, €3e00dFBJ6TcnV * (@) 0002* PROCESS FOR MANUFACTURI NG OLEFI NS USI NG A
.< PENTASI L ZEQOLI TE BASEDM \ RY OF THE | NVENTI ON The invention is a
napht ha cracki ng cat alu roved catal ytic napht]lilma%@?#ﬁ:%ng
process for produci ng ol ef kgagokr om paraffins) particularly paraftins which
are present in a hydrocarbon m xture comonly known as naphtha. The process
provides relatively higher propylene yields and significantly |ower nethane
yi el ds over th&RO&ESSEr gpﬁl MpND SF'P%KGrQHEEIBF %\Bg’dg 80 to about 90
percent naphtha conVENIRASEL &EPLETEr BOFEPnGAABbYE t he sane or |ower vyiel ds
of aromatics and |light paraffins over the range, as conpared to welt known

prior art catalytic and thg i.tionally, t he process

resi sts deactivation of tHhe &ty AR B one aspect, the
invention is a process for producing a relatively light olefin Naphtha is
the preferred fepgsihagiiohes a bhptRhPEQEIARS cathlyst 4 4 RS Ed @AMt @PBMbON

f eedst ock) which includes hydrocarbons having about three to about twenty
car bon at oresackingeproeess|fgr pradeding pleéing fom Ruplnas parHewanly gaudpgnsh #avi ng

about fqur to about, el even carhon ato ner | ecul [ int.o a
react or “cort &t Hg' Elyc{ﬂgcrftr%oﬂ fn]’?\érgl C?)Pg“r%rgf gl’%‘g? s #Pé‘ﬁ}aeoip{)Br-%%gs(rg\tpé?‘ﬁ?eﬁg
catal yst t%pjafidtly highef bﬂg@&netmas shalsigafie@ytiodér Methahd yRRIs @8t nehosphor us
and about 0.1 to about 10 wei ght percent of a pronoter netal selected from
t he group comsnatially ioporgal rangmof gboutsfi tarabouti 3 pencknringpluhasonvhesromof At
| east a porti.on of the hydrocarbon is canverfed ta produce an _ol efin having
bbout . CUMEROYkTE SR ame 2 aeroringl BonBet FHEREY eRBERTOR mmy be

passed i Nt Gnd Aok SRR pat QABIAI kilbkpAoNERLAEHILUAS O] hHiEAle SUCh as
steam nitrogen. al kanes such as nethane and ethane) an xtures thereof
whi ch awe sAdiktiamuily atheyprocess tesismddacthvagiop od tesmtadymn dytdokimg. used. |1 n anot her
aspect, the invention is a process for producing an olefin, which ~5
process conprises contacting a naphtha which includes a paraffin having
Bbout tour Lo aHBEHE aMESk AN VBRI GrrOfst (OTaTatiTE AR HEHE (i n
reactor at \gaghRfiPie R peferRl feedstock for this process. In the process, a hydrocarbon

feedstock, which includes hydrocarbons having about three to about twenty carbon

atoms, preferably paraffinic and isoparaffinic hydrocarbons having about four to about
15 eleven carbon atoms per molecule, 1s passed into a reactor containing a pentasil zeolite
catalyst. The zeolite-containing catalyst typically includes about 0.1 to about 10 weight
percent phosphorus and about 0.1 to about 10 weight percent of a promoter metal
selected from the group consisting of gallium, germanium, tin and mixwres thereof
At least a portion of the hydrocarbon is converted to produce an olefin having about
20 two to about three carbon atoms per molecule. The hydrocarbon may be passed into
the reactor together with a heat-conducung diluent such as steam, nitrogen. alkanes
such as methane and ethane, and mixtures thereof which are subsiantially inert under

the process conditions used.

In another aspect, the invention is a process for producing an olefin, which
25 process comprises contacting a naphtha which includes a paraffin having about four 10

about eleven carbon atoms per molecule with a catalyst in a reactor at a temperature of

R

-1- #166166*



. about 400 to about 600 degrees C and a pressure of about one to about three

atnospheres The catalyst is a pentasil zeolite catalyst having a silicon to
al unimum atnoic ratio of about 10 to about 400 and on whi %%stx&; cally

pl aced about 0.1 to about 10 wei ght percent phosphorus and B2 to

about 10 wei ght persent of a pronoting netal selected fromthe group

consi st ng_of atgai AAAKaiabaabi0 uen ctaCant Mhidkili®of AR Bhe A ab&RSH PO LI ON Of
t he naphtha is crgcked in the reactor to produce ol efi ns having about two

to three carbdf% pehe eamlpgus 8 PEntesihagithertatpy haeinpassifichn it Qudihm
react or toget LN ' tint | ar tio in the range of about 9
to 0.1 Alter nglftalfn\l/e ai‘/lgt é‘%‘%ﬁ’?‘ﬂé%ﬁ&@é@&%ﬁ it YPIcRldY plaged abowt Bgbtder
wit addi ti onahbqur OpaRExhk Perde At IREpHGRLS Shd Ao 1" gboyt 6 to about
A portion of the react o? pcr:o uct' may be rgcyglletgg?@“ﬁft?e“?%EEP%Feq‘ﬁ?ﬂet

anot her aspecPromegng mesd seloeted §rom tetemoyp sansissirg of gérﬂfanﬂfr@ﬂé‘ﬂiimﬂdhh 9fa
olefins fromga. carbon mixture such as a naphtha which 1ncludes one or
nore parr af f{aﬁ@%g\eg ? ‘awg%asbﬁﬁﬁpf@e‘g ‘ge pahthasis cragked in theaoapon ®i prgduce
silicon and adlefisHaVirgbBuSivid ©OfbobiPhdc WEEuHY L CnbaLlen pf about 10 to
about 400 about 0.1 _tg about 10 geilé‘ﬁ% percerﬁf%%ﬁ rs'Bﬂ%Fﬁ@‘aﬁ?f napbthe mav to
about 10 wei gt PasEddaiet the feaatop togrthieerwittmetibens & @6 neflar £20i9 hhge &[)ng.%{h

ablFy 't he

consi sting of nj,u I1jumtin and m xtures thereof Prefer
pent asi | zeol%btgg{élqsao %@l@-%%@?f&?%&'x o theaphibip mayheanassed miethpaeseat

i nvent i onot habgethet WAHPYdd#§FhaPoi); roducti ng at. | east one |ight
olefin and relatively |ess ar'c))n'gtgﬁézﬁt;ar I&l%a&rgtlocg. ?ir’s'%ﬁé’f@t?ﬁt"a@fq thouatd . A

t enper at ur e dPrUEOfEHO Feacto} Gradudt mapbe F6eyicRdad - Ra@bfospheres a  feedst ock
conprising a volatile hydrocarbon m xture which is liquid at room -

tenperature and pressure in a reactor with a catal yst conprising a pentasil
zeolite catal yst \;\ﬁ?%[ha"(?g‘ﬁf AIRSL dhoivemion ispsatalysOuseilght ppeiucRtiigh

' r.cent .qQf . a ronot er net al
phosphor us gﬁfﬁgwggnoﬁ gyémmbam&milé? 08 808 nBRES Unidl] ir1ud2 S b mone

paraffins. The catalyst comprises a pentasil zeolite comprising silicon and aluminum in
15 asilicon to aluminum atomic ratio of about 10 to about 400, about 0 | to about 10

weight percent phosphorus. and about 0.1 to about 10 weight percent of a promoter

metal selected from the group consisung of germanium, gallium. tn. and mixtures

thereof Preferably. the pentasil zeolite is ZSM-5

According to further aspect of the present invention, there is provided a process for
producing at least one light olefin and relatively less aromatic products, comprising:
cont'aciing at a temperature of 400-600°C and a pressure of 1-3 atmospheres, a
feedstock comprising a volatile hydrocarbon mixture which is liquid at room
temperature and pressure, in a reactor with a catalyst comprising a pentasil zeolite
catalyst which contains about 0.1 to about 10 weight percent phosphorus and about
0.1 to about [0 weight percent of a promoter metal selected from the group
consisting of gallium, germanium, tin and mixtures thereof based on the total weight
of the catalyst, under effective reaction conditions to produce at least one olefin

having two to about three carbon atoms per molecule.



consisting of galliumgermaniumtin and m xture thereof based on the total
wei ght of the catal yst under effective reaction conditions to pr oduce at

| east one olefin having two to about three carbon atons E? p&ﬁﬁ)‘d e
tenperature and pressure in a reactor with a catalyst c mF‘)Arlsm

pentasil zeolite EOCOZ RRERDESE RIPTIOWOIMTHEAMIR BWEFGBESCRI PTI ON CF Tf ~
DRAW NGS 20 Fig 1 is a graph show ng et hyl ene yi eld as a function of

napht ha conversion catal yzed by phosphorus on f-iZSM5 zeolite of silicon
to al un?hum at ont@ dds F(Srf’é’&ﬁpwﬂ'&ﬁ gbyle%u'CWSﬁﬁagﬂmesﬂlesm 5 zeolite
of ST eon LavalTL i Ak BT okl GRS a2l Buigah kb Ui ERpecti vel v

