;;‘eSeJh] JeXXYz4zD 6:]TIDL 1 I (. | -SSfv1001 Irr~ ZEOLI TE CATALYST ACTIVITY
ENHANCEMENT BY ALUM NUM PHOSPHATE .AND PHOSPHORUS TECHNI CAl D 'I:hngrgE 2007
_invention provides a process for increasing activi mmw&&\\@her %
stability of zeolite catalysts by the addition of ;\“\\\ osphat e and
phosphorus to small and medi um pore acidig_zeolites. BAGKSROUND Thernal and
catal ytic conversion of hydrocarbons to olefins is an inportant industrial

process producing mllions of pounds of ol efins each year. Because of the
10 large vol ume of pr ZROLITERCATALYSTHCTIMITY ENHANOEMENTBYE! f i ci ency
translate into significant profits. Catalysts play an inportant role in

more sel ective conversi oALEMEYUMPROSHHATE ANBIPHOSPHORUSU| ar | vy

i nportant catal ysts are found anong the natural and synthetic zeolites.
Zeolites are RS aLbiAieF i nosilicates with a network of Al04 and Si04
15 tetrahedra%.mvé By—&rgen atons. The negative charge of the network is

bal anced by the inclusjion (y)? protons or catjions such as al kali_or alkaline
earth netal ions. Tihe nxention: proyides sppreeess dpr dpagasisigsadtiiteandplydrethermal

crystalling n rk enahl e l.ites t e used as molecul ar sieves in
separ at i onEpr g%@@%? F%\%g’t %a%§§?t%f)¥/§135aad%8roz ag'pgmgmpbf)g) af?&?ﬁé’ﬁ"%ﬁ“’&&‘ﬂ
natural and s¥hfall@hd meBfh bbicGcRlid 2tplitkses including materials wth 20

addi ti onal el enents such as boron, iron, galliumand titanium The w de
breadth of zeolite structures is illustrated in the "Atlas of Zeolite
Structure Typ@ACKGROUND Meier, D. H- O son and Ch. Baerlocher (4th ed.,
El sevier/Intl. Zeolite Assoc. (1996)). Catalysts containing zeolites,
especi al |y medi um [Thefmalealdi daeflytiacshvinivinof Joydpecastdnk (€ oldfins g ek iim@ottinght
naphtha to light olefins, primarily propylene and butylenes, as well 25 as
heavi er hydr odbdustiel precsemprodusing, pyllipnsplapounds ef algfing pachtyeer. pBeravse pHithm

o otine. T0pi kY Tohe GARSRITRE bafu bR ERRAN S Bfis AR ART R Iptkante; ,
U.S. Pat. No. snifibinBgfofitdnCaabMslflayles ehpsiht irdle th oraélective codversidn 6f~~

No. 3,709,979, and the nunerous variations on these catal ysts disclosed and
cl ai med in | athydrosabens to olefinshas previ ously been observed that treatnent or

dditi f eith h h | unj t i el d d
Sl 1 0 O e RRGSRE oSl WAL RYTLEBERI 5 B B AR °
teaches acti vabhhiRs 0fzebRits ard eiykiillime Zaﬁ%hihgﬁlic\gtéshwﬁﬂ aaxhét'maﬁiié? RisSHPso, n

contact with an aqueous liquid phase. U S. Patent 4,977, |22 teaches use
of phosphdfus tetpatiedrarlinkgd bl oy g dtoms. [The magaivelvbage of thetnetwdrkaabadyeti by U

S. Patent 5,378,670 di scloses use of phosphorus.conpounds to acti.vat

veol i tes. U, dht PSRN T RIpjons e qabanh uchoas kel A AIKAIRG AL SR doBs. The

| mproved zeol 'ihféﬁ&ﬁ%ﬁsﬁ@é@éﬂc‘?ﬁm‘{@@foﬁﬁd By T éﬂg&‘tgﬁi&l?%%%k 2hible bediffesOb be
crystalline 10 al um ndm phosphate 1s generate y treating the zeolite and

a source of aaised a®imdi¢tomla siavesirnepatation provessss hindiin patalysieb dhere dre avlatde a
phosphorus conpound such. as phosphoric acid., The resulting. mxture is _&pr ay
is

dried or extr veEpenff bail napialand jsynthetice aealitiasiruciuses, hieliding myate

used. Ho er . i1 ' i £ rd a T S

i x tnal T aRichRCBRHets ek B BOGR, rbfiluel 35 thtin Tl Sik BRUaB% S
art has not praglieushi¢tirer doillugttaled hetheyalagicfitZalied Seadtuef Types's phovudl.and
al um num phosphate in_conbination with small and nmedi um pore acidic
zeolites. |n Msier.d3tHiQlspnand ChcRaglpcher (4th od., HsgvigyfInt, tephkssocy§1086)).

