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This invention relates to a process and catal yst for the dehydrogenation of
hydrocarbons. Mre particularly, this invention relates to 224y a0§4st and
process for 5 the dehydrogenation of paraffinic hydrocarbon utilizing a
catal yst conprising a platinumgroup netal conponent, a zinc conponent and

Boroc 1 care. - uooribneReAeRIRBRTARBERRATON cARARY T AR AR 8 st ocks.

Propyl ene,  al so terned propene Ba:kdroammnelrahmnonval uabl e feedstock 10
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4,374,046, and 4, $adyR98, tamso%érﬂ@d aﬂnpén@ctsosecanmtcwdnysvatmmrfesmsngcm
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conponent , conpon Suc a porous
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the catalyst ﬁﬁlgfrgrgge¥e§,r %Q,gs%etna*,%}“pﬁéﬁqg Fe;aﬁi% | gt cHePIe SRl bRibn Bffhe

presence of ocesses rogena ing paraffins in the
presence of hydpmgen and a catalyst conprising a platinumgroup nmetal on

an al uni nosili cat d fof AbhjdRogdMRliRL phrafing e H&ﬁ@é'ﬁofh@&r@ ah sadkeen
di sclosed in the grrwes%é 0or e%(a??p "‘:(:)CLFIJI lPat [& 3?65 26 ?

4,795, 732 t 0 Bialyst ALPTSIED am&atmumi\ﬁfgup 51%9%13"1%{%9% %‘"%65”?%‘9%%‘% et
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Che si1icalite ot FoseuraPianreiet: Hert L ¢ e Senoonl e SPORE S A0BLTY
22 July 2694 disciose a catalyst comprising a platinum group component 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 paréfﬁns 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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essentially of silicon and oxygen atons or of silicon, zinc, and oxygen
atons. The catalyst is generally fornmed such that it is subZdaEned@d |y free
of all alkali or alkaline earth netals. U S. Pat. No. 4,727,216 to Mller
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20  performance in terms of paraffin conversion, olefin selectivity, and olefin yield which

is superior to that of the prior art dehydrogenation 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

2.




-2 22 July 2004 10Q Mol %2feed A efin Selectivity = Mot %A efin ftd
100-Mel % H2 Mol % Paraffin p x 100 It is therefore an object of the
present invention to provide a dehydrogenation process and catal yst that
effectively dehydrogenate paraffinic hydrocarbon. It is another object of
the present invention to provide a dehydrogenation catalyst t#agulyesists
deactivati on and prolongs catal yst cycle |ife under dehydrogenati on
conditions. O hdPQdiji%ties appear herein. Summary of the Invention In an
aspect of the invention, there is provided a catal yst for dehydrogenating a
hydr ocar bon having from about two to about twenty carbon atons per

nol ecul e, ngorl sing: a platinumgroup netal -containing conponent, a

zi nc- cont ai? eabhent, and a magn¥eit@eBemai ni ng conpepoent on a

support corrprl si ng ZSM or a cry I, ne boraos te having a ZSMtype
structure. In another aspect ofﬁb%l%’ﬁbw rHjEE i 5 provi ded a process

for dehydrogenat.n c n havi fro ut twenty
car bon thomg pert 'ﬁg]eéeéﬂf’ no %ggl?c%esegﬂgﬁ ngien 8%??% rog&'&%'f’ﬁ@chﬁﬁsthe
hydr ocar borandndbtyskjaatwlﬁyctwelycﬂehychlmgngueteaiaraiﬁm@wudodart@ns with a catal yst
S r 2 gl BB R OB EOUBIRE Baer TuBherEPBLAIA] 10
conponent, and "a nmagnesi um cont AP nponent "on a Support conpri sing
ZSM or a crﬂy@it Eﬁﬂlt’rtﬁedeaﬁblr-f@tsﬂﬂ iangt @Fﬂawsng:aw@smx%éif@twruterufﬂ@ydl‘pger@ﬂ@
enbodi ment . tdine IS disclosed a dehydrogenati on catal yst and a process
enpl oyi ng such catal yst for dehydrogenating a hydrocarbon having fromtwo
to about 20 cardEfo Fétﬁéplﬁﬂ@l’h%!”ecul e and produci ng an ol efinic product,

wherein the catal yst may conpri SsgpimhfibakoMleflol Wei ght percent to about
2.0 wei ght percent of a platinumgroup netal-containin nponent, from

about 0.01 wei glt @héreEHhof doe é{HB’ﬂfP”iﬂ‘e@ RePgHted @r catalyst g‘?’ defiydrogenating a

zi nc- cont aihgiBgarbeRArgTiom Abcativahe ubodi) tvﬁéhtw&irlgiﬂ:tatcﬂﬁs’ ﬁ@moldcelea&mﬁnsﬁgo

wei ght percent _of .a ma ne5|u cont.ai ni n ] su
conponent ¢ orrpr? é)leﬁ '2§?ﬁ)l5)r me contalnmg co pone a zmc bon?alnmg comgé)nent and a

magnesmm-c:ontalnlng component on a support comprising ZSM or a crystalline borosilicate

having a ZSM-type structure.

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.
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borosilicate having a ZSMtype structure. The process may conprise
contacting the aforesaid hydrocarbon with the aforesaid catal yst under
dehydr ogenation conditions. -3 22 July 2004 |In another enbodinment, there is
di scl osed a dehydrogenation catal yst and process which nmay provide
superior overall dehydrogenation properties and particularly 2 ghybeoyel s
of paraffin conversion that closely approach thernodynam c equilibrium
whi l e resi sting deactivation under dehydrogenation conditions, thereby
extending catalyst |life. Brief Description of the Invention In the process
of the present ihasRihesemkodipentgdaarecik diseleachiengemipmaseatissosatavstiang f r om
about two tRocRBWhichWhay yrooiaéta,@ae@r@wan&renmog@r\mi@n pRIRHRIsaNdYpdriiaryabout
two to about six carbon_atons per | ecul e, " an t preferably about "three
carbon at of8IEre!sEl RATEa coneraigndSaleipgely PRISFGN INeBBRKEAITIC) S b,
descri bed hildukyis@09 dedmiativnandercadehgiogertdtios cosditions e ereby eendiog chathlysins.
The chargeﬁ ock may additionally include hydrogen, steam carbon dioxide,
carbon nonoXide, or nitrogen. In one enbodi nent, the process of. the
present invention can be enployed to dehydrogenate hydrocarbon as feed for
commer ci al chem cal manuf act urg; ] from2 to 4 carbon
atons can be dehydrogenat ed i&@%£§§§? Ao06H e gMEgks for the subsequent
producti on of pdMya Riacesre of sl preseplyinwgndion, pothareastasl coptainnth bydretrrhttal
conposi ti ops,i . | @eh I (e 0] ond
enbod: ment Ty Rd o GBIGPHIR Mo Sichly BRbb oms (R lec e e e
dehydr ogen&bPighwey i aleit 1ibh careen dteras tpep male@ir. LaNd Tegh Bgéerally eabrit Hrerich
as, but noteghioN dtefhst ni\AT&Eue,@Bﬁpo@@dpmawﬁgeeﬁp@gsmn,fﬁdés%ﬁb@at h the
present invention and suitable for providing étherification feedstocks wll
generally conprise aliphatic or alicyclic hydrocarbon having from3 to 7
carbon atons. The preferred feedstocks generally conprise at least 5

wei ght percent paraffinic 15 hydrocarbon and nore preferably at |east 10
wei ght percent paraffinic hydrocarbon to justify the capital and operating
costs to perform dehydrogenation. Since nost etherification processes
convert branched olefins to ethers, the feedstock to such processes often
nmust be isonerized prior to etherification. The process of the

-3a-



present invention can effectively dehydrogenate paraffins as well as nornmal
paraffins, 20 thereby providing the flexibility to incorpora?dulyB80process
upstream downstream or concurrent with an isonerization step In a third
enbodi nent, the process of the pr esent invention can be enpl oyed for
dehydrogenatr ng hydrocarbon for inprovi n%agaso ne-re earch and/ not or

octane. Gener&law ansl éiti mffecting dFeEragERAYeBI CPRANNS: ¢ hihgaSBrgese r M pht ha
boi ling 25 p@damohﬁwn@lwelﬂyerdg@ﬁg&eéiﬁ\&a&admc@ﬂ)@fe czﬁsaamhoﬂml omat@ge@ct ane

than its paraffini cou r PO 149 ch_feedst ocks
will generally coh‘p?’? E%‘f’&g'%r ecpm?ﬁ?arpg@'ar%g nveqbo 38 % erf'@ 31621[ ar bon
atons and t helcpgdrabénate chrocapioar basn feedh fobecmmmﬁmiarl biregmicdl e dnanofachure.

conbi nat i Qn t ereof'& Radt dOJfFL a%l% gqﬁ’bﬁﬁgﬁ%mh bet:li@r ggﬁé}gd Q,{t?t mQ:r e;ent

i nventi on xa 338 1o nat e hydro
pet r ol eum r effeerstyckal I{Qﬂ azhﬁonsubﬁﬁqye@tsspm gt 6t keolwhrl@rm e PPb(Pfopylene

dehydrogenat i o, o hﬂﬁ g @%ﬂ&n&%nw,aﬁ BorhflitRhe SRt tare EdhHaBHI @Bldarrﬁ‘golfooér iRV di ng
f eedst ock for ylation unit preferably conprise paraffinic

hydr ocar bons fa@e.ng from 3 to 6 carbon atons and nore preferably from3 -4

22 July 2004 to 5y£ar ket embedihist, RAE erﬁri:d%'bcoff ﬂ\@CbieQQntOfnvéﬂilﬁ)nf e@deock
can be nor nal br anched bove ffegtgt ocks

(0]
“can be enff oﬁ'ﬂP"PWdtfﬁéd‘ﬂ?V(S’E‘@?EaWn'B’H?CBFerEJ "Ei ﬁ@'é?r‘fengﬁ?H%%{?d% A™be
conbi ned wi t hsueRG¥C bednqawiteons, MTBENETRE catut TABIET Eeedstaoimforbusshieith the

dehydr ogenati on proces Siml I =
feeést ogks caﬁ{e%%‘ @%8 ‘i’ﬁ‘uﬁl B’r g&;g%ﬁ%%’tr}%ﬂﬁca% sen Sﬂ%%g\y/gﬁ? ?%ﬁeﬁ% d the
product s suttﬁmqmre@talrmra‘nbantahoytm dapjdrbcarbwrd har\rlmr&bmp? bl werpooitems Thide

f th "
Tode wher ¢ ot5/oga PedHEpic e g, TnBled FC iRl Rl Toer LR one

time. O he frerdd:sratit@h mdmrﬂataf%mblyah'éaﬁtdomlgmﬂgm%t recr{fiic hydrogarernetds ™ of
the present ﬁe{ﬁmﬁ&@a&&r a?rg'c\(de(rlérlﬁ‘lb AR %Hférmbeehyl@ma@ﬂaﬁ&. t@afc@ sbkéd | ed
e (0]

in the art. cat al resent invention conp

dehydr ogenat |aﬁrertfa@tarny@pceS@Sﬁﬁpwserﬂn*gfaacfﬁﬂa?'?ﬁfﬁnﬁOg?fB%fﬁ Hie leposient i g

conponent, a ZhALsEOREH Thidl bé HSEARARED priaNto Qatﬁ&rﬂé’!ﬁi&hurrhécmb@ésﬁl &¥gthe

conponent on a support _ conponent éS ﬁml Sh*rn a%ﬁ.M or a]{gor osSi a&

mol ecul ar i dseRt RWeRisnaEnIAPOLEY PerPIeTRIS RREATIES SR R4 RESE By i se

a refractgyy th&eby prividirgxine dlekibiigett incorporate the process upstream, downstream or
concurrent with an isomerization step.