Fig. 2 is a ene yie Ion

conver si on @tamad MEBGqM (6B05@ﬁd)byl§h@§bhblZI§Mn5{M13 iligd oss.ht&m to al um num
2a 11 March 2003 atom c ratio equal to 30. and by phosphorus on HZSM 5
zeolite of slMminyonatosiaraneagual @t Bhivish alliug. &gpedtively; 30 with gal |'ium
respectively; Ftg. 3 is a graph showi ng aromatics yiold as a function of

napht ha conver si gn Gat aIE aéﬁ ho%é&gg%Bgn%ééJgle%“%'a'zé"’&?orFSP of silicon to

al umi num s at omi ¢ at'?% osp or us® of 5 zeolite of
siliconad o addvBistHaddi P8t byl pHokphdrddan Htm@@ z%ﬁdé‘ o893llicbH T ahRSRERT 1 Vel y;

2a



Fig. 4 is a graph show ng the weight ratio of C, through C, paraffins
produced to C, through C3 ol efins produced as a function of naphtha
conversion catal yzed by phosphorus on HZSM5 zeolite of silicon to alum num
atomic ratio equal to 30, and by phosphorus on HzSM 5 zebl MeENA00S; | con to
alum num atomc ratio equal to 30 with gallium respectively; Fig. 5is a
graph showi ng ethylene yield as a function of naphtha conversion catal yzed
by phosphorus on HZSM5 zeolite of silicon to alum numatom c ratio equal
to 60) and inchiQs BARA 4S 30MddA5\osARpld SiPHISMES| AR diGuidloinb num at ormi ¢
ratio equal to 60 with gallium” germaniumor tin, respectively: Fig. 6 is a
gr aph shovilnginpmapyhenatigieqal @30 avithuratiiunoresgectingdit ha conver si on catal yzed
by phosphorus on HZSM5 zeolite of silicon to alum numatom c ratio equal
to 60, and by phosphorus on HZSM 5 ze,olit? of silicon_to al um num atomc

rati o equal to I8® st hEZERNISheNANE Epmalcs NIFldes 1 fupctprOLaRRINA| v 20 Fig. 7
is agrap i L j L ji AGPRt ersion
catal yzed 030%%@%%%%? %h%@gfggfﬁﬁgl%?&déﬁ?gﬁh to a?%ﬁ%% atom c
rati o equalorhio ré@) equad td B0 paraisiyhghosghoous dir BMSH -sembliteefailiconltocon to

alum num atomc ratio equal to gg wi.th gallium _gerrrani umor tin,

respect i vellymindmptomic rajip egualdp 39 yud 3‘3“3".“‘*8‘3?%“5 Y aph showi ng the wei ght
ratio of C, through C, paraffnms produced to C, through C3 ol efins produced
as a function gf i HZSM ~
zeolite of sil ?f:l%g@?%& gﬁgﬁgﬁﬁﬂ%tt%wg@?g}%éggﬁ%%@g@ qulrplhgﬁgg; phosphor us
on HZSM 5 prediced o Of tiobgic O oleinsiproducadrass: fancuorcofr saphthaegowdrsioa 60 with
gal l ium gernmani um or un, resgectwel ~ DETAI LED DESCRI PTI ON OF PREFERRED
ASPECTS Orcatalyzed by\phesphonus ¢t Z‘SMféflé‘PlP“éBf é‘é‘ﬁ%t", alt‘ﬂ’é“”ﬁ’ﬂ 898HE "vention is
a process | i4Gh r f t 4 4:S1 ) ns, aronmatics,
napht hg)nes‘a',qﬂf‘)l\r%}ns‘%%)‘(f1 ﬁ‘% gg%@‘ ﬁ%’r Q0 ;bnil—gf%,?[ fg%’sh?eoztﬁ;&[ﬁgdrr{]?’a %ﬂ%&j{ alytically
cracked t ou@pnRIUGE eyy@dll UaBLavitoMEue| effedsvaych as, for exanple. ethyl ene,
propyl ene and butyl ene. The process includes contacting the hydrocarbon
feedstock at effective reaction conditions with a pentasil zeolite catalyst
whi ch i ncl udes 802 phoephashawmg stiyleneaieldas afuagiosaf dgpthem t he group

consi stin | i Jran| t] i 4 0 ~ Generally,
mapht has csyeriBh el B Tt It 2 Sl BE S Eflumindn 0007
vol ati |l e hytekhrQalid equdniX 60l end by giibspitorlid Gl HE.SM-5r 2ol efgilgoatior e and
pressure Preferred naphthas conprise one or nore paraffins, each of the
par af f s hevinyMaHBemiC fasiogaualgo HPcvih gallsHny eraapivn af BRsrosesctivelyecul e, nore
preferably about four to about eleven carbon atons per nolecule, and
exhibit an at her.d i ~ . {1 i LN the range of
about negati vg[)%g' ?(‘)g % }é@@th%%w&g)ﬁ égﬁégla,g%rsrgﬁdgh&t% cHCHaBBmh

conversion catalyzed by phosphorus on HZSM-5 zeolite of silicon to aluminum

atomic ratio equal to 60, and by phosphorus on HZSM-5 zeolite of silicon to

aluminum atomic ratio equal to 60 with gallium, germanium or tin, respectively,

20 Fig. 7 is a graph showing aromatics yield as a function of naphtha
conversion catalyzed by phosphorus on HZSM-5 zeolite of silicon to aluminum
atomnic ratio equal to 60, and by phosphorus on HZSM-5 zeolite of silicon to
aluminum atomic ratio equal to 60 with galllum, germanium or tin, respectively;

and



preferably about negative 1 to about 204 degrees C. For the present

pur poses, paraffin neans a saturated hydrocarbon of the enpirical chem cal
formula C~Hi ~+, wherein n is an integer greater than zer1o Pargf fobgs i ncl ude
normal parafftns, which are unbranched, and isoparaffi nst ! Mage ? ntain at

| east one branched carbon chain per ' _~ nolecule. Especially preferred
napht has conpri se proportions of vanous hydrocarbons present in the

foll owi ng ranges) expressed in weight percent of the total naphtha weight.
-4 11 March 200BigN8risralgrapdr sifofiing the segightarratiorsd Q\diwouple e pam@ffads ns
Aromatics 6-34 % 20-78 % 1-35 %0-1.0 0-18 r_In prgcticing this aspect of
the inventi oHT,OdB?ﬂﬁ‘t‘S(Q:i‘W@’“SF%JHQCFHVCWB‘E%"B@H %%‘Bﬁéf%@waaﬁ'&a?ﬂ%"%ﬂﬂ? asi |
zeolite cata o d 1S C j ang fii whi . f@rmation
b e e S R R LRl e e
zeolite catakysl 1o 6hiadh byphodesiwrides HASMGY reothed off dilidval owluranemcont acted in
a reactor For the present purposes, reactor neans an apparatus such as, for
exanpl e, & v@legiq ratig equpldy 69 witk galligm. gegprmumgy Wh rgMELHESs a vol ume whi ch
is maintained at reaction conditions effective to pronote a desired

chem cal reaction. The invention may be practiced utilizing any of various
types of reacpEBAIISKIMDESCRIPTIONGF PREFERREINA SPECES OF DTHECRNVMENTION

fi xed bed down flow reactor with feed preheating, a radial flov,~ reactor)

a f<uidized bed reactor, or a transport riser reactor. The process of the
i nstant i nvent i onln &PiifeIRed/aspRelo thechratcal IPEBHAR i Propess|ipivdncieyhykrgcarben d

matortal 1o CoRAN BRAHRRARST AR Mhalfeler, O R NEERE T e

conpri si ng pg#tialy tamigatdllyecraaited! vy proddde vaRiablcewena®fns suthsisafpeximpk. t he
i nvention can be successfully practiced using fixed bed procedures. Wen a
fi xed bed of e@akeaws'ppylgneemsf/ byrsigne t fhe psecess inchiples epriagimedhs hedyogdrben

i nterstage heating is_.advant ageous. Nbving.catalyst_ b t.echnol.ogy. ch
Lhe cat alyst RRBTerHRRN AL AN Sy B0 drT R RSl rdbie.sary it pelie!
reform ng of ;naRh6MS ahd 2prbMBRr iR sPRCRE fATH ALEHVED ¥oiRIng e GaMiukd) t he
instant invention. A preferred reactor systemis a noving bed radial flow
mul ti - st age geawnommurt ind mixussdgredfeat i ng, as described in U S. Patent
No.s 3,652,231; 4,094,814; 4,110,081; and 4, 403,909, which are hereby
incorporated by reference in.their entiret and.specifi,cally for. their
Leacht nad: egar di GETSrRT-upPRdeS FY e e Fhet sBing PR Balelielsufpta
systens. Thi sneh@A£ VOlaLi RS HPBaRsYN MIxne which 1sliiddBd GNrodRD@nfprRindyY and
spherical catalyst having a diameter of about 0.03 to about 0.1 ~ of an

