredt ghiths fnyentes. ther & g"&"'ﬁ' Br Rt ety g EREeHHiBe Ssses
and cat al ys$iSrocdrbén pavingdsesatzlit fald@o BEGR 8inty davieditatems pdratoidclieNcdaaiidipgsi on
and olefin selec it.vi ty shal Itgac\ég t.he foll ovvi ng_.nmeani nlaﬁ and shaLI Qe

cal cul ated by nBIFFBHE AP TEELEABIYIR CEMRIER" PhEa" T BINAMRH GOTRREN 2nd a

Par af fi n Comgeesiuromodi@iding cbiposént2n prsugpat compubing ZSRhored tiysipllicdbatsi@hte X

100 -2 22 h\guhga%@%&é)gnwrg@ﬂf eed

In another aspect of the invention, there is provided a process for dehydrogenating a

hydrocarbon having from about two to about twenty carbon atoms per molecule to produce
an olefin comprising:

contacting the hydrocarbon under catalytic dehydrogenation conditions with a catalyst
comprising a platinum group metal-containing component, a zinc-containing component, and
a magnesium-containing component on a support comprising ZSM or a crystalline
borosilicate having a ZSM-type structure.

In one embodiment, there is disclosed a dehydrogenation catalyst and a process
employing such catalyst for dehydrogenating a hydrocarbon having from two to about 20
carbon atoms per molecule and producing an olefinic product, wherein the catalyst may
comprise from about 0.01 weight percent fo about 2.0 weight percent of a platinum group
metal-containing component, from about 0.01 weight percent to about 15.0 weight percent of
a zinc-containing component, from about 0,01 weight percent to about 5.0 weight percent
of a magnesium-containing component, and a support component comprising ZSM or
borosilicate having a ZSM-type structure. The process may comprise contacting the aforesaid

hydrocarbon with the aforesaid catalyst under dehydrogenation conditions.

-3-



Aefin Selectivity = Mot % defin ftd 2100-Mel % H2 Ml % Paraffin p x 100
It is therefore an object of the present invention to provide a

dehydr ogenati on process and catalyst that effectively dehydrogenate
paraffinic hydrocarbon. It is another object of the present invention to
provide a dehydrogenation catalyst that resists deactivation znguppodongs
catal yst cycle life under dehydrogenation conditions. O her objects appear
herein. Summary of the Invention In an aspect of the invention, there is
provi ded a catal yst for dehydrogenating a hydrocarbon having from about
two to about t\/\é’ht%ﬂoﬂ‘ﬁtﬁiﬂ)%'ﬁﬁ%s pegre nig| diselpzed @oApMidsrgegatiory catalist AR
group net alpré@Bé MhithNBay: PIORAE Sberict AERM-dRMBLENBn PRIFRARENENd pattbutarly
nmagnesi ymg}or#‘tla\lﬁ%n co%onent on supgort CO&%{ |n|% éSM or a crystalline
bor osi | i cat'®" 'R ng%{a FPEVRIE oS tPaL pigrely anpr gepTicHaypgium,

i nvent i on, whilerresisgng teadtidatibnanpeodshysrobetatids Bytituge Nakieby edtendiyg cataigstoon
havi ng fronl} about two to about twenty carbon atons per nolecule to produce
an ol efin é(?rrpri sing: contacting the hydrocarbon under catalytic
dehydrogenation conditions with a catalyst conprising a platinum group
netal - contai ni ng conponent, a gZiReCQMG: & R rcaMRaNent, and a

magnesi um cont ai ni ng conponent=or a support conprrsing ZSMor a crystalline
borosi |l i cate haVi At araesid ol e presact nventiopnaorhergastasl i apptaining hgdrecarbon

di scl osed i Y, r i N | yst
For _denydr Sa B B A o e S A AT
per ol ecul Olatn'ﬂ"opf%oﬁlERHtrﬁ'j( garben atoms Pepmaiecte. pdemephpicfrrakliytakoyt thregy
conpri se f amonabinsHeP Mol B tis BREERAA tolLcABRUE cemBPo¥iBbeYs MIcFigey of a

pl ati num group netal-containing conponent, from about 0.01 wei ght percent
to about 15.0 wei ght percent of a zinc-containing conponent, from about

0, 01 weight percent to about 5.0 weight percent of a magnesi um containing
conponent, and a support conponent conprising ZSM or borosilicate having a
ZSMtype structure. The process nmay conprise contacting the aforesaid
hydrocarbon with the aforesaid catal yst under dehydrogenati on conditions.
-3 22 July 2004
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I n anot her enbodi nent, there is disclosed a dehydrogenation catal yst and
process which may provi de superior overall dehydrogenati on §2 dgeetdes and
particularly high levels of paraffin conversion that closely approach

t hernodynani ¢ equilibrium while resisting deactivation under

dehydrogenation conditions, thereb xt endi n at al-ys life. Brief
Description &¥lqheandaineffesive nd?fﬁémﬁﬁﬂﬁ‘;@% 8‘?‘?‘{% prig"en? NIRFIRTK B1RY a

char gest ock %a&.ahalyn@cl&déd{y@@@hmeadamrm didxif®, edrbort monoxitia oabiatet.went y
carbon atons per | ecul g, refg_'re %‘5\ ggple argou& ntv\évr(‘)t(}oaa out Si X %r bon
atoms per ol ecul B OhemRenerl B aesy OLBISATCTHY LYCTIOL 0P BRE %’E

mol ecul e, is c&hp@ﬁgmdt@ hydrataabort | as dee:potprt conmenial delvamicd e dn2@fattirg. 2004
bel ow and at ffectlv t] C t

add £ onaldy FRrme TR 2B 2 ten aRRk (aR b ol NEOROE o chorl) |
ni trogen. | n feedstakbodemethe, suhsequedcayadustion t kt pelegibyiens. nwelypiopileaan be
enpl oyed to p%gi%%f QQSF&E NHOF BB iRAs HRR Grd @crmrﬁewea@nﬁlsoumqg@l

manuf act ur e. tocks aV| ng from2 to 4 carbon atoms can
dehydr ogenat d@mst o ol efinic feedstocks for the subsequent pr oductlon of

pol yet hyl ene, pol }H)raOBé!&cﬁaﬂeembaﬂ]h)ébtmtﬁ@%rowssOtbfh&fe mmearhtc&ivemmmpe@i ttieons
that are commonly sold  in solid or

n a,second :

"the proce¥s @"R'%dpff’ég%l?ﬁd’?%{?@flgl 'HH“’%&PP"BJOF ‘E?CE%‘FWE{T ppyrade U
dehygr ogenat :sﬂuﬁh mégb@:cmbmeﬁob MIrBECETBE, aneTiAME| Feqiptantte forouset it shesucr:]h
as, but not linmt t he
present i nverﬂr?%ﬁﬁ'? &"g?ﬂ ?H%ISH']F -BEEF foﬁrpég‘f[%%thef %ﬁ?#q é%lt%gé PQEQE%(‘!&%IB'S will
general ly caprprise aﬂﬂ:hambairlamcmac ai;drogarbwrchh\yl@tr tremr b7 rradiongatbmem et o 7
carbon atons._ The d f I

%E\?%ﬁe% gﬁﬁ%g%g:ﬁéﬁngn&ﬁ Relagty 5C h'ts rdnt Sf’rgﬁ' inR:

wei ght per cer® n an nore prefera ast 10
wei ght peffcenwdpmamlmﬁcnm?drai@ablbéhleﬁi1OJWWtP9FC€W@aé%fﬁ"‘? Ydra?ﬁﬂb‘%fp@r ating

costs to perf ok @%96&9%3%&@@ QLR {Ppbrorkt B&fy'dfdg%ﬁ&t'id?un BiRECHBES

convert bran Ins to ethers, the feedstock t'o such Erocesses of ten
must be i soneatherfigatinn pecesses Ry Pragghednolefscloftheras thegfeedst

i nvention Ca r6dds8€d 1ofBh YmGR hivel '"Qﬂ%'ﬁr@éd? pﬁ@f ad fettisifiegioneiThe agﬁodé’é%l’snﬁl the
0 inco Or ate. the._process

par af fins, t her eby provi di na P%}l ‘f{ }%Q%@'%‘ I e th fﬁB
upst r eam dov&i@%ﬁlﬂé%f&f""@&ﬁ@ﬂ‘? BRY AN YO S a Y"‘8 %‘E‘%TB‘ [ RErETPR ¢ g
enbodi menis  tihéreBy gﬁﬁ&ﬁmgoﬂnetﬂéeubmfyets émdordonate hé procesanufistresmpHoyedreafnoor
dehydr ogenatin ,¥dr°°tf3,‘r bon for rrp;ow ng gasol i ne research and/ or notor
concu an |somer|zatlon siep
In a third embodiment, the process of the present invention can be employed
for dehydrogenating hydrocarbon for improving gasoline research andfor motor
octane. Generally, olefinic hydrocarbon boiling in the gasoline or naphtha boiling
26  point temperature range has a higher research and motor octane than 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, branched, or a combination thereof.
In still ancther embodiment, the process of the present invention can be
30 employed to dehydrogenate hydrocarbon for feed to a petroleum refinery alkylation
process. Feedstocks suitable for dehydrogenation in accordance with the present
invention and for providing feedstock for an alkylation unit preferably comprise

paraffinic hydrocarbons having from 3 to 6 carbon atoms and more preferably from 3
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octane. Cenerally, olefinic hydrocarbon boiling in the gasoline or naphtha
boiling 25 point tenperature range has a hi gher research anz sy 8804ct ane
than its paraffinic counterparts. At |east a portion of such feedstocks
will generally conprise paraffinic hydr ocar bon having from4 to 12 carbon
atons and the paraffinic br.anched

combi nati on t'ASrE5TON HOUP; r?e %aﬁ%gt%ﬂ'g%ag% cil%rr% dé}?ﬁﬁcanr%ecg%@ A ’?%@G’Sr esent

i nventi on carvrheonithatioptheyead t o dehydr ogenat e hydrocar bon for feed to a
o e et one fn€l A8l feBbioRE 0GR Be SRRBNP G o HoAR ot e present

dehydr ogenation in accordance wth th rese |nve I on and provi di ng
f eedst ock f orinamtiah hwtartr ican bgsombjsed méth a@ﬁyyleé depions ef fhﬁeprf educt pirgam from

hydrocarb RRANt QréeSa BAMlaA},0BmBindidMRr of Phef aballoksthnm 3 -4
22 July 2%4t gé]@g Crk?on atno(r%rg eThe paraa%fl nrlnc frlactlon of the feseclistock

can be nor rralfeeclﬁ’f%ﬁlfé sap be egployed BB RCPE Ot PEsEnt inveatiorhatmbing dsiichck s
can be enpl Oys%@sédhehh@ fRERPARES t@funaamaumr;ﬁsmt pobl@VE‘m |pc-m:es§at trmr peaanbe

conmbined with recycl ed Portlons of Elg ﬁl f g

o or aqenat NBPNGPEERe altodia, prairiey i daedkeR ST wndle FATh SR b endSiert e

feegst ?cks cgg’to&s%s@cm‘rl’-r&yg%dth{erfat:hte aprog ess tiok. t Qikepfeedstotk combingiiars @nd t he
roducts subseguen i onat e i 0

' Brocess of? tHEBth’gssiﬂ"l%d tﬂ@%,ﬁ’{‘f"g gfar?%a r@gé Yéﬁiz)éﬂé?rgg Q‘Hﬁ'ﬁj “Qgﬁé&k %-nout

mode wher e oridngwane tose dsitatik thesart. pr ocessed t hr ough the facility at any one

time. QO her feeds&ﬂskcafayg‘?o?ﬂ{é rﬁnme%ﬁom%&msﬁs%st@d@ﬁkmgetnaﬁorp&%@gﬁ of

the present invention needs known to.those sKilled
in the art. Tespciaingl y’ﬁstpiaihumh@f?}rpesﬁﬂ"qoﬁtﬂémg o‘?P"ER?ﬁ‘B’ﬂtr s@s Zigc-containing

dehydr ogenat Icq,;hr?%aml Yatld CQ&QBﬁésﬁJnﬂgorﬁalﬁihét EIMHBNEROUR ABIRbo’ WYnRioReRY

conponent, a zinc COﬂt ai ni ng nponent, and a nagnesi um cont ai ni ng@g

conponent on @MHsiRgr£S @r&pﬁ)ﬁ‘érﬁﬁ"‘%!? BBIRSHRS |Sﬁ’g‘je grleguigh SEYr Pt

nol ecul ar  si ey{gporl B&h BB 86Mbie Sleh¥SoyIMdrgart &dde binggrort can al so conpri se
a refractory inor (%anl c oxide binder. The |nc copct”g@n galy |"dg;n‘§ ap be

present on the cafl3f F&FPRENY C@F@Hﬁ‘?ﬂtéﬁn F HFme8 T'Fde, or
m xt ures t herfe@h .or Bhatszixite; Gmﬂ(ﬁéilomImﬁgumrmemehfrhes:mcgmntmmg yorp;umaams in

t he dehydrogenatl n_cata in an a t i ght
percent to atﬂﬁjnte Spﬁe%{ éh‘%‘ S&p %ngo"ﬂe?g%rlr%r (égtglp 'ﬁ%gb{n%nf‘ om arﬁou?rgﬁl%% ut'®
vei ght pescern.ot meajbmmrcénmov\mayhﬂs.pemymperraﬂmd rn@fgtprpfﬁea’o@r prhyabfoubfhiabout

é : Ot h\éve' ght RELGE Pertht 3B Utout 59 WELANberBEHCERS mddRPRAABly! fsin tRLEL 1481 ght

weight percent to about 1.5 weight percent, based on the fotal weight of the
dehydrogenation catalyst and calculated as elemental zinc.