t aught the use.Qf catal yst subst anti.al.l Jee of crystall,ine al um nwum
phosphat o, nechriySe FPh @ r<2ES: SRbobied B Tt afiRa BednOFnds HERRLF

al um num phos HH%&WHQH% , EWIiEEtG&EﬁS’s, Bﬁﬁiaﬁl? propyRn®hhd PRyRnES; 1ad ivell
zeolites provide a synergistically inproved cracking catalyst with

i mprovener}tss sisgraviechydrogarbar speams.han t he sum of i nprovenents noted with

ei t her conmponent al gne. SUWARY 25 The present inventi&n praovides a,pr ofcess
for inproving the c@f amgicnlar yuerestiars therRrotlopdonn replias eldective fpx gonyersign,pf
and nedi um por i.di [ S [ L R%E-50% ol
treating a zeoﬁ?@é%gﬁgg%ﬁ%ggﬁgﬁ%s%c%ﬁ%%un gﬂgg{raﬁﬁgs %E@g%hor us? %erOIe]gt ed

zeolite and cogdatribédtandtaimBe sPUE. Pat. Noed, F0D, 8860 hnd ZSME11hdeddiitkd. in RS Paal |y
t he phosphorus treated zeolite is calcined. The step of conbining the

T
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t3 -5 SEf ~uUZ zeolite with ALPO4 may optionally be foll owed by steam ng
t he conbi ned catal yst. Exanpl es of. phosphorus contai ni ng conpounds gseful
intreating the zeolite include phosphoric acid, or an acidic salt™
such as ammoni um nono or di hydrogen phosphate, organic phosphites, and
or gani ¢ phosphines. Preferably the phosphgﬁus 5 contai ni ng conpound is an
ammoni um aci d phosphate. Any of the natur&’ly occurring or synthetic
crystalline nediumpore and snmall pore zeolites may be inproved by

descr i bod | e Rp g0 B EFREAEvaTARRS of i R kit RpathEg
d'son, and Chin Bearpaember It Hak peavicisly ey rdbberﬁéﬂ maﬂ&eatﬁﬁﬂﬁor }Mﬂlﬁéh bf either

incorporated by 10 reference. A medium pore size zeolite generally has a
pore size fromhespbatust alomatontphpxphated sépacdtels quoduned ex amall eimpvbvemeduiELin

nomencl at ur ¢ BFARG 9IS FAEDSEnaY: B} SRR P Katho i BIPTCAEIYE arigity

| UPAC) Co rﬁm@kﬂ t: il r
gi ze z)eol [ ?ms%é/vﬁ {hcéfglggﬁon Ph@ lgt ?%’th(t:tt?e t %gu&[ ?’egasg% En R's:
i ncl ude ZSM 5 Paiéhivi4]977, IZZSMeZéhcstidb’# @3 phdsplibiid, conﬁMn&@ aldiita3 %o 1Zc$5&s68the
ZSM 50, ZSM 57, MCM 22, silicalite-1, and silicalite-2. A small pore
zeolite has a ag@rlé' eff @&alys(ta; WabRaters 5,378,679 dixclasey use of plksphems cempoids,
CHA, ERI,

(1 CTPAG Comm 48 PV RSP ¢ B Ko 45708 Enkii b retfod b Perfigcb e o' ©°

zeol i tes i ncl yalBroikd 4eoRRPHS Yoata¥r Qvidezein ZK mdtrix %B.Qaﬂt?al]yz!ﬁeglof %St%ﬂme
ZK-5, ZK-20, zeolite A, erionite,” chabazite, zeolite T, gnelinite, ALPO

clinoptil aDi t @Jummmpmi phespleitd rs@memtedrhymremdg thee zootitezadl 4 s@ircdhof adid sduble
preferred enbodi rrent he zeolite Caﬁaoé é}nﬁ n{% bsaoé? 5&45 An alternate 25
embodi ment pr 69¥ge OF é‘B?‘BB’é‘s%‘c RN WH osPRArpE carppynd; spchasy
zeolite catal 0 or us
cont ai ni ng co@éﬁ:{ghgﬁgﬁ b endﬁﬁlﬁ%{]ﬁﬁu ki‘f’%ﬁéwﬁ an aﬁugﬁnéﬁiﬁgﬂbgh&mﬁ
the invention besakimed! dh pad eﬁmpmgsm-smaseel Hooeverfth® cdmptiiinlis Spéifically
A1P04/5- 60% zeol ite/ and the remnaining c1uant| ty to provide 100% if any,
bei ng a bi nderdesruibed jand clapmed j95 Agestringhat is substaptially: free1of_ arygalling plusminemp) e
mat eri al . lEref ar %lgé/ the binder is selcted fromthe group consisting of
kaolin, siTi cé’ OFF na or ni xed oxi des; preferably the conposition is

1- 2967/ 3- 5% ALPO4/ 35FHa5 R alot px%bﬁﬁsl@}%dgmé@the@h&gmlefeﬁbaMﬂpthﬂ{oﬁ% and

A1P04/ 40% zeol i t e/ 55% bi nder, The catal yst of the invention my be conbi ned
with other 5 chimainym phasphate idcombipationTwiéh melkand sredivey powe @@@1 zmllt@s In

process for cr r bo, e r.bon
feedstock with °3§ ? p})/fdlf %’? opgdyz;hﬁeetgsg%d% aggcgle%%géﬂgg aI y 82@
cracking Condlshbﬁmlau?d fteRrdTakysvline AliMmirviy PRdspRite Hhe piedem iaventdrh mdftﬁﬁt
ngr oving the stabili of a catalyst over tine conpared to an untreated 10
ze