i nch (about @rezgire o Patforred 3aphthds dampaiseope oF anore iparafias eath pilthp peaeiine
effective react.i on cor%i tions neans conditions whi cp flavor t he fcglr)agi on of
ower ol ef i n&aViBh ARRLE RS (AP TWSREY FatoRD HYPNRES BAICGHC BRKT Profestin oM,
therefore) shqild abGu BRiveh ufRH didind P& hEREMIE! aﬁmgﬂm?a@aﬁﬁﬁgﬂ'&t Wigm&kic
about 400 to about 6SO degrees C., preferably about 480 to about 63S
degrees Co, awmregepbeafing pdny irathe uhngsddl dbouabepativé 20 ta elgne d66 Gegreend. masike
preferably about S40 to about 600 degrees C. Preferably, the total pressure
in the react BrEfgrAblYRbouLcERUYS bdo 3RRIR 204 Seetass G- nlienthe BreSEYRUERIES- RASHE 1

oot 2oL FLER AR oo, ML iy S 2 T

absol ute. Then péder reairaisn keroat Rarafifint alhede gortnbl phirdfiimec @hlfnge present in

t he reactor at _
unbranched, and isoparaffins. which contain at least one branched carbon chain per

25 molecule. Especially preferred naphthas comprise proportions of various hydrocarbons
present n the following ranges, expressed in weight percent of the total naphtha

weight.



effective reaction conditions is about 0.1 to about 0.9 atnospheres

absol ute. The hydrocarbon feedstock may be adm xed wth a diluent useful
for heat transfer a 5 conposed of nitrogen, steamor a relativel

refractory hydrocarbon such as, for exanple, nethane or &t Mg 2 0>éﬁe parti al
pressure of the diluent at effective reaction conditions nmay be from about
0.9 to about 0.1 atnospheres absol ute. The hydrocarbon feedstock may be
adm xed with a co-feed conposed substantially of propane. In this case) the

hydr ocar bon fe‘?ﬂﬁ*ﬁﬂ?ﬁaﬁ%st h@o&a‘?afffﬁ@d NpithéResPa®RGhs| M@niahies r eact or
toget her, and the lar ratio of propane passed into the reactor to the

hydr ocar bon passed |nto the reactor is preferablg about 6 to about 1 Sone
portion of reactor6ps@ucts ndp-Hhrecydiddd backO1d% hel1l8&ct or .
Preferably, space time in the reactor is about 1 to about 180 grans of

cat al yst per dy ocar bon_ . f.eedst rably about
SO to about 10 npgacé'f;g%s[ﬁ SRt 8(&)’5‘“5%’?‘% m%cfung%ghgggr% %Ogledstock per
hour. For gtdagiobk @A€ Me piasil koolMBcaialy20 RcaRHEDOR QS cor@if WiDR fA®ank t he

mass of catalyst in grans present in the reactor for each nole per hour of

hydr ocar bdormatiedsif dowenwlens . diveferably . rtbe ﬂlﬁdt@@%rbom feedstocihend t@ﬁ @ﬁelﬂmed aspect,
the invention is active ‘fj’ st co onen

t
phosphor uszeQ:‘BFllcé‘las'sca %@%fsa%qsi:r i TPEre oW YF © Q‘ﬁﬂﬁ é“ afs‘ﬂoé zeolite
or ZSM-11 greeld ,;:% sorfl BargtodSs, RERG he R/ ROBBIrank QAL 42 (ERAAMpR G WSl | ne

nol ecul ar "si eve as an open porous structure and an ion exchange
capaci ty. nfbez@aiiser er aapilc whichi dmcmhesrmnbmmenwlacldlstmmmatrmdsm kéacoon and
alumnumin their framework structures., Far exanp a. zeolite may be a

silicate ISARHIHENSCHGCAYR i PIOMYE adesired F‘PP(“BC%F%HO'& Fre‘F ARYEPHPY) mé'bré%e I
quantity qf 3 in
ZSM 5 'tgl u%rancg]gl(? P@gfl:ﬁé gﬂgrm bor on Sq?ﬁgl—ﬁk% éllbré %)or osﬁwlggtqge k@‘ﬁ gg']??[? i's
descri bed as nfodeLaiplee atfixdie bed dOwh, (Tav reastvir a¥ich fRed1pretbatingn e eadqalr fdved by
reference in its entirety, and especially for its teachings regarding

reactor, a fluidized béd reactor, or a transport riser reactor.

The process of the instant invention is highly endothermic. Preferably,
fluidized bed solid catalyst conversion procedures are used in which the feed
15 hydrocarbon material is contacted in vapor form with fluidized catalyst parucles
comprising pentasil zeolite catalyst On the other hand, this aspect of the invention can

be successfully practiced using fixed bed procedures. When a fixed bed of catalyst 15

employed, the use of reactors tn series with interstage heating is advantageous.

Moving catalyst bed technology. such the catalyst regenerating technology
20 employed commercially for the reforming of naphtha fractions, may be advantageously
employed with the instant invention. A preferred reactor system is a moving bed radial
flow multi-stage reactor with interstage heating, as described in U.S. Patent No.s
3.652,231; 4,094,814; 4,110,081 ; and 4,403,909, which are hereby incorporated by
reference in their entirety, and specifically for their teachings regarding moving

25 catalyst bed technology and regeneration systems. This reactor system normally



silicalite. HAMS-1-B is described in U S Patent No. 4,269,813, which is
hereby incorporated by reference in its entirety, and especially for its
teachings re~ardtn~ is HAMS-1B. Pentasil nmeans a famly of zeolites having
similar framework structures with ZSM5 and ZSM 11 as it $1 Macchel®®3nenber s.
The framework structures are forned by |inking chains of S-nenbered ring
secondary building units. Further information regarding pentasil zeolites
may be found at pages 12-14 of Shape Sel ective Catalysis in 30 Industrial
Appl i cati Qighiok a{\%phcﬁc%ﬁ%ﬁi h@hng a .didadt df@bbu 0GP0 aysht Dsinest dyindiar cel
Dekker, Inc.” of New York. The pentasil zeolite useful in this Invention

al so i ncl udemt &. 7 wabber 3 dehdimstet)ect ed from t he group consisting of
gallium germanium tin, and m xtures thereof Preferably) the zeolite is a

phosphor us- cont in'hn ZSM 5 having.a.surface si%‘.con to ~a al um nt mhatorri o
Pati 6 in the rdfsano B ErPERcY 6 AR TeAgHn BPUREFIBFYs DRt o A bout
1 80, and oy (RE §6ratafibh Y aRA oldtthst CERMMNs Ghich faddr tN@W@HnaQQ)Q?mﬂ?\g%rSihLi con

to alum numatomc ratio of the zeolite is convenientl ~~ contro
r egul atsi ngl¢five andp tretraforzf, sharip bo amtimainkd ghthaneacis entlade 4 emmeratie ¢the zeol ne

in accordance with known procedures. For exanple) phospharus ma~~ be added
to the forabeet Jheadppt GEFEES Ky - PFFﬁ?‘éBW:fPPWg"'BﬁH% by &éjueﬁ["teﬁ G- more

phosphor u j i h r I , r
ol o BrERERRY B 34355 QIREREE dblshs LN RAPHILKESITE0 PR R
5,171, 921 400hdeglecpd. eRieteralilg, theaotap preasutel ithehe eeantdp\of et refenaed hspetinali r

entirety, and especially for their teachings regarding pentasil zeolite)
Al t er nat i VB¢ jnveptign B’Iﬁéfs‘léhéla% llorAbalnd 2ERaPRraesabgllte: gnoge piglerabbnvNent

m xture fr ' t [ t ' [ . i,th case, the
phosph@r uslo[(r:gogr,rgrpagﬁﬂ‘c? Jj&ogpg‘g{éegsa##lg%‘gl%ﬁérte@%@lffi@grl\t[bg B&f)trld\?f’ de a final
pentasii zg@bsgher«ubpslGiet i on having preferably about 0.1 to about 10 weight
per cent phosphorus, nore preferably about 0.5 to about 2 wei ght percent
phosphorus, nost preferably about 0.75 to about 1.5 weight percent

phosphor us, andlgspastighpragsuie auribpedbihto lbhydserarhons prseawis thh ee@rah t he
total wel .pe st zeglitea. T o) r t be

i ncor por at?e gffcﬁir'ﬁ %)CQE Wgn %@@Iﬁﬂ%rsugédggﬁtlaéonaﬁﬁﬁp(ggﬁgné@f‘ 788 Slo'?“ete‘?ﬁ%ﬁrc ei nafter
referred tiydascartdnpeedstsoklm#ewd adrixkd Ryichandilnugsefu® foreidae fraligfomn i n the art
which results in a relatively uniformdispersion of the second netal such
as, fob’ excommosed pf/nifrogens sicaanefed raddivelyarafetoriohydregsregmsuchds, forhe pronot er