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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The zi nc-contai ni ng conponent can be present on the catalyst in its
elenental formor as its oxide, sulfide, or mxtures therezdJuhheos

zi nc-contai ning conponent is generally present in the dehydrogenation
catalyst in an anount ranging from about 20 0 01 meight percent to about

15.0 ht f f

abot 5. 0 wel GRCAPRCRRTS. ThRPHECRe SPEIS oS PP oR st LB i gnes”
percent to ahlwuatcointinatien deregder cent, based on the total weight of the
dehydrogenati on cahal foke Ao GAE A 8] ARpBIEITRNUAL FodlGs dNfePhRIERUM

group metal - cont ai N ng" conp e’ one or re
pl at i num gr ougvemtiomhsat qs rceﬂ @ﬁ a:prnpmpﬂ adthmegyclse pegionaaf i pr %ﬁt@t ptppam from

pref erably, Qh%‘t Hé]'gﬂwg%ﬁatmsbr&%%l Einilatf€ cBBinhildHy @f OtHQ RS Rlasemtad ni ng
conponent can esent 1 n the dehydrogenation cataly in the el emental

formor as tHeedstocks cagpeermpioyed gythapracare e BrEas "are"t%a'tﬂ BeiPRAHCH oup

metal . The plﬁbgétiu&ww %Qﬂdﬁﬁfe@' ) .aa:eiduaqwmtat lpwelbyrm pecRbs Ioﬂ tieen paRsseHnt
rangi ng from ab 0

01 0 t,
brof er abl y 1 roYRABe §eN G15F AEPUHEEBa diereed Srantett whe At G BEIERRY ana”
nost prefer amrycgsg@@nﬂ&b@n the. faahtwet ghy ope ticent Other &edstbck) cdmbineliqist and
t, b d t t. h
el enent al T dreRat 5t 85 s FOHS sbbe S8 Biakin BGRBLEUMGEMERA V.
dehydr ogenatrmwrfedﬁﬂtoseskﬂmelnttmaaart ons outsr de of the above- descri bed
level s for the zipg c?rﬂatlﬁt 3k e grre?erﬁqméln%n %&nﬁris%g'alﬂgﬁﬁr%a{?ﬁ ghtalyst

cont ai ni ng conponents™are gener |'ess econom c. Hi gher netals
concent r at i on®mpcigingr @qmiat@UWDrQeOltPotfwta'd‘é’ﬁW@ﬂge‘?Pa'tﬂoﬁﬁmne? aFnEGAPIBIRENSR due

to reduced di gpgioakan a%dagdmayﬁ’és%a&aﬁém[ﬁ@taira/ﬁoheﬁtoahaatsu,ob@maronrmﬁ]ahs
concentrations can result in “increased support nmateri al requirenmen

cat al yst HandiomngisingrZ3M4 (6 ra a@rpakpatedﬁ@'ece'at)rStea? Lhgsfrelecyigp s Vﬁéo’atﬁﬂ““g
pl ati num gr ouRHER LA Q198 Bahb @R dRkrattoyartIgaANbEdEindde  deposed or

i ncor porated upon_the sup ort C onent b naLion

heat - deconposabl e E‘élzt"§'08 tajning ‘?Hﬁ’é’"%rﬁ&aﬁéﬁtp%ﬂ? el @ﬁﬁaf?&ngln '%oe:}grf‘ﬁlﬂ%ugh
ot her net hOdS’okﬂQﬁ\@stu@ dxdies eulida, | dr edixtures tthereal: The zite-castaining exroparenejs Wit h
irrpregnation ods bej n red...Th n}gj ' '

group metal - H pﬁ%sen 8%{8% ﬁ’% Jro%enatt%n gat%%%}gn %ﬁt uglk?%g?ﬁgrcg-h gatrt))gr

separ at el yn aJOtm_agme pemeni twpateyh 45 8dvagit perdeat soppareferady frem| abogtcous

| mpregnati on v§é)lggl!ijtt ;Bétgént'tgcelb%gﬁ 5.0b\%ight percent, and most preferably from about 1.0

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

elemental platinum group metat or metals present.
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15 are not |limted to, zinc nitrate, zinc chloride, chloroplatinic acid,

pal | adi um chl oride, tetraam ne palladiumchloride, and tet2aduyAe0dpl ati num
chl oride. Inpregnation using an inpregnation solution conprising zinc
nitrate and tetraam ne platinumchloride can be perforned by precal ci ning

t he dehydrogenat i PR e o] o] £ts,
extrudates, or spﬁ@ear&é@& gﬁ%&%@g@mﬁetﬁh cﬁ'}({a&gﬁ%ﬁ% g l\ﬁxjfg \gg%ﬁata Bér\hst b
added to wet ddaécrlbédtlh‘eels'rﬁolerthealzmcmetalmﬁm@"ﬁ| gumitativg nelatinun giptmeaneeht i num
chloride are é{)}ﬂgm gs&ﬁ{ Y')ﬁgnth %ré I@@n&ﬁ'lflé%@%@%onﬂﬁ%ﬁﬁe%eﬂéﬁt &ncentslichbe

solution is a i n a _manner such sol ution
conpl et el y sat@m ERablise mase Qi?ip@ht’quiﬁ@“ﬁn Aetal cemgenenh Ave teerucsd HePgsiahi num

chloride age gafdefdricatodipiaiayst Sé&ﬁd& h%wtehenaalueem:eamémhs oBarc k@t N& t he

total 25 anount of elenental zinc a qﬁ nh? e| S|ted agn t he given
mass of suppolcreaseiyFupgRtt Bﬁ?f'e'aﬁe%'ae‘ﬁs? oFRBYSE Spnding WEF%& BB'alao“\'f’el Y,
i ncluding an catied yesd.ng drying step between |rrpregnat|ons or as a single
co- mpregnatlon step. _The rate u e epar @ ed,
drai ned, and dried enz'ﬂfeﬂgsa]ta S 107 oup Bgﬁ%l?ﬁeﬁaﬂ&&%ﬁ[&n& |ﬂ¥nt§d‘$ag} n%ng
vol unes can bdepcmédoc&dncmp@ra@drunoo thedawoeort pﬂmpwﬂhhvj "pp@ghatmmm ¢mRiO¥IBg and
waste vat erP lec%e QXItsng%ﬁedilﬁkg al‘n@%?atlhmrbr&ﬂ? nfétﬁlé or WABHGA offer
agueous sol ut suc to 100% by volunme of aqueous ~sol ution)
necessary to swttnﬂdati@ouhlfo &Osﬂﬁélilgfﬁlﬁpﬁﬁeta”w sniaf-esthagemerith impregnation
performed at BinaReHkifRORd blgtiikeYloud. RO3FcortAdRg. 10
about 650C.), n%tﬁo%gﬁ%ﬁﬁu%?er@fiozﬁﬁme pre:‘nérﬁ%gbrl‘ yﬁfrlom gt%]ﬁt 700(|::0 to[ g:bout
1, 067F. (37lccompwe£#o@9n5 ampregppted perlp heseHAPET saPariRlY.pBRFa bR Y hat

conbi ni ng zi ”ﬁn&@gﬁaﬁéd‘bﬁﬁ tad dugtont Bummwémuwhﬁbgna:@ﬁ@alunmrmgmema@,amnt s
in accordance wt

the present inventi %ﬁr ovhl S, g ehntj al &8 roved
dehydr ogertét i 8¢ E‘?ta![ﬁ'"iept@ Fi8g fiteteh Fe YR ge FIYEP 5‘"{5%?0' yRFadiugL Elguge.
rﬁgeger at i Onslte’i@émﬁmdﬁdmmhwhaéIarrdaéwéajmmla blafiranbetiaide. r epl alcement For
the best results, the zipc-contajni.ng an m t i ng
conponents can be '515’6%95'3{]%" 893 rt'a{'l'ngse?ngtfd% gslh%ec%ﬁ?ﬁ%ﬁ Fr?t% oﬁgf&n%wnc to
pl ati num gr otanammu@ﬁplammm olsioridet eamdpenperfaroad b: pleomlnlnglftbe dehedregenstipnf r om
7.1 to 1.7, angp rBFIFfﬁrtﬁé)IféfPf 610?] owdiet, Petetd, é:ﬁilugé‘ﬁ el Srds ré@%n@as' S
of el enment aI ZI Te al'énent a tinu ﬁ(?rou net a | so been
f ound thatzodudewgnmewwm egwuat @fmt@rp@ﬁhmpétan deddemehal of the material. The

zinc nitrate and tetraamine platinum chloride are then dissolved in the calculated

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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with the present invention, post-analysis of the catalyst after significant
hours on stream can show significant reductions in the congzdtlyadbtédn of
the zi nc-containing 15 conponent on the catalyst to |evels as | ow as 50
percent, 25 percent, and even 15 percent of the level of the originally

| npregnat ed palodd Yederallpitfont SbdlR]i00vedotdoliet 6P, (37196 Rtaddug 3¥ben) RE the
| npregnat ed zi nc-contai ni ng conponent during dehydrogenation operat | ons

wher e operatlﬁﬁ)s @& at ures can often exceed 1000F. While the

concentration of thRagbesn ﬁmﬁﬂamlmmﬁgoﬁﬁeebntaﬁﬂgtdmer;ﬂémﬁm Qmpzrhélm to 20
platlnumratlote.ndto be r%_&l ed Wt t he cat al

e
per f or mance i SCNYRREr &GO s\ﬂ'bs&}cg?fp?%ﬁel W'gg’f atg%t BE?Sé'fl HEEP At \Plﬁoi"?ﬁfi on
can be nmanagesdubzpariait improedr gehydtdgenatain :ﬁatmhiyaéstukmgamrleweafmlysnrbyelyé@I e or

by addi t ' on Ofl?tﬁ,ﬁé@. ?%%en-gmoﬁ@ 5% { é(%“?/@? gg%rélil E::%t%@gtglﬂ%e%lé{;orgg IQ(':etn%e {. c‘Fat alyst

formul ati on. en unexpec T _ resernce on
catal yst of tthe St prasuitant thmv@m—cmaabmgaan@gnbymtum @malwtﬁbcmmoglent

as a third metghs &%tsaéaa'awaddgewwa&awom@ d#@éwfnea%at.a oo B PERAR |I|ty

the present i nvent lon I's essential in order to maxi m ze_cat a

and resul ts i @oHP yfeiht mties extepdiag Fematl! ubED.irseferaglyttam 6ddadt 4. end most