The platinum group metal-containing component can include one or more of

25 the platinum group metals, preferably platinum or palladium, and more preferably

platinum for best results. The platinum group metal-containing component can be

present in the dehydrogenation catalyst in the elemental form or as the oxide, sulfide,

or mixtures thereof of the platinum group metal. The platinum group metals are

cumulatively present in an amount ranging from about 0.01 weight percent {o about

30 2.0 weight percent, more preferably from about 0.1 weight percent to about 1.0

weight percent, and most preferably from about 0.25 weight percent to about 0.5

weight percerit, based on the total weight of the catalyst and calculated as the

elemental platinum group metat or metals present.
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dehydr ogenati on catal yst and cal cul ated as el enental zinc. The platinum
group netal -contai ni ng conponent can include one or nore of22 28y o4
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preferably platinumfor best results. The platinum group netal -containing
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i npregnation Sé?ﬂa!ah-lmyﬁallhmudnw&emdbLﬁnd]tétraa!mnmplatrdummmwet 0, zinc n| t rate,
zinc chloride, chloroplatinic.acid, r ra
pal | adi um chl or i deMPK f%’l -t i 'WB%PP%% g l 3brq8ﬂsnpi g"na n 82%hg an
| npregnat i on tataatvirenplatimor cldbridy eEmice perfaraed b&rmecatce‘mgafamd@éyctrba@ﬂaﬂgm
chioride can Rt é&ﬁrﬁgnpxn Qﬁ§?c?hcbpfs Mbuib Al degaRaRt! er‘s%t?é!&)%&

conponent,, ts, 'extrudates, or spheres _and 20
det erm ni rzg tuetemmgtth@farrwaﬂte@f waer thﬁh@tﬁstb‘ée agdsied do et albof He maﬂe“@'h'erhe

material . The t@'*ﬁ%ﬁaé’rﬁﬂetlﬁéth@ﬁ\%m&ld&' Arel tREMIRBAICE Hetar eaithisRd
di ssolved in tﬂe cal cu

amount of water, and the solution is added to the support in a manner such that the

solution completely saturates the support. The zinc nitrate and tetraamine platinum

chloride are added in a manner such that the aqueous solution contains the total

25 amount of elemental zinc and platinum to be depaosited on the given mass of support.

Impregnation can be performed for each metal separately, including an intervening

-drying step between impregnations, or as a single co-impregnation step. The

saturated support is then generally separated, drained, and dried in preparation for

calcining. Commercially, draining volumes can be reduced in order fo reduce zinc

30 and platinum losses and waste water handling costs by providing less than the full

amount of aqueous solution (such as from 90% to 100% by volume of aqueous

solution) necéssary to saturate all of the support. Calcination generally is performed

at a temperature of from about 600°F. to about 1,202°F. (315°C. to about 650°C.), or
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anount of water, and the solution is added to the support in a manner such
that the solution conpletely saturates the support. The ziaJuyRbate and

tetraam ne platinum chloride are added in a nmanner such that the aqueous

solution contains the total 25 anobunt of elemental zinc and platinumto be
deposited on ffge ?téf@rﬂbl?&r%’ﬁw 8boR UK tto abblPY 8617RL (PM°C R ARupPerEe PR for
each netal separa i ncluding an intervening drying step between

i npr egnat i ons; e reslt Sa singl e co-inpregnation step. The saturated support

i's then generall y |saa@baére€bundrtﬁatnﬁﬂzmrmyﬂzudé t@xtlaihing RinaAd&tRuO Grobp 'metal-
cal ci ni ng. Co dr ai, ni ng vol yne ﬁ‘ Hﬁ educed I n arder to reduce
a%ﬁe v antdf i

zinc 30 and pf ?‘H\ﬁ% I‘%@g&ené dMEEE REFSEds favagfion, Bievideng

| ess t han shesihstdntiayrimprovedf deftydegesationl sthbilitn résudtoly :asloihgermﬂé]%ttdycléQO% by
I f l ]

‘égl grﬁafl Of\‘q;g%gr}gfl ﬁg&éﬁe}a%%? Qﬁ&%%%%%(d BQTrEEE&%Q% eufé 09% & §c ?r%’eo O6Et(5’6|:

about 1, 202F. the31B6t (asultdhothe cBOEC9ntaining - @anmaumtyﬂ ZGMDnm@tamcamzemza@I y

from about 700k, 5r%n§>b@d‘r\t ﬁ&&@& Fo ti{eggajf&}s't of hePEht m¢etioh if 9 QQC tt%)ﬁl%num

results. It has een f oun hat conbi ni ngbm nc-cont ai ni ng at1 num
group net al - GOHP aveidhd fRtied AFEAGIAG o Gt Kot HareeiewPlvrarh 1dF’éserﬂ"dln’t‘Rﬁént|on

. provides 4p SHJ&?&E’QE’I? Fral /1 N @uROIafandhe BRHALT MMm&ARIA 4 thé sléhlenRg 1N

| onger cat al yst C es beq%een regenerati ons and extended overal |l catalyst
life before r&pl 'H’ﬁ%ﬁ@h‘?m the best results, the zinc-containing and

pl atinum group netibhacalsd akesn I&g.lndaﬁamﬂﬁgtdehﬁ&ﬁgélﬁtr@ddﬁﬂ"aﬁ@ mh&'oﬁﬁiaabeyst of

t he present |n tion in zin atin ou r.at. tendlng
rom10-1 to WG kspll Eifichy piinabis or e Bl A8 S8R BUET o Pom
7:1 to 1:1 castemdmatced sbowtdipniflvast edotticak amdint abnceeninatioanal the ezirel-amiitiag

pl ati num grou h %D?é r4 y on
oper at i onq%’n gc"g%c% zlgtng'll the @%951[1%’ {&rggg]%sn'te ‘legr%ve i rc‘%?’ épdgg?r-g&n ﬁoggger}gﬁé

cat al yst af t epersenjmif thieclgyal Ohmr@*lgm"y mmmﬁ@mt@mwwsg‘mmhemmo Peedut | ons
in the conceniy ait@fizfior Ner 2IiRE- GRBIGINGIA0 JifcE g}ﬂﬂﬁiﬂsntcd?ﬁbénﬁﬁ%c%ﬁh st to
| evel s as | ow as percent, 25 percent, and ercent of the Tevel
of the ori gi n%hvgrqgﬁp?t@gm@aomwmmpewvng Ee"FP@"ﬁ!é’IeF é@%ﬂﬁ‘?’be’ﬁ‘@eﬁdgoo o

vol atilizati owmé tﬁé‘@odc@ﬁﬁeﬂﬂ»ﬁ&ﬁ@ﬁe éina@omamtngld&mwn@ﬂmnﬁ&tefdi@ theginc to
dehydr ogenat i on eratio

n ere,op g tenperatyres can often exceed
1000F.  WA?| Pl "&bﬁ‘iE’etﬁP‘i? 12 P% ﬁe‘?}’fceg rh%“%’gﬁf”aﬁ'n R BRERMaLNE Is
t her ef or e t hegeriendllyt thﬂbeiaatmlnyuafféoaéd @itendatiizaiie: tadwecthanbddd on st eam

time, the cat aI tyrpora on o Euqc]:El gﬁer a regenerat:on cycle or by addition of a Group VB metal

to

such as zirconium during initial catalyst formulation.
It has been unexpectedly found that the presence on the catalyst of the
25 present invention of a magnesium-containing component as a third metal-containing
v éompcment in the dehydrogenation pro}:ess of the present invention is essential in
order to maximize catalyst stability and results in higher olefin yields and superior
dehydrogenation performance. The dehydrogenation catalyst support component
comprises a particularly targeted concentration of the magnesium-containing
30 component, calculated as a percentage by weight of the dehydrogenation catalyst.
The concentration of the magnesium-containing component of the dehydrogenation
catalyst of the present invention ranges from about 0.01 weight percent to about 5.0

weight percent, more preferably from about 0.1 weight percent to about 1.5 weight
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general ly not substantially affected. Zinc volatilization can be managed by
post incorporation of zinc after a regeneration cycle or b¥2add00bn of a
Group TVB netal such as zirconiumduring initial catalyst fornulation. It

has been unexpectedly found that the presence on the catalyst of the 25

present invention of sium co nt ai_ ni n nent s a th

net al - cont ai NPFIGE" CBH%(E?ﬂfgtpr?fﬁr %i‘érﬂ?a}“ gén'ﬁ‘?g@tnp%? L to% WAl ot
invention is gseei! cadulated a@ladiercehtagmf(thm total calblgstysit catcalatdd asyelemebnmsul ts
i n higher olefi n eyL el ds and superior dehydrogenation performance.  The
dehydrogenatl'G"ﬁ1 (o Sfé\'l"yst support conponent conprises a particularly

t ar get ed concent r atddiien oéf miagneritym esgh ube @eerraniishery byoimpsegratiemtwithc Abatul at ed
as a percept agge, fo%o%lgkgai@foft hegrlahidr aaenad irvfyreshd Yifate of NBagnesium

concentration of the magnesi um contai ni ng conponent of the dehydrogenation

catal yst of t#eetHPedimto i‘?f\)’é‘?ﬁf‘?%“@&’ﬁd‘ég‘oﬁ?é lethigdbe 8t EYChas iprrepRendEnt t o
about 5.0 mwmtgmgﬁgﬁsﬁﬂn b@'ﬁ%q)r@féeé@rampyeghéwn abmﬂegfm by WRbgidinipgriaent to

R L I e B it e L 1 =

of the total ggivahitiial ﬁlﬂ@le@ﬁb@tﬂe&t eghaiques, andendralination g gsmaraily rAddb tEdm of
~magnesi um can,_be acc |l ished b eg h o

salts of rfBg n*é@@lﬁ‘ﬁ”"ggg WatgE e rrggn i tabg? ﬁ;th\grpopes &%e S‘?Hp%% C%Wg}%%gp
ot her net hodSAkmmmamte mbnsmepéwediILmhlzmmtnehgredetermmﬂl aeourd)rpfemtharagé a w t h

| Mpregnat i on %qgnt% ouﬁf Sﬁg rr!a sﬁiﬂﬁ‘@éll thw&ﬁdé ?8 réb\éngﬁcﬁlcc%ké?'é?'hﬁﬁlné he
support conpomen Sreparat | usi ng i nci Wet ness techni ues.
Under conveniheodﬂ’ red rmnpﬂ!félmwlw@f ﬁ@ggeﬁt@a hhhey U'éBfeQ&atﬁl‘étséPth&PmBﬁ“'?