i s added in_an am)el;z;[ suf}ﬂ cie totg{llovi de a B{?n I Ptage?ft si | ze[olite

havi nc. pr SPEPRIS JHesins a8 sthage 1 Thg PaR Pressidf s Myent A eteve sa oot or
netal, nmor@nanrRhendR e Phadbol P9 18 8RR 011 ameshhs BssIGRNt of the pronoter
netal) nost preferably about 0.75 to about weight percent of the pronoter

metal , and ideally about 1 weight percent of the pronoter netal based on
the total wei ghtheohydrpearbamieadstocksmay be admired phidspiootead cempesedni ng pent asi |
zeolite desgcri inthis invention i ref er abl ined with or
i ncor por at* g“?'ﬁ‘_‘fagl)} kﬁ&ﬂﬂpﬂ“ﬁea{' N s[_?‘f)?’y ﬁ@{;?rﬁgrégeegﬁg% gédj(gf:ﬁﬁir}ﬁ%‘{, Milica
and sidg capaalednhitpnd HehciBRoRlndrOR® thel M pafﬁblﬁgﬁopaﬁebs‘sfseéir% 1Rt REror
di screte forns suitable for use in a hydrocarbon conversion _g_

to the hydrocarbon passed into the reactor is preferably about 6 to about 1 Some

portion of reactor products may be recycled back to the reactor.

Preferably, space ume 1n the reactor is about 1 to about 180 grams of catalyst
per mole of hydrocarbon feedstock per hour, more preferably about 50 to about 100

25 grams of catalyst per mole of hydrocarbon feedstock per hour. For the present



11 March 2003 reactor. In a typical procedure, a pentasil zeoltce product
may be formed into discrete fornms by extruding froma die and choppi ng.
Typi cal extrudates mad be about 1 to about 10 mlli neterfohr/’p dh%&%er, often
about 2 to about 6 mllineters in diameter, and about 4 ToMas, 0
mllimeters in length as suitable for the reactor systemutilized.
Alternatively, a zeolite binder product may be forned into a sphere by
rolling or by dropping in aliquid filled tower Typical spheres are about
0.03 to ghepdsed. spatanriime ndaab ot mlss 7 chalyabmugrath? préskhi imsberesjior fordi amet er .
For use in this invention) a pentasi| zeolite is nodified by incorporation
to of phoagharale permpus ob hydencarbopdecdsloglh ¥hichEniery EISREOT phosphorus i s

i ncorporated by adding a suitable phosphorus containing conpound to the
zeol i t e- cont ai i j ' |k UL O R G I ¥ dhKishg and

cal ctning. Si mﬂl %rgfﬂ}gpbfﬁéﬁ%? g#’[?t@t értﬂeqrrlgtl %][mngiyl%[afygto?g%?céﬁ gég%¥s?ret hods

| ncl udi ng:onffivnegnatiphosEivtud-conisinimb pogasil sdolitesuchast foe exaaplet 2SH-dne or to
the t 5 zeolite incorporated into the border. Alternatively, it is

cont erfpl a&egtitet T SMn ol r EopthePreseh RINRASES . Z5abig meansy BX@bRfed to t he

bi nd he . | j.t.ebi nd ) i . |
compr 1 somRBelAr séfS WhSE bR oRlils sl SRR i i PRI RaBEET AL Y
pr ef er abl yeoRkk0Ouby 2bhthin eddifetics Weaddiionesilizoh an@ aluiiflurian ehadr Rimewdiky about

30 to about 50 wei ght percent The phosphoruscontaining pentasil zeoltte
need not dsmicturest Ber enample: zaalisg may be psBicpéravingrd SaMpHOdOHYEYES INDr t he

present puyrppses, .naphtha conversi on nmeans nol, e- wei d average of the
i vi dunihEBavaraPen SR AR omeE Aemes R g SRHh R, A ATCh ar o
presefyf ifumifind3PRSRRS BitimiRb&1iodke 6 BAbRth HANES-1LBB6dsARacONdi tions. The
use of the key conponents tn cal cul ati ng naphtha conversion tends to

m ni m se anbi guities which mght otherw se arise when |ndividual conponents
-9 11 March Siboditaiedescribéd in cuBagntNe @l . 33d wlueh sdiesebyi n t he sane

reactor. Mre infptmaon regardi ng the determ nati.on of.naphtha conversion
my be. § olRPPFEE PR ERRES Hpipuntat, fid Shighol if e bt REARRE S Scki ng
Coi I's” bygiReafice’ RAMBRIRs dsEribddrif TEB Patedl MoV S60BARL hasaiis Whiesl appears in
| ndustrial Engi neering Chem stry Process Design and Devel opnent. 1981, vol.
20, at paineopetatediby odfeiesce oy prsirely eandosspeailly fonde thasheigs redihdng ol | owi ng
Exanpl es ﬁ@gr sented order to better conmunicate, but not lunit the

i nventy ont 'r’rgl'e 1: Conversion of Naphtha over 1 weight percent P on
HZSM5 to zeaiite of Silicon to Alum num Atomic Ratio 30 As a control
procedure, conp&fisdiafests 2fahliBNdr Rames Af MBS nfR AR RIWAHE Skridhuk NG uRT €sence
of a previously known pentasil zeolite, 1 weight percent phosphorus on
HZSM 5 zedSM:£& and ZSM-l¢ @n itsawal endmanhers. al hofremawbrit gn@ouresTire fommead by

[ tant.. t f t vpi cal ht ha feed, dipthis Ex le 1,
are. showrlHRNGATHR SopmeterELGie SOREsh BIERE vaRTD FANES phrriitynt T
per cent) Nidh QEENHe e, zedritks TRAy e fOUh®ACTaeES TR B3P 8R0S0 ective (BRI AUt ane3
50et hyl ene~( C2H4) 0. 00cycl ohexane0 52et hane0. 002,

2- dt n®t hyindestriahdppla@pivaphy dh& ((Gizhie) . Ofpyright 1989, published by Marcel

4- di net hyl pent anel. 65pr opane0. 003, 3-dt net hyl pent anel. 53but yl ene

(C4HB) 0. 0Bekker, Incgp HS/PB@N ane2 74i-but ane0. 082- et hvl hexanel 1

87n- but ane0. | 23- net hyl hexanel2 07pent ane0. | 03- et hyl pent anel

74cycl openanel 5 I~ . HHR

46n-pentane1.23&%E?gﬁg%ﬁ%gﬁéggﬁggﬁ§%go ugheo_%gxkﬁﬁgiQQR§QRQQnam
selected from the group consisting of gallium, germanium, tin, and mixtures thereof

Preferably, the zeolite is a phosphorus-containing ZSM-5 having a surface silicon to
25 aluminum atomic ratio in the range of about 10 to about 400, preferably about 30 to

about 180, and more preferably about 30 to about 60.



- 10 11 March 2003 n-hexane4. 82et hvl benzeneU Uu2- net hyl pent ane20. 41(pt m
xyl enesU U( ~3- met hyl pent anel 6. 340- Xyl eneU QUnet hyl cvcl opent anc8. 40C8°
aromaticsU 00 , The 1 weight percent P on HZSM5 zeolite was obtained from
NH, - ZSM5 zeolite by neans of an incipient wetness inpreghbMash 2088hni que
wi th orthophosphoric acid. Mre specifically, IVH -ZSM5 zeolite was
intimately 5 contacted with a solution including distilled water and
ort hophosphoric acid of chem cal formula H3PO, , and then dried. The
resulting 1 W?'ﬂl'@%il%ﬁ??@funﬁn@(ﬂ A FmMr RiZ60ht LeoiRa® @rvehkATE cSitdieg@mt 0
al um num atomc ratio of 30. The 1 weight percent P on HZSM5 zeolite of
sili con t qegllatifignihenamioonts of camponeagueliich are3Bed o Girmmilaie thewaeshgtinl i sed as a
catal yst in the conversion of naphtha to in react or at %%80 and 1.05 bar
t