. performangg. gﬂ&%rglﬁfﬂﬁﬂfn%ﬂhai -1 @BicGRtedl dhShe BAIPON SlerRETRIGNIRHNd tROBRKHBS a
particularly eted concentration of the magnesi um containing 30

conmponent, caPlaf ‘ﬁ?gﬂjuaéneéaper centage by wei ght of the dehydrogenation
catal yst. The contckad &b ibesn @cfuntihaatrmgingmeumrcgmfaammbﬁ@amnwomtdaafsethe

dehydrogenati 0 cat al yst. of .t he prese vent i es f bout 0.01
wei ght per cen‘fvnl?é %BB#”%'"ﬁem\%l Bﬁ?t anal&%’%n‘? thiors %Pyﬁ{ 5& r%{%"'f}cafnf 38t 0.1
wei ght per censtraam aboshowd . &Egmﬁeaghteduahozs i m%/caﬁiéntrqi@ncdrthe Zinvecambsning

preferably_fr t
cal cul at eés as%ﬁ%&g‘%@%ﬂ%g’?&e 0 9{&0 Fe;% '0%%3%0 rcé?ﬁs‘zé’\ﬁ %ﬁét %@aeé‘geqms
el emental  nepgresitnfthendv! of the Qﬂgm&gmemecﬁaﬁatah@t adbigpbeliched tdlye due

| mpregnati on it RoBRRkior GFCAHROSARI&naRL! SzuF?é &!;Fﬁ%ﬁ‘iﬁé' t’tﬂﬂo dﬁiﬁ%ﬂt A%uring

magne5| umnitrate or magnesi um acetate, or known tO t hose
skilled in t h@eryﬂfogga@twné@era@ﬁvfewbﬁrgrweratmwwerwﬁégﬂ%@ﬁ@hemraﬁg000 F.

preferred. | npmRemM toitehiPationadithe Emc@bmﬁmlngldamwném%ndaumﬂfré tROBRORENt 1N
pr epar at ion for using inci &ent wet nes techni g nder conventi onal

el pi ont et MR Gl ireh s 62 sodGed M PO Lo AP RRERECEE Lo
t he anount of geWk#lly neoglibseiidly amdctydatZnandafiizhiiort ban per eanaded be ospport
component .. incorporation of zinc after a regeneration cycle or by addition of a Group VB metal
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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A solution is then prepared utilizing the predeterm ned anount of water and
a sufficient amount of the magnesiumsalt to provide a deh§2ddgéd@d i on
catal yst having the desired concentration of magnesium The inpregnated
support conponent is then separated, drained, and dried in preparation for

calcining. Calcination is.15 generally perfqrned at a tenperature ranging
From abodt 6ORCSTyals gurst predis. fom AHRELD 3t g SerPons REHOH WD ey,
about 1067F! dédreerdetuidiaige natipercentigaloy e total cadalpstémdcalomatdd adhelepreatadnt

i nvention can__and.generally does conprise various binders or matriXx
material s dep@ﬁ%’i‘er?{:; n the intended process use. The base catal yst can be
conbi ned with act iAddition ¢fnamepnesiur? Gapse Beenrapiiskgh tbheimptegnation with heat-
natural | y-pcc ' | i €S aguchngd Ifesiim Sk il S
nni ohowoul 8 EedibBefso sdh i%fdia’ﬁﬁxﬁdé" DucheY IR PR o mEIR, o

i ncl ude si | i cagetaipl oy aherethodsaiingn i@ those ghiflgthindi art syeiy s o8P ahfifenas,
clays such asyibanbRhbfrObeikdPréBiredr Iiphainatiim den HegMOB précdidieing rthe

Silicais the preferred binder for. use w.th.the dehydrogenat.ion t al yst
of the pr esontiAPRYSHITReNPIGPEPAGTON dofelats Liciiech WHse Go s iy

about 250 par gsnhvBEfiondl Incipmt @ktnabsitdchniquesnd detsmirdtian is gomoalty A5 parnds per
mllion of sodium based on the fota i f | .

" Dehydr oger&t i g‘ﬁ a@?ﬁ”&??&‘f‘@tef quﬁ%%ﬁoéghé%{gﬁgaﬁ" &ﬁeﬂ Og%eés}ghg S‘?ﬁ? PSR
having silicaa dbhnideris tee gepaed|ltizingy dieepadeermined| aresundtafveatsi madra in
that they do n%cigﬁ%ﬁ‘[ﬂ?}u & thgmagﬁésé@\(g%ﬂ&pf &/‘?&ea?!l Méﬂyd%leq%%dﬁ r%l?al st having

cont radi st i nc¥f oA nders su ‘um'na and other al oxides .
commonl y usedthendesired| opseantratipre of SMJDesiBr dke IMerggeatas |SEBRAhLOBPaent is

component is gganeral.l M@’ &3MaH, LRd IdMBd HEPUPEEEG #r Sdlcifimg 2l Kalcirtioh ne
present inventron rn an anount rangi ng from about 5.0 el ght Lgercer;]t to
about 98. 05 wedeieralyeresiorned pi a tePRAsRLTe PHAIPA SN 2wt §OQE: fhabod 102y y

2004 percent Ly ARRIEnIPRoR ANBLCITI0 e g8k 108mIE nore preferably from about
40. 0 weight percent to about 60.0, wei gnht er cent _{hothabest results
I a

. W th
the bal ance bei ng WgddehyproggratioRLafalyshin & &RtV Ffrﬁ%e%i'rh"(?ﬂb?ﬁ " any
enpl oyed. O ygidbbhdigtiyZ&ddsotomghies aaiidusCaitdersTot smtrixanateriale elepengiogmentthe

concentrations, as ercent age, of the 5 dehyd tion. ! i
range of fr orﬁ"?%‘gﬁ% "?i‘a? S\)@FQEFE B &R Iy%oé%b%éag 8@8‘“89 w\/\@%@% gg)tér"?:éedri:i%' é‘ are
particul arby paefials) egnthetcaorsaatialhesculrngreeblitendas wall ashissganie\as| ergame onot e

an opt i mum ba%%{é?igxso{migﬁ%mdi B GORCHHP bﬁ\ﬁin?'lﬁ'e ‘Bbﬁ:fspieaté.eb\%fﬁlkhxévh ¥ndtSfials
produci ng maxi num vol urre yi el ds of the desrred ol erins. H gher percentages
of the 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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ZSM or borosilicate nol ecul ar sieve conponent can result in a softer and

|l ess 10 attrition resistant dehydrogenation catal yst which zaduly ette
catalyst life and increase catal yst costs. Lower percentages of the ZSM or
borosilicate nolecular sieve conponent can result in [arger catalytic

t Pr ef I ' h I
eactor Size kol Lok arieU Rty B bR B b RAPAFG el v
bor osi | i cat e peaenZiSMbould.onakigbtfeagent fos bestapelltdemiftne felaace beingretasle up

components | By 3REARNSEmddhd Ho i SHAE. KHSNLOBYI | Bhitafind STy

|norgan|c oxide matrix co nt are enera known persons
skilled in t therasilicateAmplestilar rsigye mnmenfs C@r&eﬂtf@f%ﬁt% aba%e"@a? adfydhe

conmponent prdgﬁfara@érﬁéubﬁl céta&étnfﬁlavraﬁgé/ bR 2860 40.ivEight Setbeant Ry s @b.o OF
hydr ogel of an

norgani ¢ oxid and then add a [.um.suc
o DnCam 20 MABTGRPHEN are PRSI G I EEH SEeRHPS ot BBt UL A ras lovae
resul ting gelp&adteb8n détifim tﬁlam@sfbfoaa&aﬁm torvaedor fandeeiereobetmd|twabml ned.
Drying is pref erably conduct I n t rat f 8
about 350F. (PAPRGINIZHRIMiI v E‘H&Y"ﬁ%&f Tefdg?“edeagfgrl okgéﬁ%r%s%c\%g% SO(Pgonds to
several hour gsnCar tioadilicate melcpulef erestd| gomponeiccard repyit theatsofigr and déss at

~about 932F. taﬁfgbogt%%ﬁth%ﬁgh%%&go%ogé} Jgp v@ﬁﬁ“%aﬁﬁ@ﬁhée fQlanRt 4Re ng{d od of

time rang1ng ours not her "suitab
met hod for priepeasencatalysti systs: diowar eercantgaste ot Myt of howsilierte aee'eiabyar

i norgani ¢ oxi ?%%I néz;ﬁfp éntlccgﬂge«%lmﬁ néraeri&tékﬁaé rBhQBGsiRAfeqlirérRentsl Pedefably

preferably in en to dinmensionally formthe
di spersion i fboctéisipﬁ@ds thBHEO[WéﬁféfeN@G"@ fayed-al | i ne borosilicate nolecul ar

sieves are of theméh‘(édéw%s %nﬁ}ﬂﬂei&ay@céta@stf&kﬂmggwepmgmdte(mzsw erns
of nole ratios of oxid

M21m O : B20 1 02 O rein M
is at |eatht dvdequar gave ﬁ“é éjef‘YFH"QFé] }é%é“%?] ?W%‘Ef‘ o'ﬁ‘ a?or@"ﬁ%t%ﬁ‘ “about
4 -9 22 Jul ¥ QR d ineBstichGtHin 5@&ra%ﬁiﬂy mor@nh’zeiwmaemaﬁxandlpalhmﬂtaré.generam_
D o iy e S Bl R SRR 3 SR Ll B i ed s
Strength "' 2 cafalys? domipolén!S pref€rably-On 22 il diBd@y f@mQ Antg/ &/ sal, hydroso! or

hydroge! of an inorganic oxide, and then add a getfing medium such as ammonium
20 hydroxide to the blend with stirring to produce a gel. The resulting gel can be dried,
dimensionally formed if desired, and calcined. 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
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