lite c&0al yascombmattrm mwmgyplsmlmmhmbabmlwspmwew mwkmmar@l\l
Exanpl es of nedi mandgl ore Zﬁ0|ltes u 15’ mt%g %P @ts
i ncl ude gal | i (& PQre Zeigc %eé%‘ GSpRIOYIS 2 syRersisticqly, aproyed, prac Ercfl@
borosilicate 3 H\Ie?r&ntsosﬁ?!ﬂ%ﬂft | fadoeP G5t RB Gufif ¥t ﬂovaﬁexz@%teue@nﬁ teﬁhmas
chabazite, erionite, mzz oftretite, gnelinite, etc. Suitable
catal ysts for dompahemraloneccording to the invention are found anong the
medi um and smal |l pore zeolites. As used herein, nmediumand small pore

zeolites al sor’é@i&&feol ites having respectively 10 or 8 nmenbered pore
structures. T tes may be produced wth differing silica to alumna
nol ar ratios ranging from 2:1 20 upwards. They have been, in fact, praoduced

from react25on ni xt uFlkespresestrinyenton prayideaa prgcqsa@‘@nwnmmg yhres‘@iaﬂua@actngty as

to produce mat e“ aI avi ng@ﬁﬁttﬁg’ﬁﬁaﬂl H%E hhﬁ?ﬁyrtg?aci%c Tedlite ca{aiys? wiich

in theory at
comprises the steps of treating a zeolite with a phosphorus compound to form a

phosphorus treated zeolite and combining the phosphorus treated zeolite with AIPO,.
Optionally the phosphorus treated zeolite is calcined. The step of combining the



‘treat nent according to the invention. Preferred medi um pore zeolites
I nclude ZSM5, ' ZSM 11, ZSM 22, ZSM -23, ZSM 35, ZSM 48 and MCM 225 SEP w7
. Particularly preferred 25 is ZSM5. Preferred small pore zeolites, include
such crystalline alumnosilicate zeolites as erionite, chabazite,
ferrierite, heulandite, and such syntheti G_counterparts t hereof as zeolites
A and ZKS. Preferably zeolites have a silica to alumna ratio within the
range of about 2.0:1 to 2000:1. Morre preferably, the zeolite catalyst has a
structure typ e - - 3§ VFI
VEL, MW EOOr i R Qutnby Spforitfybe SUbVeTLY MRt B Rt RS &)
and LTA. | n aEpamples of phabpgherusatontaining bempewndds wiesful in theatihg dat @dlikeriaclude
sel ected fromthe group consisting of ZSMs, ZSM 11, ZSM 22, ZSM 23,
ZSM 34, ZSM 3ghosphgriagcidzanen geidpspalt therepfionely as gmpomiune magio prc dibydrogen

220 zeol 1 BEPey BgeE pronbis. e GBal rpatobines L neBlrably o s >
clinoptilofitgentimad 'E:@i_n{)@lfﬁd o iaheamﬁl%ﬁiuﬁp(ﬂcfdeﬁﬁ&(ﬂhit@m iAry bPQhe Aﬁhturallye

especially favored zeolite is ZSM5. The phosphorus nay be added to th
zeolite byI atnycmmn?gzmui sgnﬁ!eﬁmysalhn@ hnexiglraspd;b emdi sng?]lt rpe:]ez;zwliteale 1;nm'yt be an
aqueous sol ution o phosphor us compound, such as_a phospha alt or

P E osp E oric al(; ;}BPrOKﬁqu}ﬁ E[t{? (‘}cﬁ%‘ggfa ﬁ%\ﬁ@sm?éz@oﬁr zlfh@F%)é?;H ‘E‘Etﬂr‘gér;bfsmfc:
phosphor us. ag, R -Eﬁ& Se R0 . e
may be cal ci neé’J %@%dtlg?@%nbllnﬁdr?g vvlht ary gﬁgg/ées?’ %@Um'#ﬂ%glﬁhos'gﬁgﬁedngel
or the al um nynd pOlps Baad@hey YEReviér Faathi Editiodnl 1996 bwHidte d§ Bedrpévatednby

al um num conmpound such as 1 s alumna and the zeolite with a suitable
phosphor u0 comefelienég reagent such as a phosphate solution. The order of

bl di i i tgnt with the.ph h { t i b,
2ddi i on of the. al ASHT RS SR EORe Retab B ARG e i By ek 6 gy
al so incl udes 7x RidinehdéfoR ersmple] MF, MELINITW, BUG, MYT, FRR, MERRGETON

phosphorus treated zeolite/al um num phosphate catal yst nmay bg used al one or
bl ended 20 wi stuctsttipe zeolites|[ysing the nosienelatire hibthd deternationkd §imden of Pumpanéved

ot alyat wi ¢ hAppligy Gty GURAR P GR Rl dnab 4eaie Nopteie ol argppafes ot ©
catal yst wi a
cracki ng ¢at alyefuR§fbrd @iz%%%ifb@;lt WARhW dritsPorkCRY Bt bifltalre ihesCBEtaE ¥bbvd, O

i nprove conversion in the unit. 1n another” enbodi nent the fhvention al so
provi des a netilnade B8MpfdASiviet 1y ZSM @25 ZAM-23,228M+34e ZASMH3SWASM-28, Z8kindhed

hycirof her mal s CAB0 goMet HMGRELS Sisalfrh and SliedibR: (e catai yst of the same
type in a mxture vy LBaf Eﬁresz%ﬁﬁtc%é'a ok sid fr@ln%ﬁoﬂ%‘?{&?élé%‘?@&xﬁi inetidbafr €