\ p a
absol Ut e. aFpEdgneetwit kngvaspigeeduges. FRecxamMe rRogRhariEmay bsr2dgded thBer eact or
was set at;. 0. 2 [ , I Ut - | i L rogen.
The fract if8’hm%df5pe?€ae58%§§l§ktﬁ ﬁ]gmg%er%%[r"kéelz}g\%%&slng(%{%[;ﬁ%g?%gﬁ%gg\sgﬁn Plﬁigjl ltsnpace tinme
i Nt he sr eagtdttianceEtwinti @B rodealifts dofsided.afdr ekdntipld, indl ghtPaper dent F720852HZSM S
zeolite of t ~ silicon to alumnumatomc ratio equal to 30, represented by
dar k- col orasd W§uRpensNapdd7LPabéwVBich palenig g Meeipored herGHERY HifeT§RCs Mpht ha
conversion,i.n_Fi 1 Pr ] h e . W Wl percent P on
HZSM 5, rgB ’gg‘é‘f{? Y agéje%%ﬁgﬁgg?%fp g‘(%g%a@agsgfe\sé%'gjb%&dﬁ%f%ﬁl)l\(l)\%ggt&gre depi cted as
a functi om&fmﬂmg& hie glﬂﬁﬁl%‘r&k edmpdunticgn be ‘addedr @nBhuRicHpbaen ehgrryed Wi th
1 wei ght percent on 30 SM 5, represented by dark-col ored square-shaped
symbol s, dran cdidtcthe pentasihcstalyestis ormefl. dngitheraass rilre phosphoius cpmgourd 1
Addi ti onal | \8/ t he Weilg_gt rréati o of C tg:or h C"l zg:a[.affi ns pro uced to C,
t hrougl! CRIEeLin HLaPOBY Suilisient & Proyide A Jina 8%’1“,“% BPESEHTRY A HXMR- col or ed
squar e-sh [ ' 0 o ison in
S el e T e S R A
wei ght periocahbutGawtighepaybdnt phogphdntus Pmost giZfShdbly atmwit Ge7ofo dBioi ¢orweight
Al umi num Atom ¢ Ratjo 30 An exper.i nent Wafﬁ erforned. and is, no des?ribed

S
in this EXSRENEPRosphomis; and ueuplhnakauh{ Seight RETCENtRROSPRATUE RIS SF J1F 1O al yst
i ncl udi nn 1..yel llium and al so including 1 weight percent P
on HZSM 5 ‘%‘3 ta(giqfle ?@gﬁﬁ%?ﬂgf oduces a relative increase in light olefin
production, while suppressing the production of aromatics and nethane. In
t he experi ment , Tigapromorer wastali mypyr Bgmaemdraged mtcsthmphesphords-euitghingper cent P
on HZSM 5 zeol jte, \M?ich was o tai ned substantially as describhed above in
Exanpl e 1.PeRBFE Z6QJue (heraimpiiay retegalip an loRPwiasi 1055 ) Diaay ghuahds 18ansm an
aqueous sqlidlinqp (i a@'m}?éﬂ sm?svi'nrkgreﬁﬂvaglfﬁhbﬂh h)@BQEs:JH%temE RaRnd3ndihl tO
produce a solution. The solution was brought 1nto I ntunate contact with 1
wei ght persueints, HoNekanifid} by ioacixthange, dogelation, lrempeeendnored Thagramder med i n

air for twelve hours at 540 degrees C. to produce 1 weight percent Ga-1
wei ght  peradded inpamamppntspEficiens g provie asfinal Popentasi! 2eelte Agmne msefgfabhy ¢ rati o

equal 0 3 T . I - i n SM 5
raori 1 eout B (3o B bl BEIE hbmlr Mol fe BEFARAL dBoll oSN 0
shown abow@ abbutTRbeRh2pétes Wishapromdidr Yndidle nveFre @il aboitsy. Wik ibcit @

descri bed above in Exanple 1. Again) naphtha conversion was controlled by

varyi ng sp#eishtpeseent gf the promotes metady andadeallyeabeut pmsight @aeceanef de omat i cs
yi el ds observed wth .1 i ght percen 1 i ght rcent P on HZSM 5 of
silicon toprgmﬁz]r%er@at{aae}%e%rgpﬁtll&g[ ga@hﬁ &?‘86 Clvp agleﬁog‘ ent ed by dar k- col ored

circle-shaped synbols, are depicted as a function of naphtha conversion in
Fig. 1 Fig. 2 art ftiddphotus-t&adafei peflayl zAN 8dseABed M thi@viRioaht ratio of

C, through C3 paraffins produced to C, through C, olefins produced in the

presemtfe ofreferably aombped withaprissaporswtd bytodawkndwiro bdersi orohatrshaped

| i i .a fuyncti f naphth nversion jn Fig. 4. -12
Symbol's, 18 f8PL % A0icd andMKitcs A AP N3 e GO St Petled F1 9

spheres or other discrete forms surtable for use in a hydrocarbon conversion



11 March 2003 | nspecnon of the data depicted in Ft~. | and Fig. 2 reveals
that a catalyst utilised in a process in accordance wth the present
invention, nanmely the 1 weight percent Ga-1 wei ght percent P on HZSM 5
zeolite of silicon to aiummumatonic ratio 30, was nore 3$&MaEh 293t owar ds
et hyl ene and-towards propyl ene) as conpared to a previously known catal yst,
which is 1 weight percent P on HZSM- zeolite of silicon to alum num atomc
ratio 30. Also, it can be seen fromconparing these figures with Figure 3
that, by npgdidying {bRallprBtdid. PRNEBN Iz Hré&icMhiay 2Rqbithed wid h gal I'ium

t he production of aromatics was dimnished. Surprisingly, the data of Fig.
4 i ndi cat edsdriiefortrisebyadromdimgefsom iabibel amtlvioppange sTymor edimdatet mgh ene,

propyl ene and aromatics yi el ds are acconpanj ed by g re ative decrease in

t he produchsaeuof ‘%?ﬂﬂ%ﬂéi“Bl‘!‘V“?réé%d’\?Hﬁei‘féb?‘léeq ahm 2 JARBY s, For exanpl e,
Ftg. 4 indj t:hat ' Lak fy0Gnitli | pr oduced
foc, thr onDRnes il Sparhcler 45 BBy 42b aBoff ackmitkitkeRpolh pl R BLITE

cont ai i ngfog &lel reamoradys&éh Giilred C eAltemanieina roohivcbiadarodsctenayplsr ed to i 5
92 percent at 91.8 percent conversion for the previously kngwn catal yst

wi t hout gaformefhintasx sphsre By soling gt By deopping i liquibkdisd pvers ByRicadi | i con to
Al um num ] .0 g < I FRCl-nl t ness
procedureﬁgpg%?ﬁg?g%{biogﬁ ?.;93Sl?ﬁlﬁqugp.%%ga%@gmu?&%ﬂ%égéﬁlﬁlégélgrgme in
Exanpl e 1 @anfhnetanple 2, a series of four Ga-P on HZSM5 zeolite catal ysts
were prepared from NH4-ZSM5 zeolite with silicon to alum numatomc ratios
in the range of 30 to |80, The Ga-P on HZSM5 zeqiite catal ysts so prepared
i ncl uded gal | i Jifriuse ihehiy lyemioss a gentasit gealits isHROGHBEE By tneRRPTBRYS phor us i n

t he rapge j . ba , | .weight of the
cat al y o TRetEptnls o AffoBioler B fiZBLeie PG wBs B 1%\ BT 2003

pl aced in iacérpeatedrbyadddidla sle@bRehoSphorus cidkaihinp2pipband\@stheonverted to
olefins. aromatics_and paraffins. Feed rate through the reactor was vari ed.
Qper at | n~ ehicc@stagfng ptesial ivea bawd sepdium f lolawed by drsinpangy wei ght at space
times of 17.6.. 87.9...5,43,. 9. and 22 raps. of cat al yst r, . not per hour of
feed rat e, AU - SIHUATLY '%h%Praﬁ}ogeﬁdP?‘glotgi’)hg%gg:@@?d?tﬁ%%&rﬁ%&qsr omtop to
bottomin fﬁ@lhhﬁg?thRgh&%n bR ExGfge, QRAERT thE zB8NE AbBe oRaPHeha conversion
was in the range of 83.3 to 89.6 weight percent. Ethylene yield, propylene

yi el d, ut 3eobilgangarporgtedanionthe Pmd?ﬁ-eﬁﬂe@ﬁd\’m{ hasweorwr_mldwéxbmwsed in weight
ber i oos ar & TepeY RGP gy et i bt B A e 4Rl “er cent p
wei ght  er ceideptprodict.at omi ¢ rati oFeed Convey- sionC2H4
The binder or matrix generally comprises about 5 to about 90 weight
percent of the catalyst composition, preferably about 20 to about weight percent.
20 and more preferably about 30 to about 50 weight percent The phosphorus-

containing pentasil zeolite need not be treated with steam after incorporation of

phosphorus.