.3.82 + 0.05 VS 3.70+0.05 M5 3.62+0.05 'M M 2.97+0.05 WM . 1.99+0. 05
VWM Note (*1) Copper K al pha radiation 5 Note (*2) VW= veryJweados W =
weak, M =nedium M = medium strong, VS = very strong For ease of
reporting X-ray diffraction resul ts rel ati ve peak hei ghts are arbitrarily
assigned the values shown in Table bel ow. 22 July 2004 Table B Rel ative
Peak el ght ASgTRA 89 B EHs peteon Coasl oRLh T6B\AR HErge AEakTPHETESIoT neak)
20- 39M ( nedi WaktecoftiviBing RSiolldwiag Kaag inagrpdtaesighdtbstreigi¥s: (very strong) The
preferred borosilicate nolecular sieve, by virtue of its superior stability
and selectivity, is the AMS-1 B type which is in the sodiumform as

synt hesi zed. The 5 original cation in tthBleAS-1 B crystalline borosilicate
nol ecul ar siéve, which usually 1s sodiumion, can be replaced all or in

part by'ion exchange with other cations including other netal ions and
their anino condSPRei8g ENIRYPARHLHI um | mpﬂﬂﬁﬂéﬁ%éwﬁiﬁ@s,_—and ni xt ur es
thereof. Preferred replacing cations are those which render the -

crystal line borosilicpfe o) ecul ar sieve catal yihgal |y active, particularly
for 10 hydrocarbon conveision. Suitable catalytically active ions include
hydrogen, metal ions of Goups 1B, 1A 11B, |11A VIE, and Vill (1UPAQC),
and ions of manganesel0.0g¢&vhdi um chrom um uréﬂﬁ‘i'vlﬁn and rare earth
“elenents. The preferred formof AMS- 1 B is the hydrogen form HAMS-113,
whi ch can be prepared dyy, ggroni um exchange foljwawed by cal ci nati on.
Further details with respect to these crystalline borosilicate 15 nol ecul ar
sieves can be found in commonly assigned U S. Pat. No. 4,269,813 to Klotz,
which is herein i ncolg#4P€d by reference. Vs

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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The AMS-1 B borosilicate nol ecul ar sieve useful in this invention can be
prepared by crystallizing an aqueous m xture of cation sourgzguly 2009xi de of
boron, ‘an oxide of silicon, and an organic tenplate conpound, at a
controlled pH Typically, 20 the note ratios of the various reactants can
be varied to produce the crystalline borosilicate.nolecular sieve of this
i nvention. Specifically. the nole ratidgbeBthe initial reactant
concentrations are indicated below -11 22 July 2004 Broad PreferredMst

WO 0. 1+ 1. 0620, SoBUE Bea e S o0 6 A Sengh Qe ein R s an

organi ¢ conpound and Mis at |east one cation having a valence n, such as
an alkali netal or awrsaliamlione earth netal W (very.wdk)regul ation of the
gquantity of boron (represented as B2G3) in the reaction m xture, it is
possible to vary 5 th § 2 nolar ratio in t 8 product. More
specifically, the naterla useful in the presen |n ention is prepared by
m xi ng a cation source conpound, a boron oxide source, and an organic
tenplate conpound in ®at3@r (preferably distiM(meetliwn) dei oni zed). The order
of addition is generally not critical although a typical procedure is to
di ssol ve sodi um hydr oxi and 1o boric aci d then add the
“tenpl ate conpound. Genéﬁipl y, after adj usth?%(g%l)t{@%es (“Bt he silicon oxide
conpound is added, with intensive m xing, such as that perfornmed in a
Waring bl ender. Aftgmeatdhéhagnt?Oi s checked andVadyargsieshg)f necessary, the
resulting slurry is transferred to a closed crystallization.vessel for a
suitable tine. I S ct
S S ArhE prid e Brbdfald Aflecdid)id % by it ot hatd- S R Sl
preparati on, selsctivity, iothei AMSHEE ésrp@uwmc*bes Kvﬁied%fdimeﬁ@fm ap I@dﬂiheﬁtéQ(}‘aIThe

hydr oxi deg; aro‘?ig?"é?ﬁatlofﬂ h?th\é@lhh@—si BQﬂcrysTtaniﬁlert%?ésQlchfe n%l[eét@r@?evémwah @Q&Nl? isshoul d

furnish a e systemthat ‘broadly falls, within the ragg% of about 9
to about 13. E§°d'uﬂﬁdt‘¥iht‘%§‘@e%§?8)achh@"ﬁ’H'prat'thBV r‘%@f‘?'ﬁﬁ%y‘g'ﬁb BI9REORS t hi n

the range of jaa@irg 18né& hRtadOioabosiid feip zAfifo narnq)t@teef elliglinmbeime tasabout
10. 8 and about 11. 2 f or best results §x§n;p P oxi des of ﬁ‘ll li cch usef ul
inthis i nveﬁ‘tyf't?ﬁef‘ AR RO THIUSS: fb?é‘?oé referred rep acing cations are those W

render the crystalline borosilicate molecular sieve catalytically active, particularly for

10  hydrocarbon 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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sodiumsilicate, tetraal kyl silicates, and Ludox, a stabilized polyner of
silicic acid manufactured by E. |I. DuPont de Nenoburs & Co.2Jtay 2004 ca
source is, preferably a tow sodiumcontent silica source containing |ess
t han 2, 000 ppm sodi um and nore 25 pref erably Iess than 1000 ppm sodi um
such as Ludo S—4-0— & TTOT T Sr62 e 68 Wt % Na20
or Nal co 2327 which has sim I ar Epo%lf’re earpé)ns The %gfl ngf boron source
i s general |l y-be 98 < { d such as
sodi um bor at ES'QE{? helh Qﬁ 200 ta| ni nté lu ounds C‘@ oA Qs useful in
formati on of 'A et de sy i rret al dalkalln gpqth 30 net al
cations such-—as B aRfd—HeagResi um - 12 22
July 2004 Ammnl um catlons nay be used aI one or in conj unction with such
met al Cathﬂswher&hrR:% &rasiganic @omipbiransndiles mepast @ dation bavisd alvelenaé non of

the nol ecul ar_sjeve_of this | nvent t S S |1

is a hydroxi di bua(,sh ag &kl et ﬁy(ﬂno%’é?%me %ﬁhe&%{i %aé? %X%g%é{'caﬁyg%a g
prepared di r epiahtityiof bbloe (rsrolessgpéed d0B18:bin memmpmmlxt'&esmmmb@l tocary on
with an orgwgh%‘{sgaq_ﬁo]g%p hStrné(lc? (5119(@{ amne. Oganic tenplates useful in

preparing "A Stal 11 ne bor cate nol ecul ar sieves include
“al kyl anmoni um cat MW% specifinaby Lthe draieriah apefgk indhe Rresent IPERTtiga ik prepafshiPXim

conpounds- rﬂﬁﬁé%c&f&a&lﬁcé BHRpGUNR, hbok@t Bﬁdé‘so@é@FBHdaéﬁT&th@tEﬁ@méje-
SucC

Di am nes, exanet hyl enedi am ne, can al.so be 10 u i.S noted

that the prefearmasuad HRoWAET dprefaragly Higilied A JeiRRAeHt o TR MRS 2GGOP 15 ¢ he
above- descr i hgfheRiIg RAE @l AkItABIHSityb @alsmhéédam[svd dllysd[\&&ﬁzdtdﬂahydrdsmdle and
required to produce, AMS-1 qu ventlrpg I lr_lng a}é | al it
bage. | Their JRavaI e BRPoSTY TERAH 167 Bl ConRodh esaraly His? ereing
above- descri hgd pHl Ghewilibos ckidpi @aigoynd tntadens with ihieasive i) qupmasothah and
| ess than about_100 m,,,Sodi um e HAMG- 1
B-3 crystall |WOBB?%E’F f g &ﬁ%‘f cuijln:“arrtﬁle ?ggg%ﬁg%eg%ﬁh% get()j(?? gﬁce-cgg%?’én
and a | over shdiresmittgrsientis traasferred {psa albisem@ysjdhmpm N@Sﬁ@bfof arstitable Hingg
convent i onal A hoydfsiol. " ARIEJISHRINRE HERGE loh I fitdredt WdhlelAin

preparation o Porost i cat e use e catalyst and process of the
present i m/enyatern,drlsdumél@ﬁ@"ﬁdant ities of SOdI um hydroxi de and boric acid
(H3BCB) are di SSO'DYIﬁH% gpepfyractfohl Eﬁglccgongﬁb@'”sﬁ&ﬂh BatRbided Ohhenagkdaymaddi ti on

of the organic te be adj ust ed bet ween about
hydroxides are used, the values of the ratic of OH/SiO, shown above should furnish 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

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 usefu! in formation of AMS-1B include alkaii metal and alkaline earth

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



11.00. 2 using a conpatible base or acid such as sodi um bisul fate or sodi um
hydroxi de. After sufficient quantities of silicic acid pol yzedulyPogkhx
HS-40) are added 25 with intensive m xing, the pH can again be checked and
adjusted to a range of from about 11.00.2. The resulting slurry is
transferred to a closed cr t LRRGLE at a
pressure of NT%’H%T qgﬁvé%ga[lépp%%s%@% })SF %?Sémétr!@g? aﬂﬁu rr'lqei nlr%ﬂf a{lt%ﬂpen to
perm t cryst &indezisiooonditions aré rasujsed fos ¢rgatization 9f thgiaeleculsr gigvetefuthise
hours to abO%eﬁﬁorﬂgé/é?o&afe%f%bm xatfowguamya h}ddRide tsecramgdmhymuﬁde-and

preferably 30 exten rom about 5 days to abqut 7 days. The tenperature
for cr yst al | intgEnabvely.sAM§etferal Py PRRamd iRy 47 the BYAT form yrepagingh out