general |y mad QratQd.t BGirRAPUAE RbdVWAt SEpaaitt "f&dcélé]nﬁét Ubafcﬁlaﬁﬂﬁi ,él I
t he pores of pport con&gnent A sol U?I on iIs Fpltepared utilizing

t he predetiér nﬂ&l‘@dﬂlb(rﬁﬂﬁﬁf?fm@ﬁ tePraspdrearanging fio %’?ﬂ”t QHB o gpoyt a0l mesi um
salt to provigey &e@mpﬁg,g%a{,ﬂm%c% aby(stodv@ri ng the desired
concentration of magnesi um The mF gnat edﬁds gg tg. Fﬁ)onert't |s t hen
separat ed, drai ned headRhYdOgeERToR BHaYSh L AP PR ENEALEAdN i s
15 general |y @i ?@rﬁé’fﬁl@b @?esaccmjmemaﬁcursebumcmngbnmatrmona’abalstdeﬁeﬁ):ﬁng bo tadout 1
, 202F. and era rom t T,
dehydr ogenat i i(%i?”&'ﬁ? aﬂr?/éts i*Re a?&%ﬁaang a{XnS aﬁg%rpégg%tw'tlhn%/%ﬁ %5inadiie  and
gener al | y zdoesateniafs! isgethatar ooostutaiyidesugingrzeoties.i as watl easi inbrgacie pwnetgarjc on
the intended brocesgdsGoulfe BaSE SRLAUKG NS BBrdificAe NGl thatBfiliL Ve or

i nacti ve
include silica, silica-alumina, alumina, alumina sols, hydrated aluminas, clays such as

bentonite or kaolin, or other binders known in the art. Silica is the preferred binder
for use with the dehydrogenation catalyst of the present invention. Preferably the
25 silica comprises less than about 250 pars per million of aluminum and less than
abaout 250 parts per million of sodium, based on the total weight of the catalyst.
Dehydrogenation catalysts in accordance with the present invention and having silica
binders are generally preferable to alternative binders in that they do not generally
affect overall catalyst acidity in contradistinction to binders such as alumina and other

30 metal oxides commonly used in catalysis.
The ZSM or borosilicate motecular sieve component is generally present in the
dehydrogenaﬁon catalyst of the present invention in an amount ranging from about

5.0 weight percent to about 98.0 weight percent, preferably from about 20.0 weight
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20 materials, synthetic or naturally-occurring zeolites, as well as
inorganic or organic nmaterials which would be useful for b2ndlingoahe
borosilicate. Well-known materials include silica, silica-alum na,
al um na, alum na sols, hydrated al um nas, cl ays such as bentonite or

kaol th ' nind
For Use wi t n PERETBIORL STl hetei ol e R ha ELED DSfeiBhrce!
Preferably t perc2bt lsidhbueﬁ&:@wpuhmceinem beﬁaﬁsu#boulth hg bajgace beipe madielupi on of
al umi num and k%ﬁg ,@éggg orﬂg?r%%s 28 th& disiePh dHy! bipBy&l ERUiaMAR Bged: on
the total wei gh

Dehydriogenati on catal ysts in accordance
with the pr e@emstllpmemolmhlaaﬁwvﬁaﬁﬂ"?@@m Fencentipligner as & eeffeniapal ofythe

preferabl ¢ t qefldi6 é?%rtleEatQ!yﬁdfﬁrasrath bhfiém abewt 4l|)Q) Reighigeesnitd ¥ooudbbect

overal | catalys In"contra |st|nct|on Ig b ers éﬂfh as ?I um na

and ot her 3(9"3(*@33?’06% G@SPWMP{F ferseaPeRURSY RS BPD 1O tnpkjegp levels
borosi | i cat e pp@h&eUbAS opt inﬁme Ué@ﬁb@nﬁnbadaﬁ”ngeﬂrw’eadlduy qndesleﬁm saremh.ey for
dehydr ogenati on, cat al ipvent i,on ngi,ng from
about 5.0 wegiHe '”Sé?%@'ﬁ‘t'mt"é’ ugl?o’ﬁ?' P‘%’e\ﬂgs“ C{ eﬂnrscg_'n 3’ 38? 09 egm
about 20.0 wesphtor-tbhr@stlicatd yhoR@OKr }seweeawnnooerabgﬂjt r@ﬁitonv@ﬁgﬁef petﬂ des#t , and

nore preferably.from. bout h Gt
. @étg? r‘_ é@ﬂ? gt de ﬁk?jlh(pg[e Cgl tcat { thn HHEE.‘ Q:gta%{swqifghz;nd

per cent f 8 Ian e bel ng_nade up
conponent s artrédse tatalgslr cosis Law;tr enfseotpees ol £aM Plhémzsms&? molecuiar

porosill cat e JREeGHBhed p%&mm%&@cﬂﬁe&ew@ﬁ §ifNqaferfeMSr FRaLADE Of

the 5 dehydr ogena n cata In a range of from about 40.0 wei ght
percent to albomsiligateds thﬁéﬂ@i@ﬁ“'%éﬁé’@ﬁf"m%ﬁé particularly preferred because

It has been f OundM%%Hs tfé}%eh.%ethé baBé s RRnpPBing mm@ak:m @fzgmy af fin
conversion and ol e

In selectivity prou m&f I lum vo elrgs of

the desirtsd ondequias. sigygypag %Y@@ﬁ’ﬁ“&&%’é '%?tat?ﬂf“ gN{o'r“ P "F‘F dékhet
nol ecul ar  si gy&EshP MMMt withia Feffidtdry ln@rgam&ofmmrmamd chbmpendr® agd tyehdraibn
resi st ant deh dro enation cat | s
i ncrease cat E’BstPé’.erﬁ?Bﬁé?h%‘if"c ﬁtaa es orF{e %H ﬁfé% oéi%%dl Fh?eé?&
nmol ecul ar sm@twfscoﬂn@naéﬁt pmﬂeramsuhta ifinely adigjéed dertmaliptoi @ sobaldopsali e
requirenents._ Pr ef bor g =V

hy 85’@?3? nad\ Rigapic L3k r?cf ﬁ\ehsadﬁr%le %fﬁ%lﬁt@ %Jgﬁoag.l %BHM@Q

Met hods for Sé Ca corrp I'sing t ate (or
ZSM 15 7wl arwdtoardegoeheeb!an@iMjbhyfdn@gen@@i-'%ar@@t dhe geyigaan san heglfiedr dance

U e DT SAENA NP AL D M4 A IR Qi ROATASY SRR ik

conponent are genera persons s in the ag

preferred netah@demseta@rbIOéﬁﬁoqt@@ %é‘éébmééalf’ﬁ Fyé%b%%(?né?l?mlﬁﬂé’ﬁeq ARV in a
finely dividedf@oMseldthlsdtond to dEFPPBlirs. Okicination is preferably conducted by

heating in air at about 932°F. to about 1202°F. (about 500°C. to about 650°C.) for a
25 period of time ranging from about 0.5 hours to about 16 hours. 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 if desired.
The preferred crystalline borosilicate molecular sieves are of the AMS type

30 and have the following composition in ferms of mole ratios of oxides.

(0.9 +0.2) Mym O : Bz03 y Si0O2 : zH0

wherein M is at least one cation, n is the valence of the cation, vy is between about 4

0



hydrogel of an inorganic oxide, and then add a getting nedi um such as
amoni um 20 hydroxide to the blend with stirring to producezalggboodlhe
resulting gel can be dried, dinensionally forned if desired, and cal ci ned.
Drying is preferably conducted in air at a tenperature of about 80F. to
about 350F. (about 27C. to about 177C.) for a_ _perjod of several seconds to
several hour Sndcpcdf R3Y PBH Ziig bB‘P"@PErOaﬁ;‘l/a%ﬁaﬁeftw BoVide @R X-FRy Hliffraghion at
about 932F. tputtahoetmptidBgfhe folddibg X98P fhestamdaisighedcSifagihsf or a 25 period of
time ranging fromabout 0.5 hours to about 16 hours. Another suitable

nmet hod for preparing a dispersion of a base catalyst in a refractory

i norganic oxide matrix conponent is t@ableyA bl end particles of each,
preferably inTinely divided form and then to dinensionally formthe
dispersion if desired. The preferred crystalline borosilicate nolecular

si eves are of_t KHesSPARRI{3ngstron® (3Hd have ' itionin terns
of nmole ratios of oxides. (0.9 + 0.2) MmO : B203 y Si 02: zH20 wherein M
is at least one catiojys@gs the valence of theysgion, y is between about
4 -9 22 July 2004 and about 600 and z is between 0 and about 160, and
provide an X-ray diffraction pattern conprising the followng X-ray |ines
and assi gned strengt ht0-01t84 e A d-spacing (ang¥f™hs) (1) Assigned
~Strength "*'2 11.2+0.2 WVS 10.0+0.2 WMs 5.97+0.07 WM .3.82 + 0.05 VS
3.70+0.05 M5 3.62+0.507 + BB 2. 97+0. 05 WM . 1.\84m0. 05 VWM Note (*1)
Copper K alpha radiation 5 Note (*2) VW= very weak, W= weak, M =nedi um
M5 = nmedium strong, VS = very strong For .ease of reporting X-ray
diffraction results, ¥82900e peak heights are ditrarily assigned the
val ues shown in Table B, below 22 July 2004

3.70 + 0.05 MS

362 +0.05 - "M-MS

2.97 +0.05 W-M
-1.99 + 0.05 VW-M

Nate (*1) Cépper K alpha radiation
5 Note (*2) VW = very weak, W = weak, M =medium,
MS = medium strong, VS = very strong
For ease of reporting X-ray diffraction resu-[ts, relative peak heights are arbitrarily

assigned the values shown in Table B, below:
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Tabl e B Rel ati ve Peak Hei ght Assigned Strength_(*2j) |ess than 10VW (very
weak) 10-19W (weak) 20-39M (nedi um) 40-70MS (nedi um strong)2mp@akesd t han
70VS (very strong) The preferred borosilicate nolecul ar sieve, by virtue of
its superior stability and selectivity, is the AM5-1 B type which is in

t he sodium form as synthesized. The 5 original cation in the AMS-1 B
crystalline borosilicate nolecular sieJéebledhich usually is__sodiumion, can
be replaced all or in part by'ion exchange with other cations including

ot her netal ions gnd.their 1 no conpl exeg,... al i4ymions, hydrogen
ions, and m -t ggﬁ ?—E%?E.E—%]P@fﬂeﬁred-r cp??ﬁ?é)%% tﬁgsﬁa‘rﬁ*t hose whi ch
render the crystalline borosilicate nolecular sieve catalytically active,
particularly for 10 kgdtienatobon conver si on. VBU{vegbkeakgat al ytically active
ions include hydrogen, netal ions of Goups IB, IlA 11B, II11A VIE, and
Vill (1UPAC), and ions1§_f1 manganese, vanadi u @{kﬁm‘ um uranium and rare
earth elenents. The pre e|9red formof AMG- 1 fs e hydrogen form

HAMB- 113, which can be prepared by amoni um exchange followed by
calcination. Further deo&9ls with respect toMtmsburgyystalline borosilicate
15 nol ecul ar sieves can be found in commonly assigned U S. Pat. No.
4,269,813 to Klotz, I is herein incorpor ference. The AMS-1 B
"~ borosilicate nol ecul a\rMaé%@ve useful in thi“@gi('ﬁ%/@ﬁrp%ﬁﬁéan be prepared by
crystallizing an aqueous nixture of cation sources, an oxide of boron, an
oxi de of silicon, ag@awnttandgdni c tenpl ate cYBpemetorgt a control |l ed pH.
Typically, 20 the note ratios of the various reactants can be varied to
produce the cryst i ol esg:ﬁ; IR i Of LS ion.
Specifically, t he%h‘%F%%%%osg%lidaﬁﬁ&faﬁq?%ﬁ a %ye\ggl%ﬁt[ggg %Ileoztsygyﬁgéﬁsooar e

i ndi cat ed - belselgetivity] i2 the) M- R twpeBrial iinether saskiivg Sermpas feypihesized. The

S1Q2/ B2XB3; 403 Raleiibl iBheRdAb dRARInE Da Qe Indledfardivd Minidh Qsifly is

sodium ion, can be replaced all or in part by"ic'm exchange with other cations

pu .

including other metal ions and their amino complexes, alkylammonium ions,
hydrogen ions, and mixtures thereof. Preferred replacing cations are those which
render the crystalline borosilicate molecular sieve catalytically active, particularly for

10 hydrocarbdn conversion. Suitable catalytically active ions include hydrogen, metal
jons of Groups IB, lIA, IB, lIA, VIE, and Vil (IUPAC), and ions of manganese,
vanadium, chromium, uranium, and rare earth elements. The preferred form of AMS-
1B is the hydrogen form, HAMS-IB, which can be prepared by ammonium exchange
followed by calcination. Further details with respect to these crystalline borosilicate

15  molecular sieves can be found in commonly assigned U.S. Pat. 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 boron, an
oxide of silicon, and an organic tfemplate compound, at a controlied pH. Typically,

20 the mole ratios of the various reactants can be varied to produce the crystalline
borosilicate molecular sieve of this invention. Specifically, the mole ratios of the initial