For the present purposes. naphtha conversion means a mole-weighted
average of the individual conversions of fifteen non-aromatic key components
25 which are present in the naphtha but are not created under reaction conditions.
The use of the key components 1n calculating naphtha conversion tends to

minimise ambiguities which might otherwise arise when individual components



Yi el dC3H6 Yi el dCAH8 Yi el dAromati c Yi el dvet hane

Yi'el d30. 330. 331 8087. 212. 420. 59. 38. 13. 241 23089. 612 719.18.811 a3

b5113089. 512. 519. 48. 811 03 46213083.310. 71 7.88.210 9~ 3 Inspection of the
data presented in Table 3 indicates that catal ysts of tha1 b({;é@'b?ﬂoz”i nvention
havi ng si.licon to alum numatomc ratios in the range of about | a 30 to
about 180 are desirably active and) also, that the Ga-P on HZSM5 zeolite
catal ysts having lower silicon to aluminumatomc ratios are nore

cat al yucaly|, [ f h h Mor eover,

it is apparéésriltrl ulﬁ:eous&c%%ﬁ%é%%ﬁ;ﬁéﬁ& |lqlglecsg{nglr}€/d§ﬁr %@?gg@ﬁ%r@phosphor us
tend to exbdabdihg lie&i‘eteamﬁnavlbh wf ndpithdainzeisionTrakl g Bunddi € ackmcdlhat

i ncreasing the we @H’g rati o of phosphorus to gal ljumjncreases yields of
et hyl ene, PBPEsElidase Seang Up\af dNapltheidagkdnd Cops TP e Yag) i%%‘"l'%dl cates that

| ner easOd Bl Bl gL B RlP e R L8 |l IPE AR e oduct | o,

Ther ef ore) I's preferreé he wel ratloo sp o‘rus to gallium
is in the Gtﬁﬁﬂiﬁ'yq:fm@&s@llﬁesﬂ_m ahd DevelopnieniS:1981, rmnezmmemealﬁbywahbust 2: | to
about 3:1. Exanple 7: Conversion of Naphtha over 1 weight percent P on
HZSM ~ t o incograrated by refereneghere®- Al uni num At o ¢ Ratio 60 As anot her control
procedure, conversion of a light naphtha was denonstrated in the presence

of a previousl yp, 5?&%@%@@&@?%&9@ r'e% 1096@' O enB G na hul 2 SM 5

zeolite having a sur i co um numatomc rati o equal to 60.
The 1 wei ght pgnkeimvertionn HZSM 5 zeol | te of silicon to alum num atom c
ratio 60 was obtained from

Example 1: Conversion of Naphtha over 1 weight percent P on HZSM-5

10 zeolite of Silicon to Aluminum Atomic Ratio 30

As a control procedure, conversion of a light naphtha was demonstrated in
the presence of a previously known pentasil zeolite, 1 weight percent phosphorus
on HZSM-5 zeolite of silicon to alumninum ratio equal to 30. The most
important components of a typical naphtha feed. employed in this Example 1. are

15 shown below in Table 2.

Table 2

Naphtha Feed Composition
(weight percent)

hydrogen 0.00 2, 2-dimethytbutane 2.83
mcthane 0.00 2, 3-dimethylbutane 350
ethylene (C2H4) 0.00 cyclohexane 052
ethane 0.00 2, 2-dimethylpentane 1.38
propylene (C3H6) 0.00 2, 4-dimethylpentane 1.65
propane 0.00 3, 3-dimethylpentane 1.53
butylene (C4H8) 0.05 2, 3-dimethylpentane 274
i-butane 0.08 2-methyihexane 11 87
n-butane 0.12 3-methylhexane 12 07
pentane 0.10 3-ethylpentane 174
cyclopentane 1.36 n-heptane 065
i-pentane 2.51 methylcyclohexane 0 46
n-pentane 1.28 benzene 096
hexene 070 toluene 0.19

- 10 -



~ ~ NH -ZSM5 zeolite by substantially the sane procedure as descri bed
above in Exanple 1, except that a relatively nore concentrated

ort hophosphoric acid was enpl oyed for the Incipient wetness i 6e nation
Specifically, 10 grans of NHa-ZSM ~ zeofite were cont act@d"%’tﬁ %39
mllilitres of twice distilled water blended with 0.38 gram of

ort hophosphoric acid. The conposition of the naphtha feed enployed in this
Exanpl e. 20 and the napht ha conversion process utilised in this Exanple,
are substgmikimdl |y the sanme as.glescri bed abom@eizeneExanpl e 1. Ev byl éne,
propyl enex.andyigeh@net i cs yi elmsiiobserved w ¢pphml xseesght percento Ga- I wei ght
percent Ps-aanliietdhsd of silicessto al um num-dtlewi c rati o equal 00® ¢0)

r epr esent adndyclbpegiate- col or ed 8si§uar e- shapedC®yravatics, are depict & as a
function 'S of naphtha conversion in Fig 5, Fig. 6 and Fig. 7)
respectively. Additionally, the weight ratio of C, through C, paraffins
produced to C, through C3 olefins -15 11 March 2003 produced in the

presence of the, catal.yst, repres 1 ~ht -col or A4ar haped

synbol s, is deﬁh’c?é‘éf'é& PETFYY cppgﬁﬁ\ﬂ'sgéﬁhﬁeh%ascoﬁﬁa\l/ eldgi?oorﬁ m’%r\g . 8 Exanpl e
8: Conver §,00i@by RRA HParPi¥eipicht Wl inRRégh8idn e@mlqué-wigirght percent P on
HZSM 5 zeolite o¥ Silicon to Alum num Atom ¢ Ratio 60 A catal yst consisting

of 1 wei githqphngphoric @Gaidl Meregipecifiealtye NH FZ9V-THrSMeSvasgolinatelyof silicon to
alum num atomc, ratio equal to,.60_ subseqguent | repared, by inpregnating
gal li uin o?ﬂ%acéﬂdlwiafgé?jﬂl"%ﬁ’éﬂ‘@i‘fﬂmﬂﬂ%@?ww @&H’P%IIEBB?‘B& 399%%n to al umi num
atom ¢ T atilghiefYaimii® 1P, Mah& thel el ® e REQRALAWAYN! fiecefEplaad descri bed
above in Eﬁ?glﬁ%ﬁe 7. Tﬁ?s tat a‘?yset vvlg's usgd toﬁ%onve%t F%gcpht ha havi ng t he
conposi t i HZSMSvmeokite drag aisnrficehdibedd tataiwnibsm animiakdtio afti®. same condi ti ons
descri bed above in Exanple 1. Again. naphtha conversion was controll ed by

| e in Exa ol ed
YN SPACe TS ki LSRR YL 20 o R ORI, SRR o viel s

ratio equal to 30 so obtained was utilised as a catalyst in the conversion of naphtha
10 in a reactor at 540°C and 1.05 bar absolute. The partial pressure of the naphtha at

the inlet of the reactor was set at 0.25 bar absolute by diluting the feed naphtha

with nitrogen. The fraction of feed naphtha converted was controlled by varying

space time in the reactor.

Ethylene yields observed with 1 weight percent P on HZSM-5 zeolite of

15 silicon to aluminum atomic ratio equal to 30, represented by dark-colored square-
shaped symbols, are depicted as a function of naphtha converston in Fig. 1
Propylene yields observed with 1 weight percent P on HZSM-5, represented by
dark-colored square-shaped symbols, are depicted as a function of naphtha
conversion in Fig. 2. Aromatic yields observed with 1 weight percent P on

20  HZSM-5, represented by dark-colored square-shaped symbols, are depicted as a
function of naphtha conversion in Fig. 3. Addiuonally, the weight ratio of C,
through C, paraffins produced to C, through C; olefins produced over the
catalyst, represented by dark-colored square-shaped symbols, are depicted as a

function of naphtha conversion in Fig. 4.

-11 -



Ga-1 wei ght percent P on HZSM5 of silicon to alum numatomc ratio equal
to 60, represented by light-colored circle-shaped synbols. are depicted as
a function of naphtha conversion in Fig. S, Fig. 6 and Fig. 7%
respectively. Additionally, the weight ratio of C throuhhMesNgRP3stins
produced to C -through C3 ol efins produced over the catal yst, represented
by light-colored circle-shaped synbols, is 20 depicted as a function of
napht ha conversion in Fig. 8 Exam _ple 9: Conversion of naphtha over 1
vei ght peggagbleSn- 1 \®hahtioR8f AfhhaRbven | et peré@RiGal B weighopbiceqn to

Al um num Atoni C tio 60 An incipient wetness ~npregnat~on procedure was
per f or med RohHZSM-SszeobteariiSiladohyo diluminam AtomichRatr¥cedur e descri bed above
in Exanple 7, except that 'S tin chloride (SnClz) was dissolved in acetone

to produce an ippregnating solution, rather than galli oxi.de (G, Q)

bei ng di ssol ved’r{Bt‘?x "’%\‘ﬁ'ﬁg’ﬁfjger? e[]: ang 'R/HP‘&HC%%?‘EI"S‘_ Pﬁw‘%r amoni a. An
appr opri at gnRAOWMorRiratkd Batd faphtHaQoh#Psior SAADE iRMditd PRvel@f pefcemght tnto
intimate contact wth I wel ght percent P-NHa-ZSM ~ Zeoltte having a silicon

t o al umi nugallaronand alst indudihg 6 Oveighteperaesul nAHZSNLG pentasveesotieed and reduced
in hydrogen at el evated.tenper re to produce | weight percent Snl wei ght
percent P E{Hgi‘%lﬁ@%ﬁ'&)!“lcf‘@.se *Fhaﬁgwf %‘"@fﬁf’g‘ﬁé@ﬁew{’%rﬁl‘@ﬁe percent P on
HZSM S Zeoé/ﬂoﬁ@ct\’éﬁx%f‘ﬁrbx’nkt&%%@%n&ha%? 3h Yl ex &iﬂéﬁ@ﬁlﬁufngx%&onvers' on of