482F. f elsalth ¥etdi eaHHRH an &ﬁ.—zrﬁc bise sueRat eBYRFediammd. nor e preferabl y at
about 329 for best results-

stallizin erlal can be red or
agitated as in a PHA%G tB’(S‘H‘SteSPr"é?f& a{%l prepefRg ‘%&gg%? "Tﬁozfmo floate
crystal | i zat ingfleduitPSieddsin2lude atieylartraomed taioosy thwedlgemﬁbenepf each as
tenperature of t anlc te cRnp Le n be
renoved duri Ag" aa@?"fé‘?'ﬁ D at ?OIHPD‘{%&%hegk deégee o?e'@ﬁlasta |§éat|€n and
det er m ne t heramtammoniver yrotmidel Diamtinemn SUFhIr@S r@xamethulpgr%d@mne neamalseiea|
~formed cap, be sgparat ed and recovered by well- known neans such as by

filtratio wi'th washi ng. This material can be mldly dried for anywhere

froma few hours tds nofedihatde peeferabie Amgnt @fnﬁﬁf'%ﬂ“ﬁi‘%'gm tepplata PPy ng
from about 7{E.qtiQ %O%ové%%gcnbegoprfeﬁﬁrﬂﬁ& dHiathder ke subiantiahyy lesakipas aRat hen

be crushed to a er or to snml artjcles an ugeg Belletlzed or
made into forfﬁ%U"?g tg pradape AMSH1B F?r‘é’eﬁ‘tfﬂ"éli’d‘é%f‘ qe\fﬁ B PRt eri al s
prepared after mide @hbétam&e%?dsﬁicﬂte chlecubirgasicCorbgaTpt by ehe anpeutedcdtrdl wat er
of hydration with the s

b
cal ci nati tn W@E‘é‘éjwaﬁ“‘é Cﬂﬁ@ﬁﬁé’zrj‘?ﬁ‘sﬂg %OP sq%?s ggéﬁp%ga‘ﬁ %‘cl }r%hoa\%gupﬁ%o gem
mat erial frongokiuen bhdad dpsigetiled as CRMS-NBL. dihei BAYEASF & ctyptafiipe frorondigate:
tenperat ur es r()al?;gjl%gg%{fé)%%%% h%p%lsro f QR En&'%Ef(d: erasﬁ]JQIu ebREACkar rom

about 15 977" res trene ca cination
t enper at ur es owstalMaﬁmoglmﬂte:fpymchmlngzmnvemlonaiﬁé@nms prove detrinental to

the crystal struc{ur ? o% d ? iptih dfta ﬁ@é\%r@déré‘trontd?ﬁ{eeodrésﬂma@ 084

benefit in raising ron tenp ture beyond about 1112F. in
order to :zoermnwéhe)lcgamst an@mémeaf’r of ﬂ\?nﬁ’f?ﬁ@td‘ﬂ‘{egt‘%lquﬁal?'%rqmme% @ $PAUM ne
material . )@% Ad b%rﬁvéhdnﬂ-{ﬁi(b larE adisddiRE e didfi !leﬁdoﬂ Beidniked Gestedr af t
20 oven at abgut 9 for .about 16 hours prior i nati o

manner such followed by addition of the organic template. The pH may% adjusted beRveen a%out | na
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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that the tenperature rise does not exceed 225F. per hour. Once a
tenperature of about 1000F. is reached, calcination tenperzue2064
general ly mai ntained for about an additional 4 to 16 hours. The
dehydr ogenati on process of the present invention can begin with a 25

hydr ocar bon fee%ﬁ%gtﬁci(n é‘ﬁ?%ﬁ%nsg'“g'}’{%ﬂ’edmﬁ’“j‘tﬂgqé%‘?@ﬁsﬁﬂﬂé pé}gﬁpeeghﬁg I n

f eed/ r eact or “&f exchangers prior | urnace or
cont acti ng obhgmic he:ghlateerqmﬂ@UMeSﬁmE@ rné amatasigh scahoef irempvask eheiigi ng to

a targeted C@é&{awzbﬁon Ec?%ﬁ%ékof?\ezﬂ’éb‘?eé Rk &y stAPRGEIALHE Yeteineaee obtiiah

preheating nme can 1 nclu but "are not limted to, waste heat from
ot her refi nepwstﬂ"lzﬁmfrfm%em cal processes such as a 30 hydrocarbon steam

cracker, g fluid ¢ htdife ChagkaiN@rHed tean ef lséﬂadété@(inﬂrred@de?é’ce(ﬂ)y waki ng
unit, a catal ytic hydr ocr acker a cru distillati on Enl t l@at al gl’
reforming ukNewn gIars Susy2f Bt filaian gt i‘d‘?’ﬁsﬂ’g‘gf b rafliab e Re e ng'e% rol eum
refineries. ahgwiede dtdhya 2@.@4&00’:’@&0 facfediatage lat caying eerqmmndtaet eiypisalyhraaging dr ogen
stream pri or to dur I‘PIQF %ﬂf‘fit ar ; rrmegec% 06 ft?rkecakg'%aﬁ%@ ggl C

dehydr ogenat i o ROt /o tE’o ne-or’ more o reactors in the
reacti on zonejushed bﬁmderroe&mmallspamd@ angll exirpdiasl, pelistizaco or mede intofermene.

- Jne addiLi,on BloSyph & ThiRhdd D%/%dﬁgfgfaaw ARIPEBESES it LRANFEAR rate

of catal ygt FEREXT vat'i on, resu uced cata i;é enerati on
requirements theHorgewiertemplaty ooBpotdnd ‘Gﬁtefrﬁi/hwfét@nalﬂ ¥h§e?f id gpasscenbPef i n

yield by dig Ggééqﬂgnttemﬁvétfgﬂgr cQRinafidy GrBERRL i’s'rféé‘ésjs)éryaf’\@lé desR8A to remove

dehydrogenation and toward ol efin saturation. The drogen. stream can be

pure hydr ogethior meteriahefram Hgnifigaly pEoduct h Calpmation dén eneggiyh PREOTRRA i | i ng
hydr ocar bons e fiGrB@FeRAG T‘?]ﬁsm ARUDSOV°H] 1©Xibd6t 15627, hag PrafeiaBlydfom abbdtur

d d the lik t i t t
Cout 50%i5by SYBIFurle. RitoLURT P ehLr s CHEE ASTROBSErBe 0Pt e
Eydr ogen, ?n@rdm{@dwlﬁﬂmb:brymaés hﬁaaim\&]?mmméfﬁ%tbyha/mystaﬁtiw:w@ge maBrlor
est resu tse?tg%p {to(.g?epner% &eﬁee \ﬁﬁ)'l zﬁq:aencraﬁ‘} ?alg}@ ttpe-cg)gﬂ%ﬁ%f%ﬂtttam%e%%r@ ytic

ref orm ng drogens produc rogén-recovery
processes. QDeymd atgput ONI°F i io rmsdetrcbo bmareergdnic mh@ﬂdléff-yld rf@gymmaﬂm formedcess

of the presen n t
t enper at ur e S’P’SP Igiéqg%teﬁ%] *%%}é%@ulgpm Oeﬁlﬁwgggaélg%h%éér;%(? gfléaiﬁfhyé ﬁr;l%%npg%gut

700F. t 0 zabowveri 208iFout 338 . fasraboulpte hedra Brigr oregleinabiuin F5OR MegnabwHEh
1150F. for begh tﬁ@?éﬁhﬁe?atu@eﬁé\et 43 not exceed 225°F. per hour. Once a temperature of

about 1000°F. is reached, 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
feedfreactor 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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20 tenperatures bel ow these ranges can result in reduced paraffin
conversion and lower olefin yield. Reaction tenperatures ambudy Eiise
ranges can result in reduced olefin selectivity and | ower ol efin yields.
The process of the present invention generally operates at catalytic

reaction zone preﬁw’é“fe@&st&é@ﬂétﬂ%ef(ﬁ&mo&&i wﬁwaaaycﬁugamt ateddral grivr ‘(@C&M
pressure (about 0 to 25 aboutatb% I nches ter acuun@qto about 500
Rl Iy b

psi g, pref er aBd/o% #H RIBRAAING, 7 8@*@[@{?‘%8?@ LSNRIOB0EARENZONEn " ABY e
preferably freoma abniste dhiheUBaqO@IS tecretctionadoat! orlikiwesi gators es multgall t s,
The effectivehdro en condi t ydrogen to

hydr ocar bon n5e %ﬁtlgn &P pr (Lla-ﬁgr a "OJ' %F gq&@(em&b!’ﬂ%ﬁg},%eﬁﬁgéhegPreoTCg?saB?'}
about 0.1 s0 reg0calivutat® of a;ataxiyﬁbseaqbvaﬂoer eeshiing lyo crduGed] catelyabragenérabon The
effective deh | f

o1 ecLi ve ePNALRIRIAL! AR ARG A s RN HY P oRIEIRR,
about 2 to abdiacting thedraction stoighiamalricaly 9“’%6@!? dehgirogenaliprarxigwas! elgfimbout
10. Steam mayhgpsgsent in the dehydrogenation react or in conjunction

with or as a replacenent of the carbon dioxide. drogen c¢ircul ati on rat es
bel ow t hese ranges heahydreass) straam KR ther p‘{fﬁthé(F’SPé’F” YRl b &t PgmiXtyeewith
_resultingpn 4iRehBaSAch QREIEN-bOIME RdrsCarb&Be NN Gordyideesarbon BixRiesi vel y

hi gh reaction pressures increase ener pment costs and. prov

ot on ng-naiPager et bR S BailE ALRE i e DaRas Rl PE 5 oo
can aljso im;I Ib@ﬁt:l@aﬁe?ef;mm%equmu:mbmwmganqbrefenawag_haastrmt 65 bynaesie abl y
towards reduce araffin conv | e nce
of carbon di oﬁ’f en rangtrg%{ﬁ]?re raso E%ggt iﬂg)% P% b svglllfm i&%r?q{éﬁ f_lo? %%gar bon
resulting in misgltserHydlmgemhmmbdymmp#ad &quuduﬂydlrogm adanf.ea stadaiytiof rafmrng

hydrocar b g€ f Eﬁﬂ%hgrg&%erw&ﬁ&q gmciﬂé PF Mrc&eﬁ 6Ok t‘y@}‘@d@%éé@ general |y

oper at es ace velocit fromabout 0.1 hr' to
about 50 hr', nor ®psralingcapditjortsite ke ua%ﬂtth@d@wﬁwgewoa@m%?sf He'presgitl nost

preferably f rﬂoélﬁf‘agthlad@ran é\ﬂeré’é@%!étaljyr@c rr"éactlorf Fond@Sthpéaaid tc$ . frdme afbotiPace

velocities excea§d| ng t vel s described herein 15 erally result in a

decline in pat ﬁﬁ?‘&ﬂ%éiﬁ%q B Pigie@Rly 5iat apRUE 180 &nyPe g%‘?‘ﬁ 12A07F 0 2yd Fore

sel ectivity, gpersdly #&6Ukbbitg 850°F, omerabehteﬁnao%ﬂ efod bEae@b@pacmeaeh@cl ties
short of the |evels desc ged herein are ge a [}/ S nteJns

api tal YUl PR PR BRFdPOYa P, i OLEal e PRI Byt S PHE'

present i nvenslefimyiesin Reaction temperatures above these 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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retrofitted to utilize existing processes and facilities such as, but not
limted to, those 20 previously dedicated to naphtha refor22 dgy 20be
reaction pressure requirenments are generally |low and therefore, suitable
react or vessel s may be |l ocated fromany of several sources. A catalytic
ref or mer e r ration,. and
cat al yst rege er %??ugﬁ%eﬁ?%ﬁe@%%aé}? %eglu Fdeﬂ%ﬂéﬁ’e@ﬁﬂ@?%aﬁﬁgﬁugoe lv}?.'m ,?t he
process of t heitpeeseateplavesmeni dithe Gaber WW(@? reforming is also 25

particularly sui terﬂydfﬁen cgftcn@{,aﬁ rafhd Be!&b%&reen%ﬁ&és EAY FEMUl QR Hidhe 'c%u@i

recent environnenta ates to produce gasolines containin
aromati c condeastivationoraiey aewmawemcéﬁasmi ORIPEQY dFtensives rgaqneratien owﬁﬁﬁg)