. reactant concentrations are indicated below:
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OH/ Si020.01-110.1-20.1-1 wherein Ris an organic conpound and Mis at

| east one cation having a valence n, such as an al kali netzatJady 2am

al kaline earth nmetal cation. By regulation of the quantity of boron
(represented as B2Q8) in the reaction mxture, it is possible to vary 5
the Si G2 nol he materi al
useful in the present | nvent I on m lgr%?er?eqi by m Xi 'n_, fg (é*gt | on source

conpound, a BgoR—e3-de—seH - erpeund i n water
(preferably cﬁ'@ﬁ’pllq)ed Jld) T -' er of ad is generally
not critical BPt/hY h 2"t p| '. 1r oced 9% 1o di ss odi um hydr oxi de
and 1o bori c-2d{3 "3 ke —t-e ~-::.-: General ly,

after adjusting the pH, the silicon oxide corrpound is added, with
i ntensive m XirﬁtﬁemW&@rﬁ&rghhlatcomeﬁﬁcbamﬁ?ﬁﬁ it &t aMéoriengtibh ba'dﬂg a vAfehee nf he pH

I s checked and adjusted . essar h e i Sl grry js. erred
to a closed (ﬁ“ﬁst z@fa\"o'ﬁe@gs% & %ika{mg egaat' My i‘g{""é CE t?Or[rle ll%{yﬁ%tqlelrgt"!;'r{ BPehs
crystallizat iqmntam(h:é boesuUfrdrirespntadyast BiQs) inethp readtion mbdwrebié isf pdssidleetd, vanas hed

W th 15 eth%S% r@@”'@ﬂ?f{ﬁ?lﬁ e,g?dul;)ﬁri ng preparation, acidic conditions

shoul d be "avoi ydr oxi des are used t he val ues of
the ratio of OH'/ Slog spemfigalinlibe anaterial EefLRhe RregentpvasTtion ik PepateshiY hat

broadly fall s,4bM RaddiesdifdBoRbomBOH thofort &l@@%ﬁmé—%r@ an &@‘éﬁrﬁﬁéﬁ@@t@' Y,
the pH of the reaction systemfalls wthin the ran e_of %ut 1 to 20

about 11.5 arrempsiad |df‘eWétIQEBPW%é‘?'V\éE‘W"%d’Utdel‘G“Z@d nENSUPstRT 9f12 "F‘Eﬂ 'Hest

r els ults. dagi’e?rleﬁ‘ag y bt émlbgi%‘&h@ught% ttybrégrlrpruééahtal is rdutntsatur\&e dodienkydosxidensndide
silicic aci sodium silica et.raa silicate

stabilized pd?%?‘ﬁé\c'do‘f’ watey %”%5‘55@&"1 tﬁ%tﬁ#%\%‘ﬁﬁ%‘& O I:Genlerallb.r%gehtadﬁ@mi\%rmur s
& Co. The si lthgpHsané GRichb’® oxideaforipabhy isatda, vstadntensioontiénd, sichiasathabur ce
cont ai ni ng Iess tha di r n 1000
ppm sodi um L'hﬁg/g r%ptg?ﬁ Q%h %ﬁ@r?ﬁ% g? ‘%’tg,hg%ee a?\f:l}{siﬂ%ke\écy Eé%fggﬁd 0. 08
W % Na20 or thblrexmltih@%‘ﬁ}rmhs thnsfesedstond blasedspedaliizaion vesss! forhsuitahie teeof

bor on_sour e A, GGNGL A PRl AR cAslalift Plofilt ok RN it Glisheli AR

used such as s di CFare and ron-cont al ni ng conpounds. Cati ons
usef ul i n14 orwatei, driedbfandioBicineg. | ncI ude al kali nmetal and al kaline earth 30

metal cations SUC? ufliig P ?%avénonpgtrae%dﬁm.otd gmme%@bewnmanchmqaeer um
-12 22 July 2004 hiuth cat | ons maé]ete used al one or in conj unctl(ig]n wth

such netal = caydendsies agp yead, esvalues oh Hepimal FEIQ-shawp aRoveginould furnis
crystal lizatigp #finé h§siah] el @badly @M. Withid Mhe range of about 9 to about 13.5.

Advantageously, the pH of the reaction system falls within the range of about 10.5 to

20 about 11.5 and more preferably between about 10.8 and about 11.2 for best resuits.
Examples of oxides of silicon useful in this invention include silicic acid,
sodium 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
25 preferably less than 1000 ppm sodium, such as Ludox H5-40 which contains about
40 wt % Si0; and 0.08 wt % Na,0 or Nalco 2327 which has similar specifications. The
oxide of boron source is generally boric acid although equivaient species can be

" used such as sodium borate and other boron-containing compounds.

Cations useful in formation of AMS-1B include alkali metal and alkaline earth

30 metal cations such as sodium, potassium, lithium, calcium, and magnesium.
-12- '



I nvention, the source of such cation usually is a hydroxide such as sodi um
hydroxi de- Alternatively, AMS-1B can be prepared directly i2e flig2094r ogen
formby replacing 5 such netal cation with an organi c base such as

et hyl enedi am ne. Organi c tenplates useful in prepari ng AVS-1 B crystalline

borosilicate | ecul - . Laor
! oni %rlﬁrcgatlpﬁ ﬁ'la U&JdUQISn@I;IﬁYrI g{;ﬂ]%ﬂ::tj o u g Qﬂ%é{gl cEHt:GF@

t hereof such nium conpound ani c te [ate is
tetra-n- projicenyasi mdﬁmmrequ%ﬂﬁ%@yst%ﬂl}éwfa@f Iﬁ‘é)&ﬁ‘ﬂ%‘i I-‘-‘éﬁ‘I’@d@fd fSne,

can also be ;10 H&F%e LurtSonQER datidialkuail8s Rhoaekiad lsﬁcrﬁé@ééi?ﬂun@f‘nydmxude

al kyl anmoni um tenplat e conpound, used in'the above-descri bed eparatlon
met hod is SUMEMIV%IY I &Mﬁe%cﬁ‘%% Prepafed F"é?ﬁyy e BYPPIIuicEm Avgeplaging

convent i oRal lsyep! iR cafbrabitrdd or@&h@ba%&iubﬁ@sb&&%nea' bmsr@:ryst aI I | ne
borosilicate nol ecul ar sieve prep afr % Wg escrl ge

typical |y contai n9faMq éﬁ%‘?'a?soﬁ'ﬁe Bbrif b rI’E'Bf"lr"jégn (REF 5’806’ 5%%p

sodi um and i gndl@signabess ariuddNikylanbndniurhheatidAd/Rr IpiBedsos ytbemof isneh as
borosilicate. nolecul ar .sieve ha hi ghe ro t I sodi um
content t han tei@AYEN 'I‘?'H'émbo?orgpq%flgsat eﬂf orsrfeg Pg[%cgﬁrs}g%%do%al Bifn

techni ques. Ipropylamimenidet rotnet. Gésseinéspisio a@fheaam9 Viengdigmiepaeant alsa bef t he
~borosili c,@te us&d 20 in the catalyst and process of the present invention,

sui tabl e i es of sodium. hydroxi de and boric acid (H3BO3) are
di ssol ved in di st Itli$ sdtedrthatdhe nrefesabiaamaunt phalkdaagropymasaPiato feBroYide

organi c tenplatg. i\ The mvms&ﬁaea%eﬁérs@brbﬁmn isAB@stantiall. Qs 2hasithgt a

conpati bl e base or acid such as sodi um bj sul f at eﬂlgrI sodj um . hydr oxi de.
After suffi cireiregdaniadur@dMsy 1R EeVERONZ (PiRseTy gl peg of 2%0) are added
25 with intensiverhd %W&E}Ihnbhﬁrdﬁﬁcﬁ’@ﬂmﬁeaﬂm divecirepared banite aljvesiesdriienl a

range of from about 11.00. r I n Lurry J.s_trans a
cl osed cripst éI“FtI‘Q%Hp(B??“WéQ%t@I“S aéﬁ??sfgg)bbeod’gméﬁgpl%'da% Ssa{h%Eerbg)E{ gg%%&ént
| east the vapQHiupl afé W desifnated as HAMS-ABI3. e IHAMBHB-2 atystaling drondsilicate

tall t his. t d
bt 20 day @it AetS e o r SR, Bottnl RSP i Rosealten B D,

30 extends frmaimmhorﬁslmyesfommmﬂvmmsai tEITFI“@lClUéPrperature for
crystallization i ﬁ*a%%?g Bé{a&lé(d Eﬁtﬁ:‘nr@ ]BIC£| :g)f?n%ia"f‘é}%tof He2ForodiRafb sty

482F., preferably trom abou and nore preferably at
about 329# finrthdestlystand proeshef ther W@%%’It I'“V?F‘H‘@P retahle gpantiligs 96 seEFY ed or

agitated as 'H&dﬂbx{ogcgﬁé b Dacid (RIS F LAY, dibdtved 1B didtiikdl or d6Bdized water

crystallization tenperature i s nalntained hel ow the deco
t e?/rper ature o‘ﬁ!lqweélnlgr addition of the organic template. The pH may be agjuglgg % %ween 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
25  with intensive mixing, the pH can again be checked and adjusted to a range of from
about 11.0£0.2. The resulting slurry is transferred to a closed crystaliization vessel
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 20 days, typically from about 1 day to about 10 days, and preferably
30 extends from about 5 days to about 7 days. The temperature for crystallization is
generally maintained at from about 212°F. to about 482°F., preferably from about
257°F. to about 392°F., and more preferably at about 329°F. for best results. The
crystallizing material can be stirred or agitated as in a rocker bomb. Preferably, the
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organi c tenpl ate conpound. Sanples of material can be renoved during
crystallization to check the degree of crystallization and Zzielgy a0t t he
optimum crystallization tine. 5 The crystalline naterial formed can be
separated and recovered by well- known neans such as by filtration with
washi ng. This erLa can dri ) ours
to a few daygrygfl I\ﬁtﬁﬂ tﬁ@p? ra?ﬁ%?a’%‘%béérgdtb%&“{:@% |d§%‘¥13§ﬁ'%§ tér{"?%ﬁg% Q77F
to about 392Brganico témplaten ampogake Sampdesdroj owkesiat aant then refovast LM'GG to a
powder or to §§&‘1dzataﬁ{ td ‘Eh&& %@dd étb@led#ystmhhcﬂ A& GetPin@edRe bptiiRud or N5
1o suitable f I'ts I ntended use. yp| cally, materials prepared after mld
dryi ng cont acfystafiigatiasyyagi ¢ t enpl ate conpound and water of hydration wth

the solidg ”?Ssta”%%‘cn%%ﬁn@?ﬂﬁt@ﬁataﬁﬁmé’difcbﬁrbeOEe;S‘a@ététﬂ raaan@ta%\rvr?aﬁwlwv@u IZ t
necessary if it is desired to renpv eria omthe. fina oduct .
Cal ci nati on K8owWMeAas FYCHRY ‘%WH%‘T"&WM‘ ‘f%‘?'ﬁ%%e"? I?Fgmf'q'l’)ﬁ{ ‘E)gch

S00F. to abodhydsbd fronhadew helientahl fgwfdagsaboyitg @n;ge?atﬁresx typiabihutangibd 2 F.

for best res Its t o] r r

crystall i zat MO EpoRie Ty totsvh SRF T aiRe b R ey alisketdidhen oo,

destroy it. Gﬁmaeentd y powdteroe td small particids dyeirredrisded, nellem!@l rgmete infafaimaat i on
t enper at ure 0! from

. ¢ he 0r| gl1rqa| ISVE %68 gor ﬁt‘r:_ensélnlﬁ{ Blﬁgﬁﬂ%&t‘%f%i&#ﬁf@%@? %hglall?l'il& dm‘i Eé)fﬂ in

t'éri a ecul ar si'eve materi al
can then be ¢ e@ann tambbltaze@lﬂmlaﬂta@bw@t@éﬁf hydrafisguwithathgrsolig gpasshent 216

hours pri or ! BRIAEE nebéddanytih@ls ddifed RIRAIGEUT €
ri se does no%%ﬁe@é@@%&%ﬂngﬂc?b@aﬁ#ﬁ @mceua terrperg?rljre of ?ibout 1000F. is
ur'@

reached, cal #inamataiat drgser ali Proqushr Sricpatien (18 apsnaieloPeHRERRI 3N
addi tional 4 ér@tuF&LHaﬁg.nJ h@nﬂeﬂi&)ﬁﬂswen@tab@m TH6Qtre 28d peféaBlyTrars ebbut

t b dst o t t Th
{ eodst ook ScaR7EE JheReat et 2T, FbeAr Aoty EFITE G RUGY BRRRAIGES P pr i or
to entering @r&@ﬂg&a@y@élhz@ﬂ:ﬁﬁ fieks nayqirdver detihghaltte thgecrgstal srushse er et
means for 1l N § S, S af i ShoSRUR G ind EAGhARR EABErhIELC!