napht ha having the conposition set forth above In"Tab 2, in a reactor
mai nt ai nedingiregnakesitcnd saaiple-of ¥ tveighopeicent Brom HIESM S freticalndneh was Exanpl e 1.
Et hyl ene, propyl ene and aronmatics yiel ds observed with 1 weight percent
Ga-1 wei ghebiyeed abstaptially WS‘FW‘Q%P%'/%"FI‘? Expmpls Lo MeserspesiBealic ratio equal

to 60, rep t |+ - i : . depi cted
s o tUhot PO R oy Pthe SR bh iRl SANBRTR aBHIRE fai S

respect i vedljalihgdirtmare éah 13 pHhe wed@hta soRiubs. e olutioh vedsdrogght s af f i ns
produced to C, through C3 olef ns produced over the catalyst, ~ 5

r epr esent edtmate Gogrct wish & rvecdzhit precapl RRNEh 50 Spele| dheimixdepmet ed as a
function of .n t ha.canversion in Fig. l,Lnspection of the data depicted
in Fig. 5 %rﬁ%ia%{agga%éne?é{}ég? r ‘t“f?:'la“te QOH% ai%v%fje ?esgéerlgé)ﬁ?c{ugﬁ- 1Vl [ght per cent
P on HZSM geré@f!Gd-¢ welighs pbicet'P b® HASMISHeoh@opRilicon & AlanfAwal to 60, which
zeolite is a catalyst 1n accordance with the present 20 invention) was

about Bs sapmdq fape ageddedd. et hyl ene and towards propyl ene) as conpared to
the previously known 1 weight percent P on HZSM5 zeolite of silicon to

| um t oni ' . - . fi. d
From Fia -7t hat PEECREE! Rlided pfencCaf et pEBER 7 S BRSNSk Lor £
with tin, Whesupkofieady @iised (PERWEE ingshiiveifavingaheasifsbsiddaWay®h abbwspect i on of

?5 Figure 8 indicates that the tin containing zeo(tte produced nmuch |ess
met hane, eitthkabde 3atsubsiapiatiz thexsamesrppditiens which aee dgseribed @bpye known cat al yst .

-17 11 I\/Erach l2 03AExa2[gR?em19. VCc:onver Si on O{I gbapt}lt ha over t0. 75 wei ght
percent Ge-TURF ght§H BEYN R E LREPHGIDY YR SRACS YO By (i num
At om cyRanghe &facior. Ethylene, propylene and aromatics yields observed with 1 weight

percent Ga-1 weight percent P on HZSM-5 of silicon to aluminum atomic ratio

equal to 30, represented by dark-colored circle-shaped symbols, are depicted as a

function of naphtha conversion in Fig. 1 Fig. 2 and Fig. 3, respectively.

Additionally, the weight ratio of C, through C; paraffins produced to C, through

25 C, olefins produced in the presence of the catalyst, represented by dark-colored

circle-shaped symbols, 1s depicted as a funcuon of naphtha conversion in Fig. 4.
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An incipient wetness inpregnation procedure, simlar to the procedure
descri bed above in Exanple 4, was perforned in which germaniumwas 5

i npregnated on 1 weight percent P on HZSM5 having a silicon to al um num
atomc ratio of 60) caicined and reduced to produce 0.75 %W‘@fﬂh@g?cent
Ge-1 weight percent P on HZSM ~ zeolite of silicon to alumnumatomc ratio
60. The 0.75 weight percent Ge-1 weight percent P on HZSM5 zeolite was ut;
|lised as a catalyst to pronote the conversion of naphtha having the

conposi tion set ‘Pns%&rntoﬂ oRBRVE dbpikddl if Fo. Il dhaTF1f ERRIVRALs TR Alcalangd at
substantially the conditions desgrl bed above in Exanple 1. Ethylene)
propyl ene antsedrioagirocess inisetatdanob sathubdpresanhindemtionneambly therlcent Ge -1
wei ght percent P on HZSM S of silicon Fg gl L%m num at om ¢ rgﬁo equal to 60,

r epr esent edVeBEht PEERRL G351l OYedeht PRERSANG o8 SFABEI Y SiliGeB tYalGPERYE t 5 as a
function of ' i:0. Fi Fig. ' respectively
Addi ti onal Iai/o?tﬂgggég\?\s/eﬂlc‘gﬁgﬂoﬁ ?éged(t)‘P ¢ @“gd'g %Srsegffééh&éﬂgéar ag F?ﬁ? Y %P %'d%ied to C

t hr oughs C3 compiretito preivusi kndbwh kealse sdivhas dfweidie peadeal § o, HZ8PI-esent ed by
| i ght - col ored di anond-shaped synbols) is depicted as a function of naphtha
conver si on Stzgofiepfgilicon to AlypuRim apmi¢ ratipe3tiahlio diépaebestendratig. 5 and Fig.
6 reveal s . he. Y/ i - i : HZSM 5
zeolite of tc{s;ﬁib?g(’: th?s(c): &%‘%ﬂ’tmlzgﬁ%ﬁaf@&r'gﬁi%we {l?glm\et g%é&sn\tﬁﬁf%ﬁmz)eol iteis a
catal yst i pnadZSMdRBsitervith ghitRmp tessotudion endrofnticsmas dRaitheals sel ective
towards et hyl ene and towards propylene, as was the 1 weight percent Ga-1
wei ght percent P on HZSM5 zeolite of silicon to ?~ alumnumatomc ratio
equal to 60, whiSeFPrisglydskecdaupelilighdindiages thag sl abowe describeth be seen from

these figures and from Fi 7.1 hat iLfying the,. i.gh ercent P on
R T i R e A N R e A
2003 cat al ysta tehiti¢h diraude! Gtde PrRRBAANCS dofnB@Ally [ER6vahaibR: RfHPpPor non as did
the 1 weight percent Ga-1 weight percent P on HZSM5 zeolite of Exanple 5

Mor eover , ipasabieas: i fon esample ghige 4 andieatisahatdke weight ratie oOCythrapglgQs per cent

Ge-1 wei ght cent P M5 zeoijte of siliconto alumnumatomc ratio
50 descr i b@atas Fredbed e ch Brope e plelif Biogiiet ER 2 RerE Ui 201 et hane.
et hane and cRfaBRAEGhaiRRE FalivkDs &b 3BEAEL MRS nvERIdn, WRIcBRpaRRaneent P on
HZSM 5 zeolite of silicon to alumnumatomc ratio equal to 60 described in
Exanpl 655. Baseetnoal $1h& pekatat dohversipn doredie prefiayslyl knowmotagdly FivgthoBy it may be
concluded that the Ga-P on HZSM5 zeolite) the Sn-P on HZSM5 zeolite and
the 0.7~ Gér'-a@‘“f“'o on HZSM 5 zeolite are all effective catalysts for

et hyl ene and propyl ene manufacturi ng by naphtha conversi on. Moreover, the
Sn-P on HZSM ~ zeolite is especially appropriate when | ow sel ectivities

toward light paraffins are desired. Wen aronmatics are not a prinmarily
desired pr doamples 3dhiongh fopGhlbmm. Fhosphaosand Sficon e ABamuonAKISIE 5 zeol ite

is reconmenged .b%;:a\a}gse olite ~ ~ suppresses aromati zation while

provi di ng aA8I"aHARPY 'Zii el d of ethylene and propyl ene. The above
exanpl es and hypotheses are intended to better communicate the invention
These exanpl es giigbiBYRO NSNS WAnd3Q prdcedirks §Jg§taﬁ£{é}f3€siﬁﬁla¥ Remknvent i on whi ch

is defined by the clains presented below -1 March 2003 1. A process
f or pr oducipngcedtres dassribothabdvieghtExainglel hamhBxamgliali ¥ stryesl dfsunGottht i c
products, co LSd ng: .~~ntarxing at a t er at.ur f. 400r 60QC and a

presst ue ofonlﬁ%g@t‘ﬂg%#e?aéé?ﬂé é%ﬂr§9?f8§%5h]gh4’éghg'5¥69'éqﬂé‘m e hydrocar bon
m xture WhisgfrohSo hiuttiufin alontie 2M¥ds SRS Ahke 6r NG IOSSPRY Ba-p §h @ reactor with
a catalyst conprising a pentasil xeolite catal yst which contains about 0.1
to about 1HZEMghteqghier cagalystp boprepared Sncludtd glabiuin B the ringeadf@us3 &2 wei ght
pe~rcait of a pronoter netal selectxd fromtbo group consisting of gallium
ger manidm waightserent sadiphosphaney wghe pnge @f 8r§3ttﬁ§ voighl patesryhbased t he

catal yst, under. effectiv eact.ion .caondi ti o roduce at | east one
olefin haviorqgﬁ(f’ @altvge' tb[ooﬁtlﬁfi %ﬁ%‘és ca%gga'gtog:}iz%lgffp ﬁ?ﬂq‘é%ﬁﬂ‘@,y S5 Wthe process
of Calm1l whtreln the fcedstock enters the reactor with a heat coacl octutg
di lutnt oonfosed of ttitngca) steamandlor a relatively refractory
hydrocarbon, and wurain tha nolar ratio of the dihtent to feedstock is
about 9 to about a. | . 3. The process c~f Caim1l wherein the feadstock
enters the reactor with a co-feed cpatposod sttbstantiaily of propane) and
wherein the nolar ration of co-feed propane w feedstock Ls about 6 to about
1.