hydr ocar bons when practicing the present 1 nvention wou i ncl ude any

f eedst ock typiezanple, 0FRAL BRI, MMAZL YRR, RHQc KEN5 KH) LM, end duRA [strinatueg type
napht has, - 5 s~P zo~z -6 gasojls,. Fischer-Tropsch |quids, raffinates,
fi'el d natdPal zgelatss i(“'ﬁ’s@c ;&WFW\A%&%%@“% WE@W gabg?m?]%% i Smadlpore
suitabl e feed kS ] 2 4S N 1k A | @A bAS, 1hpl-afisBs-guch as
but enes, but a}%@%ggfdcg{agaﬁn@ é} %%Eg? r‘l§pEt ﬁggsl’ﬂg-e{? ’ %‘é‘g?k‘tez((;zrlg%ﬁt asz,a’ %gkusé:r
napht has. PrefzR-200zdvlith AC aribnife chakazite,gfdolitd T 0 pinekivdfe) tATR0-17) dlivioptiddlitg
napht ha, unhydrogenated C4 to C6 conpounds from normal steam cracker

ef fl uent, vacuwameitesifetitediculsndite gikzeglitarhe. ef f | uent froma catal ytic

cracker as a recycle. LS: i 0 i.ng
hydr ocar bons the tg‘ﬂﬁé’}gﬁﬁ?&epﬁk&ﬁ%@’tﬁgg 5#@?%]%&&;%3:{) g‘P pil‘;’és?s op fgm éﬂé%h?lglge
achi eve the desibodsnélitffrevideé af plocess for iRErREkIGE Fhes datAlyHis RAAiNI) edTea Odeolite
propyl ene as desired, with a normal operating 10 tenperature range in the

range of aboutcaBBC whiclk 5@@)prises dirptr dfeatinghlay z¢akite heith an ghosphoBBOCHNAINBBOC;
nost preferably in t range.of 500 o0 600C. . The catal,yst  contactin
process is pr é%@?&ﬂ?@ﬁvai’&%@‘%‘fmgtﬁgbm?‘bﬁ? ajicmpte f"@“ﬁg%é“\& %‘&"F%ﬁm("&ﬁg\/)
in the range 1 H t Qb p30QadA ‘A’ S¥ne ey bly
in the range gita g%‘@é ?—irl_cuo Vyltlo&aﬁgf}? A??gggl(z% A]R/\%S&%/?Oé%éﬁgt B iR
preferably in remainide quangs tofpralidal 00, iFany, BEBY abindebmaterial The biidéBvhayThe
pressure may range from bel ow at nospheric pressure to 100 psig or nore. The
cracki ng process may be carried out in any cracking vessel such as a fluid
catal ytic cracker, a noving bed cracker, a fluidized bed or a transfer

|l i ne. The hydrocarbon fl ow nmaybe either co-current or counter current. The
coked catal yst may 20 be regenerated and returned to the process vessel, or
the process may be run as a batch process. The process of the invention
rnay also be carried out in a fixed bed cracker and the catal yst may be
regenerated in situ. As used herein "catalytic cracking conditions”
includes a reaction carned out in any of the preceding systens. EXAWMPLE 1

~ " - Y A -~ o, ~ - o A NN . oa a AT NN o




1 S The same procedure with suitable adjustnment of proportions was used to
produce a series of catalysts with the conposition 0-1 %/ 0-8% A1P04/ 40%
zeol ite/ 51-60%6i 02, EXAMPLE 3 Phosphorus Treated Zeolite with Wt Gel SPp Ayt
A solution of 18.5 g NH-H2P04 in 120 ml of water is used to wet 200 g 20
NHAZSM 5 to incipient wetness. The sanple yas vacuumdried at 70C and then
cal cined at 500C for one hour. The cal cined solid was bl ended until uniform
wi th ALPO4 produced by dissolving 58.4 g AI(N03)3 9H20 and 17.9 g NH4H2PO4
in 155 g ' of yd2ay shpiviowatnll PeRraBlithé Bind&fis sdcted ABnCBe rdhssi H
while the m xture was vigorously blended to a final pHin The range ot 7-9.
The mi xture wdwolih,asilich, ialnming r ghized dxides stferabdy thd-etdipasitiont is din2 %P/ % 0%

overni ght to age t |, then_dried. The dried m xture was blended with
580 g of Ludox‘gligﬂg%'%’sizf*aéﬁ{?’g‘(ﬁl% ahlaH%rrileer.e mﬁ%étﬁgbédl%&%yﬁll’@a{@%
exchanged w t . {i : t] nd hed unti |
c)r(ﬂ ori ge f\rMee e@ﬁ%@?&#ﬁ"%ﬁ?&g K@%ﬁg&ﬁg ltlgkofrﬁ%ntltlél{ rﬁyeh?%to ﬁ'g hne\g:ﬁ'@ﬁn%t cra![