t errper at ure. I ng neans can
limted to, Wwapdrel dteat 11125 iotondar to edmoverorgaic meﬁrlddm#mmngmeéiméymg such

as a 30 hydr ocaf 2'"8 dﬁ&@ﬁ:ﬂ‘l ?ﬁear(ﬁ%re'éula@sévéjhgteﬁélt(,aa||13‘c£|i &P b€ BRSK I 1d#bed draft

f1uidized or “08 unit catal ytic rocracker, a crude
di sti | | atacon ouen &t aiaotttétZaTFytqucﬁbpéfftﬁ houTg PrlerfPtca'CEﬁHWbW mwr%maéa%n F#$huni t s

found in CO”YI%?BI‘\@ f@lh)é?&%treollls%uﬁﬂersq{dt RREdRIS225°A he Boditl Ioncd @0 mpeeatfiRestst ock
can be contacte drogen stream prior to, durjin rgr’n
about 1000°F. is reache calcination temperature is generally maintained for about
an additional 4 to 16 hours.
The dehydrogenation process of the present invention can begin with a
25 hydrocarbon feedstock preheating step. The feedstock can be preheated in
feed/reactor effluent heat exchangers prior to entering a furnace or contacting other
high temperature waste heat means for final preheating to a targeted catalytic
reaction zone inlet temperature. Suitable final preheating means can include, but are
not limited to, waste heat from other refinery or petrochemical processes such as a
30 hydrocarbon steam cracker, a fiuid catalytic cracking unit, a fluidized or delayed
coking unit, a catalytic hydrocracker, a crude distillation unit, a catalytic reforming

unit, and/or hydrotreating units found in conventional petroleum refineries.
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and/ or after preheating, before the catalytic dehydrogenation reaction
zone, in any one or nore of the reactors in the reaction zzialy Bb0det ween
reactors in a nmultiple reactor reaction zone. The addition of suppl enental
hydrogen in the process can 5 reduce the rate of catal yst deactivation,

resulting in reduced RRHALMSark eacaMAIdORith raﬁﬁyurrs@maﬁéam Iﬂawr@rdurrrrgdrogen
addition may al so adversel aff ct ol ef] directing the reaction

st oi chi onet r i RHPRAURIRICHSEYHY Vﬁr%%@ﬂtg{h%ﬂe%&%lﬂ%ﬂ“d’eégﬁ‘r FPnes 4t 8Pt i on.

The hydrogen she eamoﬁaaf he rpwtershrydreogeamrzmanomtweeracbmmwmea widitiple 10

di l uents such_as, | ow haoi l.in dro r I ' carbon di oxi de,

i tr ogen, - et BARCL FHAIH cbfie, THERRRRESY Rupdith et AYBRASK I nc BlagRls L0l 0
shoul d bes at redeess thea baieltof 5888yl deartivatienhiegduibige in rqsiuedd calalyyt stgeherason about
65% by vol une Ay 6D Iy ool SRBLscROML

hydr ogen for ng%@h?@g{}% gogﬁl%ggr@ﬁ ¥up58 l1ed T f om a %.an 2?}(9{3&(\8& ant,

a catal ytic rérfezsnrsngtr@rea@lomt,qmrfrlqnyetmeﬂ"y QW%?OWFGPEQWBP%W olefin -

hydr ogen-r ecoygr Pk ocesses. (perating conditions to be used |n the
dehydrogenation process of the present invention include an ayerage

catal ytic reaction h?o?ﬁé’r‘fgﬁﬁ'pﬁfeéf‘hrcé“ be PYBAYIINGER O ABBFDE a&B’Bﬁ‘Erel‘S@DF
_preferabl yof rSimeﬂﬁo@hcﬂ%Froﬁ-sorm@omydrbaﬂB&ra cisbraichoxide e fearsaial Midkidem

about 850F. to about 150F, for best ct ion 2 erat ur

bel ow t hese r3Hge ré@{?rFOmHmrfEau%‘b"f#SAf‘%fﬁ YO8 reSWnpg F'b%ch
ol Sf i ndyr FI ]9 bé?ealelhsst();tbomel’;mebmruuas hahmiqen tpmfe]eblryammst atanat G%tﬂytvo]!ume
reduced ol efi sel ect i vi we e r e
present inven ¥d6?.'g e ﬁg?arrr?ré pretera (?y Sl 1628t Lljt;out )?'590 VO[IIF‘I% Rya‘?cg%e > fop betsr|

opera e§ a eac pressures
rangi ng from asulovasogenbsarabei aipbi}edv&cmumfwd@ssmmm abotataigict teforﬂﬁngabout
276 1nchgs Ofacigl 6ot rr@rwgroz%er gro%ra&rr%ﬁﬂ@ @%hg%?ogggﬁmggysfrom about

vacuum pressure bout rom about vacuum
pressure to aboutOPP(D@m9§Pgdeﬂ’5 fbéQtUS?fe@G'Fﬁt @ehyqfweeeartraeer qopes plthe piraent

condi tions pr ﬁ&&ﬁﬁﬁ' Wl |a'rld§véa§3/gét99ﬁ‘@ réé?;trorh%ﬁ@(ié\ﬁb&ﬂtdﬁ@|cﬁrfrcfn$teltﬁu9f
preferably 0.01 to about prefeéra 30, about 2, and

to

most pr ef er ab#82°hpteabagt 13¢%Fat§’6‘ﬂ?rably5f’°ml'ﬁ%°%f710Qé:t Q/@b?}éh%f)gge’i’fé’(

condi tions al &@féﬁéﬁ efr@hl ¥bbitC I880%F . atoC aibban 160°%, dfert Beshydésm@.r lﬂlel&cﬁ@‘l ar
about t o _about

ratio of _about about 15, nore prefe
nost pref & abﬁeﬁf‘pﬁf?&'ﬂftas belgw 3hese, | ?9992(51%2 '%5”[%" %B‘Eﬁd %a St %arﬁolb}ﬁ’?esent
i n the dehydreélg@ngitido React@attempentutanabavetthame ranges can result in reduced olefin
selectivity and lower olefin yields. .
The process of the present invention generally operates at catalytic reaction
zone pressures ranging from as low as substantially vacuum pressure (about 0 fo
25 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.
The effective hydrogen conditions preferably include a hydrogen to
hydrocarbon molar ratio of preferably 0.01 to about 5, more preferably about 0.1 to
30 about 2, and most preferably about 0.1 to about 0.5. The effective dehydrogenation
conditions also preferably include a carbon dioxide to hydrocarbon molar ratio of

about 0 to about 15, more preferably about 2 to about 10, and most preferably about
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with or as a replacenent of the carbon dioxide. Hydrogen circul ation rates
bel ow t hese ranges can result in higher catalyst deactivat2doulyates
resulting in increased energy intensive regeneration cycles. 5 Excessively
hi gh reaction pressures i ncrease energy and equi pnment costs and provide

di m nt shing g gLpdlk BENSLLh Snay RGBS i the WAl ORARROIPR B fHLAARCS ol es
can al so infl ence reaction eq if TUum and arive the r eacti on dES|rany
t owar ds reduwmjop@fafefnlaﬁewntmﬁfm eaberdiodidmer ol efin yield. The presence

of carbon di oxi de HyFog? ﬁremrzﬁcgvra%és BQSwFiﬁéste' ehg@sresms%uqﬁ rrg}rerfaﬁgrﬁ?ar bon

resulting in hi gher nam c equilibriUm conversion
hydr ocar bon f¢zapsvaior. faTﬁ‘e f9$l$&1§s§1 dﬁcm{ﬁﬁéd p‘?@é@nﬂ“t??ﬁr‘@nﬁgﬁﬁ*e@é‘ﬁérwcﬁﬁ

operates af aglddilély hmgrr |r¥acn§m§rsss\r.ﬂésomb£erésé léﬁS}Qy ghd fdo@BRP Wos@- dndir’ toO
about 50 hr', rmredﬁqne erably bout 25 hr', and nost

preferably freevidsdiininishing mee'fsgaaeg}i% blmcess“reérr h*sﬁs'tvgwesmcefguiart%aateﬁ)ace
\ée| FCl ties ex@é?ﬁdlsﬂgnﬂdéﬂcé eytion dQﬁWthednmeF @ fheL‘éa@&iﬂelﬁraiebyam}GWérds n a
ecline in pa versi on over
Sel ectivi vy Tnurebgsptbroneger And et SHFIeRT Y a¥Sedbe M ool GBER ¢ s
short of theod ewahs rddisesi thedpdréaiepressure getner hﬂrdrgrcamm Irgsultimgt v imgghef
~capital reguitenen The cess of the
| erEanoy i B EORRLE & PRl AR R

pr esent I ze exlSstlng processes and
facilities such asthebprocesst ofl heipresent inventnys genspdlyperevatesi €t ya tipdd datdy t o

napht ha reforgata@glvetr%ﬁya@% ¥ hoRf SERNA 10 bBAEY fr'AhBrdBRR b YrohPW and

t herefore tor ‘'vessel s may be | ocated from any o severg

sour cés. A ca@baﬂuyﬂr&hfr &9 ebpri 25y %ﬂw%a@%@yﬂemﬁ@et h&F dWaﬁ‘tE?Ut 10 hr

hydrocarbon sgpajat 'rQ.c.m:tsanﬁeg@tsaha&herbeg@ﬁek@éeum@ 8QUIeREAE NdesBAbdd Glledi | Y
synergistic to use with the process of resent invention. Catalytic

reforning'$ s AnsEyTepdt t"‘r Etﬂeﬁ'ﬂey'”sqﬂrﬁfg’a CPB reig whichy OVGIVREITE ny R i

invention in Méﬁ’t’\éé!éctrﬁ.@,i;(ﬂiﬁreby&@wmr@ﬁn&ﬂieﬁbleﬂmwdﬁt el epmsmﬂubﬁregaaoﬂt bfies
containing lo concentrati roduct . of

0 S
catal ytic reftgerlrer"ﬁ m?ﬁteedrhé’é%? F‘rgr?engrﬁgy %Os&’y & "ﬁsdéPng?' rg%u"ﬁgren‘ inmted to,
one or nore fixedThedehydagtmation catalyal andgrddess st presentf iherrdint caatlad yst s,

a noving colu to n I ner.aty r
it i zed bed VRliop U Pugtd sfb et shopHRg sl F el BbAMict g fose
bei ng preter rredvrotrﬂxedé@eatsd dn:hammﬂ tedoradngt dbe eelalipn Ipressuwt rghyisaments age

catal yst bed g;zegr gad.&h&go%@'\géféforgo ;éﬁlédreac%r jadbl mby 8Y bRt %m\rfaﬂmof

downfl ow - 16 ein rred. The reactants nmay
| i qui d phase,seyaral X@cqu:QSquAdcg{ﬁwp & dpermer may also possess furnace hardware

hydrocarbon separation, and catalyst regeneration equipment particularly synergistic

to use with the process of the present invention. Catalytic reforming is also

25 particularly suited for retrofit with the present invention in view of recent

environmental mandates to produce 'gasoiines containing lower aromatic
concentrations (a fundamental product of catalytic reforming).