The reactign E%sﬁé\? il | r&ion Btk duesn Rlerdab & érféfbyt Bnd AYBipRleniostsf bxgd bed
reactors contal ni ng

he sane or glfferen cataebyﬁ ﬁ a m)wn col um
reactor and BEVEatHP{SndeFarnes OPRRS yorasaivedr Nigh fvgiages &if B'@EPW E4es or
?nddr egeEer at @dt')n arébtlﬁﬂ@nﬁé x&in&edqm-mﬁmtroanqoamm rleectlrmg. lmfd%fsigm;etbwaTﬁhe
eedst ock may be nt a cata ed .in either
v 6 SonnmgRtiosbparai amvarin 2d Bt bRl v STiE b RsF e 55 oeth ol
bei ng pref er red stebhre rediaet athtspartigl pressune tdfethiei Gyriracapias eesulfingi jeedhighequi d

- and vapor ph%W%ég’{na&fke%ﬁﬂ]BﬁumBQ%%m tﬂtl.b lﬁe);agra?%}nfégoss%&s obtained in the

vapor phaé% reactors an r systens such as those
described in U STheaproceds. of3thg4TeEB0 lrtvent!gﬂeeﬂrmaju ererates ajreeliquidouin t he

art and commgly. véuouﬁ,?g Wf%ﬁ?%tﬁ"lcﬁ} 3§ 2BV 'C nofd BrRABly HRE

system general'ly co vertical elongated reaction vessel COh‘pI’]SI ng
movi ng=annul a&!bctklé)plﬁrhfs f@ﬁb@étzélfysta“d\m@ E{ B fredRonh1ihs [Paahead 19 Hr

out-to-in radjplydst QueiOWaFESd tspSce QBbEfieObxédRRing” @RCIVAD ¥RsHRdd hBRYd | Ons
of the noving bed of catalyst are contlnuousl% dlre ted to a regeneration

syst em f of® re@%‘r‘i’éﬁ‘"&t’?ﬁ'{jt t"‘hé degling| ipRarfHiR GABYEUFHHHI QiEWrepy ARy ga in
conponents. Féiwrdi;@@ﬂwhl,e %dr@@&b@ﬂtﬁxg iMuweh olefie ynetdmmeh y5pat$6\dalddﬁlefs Ishodioz ed
catal ytic cr n | di.zed ¢ [,ocesses |, di ze the catalyst
Giroct |y i i s iR 5 Rl BRI PR R Tt o ¢ he
reaction products Tharﬂiahgtdnogeﬁatzbh@atapehand (paacaksysf theaplesent laverelgenmnamé on
zone for regen fl&e:\:c]iot utlh e)l?s?ﬂ% Bcheéseeé%bQQC.I[neQ@héH‘Es %%t F&rl?r'ntgg t8fth

fromthe cat aﬁfg Rerar I'és th enen sus§a| ni ng
t he parti eul aprepposedsdicatad to oaghthal teforpingt dhe delaation Oressrezienerdmagrits iard es

for use with {he JehydrNReRaiRs Qlitd6ES8actor vessels may be located from any of

several sources. A catalytic reformer 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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of the present invention are fixed bed reactors- It is preferred that the
dehydrogenati on reaction zone conprise at |least two fixed b2zlJulgatddbrs so
as to 20 facilitate on streamregeneration of the catalyst. The fixed bed
reactors are generally equipped with proper manifolding to permt renoval
of each r eacbemgf;rréfmre@e“rr@t reactanta may beainries ligod abasleoaqbnmed ﬂemidi and vapor
regeneration of the cata eactor or
reactors susPﬁ?SthF h(l::"ewsa ﬁ{asgﬁlg)hrqgéb Q&%_ﬁ{% %yggéﬂg‘%s\'a c%ordance with
the present inventipdng calnmalrs@ctraf@rapﬁi|r§@9r§rq5¢’myatan19yst@h aéélﬂ%ﬁqmscmism 25
The plurality, of pEahd Ydart88%o | GreBnbdi0beal bRERMAFHINREHCand BiinfHoRf

conprise the "Sane or erent catalysts. Since the dehydrogenation
reaction iss geedimpragessiotust rasi eatalylist efuminge ThASYEPRgIeTEHY | OMPAHEEDR heat

transfer deV'vSﬁiEalb@lBM‘?ﬁ@d fréai@ﬂéh b@&’sel eambadifg @Hovb@t ARRRr coRbsyst cggst i n
the same reactor shell, can n,incl

oye rces ¢
convent i onal “ﬁ?fﬁi‘éé’é’dWé‘aﬁbé?és ?ﬁﬁ daE' B‘ﬂéo& 3”’5? HRELS Gy geésc’fso&' €can
i ncl ude i nt eadtaibh Yes¥eh hinkihs loe fie oMty bed dihatalyst adumetndausiy dirtielts

h flui d |
ray 8l S0 be KRR navatdh o Eeerreleihd hf | AT robB TS e RET 2

.units sucfe asofmponerdsfluid catalytic -17 22 July 2004 cracking process or a
fluidized coker. |t Rl i

terper at ur o endot NUFIFER e FEREFS Q5P SRR oRRTLRl Pliee SAAIE cracking
control but agérfmrchaddycmwrmsees luidézeribe shtalb Hiredtly MaGin the riydtogarbpie
dehydr ogenat k@éasfo%ﬂcgéﬁ?atégns cstawsv%ﬁn e @88RINAhINuES drRddinRd thd @pef

effluent streamis direc separat or device_such as a stripper tower
where | i ght Cﬁsawﬁbb%éﬂ%‘@r%feaﬁ@?fﬁ%‘r@@érfo'fr&ﬁﬂ%edattﬂh‘r iThe PEMLT rearlier §9mstgp can

be renmoved apdmidy ro?%ﬁ@ de?n RS @afilRE QRhéNE shiyslies e bt pe@liementiefsr t he
process is performed Fgresence of suppl enental hydrogen or

sufficient i ﬁ%tﬁﬁmgﬂpea@ﬂ@f'%& a5 FURH - i s produced, a separate hydrogen
separation.step Caie pefgedireidion zopstacikien fof usendthlibe pelivdrogeoatiangirbcess

hydr ocar bon separation., Sone .of t o] e roge Ygl.ed
back to the f @‘85@ TORFE MUHIWRN o1 rﬁégﬁyggég%ﬁg%%h geﬂ'ptc?rgggg? o{hggt@r nal
systenms such d&Bycpb@rnatiom reaetiomepye tompriseTaklenyidiwggixed faadgeaciarese @% e
controlled t | I n be
conpr esscl, | aliRr bl S ERBAY SRt B8 SUS i SIRTRAB The
process for fequiphed with Brapehyanibadingta WW@'F‘@V abeAcEieanRtel framy Bpesgien s

added. a manner so as to provide for regeneration of the catalyst in that reactor white 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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The stripper liquid effluent product is then generally conveyed to
downstream processing facilities. The olefin product can bediule2d®d to an
i someri zation process for isomerization and thereafter directed to an
ether facility for conversion, in the presence of alkanot, to an ether.

Wh t | t a, t f .t | efin,fk th t
AR g S R R L L e

facility. Pritenpéatuce eaddthem pey reactert sheti ahd endre effectiva éerpperdivct cattrobhat can
be puri 11 ed. gRfelaliBud i ASORSI et Ak@hLiahie. hydr ocarbon from the

product. Thi FUREGHhver recycl ed back to the reaction
zone or further néhé Mﬂhafdredeﬂaﬂomfhéﬂlo"pzmﬁe@ﬁU@Jﬂil iss gerwiallyoredleth andothect can

be directed tgy eﬂr%% %tdu% erteges%aaa‘a@dr Jee@@%uana@éswpﬁé} tbﬁ@maafn.b%to

form hi gher oct ane ower vo y gasol i ne bl endi ng conponents
olefin pr odudwdiesarbeas @nd é&’ﬁ@ée&‘ @’Ee@h‘@lﬂnﬂél’e ReActPh Stel r@n i Esaayved pgnd

conversion te0kthes m‘&m@% ¥até cﬂﬁo@ﬂborﬁ)b@@lﬂ%ﬁer@ﬂh@b%@%xsfﬁeﬁ@&ﬁ% in
Met hods for |n?erat|on b 4

ti th oth
vt i onal e piasanes o sappieneaal MR spieeebRE N gh et VRet e
general |y kngpmlsudc@dt él@égﬁarSthHyH&i@en I‘skebdéretma'r step 38n Netpeffoinsddanytitregmi dfeand
t t t
orosent i verhid P Pab o sebafudE A SRS BlbuofR AldfSierd bart 2
dependi ng on redyelesichaek ite $heqirocgse vdtile samermd tu hxeiroqanozaesig qtmmdmt efternall t i s
anti ci pat ed tt}&%@%gg. o 8 alaggg rlémé 364 2 gia?ogeﬁ% sfa@fcawb% HrEdf to

i nvention may req ire reg eratlo as often as once every
6 nont hs, as nedintain a@nmne hydeaggn 3putitpn Resycleth dydenged ceals iben compressedn as

once or twi S QubMBitn %Eﬁ "m-gﬂg-updﬁpﬂ'r@bé}g%?ﬁtlbﬂ cfeAtiboyRe pricebd forDuRAGN
I nvention is rticularly surted for eneraltion by the oxidation or

burning of ¢ HY@@ﬂeﬂi’éa‘éWf"V&ﬁ”H@‘eE'&F"B‘b Qasids 84488n0sits with oxygen or an
oxygen- cont ai ni NgTHAStr ?é'ﬁqﬁﬁréﬂ!udn@gﬁﬂ@étaﬁ it genfaﬁﬂliy C@W'ep&ﬁﬁﬁd@rflns&rhﬁm

pr esent inventi on, shaP r‘re|a reﬁover of . at aSt a portlon t he
POl ocul ar o1 GURSSHIS faREE (g B0 Rt S Bttt Fib Bhetsne
cat al yst Wi t Hor R¥@RFatON MO thanegier dicxntai i Ay eties facline for| donesrabony & the

Bl et L1 CELEYS) ST 3 et SHLL e Ak oPRe s TRRPHEY I

the process &f°¥H 'on fese regenera
t echni quem | mvadegs of enpresdnt imtehtials isf ise-olefie tha sirpgmidas b@cstant/ dirgctiyfto an

deactivated GG Pt &Y Bfkcrlh tbeééemlapfabmg 8 g OfcPLRd 5 &8 SHpIBLARAS,

relate to processes regenera carbon wn as
coke) deact i \atrehoeing ahgawertes, pamiinic hydrocarbon from the product Thls unconverted

product can be recycled back to the reaction zone or further manipulated in other
process Units. The olefin product can be directed to an alkylation process for reaction

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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conmbustion of the coke with an oxygen-containing gas stream For exanple,