- s SFP 208z _Qalyddér dsed anbours, followed by an additional NHQCI exchange

(3 tinmes) washing until chloride free, and drying the catalyst. The
presence of al um nubhemyspthert maf drenbseidom & pradess ot arhgksng \hxdrocanbbing meichby
MAS- NMR spectroscopy. EXAVPLE 4 In Situ ALPO4 Formation 5 A zeplite

ot al yot i ¢ SOTEIRES OB A BRAEhR fEodRechow b Aoy PR oooerend,
gr ound al umi nuyIC §hARSEHATAL Erabkihl aliEnd CARARIYY O Il 1h2)
in sodiumfree s?fi ca sﬁ 2%0)? AS0. T]e Vi gor o&sfl yglst?ﬁ?%hgl?ﬁ\%mv\%aégn
dried on a hotmgthad dor ihfyroviag uhd stalglityasta vatalyktusvieh eiinede¢ongshredtor axe uhitieaddd
80C. The vacuum dried product was heated' wunder flow ng nitrogen to 150C
and hel d fl& oseliteratalyst pEthesempdmeed t o 500C and held for one hour. The
heating was continued with air flow for two hours to burn away any residual

carbon. The cabﬁ' ~‘-‘*a b§3 ﬁﬁlW]i‘szOll solution to obtain

the desired phospho e+ v um num phosphate in the
N Hoxane Or acki ng VIFFRIE: SCEICHRTS oo Ymall et Codits et ot e FEErb o
as in Exanpl esindiyalr gallivih Giltate!Geofite! tholVOkS, Uithitbsilitad, TREGLCAYES tddiRcatd ACK
undi l uted n-hexane. A series of runs in a shall bench’ reactor was conducted
on n- hexane noztelitespompoturelly secuoing aysdtiltine rentikissych essthebaziteceriatital metzitens
steanmed wi th 100Q%.steam.at 704C and 1 atnosphere for 16 hours for the 20
pur pose ofl agi efife BSHIYE, €. A first run was conducted at 650 C, 31 Hr:'
WSV over a fixed beghfe Grflyds ff teliheifARGih B inbentfila thd ahiifhe the
ef fluent stream was anal yzed by on-I1ne gas chromatography. A col umtmm~havi ng
a length of 60medipacksicknvll foré penditess iAsi used hersinymediufroand swealbpart yeolites alie
O I T B 2o el g B b S SFhbEha Dl e, o
bel ow. TABLE Yo %S%P-@%P 3 | st ;
(Dfy, EX. 2)n- 'gjﬁeﬁégg%/er 5|t§n€h W gsmﬁégg%%n({)n%hf%ym%%aﬂ@gélﬁﬁ%ﬁ

W %Et hyl| ergib. 3bpvad81ThéyPhayey besme 5n Hdct3 phodn2€d fidnt eeretidn TBixAfe8 Frorf\rvhiel | ¢S
0. 00. 00. 62. 5Li ght ,Saturates4. 74.517. 123. 4 EXAMPLE 6 CracEi ng with Steam

Co- Feed A run egiswm_n:ts(éateagowyaahaﬂp% 59 ag<iP mgoquce malenialy Bavipg spuFmelydush n
Al 3 S PILLLE ghi ftie , BF BR 8 144 BEEARRS U5 i), ol
2CATALYST: H ZSiybdeineht a6Sdfding tdéhe mn@tntionX Préehied medingDpote ze6lites indhid .Z5M-52Key
Products W %t hyl ene2. 05. 6Pr OEYI ene2. 016. 3But enes1. 68. 5Aromati ¢s0. 00. 1Li ght
Sat ur at es1. 612Z%M-11,1Z8M:28BEM 72 Z50M13AgZOM-4R endiMEM-=23e Rartisuleplydireferred

Conpounds 25 is ZSM-5. Preferred small pore zeolites, include such crystalline aluminosilicate

zeolites as erionite, chabazite, ferrierite, heulandite, and such synthetic counterparts
thereof as zeolites A and ZKS.
Preferably zeolites have a silica to alumina ratio within the range of about

2.0:1 to 2000:1. More preferably, the zeolite catalyst has a structure type selected



‘A run was conducted as in Exanple 5 with butadiene/ hexane diluted 16/1 with
steam (6/1) and nitrogen (10/1) at 680C 5 H' WHSV , the results are-3$tggpyy,
_in Table 3: TABLE 3CATALYST: H ZSM 5PAL-ZSM 5 (Wt gel, Ex. 3)PAL-ZSM 5
(Dry, Ex. 2)Overall Conversion, W %3.986.498. 8But adi ene Conver si on,

W %16. 1100. 0100. OHexane Conversion, W 9%9.%/77.898. OKey Products

W %t hyl ene3. 214. 723. OPr opyl ene6. 729. 328. 8But enes1. 78. 55. 9Aromati cs7. 218. 92
4.0Li ght Saiuratesl.614.016.3 5 EXAMPLE 8 Conparati ve Exanpl es Show ng
Syner gi sm of RBASIMAB Pl consishigRémeFt, MBL, KARPAEVAIMT O FERTNIFS, oM. A,
treated with NHAHzPO4 was bl ended with fresh AlPO4 preépared as in Exanple 1
and conbi ned BRINMABQFRREOa$IEW,; IadaiplVe a8d I{IA. 1dnpr prtfereedaltenratiee, thé

cat al yst sanpl es, havi vari.ous phosphorus, | oadi ng and amgunts ' of ALPO04.
The catal yst sz?ﬁé’ft‘és f‘bgg dtpated 915 SEES‘ﬁngED’B the vy &mﬂSH@g rZMpb Mzl 700

C, run at 650 r'o V, h SUl tsenarf S Ufiq R_RhLe ed-pw,
showi ng cat al gﬁ\/ﬂ %g’rrpzpssl}\'/l\g—ﬁngw\;?&ﬁg%[swg%br%sel\z}t%gegggpég’ ngbanic}?@:%’) ite,
t he remai nsler Maevosn, séilicAe-1,TRRiIchNRI2Z ZIGAOTIAPOL30ESAPO-8HNYRL B4, 09APO-4ET ght
% - 5 SEP TOOT -11 TABLE _