The reaction zone can include, but is not limited to, one or more fixed bed

reactors containing the same or different catalysts, a moving column reactor and

30 catalyst regeneration system, or a fluidized bed reactor and regenerator, with a fixed

bed reactor process being preferred. The feedstock may be contacted with a catalyst

or a catalyst bed in either upward, downward, or radial flow fashion with downflow
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phase, or the vapor phase, with the best results obtained in the vapor
phase. Mving colum reactors and regenerator systens such 2&Jalhases
described in U 'S Pat. No. 3,647,680 to G eenwod et al. are known in the
art and commonly 5 used in processes such as catalytic reform ng. The
syst em gener akiny proped SHe mastants inta| becih ding iquid] phasac ddromed 8gde bnd eapori Si ng

novi ng annul af_col upms. _of | yv:st r el ...l ed in
out-to-in raali'ﬁsfeﬁfj r%‘{ag\?\/%@%%g'tvﬁ@ t?:een égrrgéo@s'? ﬁ%gn%(ragg@tg ivgh&\@%gg'l . Portions
of the noving bedVo¥ing gbliimpgeaciprs andriegengaaial systemsewce @sttlaose deseghateinat i on
system for repengraty .%ééé;%aﬁﬂ%aé%éﬁ%cif&; ﬁwaharﬁomt i:nocﬂe%frt W@omﬂ'@allyzed

conponents. uidrze reactors, \ are_comonly used in flul
catal yti c scr askd iy progeases| $HChiasceptAdic 1$iPrHingc d58 system) 9RNGTall oRwrisas &l yst
directly w t hiRchinGoRYHE® SdROM vedRedsinphiding HRINMGAAMUlR olmingl yfstathiyam t he
reaction products, and direct the spent  cat %%ﬁf bg}ckg}oha re enefr@%:i on
zone for regdthereld ifyAroceihan He ppsed NaatePdh 3 P PWGESHERTIRE o T5ke
from the cat aastibn 96£). atdriions WP el rasviddisedhefatataled aier amimicisfyalirectedsd ai ni ng
the particular process reactions. Th referr r | O I ]ities
for use wit hf?sr-‘r‘g'eff@ﬂ?d?y&geé‘ha(?ﬁ SFPProce stﬁéo at?qﬁsé %&%Qén&@%ﬁ% ?bgnédaliee
~fixed bechor eapimposentst is preferred that the dehydrogenation reaction zone
conprise at |east.t i L& @;q.t Il d ream
regeneration of tﬂg}%c%ae?g?ﬁg?é.&%e |xée?%i%%égloggé%tg%?‘glugoﬁ%dgdg%ﬁtglc ykﬁ]t“:j
equi pped wi t langfiojszednenkingairagasges, dlujsizenthe catast direcdy valliphihe dwdtasaronom
operation '”f%ﬁsfa%ﬁ{‘ﬁépaﬁr&e%e L QtRfsP bR thk OleabRDEHBH @S, OdhdObiird i §h& @bahty St i N
I'Te the

t hat reactor ot her reactor or reactors_sustain process
operations. Faiabgt berk toehegenaatiqn zoag e igaprasaig e Reatn! deaaien feielhei on

can al so gomh}rﬁﬁg 2f Rlok& tdrt Yn® featiisflgehéralme dapplieh thbenept teqliieinents for
catal yst beds i1na single fixed b actor can al so conprise the sane or

¢ gl e ea r
di fferent caﬁﬁ?"?@t”g.th%Pﬂ'@%”'?’%o??éﬁWﬁ%’@nat ion reaction is generally
endot hermi ¢, int eTid pi@eerredesddtiog zomosilitsi forusefwilheae déhyangieatiakerbces
bet ween fixed_ bed reactors or betayé/eed}edcg&?l Pé%étoge‘jﬁ |Sn\Ptr&g"g@ o eagt or

shel |, can b&fe | &Y% n F@&?nﬁ%urces can i nclude 30 conventi onal process
heat ers such desydragenatiomueastion aoss sompristagilsast weaiked igidugactormserasalol y
produced feat, st L}O%Sst.le%treaérﬁgé{@ﬁ%fiﬁ&éaaﬁé.afa@ﬁxea%eemga@arg QR Wiy a
fluidized cat aﬁy I'C process. Heating requirenents may also be net from
heating souregegpad with aiiper meoifalding o par@ftireiapyal gf erc $eaqteri fiosn epRMALINf rom a

fluid catal ytai r?!aﬁr%]i’ %Zas]{‘él [yro%QQ‘ﬁ)r regeneration of the catalyst in that reactor while the
other reactor or reactors sustain process operations. Fixed bed reactors in

accordance with the present invention can also comprise a plurality of catalyst beds.
25 The plurality of catalyst beds in a single fixed bed reactor can also comprise the
same or different catalysts.

Since the dehydrogenation reaction is generally endothermic, interstage
heating, consisting of heat transfer devices between fixed bed reactors or between
céta!yst beds in the same reactor -shell, can be employed. Heat sources can include

30 conventional process heaters such as one or more process furnaces or can include
internally produced heat such as that produced from catalyst regeneration within a
fluidized catalytic process. Heating requirements may also be met from heating

sources available from other refinery process units such as from a fluid catalytic
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cracking process or a fluidized coker. Miltiple reactor processes can
provi de reduced tenperature endotherm per reactor shell anzk Joy 20@&ffective
tenperature control but generally cost nore in terns of capita

requi renents. The dehydrogenation reaction zone effluent is generally
cooled and the .5 effluent ﬁtre m.i,s a.separat or gFVIﬁe such as

SCotrippor t GrRSRGRRIPSESE PR HuRaR pafer WIAES inetR plhB5RR P PhelRiieie f ne
reacti on st epeaperabee eadailverch gaendeamiorr wel @dd nrereffectiag perogeratute cdntat batar bon

pool s. \Were t?gl Crgg%%'%ﬁ'tg'%f Qrd %'Eﬁiallr u"%'lﬂﬁm resence of suppl enent al

hydr ogen or 85 erna ner rogen is produced, a
separ at e hydrogenTB@piﬁha@rpmnaélpiepfeé@twﬂbém}ﬁeﬁff P—Weﬂi apyralyanealed and the pri or

to |ight %%rnpﬁlpeéi‘? RadiRbie@No a2@RBra®r delite S8GPNES eﬁpsé/r%wgﬁnh&@rﬁg@et .

recycl ed back to t rocess while sone of the hydrogen can be purg

ext er nal syéwéma@aﬁﬁ apd hygreaen @’W@f‘i’%’@ﬂ}h? (RACtorT RGP HiRAr RSy R PR RN at e
can be cont rQi.rb@l@dttdea@hmraprrhtérhpcurﬁumay 6@§€Wh@dérthé )erocE@?M efBrydliogen
can be conpressed, | ement ed, wi ‘%{[‘ g ‘éﬂ@ﬂg % nj ect ed
into the pr oé’é%@’els‘é’f'cq PPH@?meTS" Wd’déH iEietn Redregen s
hydrogen is Qiﬂ@tﬁ@edT@GeﬁdrﬁtepﬂﬁfoganEpdaﬁdrf staprbin peqxétfoirnetisumdmeangﬁwdal |y
conveyed to downstre sin 11 t be
convey T BRTDRIPERES] dopdfq [$dhs o The | 8LELI RSS! cEihe

directed 1o &H°f 3% ' SOneri za erea ter
directed t o aecyetcddrack &g thei nrycefsemhﬂerwewmfcﬂne hydnogenecanhreaupgerbtoogxtemnilanot |

toan ether . YOS Abn LEBRRt & BARL Ak Ofnd HAER TR SRR SiBiargss of

t he present ion 1s'1so-ole he stredm can be sent direct yto an
ether facili twalntam aminieryiny i hydtagennpyudy-amesydied Hydeagen t gan thee comprssedsst r eam

can be purifigg ﬂ leméntreﬁrmﬁﬁ' %ke%@my&robad aQﬁrr@fnfécfé'dQnt@&ﬂé%@&feQQ%rfﬁJﬁﬁért he
product . ThIS nconverte product “can be recycl ed back to the reaction

zone or fUrt Kehydragenstivawbereisyrpiemental bydseqesds efdeds. The ol efin product can
be directed to antgé Embaérlirqmdnifmsée@ﬁr&deét ik mtgsneraﬂﬁcwuteped ﬁﬂﬁkﬁﬁr&ftrﬁhm to

form hi gher octane, | ower it asol i ne ents.

ol ef 1 r odudroETngEaliFe et BrOUHR AL A TREHER 40 P HES RRRLPpgse
conversion tfer @bm@ﬁzammmdlthyreahemma:tedproodmetmr dacility s esmvatbeamsthe

Met hods for |nterat|o t he c f .t r t ent ] ot her
convent i onal r"%‘c‘ﬁ ﬁ%roy "Bihg?nagaﬁ%e Frgrh & 5t (%%%% gi erg&@;rh of §u@§§r9\?&om h‘%e
gener al | y20k n@necetss of Itlmsgresmthm\@dt:mmlst xh@O@f i, thSGternwanl’ogt&mdidiﬁg:tWHe an

superior st a%'tljxértfé'cllﬂyé%F td &ochd {cha%': g@BY g ef?l%h}'r%ct ﬁ@aﬂ Y bé’huﬁfﬂﬁ

pr esent invention cat a é_ regener e require
dependi ng on bwnemgwemhcqnvglﬁed)p@'ﬁ picdhyeasaren e ﬁbﬁ@@%@t Hamwppeveﬂedu i s

ant i ci pat ed y?@&ucﬁ REn BRtBbYLRN Bldk! R4 rddbibh SoR BE RiftReOhahiBlaRiveRedther
I nvention ma
process Units. The olefin product can be directed to an alkylation process for reaction

25 with isoparaffin to form higher octane, lower volatility gasoline blending components.
The olefin product can be directed to a chemical manufacture process for conversion
to other commodity chemical products or process streams. Methods for integration of
the process of the present invention with other conventional refinery or chemical
plant processes or products will be generally known to those skilled in the art.

30 Notwithstanding the superior stability properties of the dehydrogenation
catalyst of the present invention, periodic catalyst regeneration may be required
depending onl the severity of operation and other process parameters. it is

anticipated that the catalyst utilized in the process of the present invention may
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22 July 2004 require regeneration as often as once every 6 nonths, as often
as once every 3 nonths, and, on occasion, as often as once2dduly @@L every
nonth. The dehydrogenation catalyst of the present invention is
particularly suited for regeneration by the oxidation or burning of

cat al yst dea.@bweatrég"egaembbcmaﬁfmu& bneepasy Bsnmi.th&] mwgana@rona@ every 3

t The t { f t
or toant 1 v aRPTOR, i 7 reERebhe o cRBULY oo dniel BRI BoBlh of%t ne

nmol ecul ar si md'rdgiehéawdn aatalyst t pf Bhe coebandt inngntiohe i apesticldmplys istigeco nfot he
catal yst witf ryaao%f bgethanoﬁéyt&ﬁnmcembnwsatgﬁa dva%tHgt Sér%rlrgcl%ob§

replete wt hreggt generation technrques t oyed I n
t he process ddpashe vpﬁhegmﬁﬂlmv@htoﬂﬁ?" COBiREINGf J3heHe ﬁ@eﬁe@%ﬁf@iwn for

t echni ques | mﬁg{j R .féaéntraiweh%iﬁ sﬁé?lrméé?\cthé?e‘do@%bh& n@gétlavwivonoctf ﬁh%

deacti vat ed ar sieves. O hers, includin referred

relate to proeesdassigre Mg ﬁﬁ%ymrcolr@ﬂﬁﬁ'értﬁ‘i e @%9056% op é?%&atﬁ'ﬂﬁﬁl\)ﬂ‘t%s

coke) deacti (y%g,qlopgﬁ a@g&h&opﬁg,rﬁ,{gegasconbust ion of the coke with an
oxygen-cont ai ni ngr gas stream For