U S 15 Pat. No. 2,391, 327 discloses the regeneration of cakalygts04

contam nated with carbonaceous deposits with a cyclic flow of regeneration

gases. U.S. Pat. No. 3,755,961 relates to the regeneration of is

coke- cont ai NieRgire rregﬁénafaltlbne,szacdni é@ondmémwbaﬁomhgvasom ah ohay evegen

enpl oyed in an absorptive drocarbon Separa. Lion. process The, pracess
gt g Jalh Ihe

i nvol ves t he™ USOQ:I?(?aflg?I iy 8? A r?{e]?ef gas %9 S%WaWFWg
quantity of detygegenaticss clatyestl bbdpe apreseryeimeentionh i urattituteelyb editaf for

ol ol 2t S BUEaerhih ST AR BEHATH, Bhbll Bad PRI e

r egener at ed ustion can vary I cal désire
per f or m coHk edenmstis ithoaxygen casnai toxyIes- COB‘F‘W@H&%& a ﬂ?r tefmprfew@ongafgr space

velocity, et {)%Hscm tie Eregéﬁﬁﬁveqwgh:ﬂgnémhg?édoye@5f hOehfi@ goricd cyfsiﬁe bei ng

r egener at ed. I s al so desired performthe regenerationin a tinely
nmanner to redgiesulgs é’@é%@'%\ﬂﬁ“"ﬂtyr?é coRbpsfing dhg oy deposits g the gataalcwith

system or eguigBAB AN SkyiRn-coRtalniey dg*aase of a conti nuous regeneratlon
process. Optimim regener ati.on con

nd net hods
di scl osed in the T itgRtuLe s é%p'ﬁtﬁn‘f"fhoﬁ%ﬁ'y% FRABY 5’" t&%ﬁ"ﬁ?‘g?tt% Eﬂﬁel?%t i on
s typicapl yerﬂglepéa?i']m sﬂﬂ@q;r@dess &ﬁ marmesenoms/enml (Ribinteg of tlt:mpaergahenaeom ange

of from about 550F. to about essur e r b ut psi g
to about BOOEB@?’@”GSaHHOQ ébe &7 af etgﬁ& i '"%%agméa@gn C%" O?r%rgrﬁ’aatl ‘gut 0.1
nol e per cent mblecaibouieves. Gthemsl mcpdmethe préfh@ed me;l”g@n. (ﬁhteetqmrmessdsfe or

egener at & on sl Sor L ARLIG LRIEERE Yol L0GokSENARE Ofmus B 32 J1Y

2004 cat al yst regenerati on cat
t enper at ur esgombustionief thet @Jkﬁe\gléh@'? aweﬂﬁ@"féﬁt“al%tﬂf%"q uF@W’&a"KJée B36S8si bl e

whi l e avoj di pg G@s abdh 29ANRELSGEs HeOfRR Al idi | @Rslystd NBnRinGhREH eflith
cat al yst Tegeneration conditions include a tenperature rangjn 5 from

about  600F. &asbeIs6aeus] gsppsits %t%ﬁe‘yéltﬁEOWé’ﬁd?Wefart'BH]%?ﬁﬁﬁrt % spaé 8- about

150 psig, angl7gs bepaRpia it®Nhgamkgenstgn opné eftkeebntabiigt cBistaliiie! eedlits cent
to about 10 nole 'Sercent for resul ts, . Additional

best I
t hat regener@Pe6ra %‘e‘é?f’cﬂﬁ‘ﬁh ey BeshePRayest @saéh%mpét?’e z;'&dré’%fag?l Sﬁgﬁ?al ni ng
gas. The oxygenpesvatsl mh@qub@ag:e nam@esomegamtinymsc alrtutationo of @np miegtegas

ni trogen_and ca r%g@)aclglé%f fﬂ gr oqlry%t Os%gqo aérr%@%%%g% Séil_g‘ee gg&i ofar bon

di oxi de, “¥ o S@W ormo a wevVer it is
molecular sieve.

The conditions and methods at which a catalyst may be regenerated by coke
combustion can vary. it is 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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possi bl e that the oxygen can be introduced into the regeneration gas as
pure oxygen, or as a mxture of oxygen diluted w th anothez2 gmseous
conponent. Air is the preferred oxygen-containing gas. 15 The present
invention is described in further detail in connection with the follow ng
exanpl es, it bei n? understood that the sanme are for purposes of

i || ustrati on cataiist preaenpialipn aracadire basgrhet Falplveles Gilehirmperatess ainyarder

i ncl udi ng 0. 2§ rugirdhite BRY eSBlysPAAkLIBIas boSsivei it HelaRtatdysttiamadihg
HAMS- 1B, and a silica _binder is inpregnated with one of four catalytically
active et alP§ecssp &eRUYPS om t he group consisting of sodium potassi um or
magnesi um  More Fheprdieeal tatalydtiddfentbtios congiti@gnatiede aitérhperatuse) nerin

solution of zinc acet The ,i n - - B i [ nd cal ci ned
o0 000" ddyr st BSRIGHE. 1o By 1RO EbREa Mg AoLES 8o BRpR! 175
by inci pi ent W6tpses and apeganesdtioo gas 2Eygshtchntgnt efabesius 1 selleipérgantdd about

t er aam nepl at1i0qupe;)E?enp,@0;ngtges fhe platinumcontaining HAMS-1B is dried at
roomtenperature, an di'spersed 1 n an aqueous sol of comercially

avai | abl e funed sAdfienally ibisdoportant thay cgepgratian b accprIPgiied g thePiegerssr m a
gel . The gel deSafirdyeg rLEbr@aiﬁiﬁgcg%d. ihk ttéwgam-caﬂginmguaalgaderam fgak Mypieafyi Cl es

~having a nmesh size of_ about 12 to about 20. Sodium_ potassium or. 30

magnesi unid s CRAWEEES Bitresn Rt E3TBPLEOBYUIRR PIRILAT SHER El'éé:g ORSPUUHLE Y wi th
an aqueous SQtssn @Bxi®d, 6 AHishbRyeairbMeaben opairass ibeen kidded onedver, ic&si um
nitrate or nmagnesiumnitrate, res%?ctivgl.a/t to Erodutce a _pronoted catal yst
for testing -PSESIDS thalithe 9B98N BARLS BIEHCEE™ HIF TEPEIRITEN 8EIIRYET OPE%Hi | ut ed
with three vorudagea eixterk pdfaoxygén milutad heith rgothemgadeoss zempbnerdio Wir 80tHeo
about 50 nesh. fThe di | ut ed tc%tnal st Is packed into a quartz reactor tube
of 11 milli ndVFEPLST AR@eERLP | 8r. The reactor tube is placed in a
furnace. # hydr og&he gasseht gweotion1 B0desglihas tefurthaedetal ipeonngation evith the

mai nt ai ned t ac t I ; siher e
for one houp BI%I%%%J%& 1%?"8#}65%%33’%9 mﬂgﬂ‘?%@@?riegﬁ? gunﬁ%%rgﬁ);qgjggce

vel ocity per amdmet Bmitafionpai nt ai ned t hrough the reactor tube at 538 degrees
C. for 45 m strafforfi8lob&flird. @ chargestock conposed of 80 nol e percent
pr opane and nol e mh%l ene 10 passes throuqhathe {eact or t ube at
15 liquid hourly &SpeRidysidnrgeding Raveg (j?”éé%lat'””m' -8 weight percent zinc,

20 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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C. for 45 mnutes. In Period 3, a propane flow of 15 |iquid hourly space
velocity per minute is maintained through the reactor tube2atulp2804legrees

C. for 45 mnutes. Propane and ethyl ene conversion are nonitored as a
function of time during each Period. 15 One liquid hourly space velocity

means that a mass of BP:S” ﬁfastoc% correspondi ng to.one volune of liquid
char gesf ock passes throud| ”H}‘T‘e"vtB?lﬂ‘i‘é’“%t\edtqiité"yspiSodiM&eidwmtiﬁéé’%!unﬁé(ﬂf%élﬂgg
as

al pha al umi na, i miuoriea heving aFoeshesiad B Sb0LASE YS! li gui d. propane he

a density of 0. SBaggeﬁnﬁtopgru%{f%}eC foergti et er,l'!é_nél gvo%ﬁné%h'pgﬁe g!‘ﬁ'tﬁﬂltcétadﬂ's* das
at Standard Tenperature and Pre5eiict YRferl hkbrilimetersdipteresd siidtetandTRE 185890,
at nospher e, absoluped§ plesed issploriset & hylrogbabasiidB 15BRAGE wRlagl thsy t hroough
one volune of tRemBinFeH &@thé@éacml?ﬁa%pl e_|_ The Denonstratton BrduauEr e
is carried out, substanti al [y as descrd BeY dhvifededrees Br sadione atposppie dor
catal yst for tesP™@°%hich includes 1.91 weight percent 25 sodium The

propane and et hyl ene igevied Si @ mt.ed catal yst including 1.91
wei ght percent sodi %n?%{ﬁl set ?%?{”ﬁ{% ﬁlﬁgﬁﬁgmﬁ?'g&gF%p%%ﬁ?@Y?ﬂmnute is
Denonstration Pr'oge theough the regcigube atib3f darees C yfordss Memeds heeRbYE,
to produce a prortergdtahtadhysted of 8 | i i nclu 1.96 weight
_percent 30 tgo%%kéléﬂ rg'y?‘h:prsoe ane aﬁgﬂéeP ﬁr_c%\@rfgg%%r{r%v%}dg?@@'? Berceplesthylene
promot ed cataly (}‘z_){ 'lhggq U ngei.%r\ﬁé?%ﬁ’tﬁ) Uik heurfyotpass velotinr 05848 &gkl i N
Table 1, bel ow anf eriites? 1inFridd 13y a 2406hnd e stration Procedure is
carried out, subgha@tiahlfafSddRSchi, hgd above, W%ggq@%lga%l‘ejﬁ SRRty per
catal yst for testing whi cﬁ I ncludes” 118 Fe3Rr Juke gbhedAegrennghdei dmmifibes.

propane and et hﬁ”é@i@ec@ﬁﬂ/%thklbmsori\@rsimrharepnhovﬁimr&ﬁaQ%t@h&ﬁ% i ing 1.14
wei ght percent egegsi umare set forth in Table |, bel ow. SQFA@%EH?"@%WQ&RY

CF DEIVO\ISTRA%'IS'I ON PROCEDURES Pronoter1.91 wt% 1.96 wt% 1, 14 wt %
One liquid hourly space velocity means that a mass of chargestock

corresponding to one volume of fiquid chargesfock passes through one volume of the
promoted catalyst, excluding alpha alumina, in one hour. For example, assuming
that liquid propane has a density of 0.50 grams per cubic centimeter, 69 volumes per
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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NaKMy Period 1: 272727 Propane Conversion (% 413 a Period 2: Ethylene
Conversion (%9 0 -46 b Period 3: Propane' Conversion (% N&2eula2004