4Cat al yst Conp@&i-21,085522, GOK-5] TAR2P0 46016 3V, 68 HamBk) Blrbatitk) 4eakiie 0B,0 gtwlifitss anec
onversionin W,_ % 23022 07987. E9 |In Situ Formed Al PO4 Cat gl ysts
A ser; o of 1 GO phIpE et 4B e e RO R oo Ap genegaly
carried 5 out i . I Wi t h n-hexane at 650C, 2 hr'' WHSV. The
results are rg%c%)’rr%d;z |?leni$a2§3\£55 for catalysts with no alum na, 40% ZSM 5
and 60% si |l i ca and Théphbosphons, mdpbe &lded tanist Zbliteshy amaconVbrtidnabireatissqueht s
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phosphorus treated zeolite/aluminum phosphate catalyst may be used alone or blended

) 20  with another catalyst to achieve the desired degree of improved conversion. For
instance the phosphorus treated zeolite/aluminum phosphate catalyst with or without a
binder may be added to a fluid catalytic cracking catalyst bed in combination with a
conventional FCC catalyst to improve conversion in the unit. In another embodiment
the invention also provides a method for phosphorus treating a zeolite that when
" 25 combined with an aluminum phosphate produces a catalyst also exhibits improved
hydrothermalstability relative to an untreated zeolite catalyst of the same type in a
mixture with the same quantity of aluminum phosphate.
Suitable hydrocarbons when practicing the present invention would include

any feedstock typically feeding catalytic crackers. Examples are butane, naphthas,



13 CLAIMS: W claim 1. A process for inproving the catalytic activity of
smal | and nedi um pore acidic zeolite which conprises the steps of tre_a}tbi Elg
at | east one small or mediumpore acidic zeolite with 0.5 to 10 wt. % PER 2007
phosphorus conmpound to form a phosphorus treated zeolite and conbining the
phosphorus treated zeolite with 1 to 50 wt, % of A1P0O4, based on the weight
of the zeolite. 2. The process of claim1 Where the phosphorus conpound is
sel ected fromthe group consisting of amroni um aci d phosphate, ammoni um

di hydr ogen ph t & [ i { i rp’e@lfo

pol yphosphor i %%ggg?ﬂ?gfﬁéa}gﬁggéi%gi]cm@f ?af?ﬁg?égg?‘fd g%tﬁrg?%g%%ﬁg@% ospﬁin% e X&hd an
or ganophosphi aad vacuuhhgaspilo dekliticnial silitable)facdstoekeinthde zteedmd eontaining olefimat ed
wi t h phosphorus conprises a structure type selected fromthe grou

consi sting of ovAiolefms sugirvgs buienesyrbutadmngs, fiegn m@ﬁlsedcmphtm,camgszacl@ﬁ
RHO, HEV, KFI, LTA,. ., 4. h f clai. wh i t he. it
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ZSM 57, MCM 22, "silicalite-1, si fical'ite- 2, ZK-4, SAPO 34, SAPO 35, ZK-14,
SAPO- 42, ZK- 2WMacuitn 2ésidsZétportichs2d thezeffihént érof a eatalptié cracker lasbaexiytle, zeolite
T, gnelinite, ALPO 17, cli nogﬁi lolite, nazzite, oé}freti t.e, heul andite_and
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ZK-20, zeolite A’ erionite, chabazite, zeolite T, gnelinite, ACLPO
clinoptilolit eéyelovaatmdspherixfiBedsitedp 10@ psigodintore.and zeolite rho. 11. The

process of claim4 wherein the zeolite to, he treated with phqsphorus._i
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consi sting of kaolin, sjlica, alumna, and m xed oxides. 14. The pra%?c s of

d
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and the A1PO4 in. f b e the: ywel gh Lie,
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Si 02 15. A pr padstheodatalydi mayl behepereratddl RO 4ith.s Aelveed hdrein Goathliptic gravking
consisting of a freshly prepared wet gel, a dried and calcined dry gel. 16.
A process of ceoapitions P52 FeRelion cmaad-owt dhagw ofdhe prepgding systegs- of treati ng
the zeolite with a Ehosphorus conpound, .cal ¢ci ni ng the phosphorus treated
zeolite and coBRXAMBEEh Prepprationpfdumimyn Fhospliteed zeolite with ALPO4.

.. " '"T'he B SE L d r e )
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claim
were dissolved. To the mechanally stirred solution concentrated NH,OH
(28-30wt%)was added dropwise (0.1ml/min.) until a gel forms, pH 6-7. The stirred

gel is connected to a flask containing 20 ml concentrated NH4OH and stirring



19. A process for cracking a hydrocarbon that conprises contacting a

hydr ocar bon feedstock under catalytic cracking conditions with a cat_85I g/ﬁjt .
that conprises the conposition of claim18. 20. A process according t EF 2y
claim19 wherein the feed stock is selected fromthe group consisting of,
but ane, naphthas, gasoils, Fischer-Tropsch liquids, raffinates, field
natural gasolines, petroleum waxes, vacuum gasoils, olefins, diolefins,
but enes, but adi enes, steam cracked napht has, cat cracked napht has, coker