1,3
di scl oses the re e'l‘tﬁ'ta B ‘%Fe@%tfaa‘f’@'s?%a%%rffeﬁ?ﬂet‘i%l{oé'dteﬁm'%”es é‘?im‘?ﬂcé‘hus
. deposi t s 1y té‘mgloﬁétc it @hd ||:(13Mte§§ ofegeneesnt GivegimesSond Bf tﬁl@&e rd‘generaﬁoﬁ55 961
relates to the re neralo | Kk ont a LY
mol ecul ar si EGHEI ﬁfﬁv@’ t?' 85 ? mﬁ}e%n'ngbsorgrfttﬁ e Ty ¥ (();c‘élart
separa- ti onmp!eoaiassnevé’dqeﬁtpeuscewdinuvtbe\pe@eltrdftbmﬁ@mdsnmg tglnfmﬁsaes on of an

inert gas 20 Cfaﬁagk&iéger?e@mgrﬁarﬁaﬁ @s%%mﬁa cekeg gﬁg.ﬁed OpBAL %?qgi”ent

t hrough t he PEG°0 Sl eve he con ich a
cat al yst naycdyebustioe 0é it Mewt%@kéwgébﬁﬁﬂiémif’@maéaﬁﬁfe@m yFon exampla.\WhiSeal | y

desired 19 peLf Q4N 53¢ 309 NREGbdRN AL ré@@ﬁ&bﬁdrpw caidlydte RREAINAIEd RiIESSUTr e,
gas space velocity, etc. which are Ieast dama thermally 25 to the

catal yst bei SRIDIMEGEANE Q?%‘EF“SIW'“'! 3 Yriotiop gty fle 98 9356 t'H@ e ati on

ina tinely;enoef rb&tése%qaepfeggﬁasudﬂ.own li|¢&e4cantbmgca@etanfneazé¢m@d bed
react or syst em or equl pgglnt S|z continuous re ener ation

a
br 0cess.  Lpt PRGRIPE AN HEFb oS R POHEYerh MetoaLva e gEEPar
di scl osed i ntsdrh@roc@é;t OThérproGss Nandivesnee hentieatuoy eircubsttoal phtanr gengaat i on

o Lypi cally. aeqampll shetohr o3 s Yl AbanS ISl ULIR-E ETHPRA LS of nge

of from about® a pressuré r m &bou psi g
to about 300mpletgar sienk.a regeneration gas oxygen content of from about 0.1

mol e percent to %Q%Bna.ﬁo% m ,%emsassmh.gw%ata V8i8p £eQ e‘?@a@é b RBke

regeneration gas is typl i ncreased during ‘the cours
combustion can vary. it 1s typically desired to perform coke combustion at conditions

of temperature, pressure, gas space velocity, etc. which are least damaging thermally
25 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 continuous regeneration process.
Optimum regeneration conditions and methods are generally disclosed in the
prior art as mentioned hereabove. Catalyst regeneration is typically accomplished at
30 conditions including a temperature range of from about 550°F. to about 1300°F., a
pressure range of from about 0 psig to about 300 psig, and a regeneration gas
oxygen content of from about 0.1 mole percent to about 23.0 mole percent. The

oxygen content of the regeneration gas is typically increased during the course of a
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-19 22 July 2004 catal yst regeneration procedure based on catal yst bed
outlet tenperatures, in order to regenerate the catalyst a gy eddy as
possi bl e whil e avoi di ng catal yst-damagi ng process conditions. The
preferred catal yst regeneration conditions include a tenperature ranging 5
from about 600F. to about 1150F., a pressure ranging fromabout O psig to
about 150 psRiplyshrrgeneratign RECatyre hagrtoncyigust RenPRIRt tehtPesldiss. B.order) e
percent to ahgybgenkPat8Bhe cRalSEM qliiekly Be Possiste Wtie. avbidilig tamadtldamdging S

I nportant that regeneration be acconplished in the presence of an

oxygen- cont aifi?es§S §98919MSe oxygen- cont ai ni ng regeneration gas typically io
conpri ses nitr ogemhapetferagdodtalgarbysicration gooditimtssindudsha demparatuos rangirgxi de
and carbon dioxid t i,ch, OXY.QeRed N r ' n .added-
ovever, T iem gRag Bl 2SSy o Gl g R 8% PRED k8t
regener at i on Gapsap apd raegenggaion gas pxygen zontert efraboulf 0. b xyaie perdentito @thoud t h
anot her gase Lt .J 8. the preferred oxygen-containing gas. 15
The present ﬁmﬁi?[%ﬁd%ﬁgﬁrdgééhégg% in further detail in connection with the
fol | owi ng exanpl edddifienaipiihlg impertans thab tpoeheietiemke aeaerPishediip thgpfepeees of
illustration ocand dlgéer{&dﬁtéiﬁﬁé s, %@B@%én@-&brﬂﬂinlﬂb%@@éﬂérﬁtid}q Qak afylishily
~including 0.25 weight_ percent platinum 1.8 I ght percent zinc,.. 20

HAVG- 1B, #hd RMSTIERR BIMBIRER pAbom FRTBEHRLPR ArREER SHAR 35 £aREN M URKEE AN al | y
active netalgspl @6tigs tbraHiH HEgaH alheCONS ios bir M@s tlees adided Hpodv@s sit ism or
magnesi um More specifi cal l}‘ﬁ VB- 1& i é.itgﬁ]r\?(é%nat Edt' w th an agueous

Sl Ut on of AOREOBIBTNEoVIRH 5t B FUGRUER P RIePos o8 PARORAER ned
at 1000 degr egsafa mixt@kerof oipgat idituted i withadoetbert gadeloas i auppegertt & IANS- 113
by i nci pi ent V\%[ ness._ | nﬁr egtn%trj on. 25 with an aqueous sol ution of

t er aani nepl ath’ ﬁ?ﬁa‘?f’f’}ge PFA9 %Re pl ati num contai ning HAVB- 1B i s dried at
room t enper at ur e, Thagrestnt poesianh isndesgrizaiumofusthevfetall it eonrectipalwith the

avai l abl e fu 1] | : ' hd ' td rma
gei . The gel v bEhdet, A p8otadismel i Biie Hethl Blbolaldusealdl Tl o
havi ng a meshandingbiitoitatighout 12 to about 20. Sodi um potassi um or 30

magnesi umis %@a@oﬁﬁ%c&ﬁﬁéi cles by incipient wetness inpregnation with
an aqueous solfution of sodi um bicarbonate, ri;%opiaassi u[?ii carFonate cesium
i t c

|
nitrate or magned ¢Atavttingding PLopueipht Rgroe BB We9bE BREERL 205t al yst

for testifiy HAMS-1B, and a silica binder is impregnated with one of four catalytically active

metals selected from the group consisting of sodium, potassium or magnesium.

More specifically, HAMS-1B is impregnated with an aqueous solution of zinc acetate.

The impregnated HAMS-1-B is dried and calcined at 1000 degrees F. in air.

Platinum is added to the impregnated HAMS-1B by incipient wetness impregnation
25  with an aqueous solution of teraamineplatinum (Il) nitrate.

The platinum-containing HAMS-1B is dried at room temperature, and
dispersed in an aqueous sol of commercially available fumed silica in a 60:40 sieve
to matrix weight ratio to form a gel. The gel is dried in a forced air oven, and crushed
to form particles having a mesh size of about 12 to about 20. Sodium, potassium or

30 magnesium is added to the particles by incipient wetness impregnation with an
aqueous solution of sodium bicarbonate, potassium bicarbonate, cesium nitrate or

magnesium nitrate, respectively, to produce a promoted catalyst for testing.
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-20 22 July 2004 One volune of the pronoted catalyst is diluted with three
vol unes of al pha alum na having a nesh size of about 30 to2abaut2089 nesh.

The diluted catalyst is packed into a quartz reactor tube of 11
mllinmeters internal diameter. The reactor tube is placed in a furnace. A

hydr ogen gas fl ow of 6§gvctdbi c centineters &?}{g m nute 5 is maintai ned
through the reactor tube ‘At™MSs¥ e dremetet ca t endlutdnoitip (iRee vbRes Waipha

hour. In Period @lumingheyane fiédvsiaf oflBbdit 8Yi r ace, vel ocity per
mnute is maint aagk%gl iEW,—S’#EQ tp% {OE? t or tuég_ag?“é%m%%bria% diitted gatalyst is
mnutes. In Period 2. a chargestd @ﬁ@%kbmf&rem intsireal pimostat. RO PERSor

and 20 nol e per clibe izplageching fumapes segdidaee yadhds r.fube at 15
oS fRREb Rl cch iR perpainysg

l'i quid hourlysspacRanelie thi eqrees _C fo
3, a propane flow of 15 1 i qu"iL@nﬂ%%?‘?833?9°§§5%%3R/%?%€?$968p@r angrione taémbsphere for
mai nt ai ned t hr ou§tf PP react or tube at 538 degrees C. for 45 m nutes.

Propane and et hyl ene i wyigd Si @ SRR, as .a function of tinme during
each Period. 15 n rlh‘%ﬂ i d ho{}?rlalg%spaceg\egséﬁg?'?ﬂmh’%ﬁg"“%‘éﬁ'o%ymsrnioxﬂte is
char gest ock cor'?ng's“gad Busl thefeadial Whe ab$38 depreas € Har 4Eainds. RATRASH 2. a

through one vol whargdstdcheonpbesiPbesn Gt h¥Shnt p;sr“fgrggr}édg rhnog%@iq%gegﬁgr: Cg& gtgiftgln go

~one hour. Fo eXAI0 1 N that Iiquid ane

grans per cuE)cf c (%e]cn%igé@feq?&m%égﬁf&ﬁ}%a‘péﬁ fiquid heurly sphcgasloaty HiasERESyrees
Tenper at ure and ®ries4aminuetef infedicd 3, 8 PIGIHEISWS ; e_at nospher e,
absol ut e) Co”eﬁﬁﬁﬂl@sistrﬂaiﬁf'ég?'ehqwoﬂ Q%ﬁr %ﬁ%e Ve|f3?ir’@§la?ﬁg6‘ﬁ§’ﬁacﬁnvg°%lpﬁhe
of the pronoted catal yst. anpl e P e’ d<hs at b3h dperees durfor 45 miaLEsed
out, substantialfi"9PaNg erskethylseel coewion ateomphinAbiLas @ MARABAIGdRALALYSL for
testing which i meliyges 1.91 wei ght percent 25 sodium The pr opaner"ég'naaCh
et hyl ene conversions_for the pronoted catalyst including 1.91 weight

per cent sodi13m are s@pe t iuich "ok adsiags | yelbuity omeakx ol @ Inddde oPegRSLdALd On
o catat v T e O Ol R oot n
pot assi um The 8?081632%0 tﬁﬁste%m}ycg% a.@bﬁm@h@nis dneer h(idﬂ.e HHrQﬁQFr@Q, %@El]‘?]-lwi\)lﬁv@t
:EQ; | uf] |e ng 1.96. Ur?t rfuid pepatnbas Oy Wb 80 §ranfd pd b1 cler%n-{gtgl,%glvblu%eesopér
nmp minute of gas at Standard Temperature and Pressure (defined as 0 degrees C. and
20 one atmosphere, absolute) corresponds to 15 liquid hour space velocity through one
volume of the promoted catalyst.
Example 1
The Demonstration Procedure is carried out, substantially as described above
to produce a promoted catalyst for testing which includes 1.91 weight pércen;
25 sodium. The propane and ethylene conversions for the promoted catalyst including
1.91 weight percent sodium are set forth in Table |, below.
Example 2
The Demonstration Procedure is carried out, substantially as described above
to produce a promoted catalyst for testing which includes 1.96 weight percen;
30 potassium. The propane and ethylene conversions for the promoted catalyst
including 1-96_weight percent potassium are set forth in Table 1, below.

Example 3
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-21 22 July 2004 The Denonstration Procedure is carried out, substantially
as descri bed above, to produce a pronoted catal yst for tes?agy@bi£€h

i ncludes 1.14 wei ght percent magnhesium The propane and et hyl ene
conversions for the pronoted catal yst including 1.14 weight percent
magnesi um are set _forth in Table |, below _ 5TABLE I SUVWARY OF

DEMONSTRATI ON  PROEMPBRISNHFa8iep Feperdyte ifcayied oat, gubstantially aq dessbevhatravei od
1:272727 Propangodic@ndephdiod WitafiBiar teRfigl @ficR:inGLIRE 8N wWeRRY §efdedd (9
0O -46 b Period 3:. Pr opﬁ}r%e' Conver si og %@ Not e .a: Eciw l'i bri uog%gr opane
conversi on atM?¥EEUBE cBIRdPIOPEAS a"d oYipRgG capersipy Pfpthepprpp) cagplyst
conver si on t andtdiege. 14 heighapercedt nadnesiuin dra detdadieint Tible I b&loRr onot ed
catalyst including 1.14 weight o0 percent nagnesiumis the nost stable at
Denonstratd on Test conditions of t4gy gof oroted catal ysts described in

Exanples 1 through 3.  symMMARY OF DEMONSTRATION PROCEDURES

Promoter 1.91 wit% 1.96 wi% 1,14 wit%

Na K Ma
Period 1: 27 27 27
Propane

Conversion (%)
a

Period 2: 24 91 83
Ethylene
Converfion (%)

Period 3: 10 - 24 26
Propane !
Conversion (%)
Note a: Equilibrium propane conversion at reactor conditions is 27 percent

Note b: Ethylene o conversion to ethane
The data in Table | indicate that the promoted catalyst including 1.14 weight
10 percent magnesium is the most stable at Demonstration Test conditions of the
promoted catalysts described in Examples 1 through 3.
Extended Procedure