Equi | i bri um propane conversion at reactor conditions is 27 percent Note b:
Et hyl ene to conversion to ethane The data in Table | indicate that the

pronoted catal yst_including 1.14 weight 10 percent magnesiumis the nost
stabl e at Denonst I B¢ Pemometsatiop Sienadrtais caried put. syhstarsialitesdessriped above,

described in tgxﬁﬂ@ic%sal :bhromaghatanysme@&ﬁ@ Rﬁi@ﬁeiﬂélﬁ@esAﬁ 1ﬁxmrg¢lﬁg>e%e9€edure

I's now descri bed which is useful ng 'ﬁt er m ni st abi ¥ onot ed
catal ysts oveP2HIgSUTt endaPHRANG FYr StYIRRE cPﬂve?ﬂ%"EEﬁfemeﬂm"P o st 10
cubi ¢ cent i nBh@tiding{.1a welghbpérednteaignleyia & sétferipineRert |, barg@nt i on i s packed
undiluted in an el ongated reactor tube including a stainless steel tube of
0.74 i nch? internal dianeter w typglEj nner tube sleeve of 9 millineters

i nt ernal aneter. Theh §mm@y(t)p5% Y 'ﬁRA‘ﬁéN eOCEbPRYY Ch is installed

| ongi tudinal |y @} ne thernocouple is

1.56%%
i nside a thernmowel | which |n,q;l_,udes a gne 20 Sipf eenth i nch capillary tubing
surrounded bmﬂmqu%m j acket. The

t hernocoupl e i spapyeft | ongitadinal ly s thin the thernowel | to nonitor

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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tenperatures at various points. The reactor tube is placed in a three zone
furnace. -22 22 July 2004 The reactor tube is purged with n22yageadsat room
tenperature. A flow of hydrogen is established through the reactor tube,
and the reactor tube is heated to 600 degr ees C. while hydrogen flows

t hrough t he react t ube. drogen f oW talned- at 600 rees C
for one hour. 3@8&%% ﬁs'?g‘fq@ﬁjj ﬂfmﬁﬁP qgoﬁ'@r@g}ﬂerﬂkmro il 80
nol e percent wamnes lestabimlegeh‘kot@-n tH&e'eaetax:mJbe anmbmea’eaﬁﬁﬂtubdegheaed@o The

pressure int %}8‘% OE: Wﬁtfee hg'g 08 fﬂg\ﬁg%r&&iﬁ h’% @5&89 tlﬁ:g (Sjroggn ﬂow 1& he

range of abou Ze7
anal yzed by lgaustmmonlaﬁﬁig ﬂa@hys Oaﬁamnfe hguri 0 ATfe@dmplemeﬁlSthgocfeml rrmlﬂas

carried oy dg,gbr@hg(frggg}fgﬁh E®hdleVsrc dé#é Fofasn@rs%srqg bm@@;mmub%%bo' S

essentlally i'dentic the pronote ata I nc
per cent nagnedfgasdes dhepsepsure Pheptastos, *”b&o‘ﬁb’? fe?i’?fﬁc"oﬁ tsearrge%nﬂr@&d Bty or

nmor e percentth@f%%aﬁ@uﬂ\é@?&b@ oumad pBf teCiEh §AYECIFRrbAILt 3B& isSialyz@d th i n
Table It, Dbel ovrv Tpe Ex'g)enﬁfemg Procedure is cafgrl ed ouyI with a

pronot ed cat dM%&Eas ‘"tB‘f"”E‘?T%grﬁP'é\éent i nvention which contains exactly 0.54
wei ght per centxamggngsi um but is ot hervvi se essentially identical to the

o e L= AR08 Phickfols! e SHSH o PRI AST  Et
conver si on, anekrioopytignie eseentiaisidentichbio thmgromoﬁeti wéaigstttmqjl@mmhﬂéi weighhesi um
promoted cat aléféetnt %néﬁamfﬁﬁéﬁbed% EQ?Jn@ |3| ab @ﬁaémlaﬁl ﬁgﬁ?%r %trgnded

Procedure is [Cartieqd rono cata st "OF he pres I nvention
whi ch cont ai rnEeresch q@ropang. %W@h@npmrgmﬂemweﬁqmnﬁ@da@dfoﬁy inohablesl,
exchange in gpagueous solution with excess magnesiumnitrate, but is

ot herwi se essentially identical to the pronoted catal yst including 1.14

wei ght petcerfixamaig®esi um descri bed in Exanple 3, above. Tinme on stream at

fifty or nore per &ﬁ@txteaa&pﬁf&ee&e\z@éa&hw@utm oMbt @tARN e the fasdner the
0.35 wei ght percent nmagnesi um pronot ed cah g‘tantargae set fobrt h in Table 11,
bel ow. 30 invention which contains exactly 0.54 weight r gnesium, 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
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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-23 22 July 2004 TABLE 11 SUMVARY OF EXTENDED PROCEDURES 1.14 wt % 0.54 wt %
0.35 wt% PromoterMy My My (inpregnati (inpregnati (ion on)oh)éxghanhge)
Hours of 50%45200+800+ or nore Propane 750 Conversion Propyl ene
Selectivity(% 5 Inspection of the data presented in Table 11 indicates
that the pronoted catalyst of the present invention is a surprisingly
effective catalyst for the production of propylene by dehydrogenati on of
propane when about 1 weight percent of = nagnesium preferably about 0.5
wei ght percent of magnesi unh and %?EE t. 0.3 wei ght percent
of magnesiumis included i ¥kl yst. 10 Ot her
embodi ments of PRIMBYent {JAWMA I o ®ecovering the olefinic
product. Those skilled in¥he art f.ronra_ consi &ration of this
specification or from prdEpPieeLatys ('fnﬁrﬁgf’ﬁﬁer& 1 disclosed herein. It is

i nt ended t ha ' ERUE : xenplary only with the
true scope and,spi r}goﬁf the1'énvent i anpei ng 8i08gi cated by the foll ow ng

. ours o
cl aims. 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.
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15 22 July 2004 That which is clainmed is. 1. A catalyst for dehydrogenating
a hydrocarbon having fromabout two to about twenty carborpaiyBoper

nol ecul e, conprising: a platinumgroup mnetal-containing conponent, a
zinc-containing 5 corrponent and a magnesi um cont ai ni ng conmponent on a
support conpri si t th la%\ecdr ¥st all'ine borosilicate having a ZSMtype
structure. 2. Th J0ST CPOm of O aim1 wherein the support conpri ses
borosilicate. 31. The\ caaipgdor defiydwbemtian s ydigeamen having freer il Matce i s

HAVG- 1 B. "4 T8 SRR 0 e Ghab il HpRAOTPT 1 SE5 17om about 0.01 o

about wel g ercent o lati num&ﬂa met al - cont ai ni n
conponent and from at?odt'atm@mlgff’@ a'BS’iﬁ‘i copdaign ‘Fcﬁ’ﬁ{mﬁgﬁ' cBnfiNGrofRRg

zi nc- contai %9@05 QWthaM@ﬁ-ﬁhtéum&g c&rﬁb@l‘lent/\ﬂlh ghduppért threpean@lgst and
cal cul at ed as emental netals. gsr% &H?BOSI tion of Claim1l which

conpri ses f mm%@@l‘!ﬂedvmsﬂtcatedl?dmg a Bercent of the
magne3| um cont ai gi Ng TRGAPRLition bASkin (DIWhEhiB‘I ﬂaeisaﬂ)porﬂ@n\ms%boroéimdﬁ@

conposi tion and caI cu! at ed as. eI eﬁ?t@z Wﬁé%@osﬁcatg@%/@ﬂ%' tion of

Claim1, wherein 3t he e ractory 1 norganic oxide
bi nder. 7. The C@m)OSTHeI cunnpmfsm@haﬁ ma@nvmehlehl nommre‘-eblfrndeabcwé 0G| tb@bou, The

t h
about 268 pad bt o eCh P ot RSl RARPISAE ahn Bt M0

mllion of <oafi torebdHsISD waighhpercont0f the Zigacodpiningecogponen). Brifdern e A
process for &%l\i&&ﬁs rﬁ?ééaﬂ étami%eﬁ@fe%atﬁ@@lémgnthr@eﬂa&bout two to about

twenty carbo per cu e to produce an olefin co

contacting the h\’jdroc"éheb'éﬂﬁmﬂﬁﬂ'éﬁ %ﬂ%y’t‘i"ﬁ'%@ﬂ?ﬂfﬁ?@é’ﬁﬁ}? te%&&a%% 25

with a cat a|1y§tw&g§mpf5ér§érﬁg)ﬁh@|rﬁ&@d@éﬂhﬂé@ﬂ@mﬁ@tcainpﬁmﬁabmddgolﬁﬂ"mﬁmht a

zi nc- contai ni ng conponent, and. a aini ng conponent on a
support 15comsHd Mﬁ@ez:smpeﬁﬁfa" E??E?'%%F’ﬁé‘sﬁg} PFT"@%? VI ng a ZSMtype

structure. 10. Tge prrwessnpekitich af Olaif 1whbereinrihe igppsdppoptisesontiiastosy
borosilicate. 11. Tg Elrocess of Claim 10 wherein the borosilicate is-
HAMVB-1 B. 30MganigA¥IEPEEESs of O aim 9 which conprises from about 0.01 to
about 2.0 wei ght. perTrentongfostihe opChin Awhetpiroig binderis siieat ai ni ng conponent

and from about 8. The composition of Claim 7 wherein the silica binder comprises less
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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0.01 to about 15.0 weight percent of the zinc-containing conponent, based
on the total weight of the catal yst and cal cul ated as the 2% dupB064
metals. -25 22 July 2004 13. The process of Claim9 which conprises from
about 0.01 to about 1.5 weight percent of the nmagnesi um containi ng

component, based %.thﬁérﬁfoééss"@él?ih th&&%w@%@vﬁﬁ%ia%uﬁ&% ‘E@EB&'Eta{Ed as
el emental nmagnesi um 14. e process of Claim9Y, erein the suppor
conprises a regighiqiesrapt obthe mAceaFiE-coRiaiingtaRRenent] Basetipn the byelyweight ofl ai m

14 wherein t heekbmgssitidrSartd ddidiated & eldMental MeGSsiA{. C ai m 15 wherein the
silica binder conpri se_gh | ess tha€ about 250 pgrts er m'llion of alum num
and | ess than abodf: 25D RMCESHEF CIAM| T oMesFin 1S FURAAT BABREPES R 1¢feackasy al

wei ght of 4 heinsighhic axide biteler, 10
15. The process of Claim 14 wherein the binder is silica.
‘ 16.  The process of Claim 15 wherein the silica binder comprises less 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.

10
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