naphthas, lig i naph nhyde Qg ated C4 to C6
conpounds fr O%%1n§é1594 0y ‘?@%ﬁm g‘?‘i %gﬁhlﬁqféﬁlf %Q‘&‘égﬁa'r%& aéssgdg e@ﬂﬁl B?afr?tﬂﬁnt
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feed stock is selected fromthe group consisting of |gh‘f vi rgi n napht

i ght cat naphtvhayuntovens theaghlicined at $60iCdoogertaeth 64 or C6 conpounds from
normal steam cracker effluent, and effl uent froma catal ytic cracker. 22. A
process according to.claim 19 wherein_ the catal is added to the catal yst

bed of a flui 8 P 2 Phospborps Txeated Ze%!ﬁe WBL&’F’Y@PQM to enhance

production of propylene or butylene. 23. A process according to claim 19
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) - &10%U&N_1_§) sf 10% U& ()- @10% U& ()-R q dE6f 10% U& ()- s, 510%
SM-5 to incipient wetness. The sample was vacuum dried at 70°C and then

u& (
U&’ (
U&' (
calcined at 500°C for one hour. The calcined solid was blended until uniform with

AIPO, produced by dissolving 58.4 g AI(NO;); » 9H,0 and 17.9 g NH.H,PO,in 155 g

of H,0, followed by the addition of 20-24 g concentrated NH,OH while the mixture

was vigorously blended to a final pH in the range of 7-9. The mixture was placed in a

25 closed vessel over NH,OH solution at 40°C overnight to age the gel, then dried. The

dried mixture was blended with 580 g of Ludox AS-40 (a silica sol) and dried. The

dried catalyst was exchanged with 5% NH,C] (w/w) aqueous solution three time and

washed until chloride free by testing with AgNO,. The solid is dried, then calcined at
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two hours to burn away any residual carbon. The calcined catalyst was treated with
NH,H,PO, solution to obtain the desired phosphorus content. The formation of
aluminum phosphate in the catalyst with alumina was confirmed by MAS-NMR

spectroscopy.

15 Example5 N-Hexane Cracking With Wet Gel And Dry Blend Catalysts

Catalysts prepared as in Examples 2 (Dry) and 3 (Wet Gel) were used in a
model system to crack undiluted n-hexane. A series of runs in a small bench reactor
was conducted on n-hexane model compound. Prior to the cracking tests, the catalyst
was steamed with 100% steam at 704°C and 1 atmosphere for 16 hours for the

20 purpose of aging the catalyst, A first run was conducted at 650 °C, 31 Hr' WHSV
over a fixed bed of 0.6 g of the selected zeolite catalyst. The effluent stream was
analyzed by on-line gas chromatography. A column having a length of 60 m packed
with fused silica was used for the analysis. The gas chromatograph used was a dual

flame ionization detection (FID) Hewlett-Packard Model 5880.
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n-Hexane 20.3 19.5 56.0 71.1

Conversion, Wt%

Key Products Wt%

Ethylene 53 53 8.8 11.5

Propylene 5.1 4.8 18.5 20.4

Butenes 35 33 8.8 9.7

Aromatics 0.0 0.0 0.6 2.5

Light Saturates 4.7 4.5 17.1 234

EXAMPLE 6 Cracking with Steam Co-Feed

A run conducted as in example 5 using the catalyst prepared as in Example 3.
5 In this test run, the steam to hydrocarbon weight ratio was 0.33. The results are

shown in Table 2 below:

TABLE 2
CATALYST: H-ZSM-5 PAL-ZSM-5
(Wet Gel, Ex. 3)

| Hexane 8.3 442

Conversion, Wt%

Key Products Wt%

Ethylene 2.0 5.6

Propylene 2.0 16.3

Butenes 1.6 8.5

Aromatics 0.0 0.1

Light Saturates 1.6 124
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Butenes
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5.9

Aromatics
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24.0
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Light Saturates

1.6

16.3

EXAMPLE 8 Comparative Examples Showing Synergism of Phosphorus
Treatment and AIPO4 Addition

Ammonium ZSM-5 treated with NH,H,PO, was blended with fresh AIPQO,

prepared as in Example 1 and combined with Ludox AS40 as in Example 3, to

produce a series of catalyst samples having various phosphorus loading and amounts

of AIPO, The catalysts were tested as in Example 5 with steaming for 8 hours at 700
°C, run at 650°C, 4 hr’ WHSV, and the results are setout in Table 4 below, showing

catalyst composition giving the percentage of P, AIPO, and zeolite, the remainder

being silica. The table reports n-hexane conversion in weight %.
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TABLE 4

Catalyst
Composition
%P 0 1 0 0 0 1
%A1PO, 0 0 4 6 8 4 6 8
%ZSM-5 40 40 40 40 40 40 40 40

n-hexane

conversion
in Wt.%: 15 22 30 22 20 100 79 87

EXAMPLE 9 In Situ Formed AIPO, Catalysts

A series of runs with catalysts prepared according to Example 4 were carried
5  out as in Example 5 with n-hexane at 650°C, 2 hr' WHSV. The results are reported
in Table 5 for catalysts with no alumina, 40% ZSM-5 and 60% silica and 4% alumina,

40%ZSM-5 and 56% silica. The table reports n-hexane conversion in weight %.