An Extended Procedure is now described which is useful in determining the

stability of promoted catalysts over an extended period of time. In the Extended
15 Test, 10 cubic centimeters of a promoted catalyst of the present invention is packed
undiluted in an elongated reactor fube including a stainless steel tube of 0.74 inches
internal diameter with an inner tube sleeve of 9 millimeters internal diameter. The
reactor tube has a thermocouple Which is installed longitudinally along the center of
the reactor tube. The thermocouple is inside a thermowell which includes a one-
20 sixteenth inch capillary tubing surrounded by a 3 millimeter outside diameter quariz
jacket. The thermocouple is moved longitudinally within the thermowell to monitor

temperatures at various points. The reactor tube is placed in a three zone furnace.
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Ext ended Procedure An Extended Procedure is now described which is useful
in determning the stability of pronoted catal ysts over amexilgaced period
of time. In the Extended 1 15 Test, 10 cubic centineters of a pronoted
catal yst of the present invention is packed undi luted in an el ongated

reactor tube including a stainless ste tube of 0.74 inches internal
ot wich oo e dadop hibels S Rodh Gh mifteRRott Pa™ e BEriireg] AnBARR! The
reactor tube sto@ntnhestﬂbmuﬂltﬁromgh the reactontsibal rettheargitbutibeds hyatahocmg t he

center of  LNehd SAGLEL ¢! Whke nlf g&#%ggg%@ heg{esreaa%r el hggrg@“*ﬁgw ighi ch

i ncl udes a one 2 I sent capl surrounde
mllimeter ounsmtm\edr atn@&fbdegma$ Gz foj aokdwour. Twefeteﬁeﬂonb@gw‘at&?gl sf A veale

| ongi t udi nal ll:yer?,%rﬁ m/(ﬂ'o aﬁJ' éé?ércér@ pmﬂﬂhé E:rchr;ﬂ;g‘aeﬁ-@@'ih?iit reGERr ﬁfbs\é@%b us

points. The reactor tube Is hree zone furnace. -

2004 The reacdagreasube The p@%ﬁsg@umvth% rﬁaﬁqrﬁ%whlé& fepdPack BrRsédachareed ia i | ow
of hydrogen s r&xjedilabshiedrd Ry Ppahdt Per §RAF BEN faltR. FABEudtlas selyed t ube

is heated to 600 degrees C. while hydrogen flows through the reactor tube.
Hydr ogen f 1 ovPPY 92s GREATARIGYTARIY. at 600 degrees C. for one hour. A feedstock
consi sting ofpxdfhg@ie 5 percent hydrogen and 80 nol e percent propane is

h dto th 00. d t h t
Cube whi | & f cedst bR FEnHET FEPoeRdpdetr et S ol PabE G Gy et o
pounds per sdoargionnaiclgiaegeentiBipdecticamshe proanwéedycadalysthigclgting 1.14 weight

chr omat Ograpg.%/em&faya,{ng [émlcfzs;fﬁb%d%ﬁ&ﬂ@g PLAGRIUiReIoh KRLH &%y Ingféh a

pronot ed cat resent i nventioh, which I's essenti al enti cal
to the pronot;mllc&mtmdlgeme mmblsmnnglnipmpmegmnvemgm SﬁfafjﬁéslnuTﬁtdl%élcrl bed
i n Exanpl e 3,bez5wve. Time on streamat fifty or nore percent propane

conversion, an p'roEyI ene conversion are set forth in Table It, below 15
Exanpl e 515Th ed Procedure is carried out wwth a pronoted catal yst of

the present invemhéeehBed PreeBlidiidsarfEasilwinG: Mn%fécﬂmtal?ﬁ'bﬁ%tpresent
magnesi um but is otherw se essentiall %Fl denti cal t he rormt cat al yst

i ncl udi ng 1. 1AveRdiPy Mhicherdins eXRan dsi4 'GB'SE‘?’F‘HEd"?QF b '%0
Time on str eadssaitiafiy f idgntsal rmrmqoqyrmaﬁedzeatawapaﬁmwvew@e.gharuércent

DT Py one O EM ferP P S TR BATSPABRE SR

20 propane conversion, and propylene conversion for the 0.54 weight percent
magnesium promoted catalyst are set forth in Table II, beiow.

Example 6

The Extended Procedure is carried out with a promoted catalyst of the present

invention which contains exactly 0.35 weight percent magnesium added by ion

25 exchange in an aqueous solution with excess magnesium nitrate, but is otherwise

essentially identical to the promoted catalyst including 1.14 weight percent

magnesium described in Example 3.' above. Time on stream at fifty or more percent

propane conversion, and propylene conversion for the 0.35 weight percent
magnesium promoted catalyst are set forth in Table li, below.

30
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Exanpl e 6 The Extended Procedure is carried out with a pronoted catal yst of
the present invention which contains exactly 0.35 wei ght pelcgpLlemgnesi um
added by ion 25 exchange in an agueous solution with excess magnesi um
nitrate, but is otherw se essentially identical to the pronoted catal yst

i ncluding 1.14 weight percent magnesium described.in Exanple 3, above.
Time on streamat fifty or nore percent propane conversion, and propylene
conversion for the 0.35 wei ght percent . nagnesi um pronoted catal yst are set
forth in Table 11, below. 30 -23 B SUMMARY OF EXTENDED
PROCEDURES 1. 14 wt % 0. 54 : v | mpregnati

(i npregnati (i oR"¥RYIENH) ex&gﬁﬁﬁé’) +800+ or nore Propane
750 Conversion Propyl ene’’Sel ect dction of the data pr esent ed
in Table 11 indicates thaf'"’?ﬁp‘@ ﬂttl at gl. gﬁ f the present invention
is a surprisi i on

- Hours of 50% .15 200+ 800+
or more
Propane
Conversion

Propylene 97 95 390
Selectivity(%)

5 Inspection of the data presented in Table II indicates that the promoted
catalyst of the present invention is a surprisingly effective catalyst for the production
of propylene by dehydrogenation of propane when about 1 weight percent of
magnesium, preferably about 0.5 weight percent gf magnesium, and most preferably
about 0.3 weight percent of magnesium is included in the total weight of the catalyst.

10 ‘ Other embodiments of the invention will be apparent to recovering the olefinic
product. 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 spirit of the invention being
indicated by the following claims.

15
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of propyl ene by dehydrogenati on of propane when about 1 wei ght percent of
magnesi um preferably about 0.5 wei ght percent of nmagnesi um2z amgd2omst
preferably about 0.3 weight percent of nagnesiumis included in the total
wei ght of the catalyst. 10 O her enbodinments of the invention will be
apparent to reco. erlvﬁ]gcmggla% cg"snl c product. Those skilled in the art from
a consideration 2PECITI €ation or from practice of the invention

di scl osed hereini. It A satalmﬁénltj@@vﬂmmatﬁgél hyigeacproe 2eVipg free aboyhB¥ailr ed as

exenpl ary on § fatel= ,@&gie $Bhbldingf the invention being
I ndi cat ed byl[)%;w%myltc%%oh alﬁms ° JEIIJH 004 That which is clained

is. 1. A cat al yst fora déﬁy'@ﬁbgﬁﬁlaﬂ mgtahccr%%%a?%??"ﬁa\n AgZPFEMERHS t wo

to about n.:?tsnéﬁr Qx%"'a@ﬁé}iﬁ%snﬂﬁf cdmlaﬁgt banpmbm 3i siPpor chrhpitidinig IBFY Oup
met al - cont a| ni

g conponent, zi nc- i ni n conponent, and a
magnesi um c@ﬁ?aiﬂfﬁtﬂ'{:j‘eé&ﬁ?ﬁﬂﬁéﬁhadﬁ‘ga? g%}ﬂitﬂﬂt '% tF‘t‘f?rl sing ZSM or a
crystal line borogj| i ceieaconipoiiign af Cishh 1 ybereit the cuppoet comprisésebgosiade.t i on of
Claim1 wherein the por T osition of
- Caim2 wherein fhe E‘g{; poég{;'g é%m%%fh%?eél tlhg%%ﬁ'e“c%%’s %@??ﬂ;ﬁ; of laim1l
whi ch conprises #&r om‘atmozutm:@:slﬁﬂmtooCmnmtwhlgt@ccznmlsmlfrgm atpﬂyﬁ 8éxittogbothe
pl ati num gr t | QLahout
: %p(gwg@hf pey f;erfq Y d?&m%ﬂ@%}? Hlteta@%télﬁﬂg’bélﬂﬁbﬂent Qn@\aroﬁt

15. 0 wei tht he"Zi'nc- cont al ni ng nponent, based on the total
wei ght of t HeOT &t abguit15dhueight percanteaf the zmﬁéoaiﬁ@wsrﬁommﬁ@ttabése%on e

conposi ti on an%ght”af%hé'\éﬁt& {CAARGIcSRRdl AR abREktalm@tist 0 about 1.5 wei ght
percent of t

nesi um coht al ni ng conponent, based on the total 1
wei ght of the coﬁposf‘fh%@%“@ﬁl%%ﬂ%’f‘e’dw% 8?"8%‘??%0"7@6%‘29 iU adou L?'he
conposi ti on of “Qb (rj%etcew ek ﬂn&ﬁt@-sﬁwm&:mﬁ@mﬁmpemt abaseldr ec tthe Vtotal
i norgani c oxide

7. The r‘ﬁ-ﬁ (tv\/ﬁ C'h m 6.wherein the binder is
silica. 8 W%Q@&ﬁﬁ'@sqom%‘ﬁ’t‘%‘ a@ﬂ' & EF@FW”F‘ 'é"agnefs'ué'a bi nder conpri ses
l ess 20 than abgut 2fH dmigositipebf Gisirh i1 pwhatingheisinporhcamgrisesssrefiagionabout
250 parts per mlllgn ofci sodium based on the total weight of the sili-ca
bi nder . A“?W%’E%' £8IN98ehydr ogenat i ng a hydrocar bon_havi ng from about
two to about t went y Trar deapoaitiomsf Pleim fuvherain Getbinderssiied an ol ef i n

ot { sing: contgcting the DVAACH Bafh YRR akakiitd sindehyshpaRRaREON
condi tions
50 than about 250 parts per million of aluminum and less than about 250 parts per

million of sodium, based on the total weight of the silica binder.
9. A process for dehydrogenating a hydrocarbon having from about two to
about twenty carbon atoms per molecule to produce an olefin comprising:
contacting the hydrocarbon under catalytic dehydrogenation conditions
25 with a catalyst comprising a platinum group metal-containing component, a zinc-
) containing component, and a magnesium-containing component on a support
comprising ZSM or a crystalline borosilicate having a ZSM-type structure.
10. The process of Claim 9 wherein the support comprises borosilicate.
11.  The process of Claim 10 wherein the borosilicate is HAMS-1B.
30 1.2. The process of Claim 9 which comprises from about 0.01 to about 2.0
weight percent of the platinum group metal-containing component and from about
0.01 to about 15.0 weight percent of the zinc-containing component, based on the

total weight of the catalyst and calculated as the elemental metals.
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25 with a catal yst conprising a platinum group netal -containing conponent,
a zinc- containing conponent, and a magnesi um contai ni ng cokbougl0bHn a
support conprising ZSMor a crystalline borosilicate having a ZSMtype
structure. 10. The process of Caim 9 wherein the support conprises
borosilicate. 1143Th f A

HAME-1 B. 30 12. The ﬁﬁgggé%f&é:'%ggahm amﬂsa 'gééqfr“?@g"‘gg {gﬁql' a‘%gé{’& %1 to
about 2.0 wevejglht qs‘é@e@@ﬁithemgﬁeswaonmmﬁ%wmnm basednmt the mtﬁg\!ft!gmmﬁnent

and from abouhe cBm@dsitich Mcuﬁe@a%b&@ﬁta%é@@ﬂunpf the zinc-containing
conponent, based on t t ot al ht of the catal st and cal cul ated as the

el enental netals. B{ﬂ°9352 g 9. 'I"I"E"EJPJ @Sy Qﬂ“ e9EPRes gfeactory
conpri ses s‘rdﬁb@b@lutoxﬂe&ihdba about 1 5 wei ght percent of the

magnesi um cont ai ni,ng nponent ) t.a ht of the
conposi tion and cd cuI %foﬁ%ssequﬁaenﬁglwq‘nﬁe'ﬁghe% '?‘F!eﬂf S"%ﬁe process of Caim
9, wherein the sugportTioopeceses Caimel§ a!bemlrythe&hpalbn‘ganccﬂnmeiedeeési thaer .

15. The procs uPﬁséjPﬁhﬁgér%%ﬁro‘?'aﬂnﬁ% BhoRSL tﬂ a%'oh J&bougﬁygao?ess

of Claim15 erern I'i'ca bi nder conprises ess parts
per million ofodinyageteaiie tpt@twerghtanitmlw@ birgigr. parts per mllion of
~sodium based on the total weight of the silica binder. 10
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