Table 5
without alumina With Alumina (in situ AIPO,)
%P 0 [1.0{20]30|40]05(10]15]201{25]| 4.0

nhexane | 27 | 28 | 55 | 28 | 29 | 58 | 62 | 94 | 95 | 100 | 66

conversio

n in Wit.%:

EXAMPLE 10 Lower Temperature Cracking

10 A series of catalysts were prepared by first loading 2% P on an ammonium
ZSM-5 with a Si/Al ratio of 27 by impregnating the zeolite with aqueous NH H,PO,
followed by calcination at 500°C for one hour as in Example 2. The divided product
was mixed with wet gel prepared as in example 1 to produce batches containing 10%,
15% and 20% AIPO4 based on zeolite. The mixture was aged over NH,OH solution

15 in a closed vessel at 40°C ovemight. The solid was then blended with Ludox AS40

and was dried. The zeolite content in the mixture was 40% on a dry weight basis.
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The catalyst was exchanged 3 times against 5% aqueous NH,Cl and washed until
chloride free by the AgNO, test. The catalysts were steamed at 700°C for 16 hours,
and tested against n-hexane as in Example 5 at 450°C, 30 hr’' WHSV without diluent.
The results are reported in Table 6.

TABLE 6
% AIPO,: 0 10 15 20
n-Hexane 36.8 52.6 50.5 46.7
conversion, Wt%
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We claim:

1. A process for improving the catalytic activity of small and medium
pore acidic zeolite which comprises the steps of treating at least one small or medium
pore acidic zeolite with 0.5 to 10 wt. % of a phosphorus compound to form a
phosphorus treated zeolite and combining the phosphorus treated zeolite with 1 to 50
wt. % of AIPO, based on the weight of the zeolite,

2. The process of claim 1 where the phosphorus compound is selected
from the group consisting of ammonium acid phosphate, ammonium dihydrogen
phosphate, phosphoric acid or an acidic salt thereof, polyphosphoric acid or an acidic

salt thereof, an organic phosphite, and an organophosphine.

3. The process of claim 1 where the zeolite to be treated with
phosphorus comprises a structure type selected from the group consisting of MFI,
MEL, MTW, EUO, MTT, FER, MFS, TON, CHA, ERI, MAZ, OFF, RHO, HEV,
KFI, LEV, and LTA.

4, The process of claim 1 wherein the zeolite to be treated with
phosphorus is selected from the group consisting of ZSM-5, ZSM-11, ZSM-22, ZSM-
23, ZSM-34, ZSM-35, ZSM-38, ZSM-48, ZSM-50, ZSM-57, MCM-22, silicalite-1,
silicalite-2, ZK-4, SAPO-34, SAPO-35, ZK-14, SAPO-42, ZK-21, ZK-22, ZK-5, ZK-
20, zeolite A, erionite, chabazite, zeolite T, gmelinite, ALPO-17, clinoptilolite,

mazzite, offretite, heulandite and zeolite rho.

S. The process of claim 1 wherein the zeolite to be treated with

phosphorus has a 10 membered ring structure.

6. The process of claim 1 wherein the zeolite to be treated with

phosphorus has an ¢ membered ring structure.

7. The process of claim 1 wherein the zeolite to be treated with
phosphorus is selected from the structural types consisting of MFI, MEL, MTW,
EUO, MTT, FER, MFS, and TON.
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phosphorus treated zeolite having AIPO, with a binder material, in an amount of 5-60

wt. % zeolite and 40-95 wt. % binder material.

13.  The process of claim 12 wherein the binder material is selected from

the group consisting of kaolin, silica, alumina, and mixed oxides.

14.  The process of claim 12 wherein the phosphorus compound is used in

an amount of 1 wt. % and the AIPO, in an amount of 4 wt. %, based on the weight of

the zeolite, and the final product has the composition of about 40 wt. % zeolite/55 wt.
% SiO,

15. A prgeess of claim 1 wherein AIPO, is selected from the group
consisting of a freshly prepared wet gel, a dried and calcined dry gel.

16. A process of claim 1 wherein the process comprises a first step of
treating the zeolite with a phosphorus compound, calcining the phosphorus treated

zeolite and combining the calcined phosphorus treated zeolite with AIPO,.
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hydrocarbon feedstock under catalytic cracking conditions with a catalyst that

comprises the composition of claim 18.

20. A process according to claim 19 wherein the feed stock is selected
from the group consisting of, butane, naphthas, gasoils, Fischer-Tropsch liquids,
raffinates, field natural gasolines, petroleum, waxes, vacuum gasoils, olefins,
diolefins, butenes, butadienes, steam cracked naphthas, cat cracked naphthas, coker
naphthas, light virgin naphthas, light cat naphtha, unhydrogenated C, to Cg
compounds from normal steam cracker effluent, vacuum resids, and effluent from a

catalytic cracker.

21. A process according to claim 19 wherein the feed stock is selected
from the group consisting of light virgin naphthas, light cat naphtha, coker naphthas,
unhydrogenated C4 or C¢ compounds from normal steam cracker effluent, and effluent

from a catalytic cracker.

22. A process according to claim 19 wherein the catalyst is added to the
catalyst bed of a fluidized catalytic cracker in an amount sufficient to enhance

production of propylene or butylene.
23. A process according to claim 19 wherein the feed comprises naphtha.

24. A prqcess according to claim 19 wherein the naphtha is selected from
the group consisting of saturated virgin naphthas, catalytically cracked naphthas,

coker naphthas, and steam cracked naphthas.