4. The process o:-' Caim1l1l wherein the light olefin is pr~opylen,c. 5. The
process of Caim1l whetrin the catalyst has a silicon to al um num atom c
ratio in the range of about 10 to about 400, and the volﬁtl | e tzmgﬁlrocar bon
~ni xturc exhi bits an aauospheric volunetric average bolt n'&afﬁa in the
‘range of about nregative 22 to about 466 degrees C. _2p_ AMENDED SHEET _

- ~ 91 March 2003 6. The

process s of t.Taim| wherein the reactor is maintained at a t enper at ure of
about ~0 Bﬁc&lbiﬂtétrcgé&l Ay R gfecdt @ Mé@hamﬁﬁsw Sorfler@@aiblene to about
two at nospheres, absolute, and tire volstile hydrocarbon m xfiue cxhibits
an at nospbhsmadcyaidyesffine. aver age boiling point in the rangc of about
negative 1 to about ZO4 degrees C. 7, The process of Claim1 wherein the
pronot er netal i um at a vei gf ratio of phosphorus.bo galliumin the
range of about F?dlrg L%‘gbt‘h%mfc‘oé aﬁ'ﬁ’é“ﬁ%%“gwa LR 9 wherei n t ho

Pr OO, CT 4 Amalefy fftfal 7201 ilrsion b ghselgﬁt%%gmqimgefm%mml n the
prouot er IS ti -21 AVENDED A@ Ar

L. A A sA, 429, Aad22A0 Arams Mca&al&stﬂ;&rhﬂ]l%hﬁ@]@f féed rate, respectively, are

Ea} \(/:v;]nggi‘;(]&qcpghg ] c;%gq% éc%a]egl?r% ]Ll)%g]’ l\claa%feé !Eéca] CS‘J ca] ca) calca]calc
T Loy on Pl pRafie e Snidy E@u}&@n&@h&?l&ﬁkﬁ%&é‘&ﬁé’dﬁ% agkeal cal cal cal ca

] ca] ca]ca

ANPK>K3vA Xwgmhpé}z(dma]mm}lewd cirld; propllar] yellic hydne 3ji€ld] r@iméd erldcal cal cal caj
ca] ca] ca] ca] ca] ca] ca!dca] cal] ca] ca] ca] ca] c*a! XYQv

9" c$j $x$$$(‘4 wetbage yieldexpressed woweght nereem dpsadncthejteta] waledhplcdt ca] cal cal ca]
cal ca aj cal ca] ca] ca] ca] cal] cha
52034830 I ARLTERTR S RTRr 68, §BuERHAEl fabEAhbfad cal cal cal cal cal cal
;{vql gb] X] ca] ca] ca] ca] ca] ca] caV] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Table 3

Example Ga p S1/Al Feed C2H4 | C3H6 | C4H8 |Aromauc | Methane
weight | weight | atomic | Conver- | Yield | Yield | Yield | Yield Yield
percent | percent rauo sion

3 0.33 0.33 180 87.2 12.4 | 205 9.3 8.1 3.2
4 ] 2 30 89.6 127 19.1 8.8 114 36
5 ! 1 30 89.5 12.5 19.4 8.8 110 34
6 2 1 30 833 10.7 17.8 8.2 109 i3

Inspection of the data presented in Table 3 indicates that catalysts of the
present invention having silicon to aluminum atomic ratios in the range of about
t5 30 to about 180 are desirably active and, also, that the Ga-P on HZSM-5 zeolite

catalysts having lower silicon to aluminum atomic ratios are more catalyucally

- 14 -
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HHJ KKKL MBM-MVIMVNVNNN=CUQ] OMOQQ wr mhc”™Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca&1 ca! QQYRTTUWKX
YYY[ <] ~* " c?eUeelf 2f gggh- hj j kI | zupkf a\ W ca] ca] ca] ca] ca] chi Maice£Ped] ca] craj ¢
a] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] cal ca! | I mm*nmm
4nnnoAoLooopXppg\ qr s$sl sst bt tttu\ uguu] w mhc] X] ] ca] c*a] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cMa] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]cal uu

VVWVVWV‘%?J‘ 1 Cé?ﬁ&%{)r%]{e{rgnfu’{ | ?][or over, it is apparent that Ga-P on HZSM-3

{vql gb\W'calc ca] ca] cal] ca] ca] ca] ca] caJ ca] ca] ca] c”*a] ca]
ca] ca] ca]&ajie 2haRkaavalCabralivapitils tend to exhibit less activity.

"/ 8FSi | xzEQG wr | gb] XI gb\ \K}] ca] ca] ca] caU] ca] ca] ca] caU] caU] ca] cal] ca] caU] cal] ¢
aU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca

\ aoFSi | xzEG wilihgisiaza ol anig & ap éi]l‘?:sal]hé'alﬁ}:@éf'@&]”éfa]‘é'é{‘ﬂ @#0|%¢a] cal] ca] cal] caU] ¢

obr | LR SR SAERLEAEERL GIESRERGR SRHBOAEE (0 So0e (-

109& (5) - D4k ala) imOFabld Ydiso) indicdi09sta&incread ind Es M@ (hud 1nh1bus
*" 1098 () -#s! 109898 () - #s! 10%& ()-13"-#10%&' () - '10%&'&2. dB4 10F F !
8109 F &rpmatcsandimothang praduqunge Therefopegsgs preferyed thayghg yeight 100g' ()- [ VgH

10F F 1 1906 & &Rospgﬁ?rdg o %&ﬂx@n%g%f fhel 1)angé3 F X610 o a@&pfof&m(o)re 10F

preferably about 2:1 to about 3:1.

Example 7:  Conversion of Naphtha over 1 weight percent P on HZSM-5

10 zeolite of Silicon to Aluminum Atomic Ratio 60

As another control procedure, conversion of a light naphtha was demonstrated in
the presence of a previously known pentasil zeolite, 1 weight percent P on HZSM-5
zeolite having a surface of silicon to aluminum atomic ratio equal to 60. The 1 weight
percent P on HZSM-5 zeolite of silicon to aluminum atomic ratio 60 was obtained from

15 NH,-ZSM-5 zeolite by substantially the same procedure as described above in Example
1, except that a relatively more concentrated orthophosphoric acid was emploved for the
mcipient wetness impregnation Specifically, 10 grams of NH,-ZSM-5 zeolite were
contacted with 5 millilitres of twice distilled water biended with 0.38 gram of
orthophosphoric acid. The composiuon of the naphtha feed employed 1n this Example.

20 and the naphtha conversion process utilised in this Example, are substanually the same as

described above in Example 1.

Ethylene, propylene and aromatics yields observed with 1 weight percent
Ga-1 weight percent P on HZSM-5 of silicon to aluminum atomic ratio equal to
60, represented by light-colored square-shaped symbols, are depicted as a function
25 of naphtha conversion in Fig 5, Fig. 6 and Fig. 7, respectively. Addinonally, the

weight ratio of C, through C, paraffins produced to C, through C, olefins

-15 -



F 10F F VG <aBH 10F F -10%& ()- YY+S#109%& ()- )10%& ()-!'yl %

10%<<& () -#!109%& ()- 3"!10%& ()-<zgaBH 10F F

$10%:& ()-:10%<& ()-:109%& ()-'E 3 "10%<& ()-3L0 ! 109%& () -.. 10%s& () -

e () 10%& () 0 0 {1 taich %565 )

$109%<& ()-:10%<& ()-:109%& ()-:109%& ()-:10%& ()-:10%& ()-6$wWwdEH 10F F

P109& () -:109%<& () -:109%<& ()-:10%& ()-:109%<& ()-:10%& ()- BbC 10F F
produced in the presence of the catalyst, represented by hght-colored square-

shaped symbols, is depicted as a function of naphtha conversion mn Fig. 8

Example 8:  Conversion of naphtha over 1 weight percent Ga-1 weight percent

3 P on HZSM-35 zeolite of Silicon to Aluminum Atomic Ratio 60

A catalyst consisting of 1 weight percent Ga-1 weight percent P on
HZSM-5 zeolite of silicon to aluminum atomic ratio equal to 60 was subsequently
prepared by impregnating gallium onto a 1 weight percent P on HZSM-5 zeolite
of silicon to aluminum atomic ratio equal to 60, which had been prepared by the
10  method described above in Example 7. This catalyst was used to convert naphtha
having the composition shown above in Table 2 at substantially the same
conditions described above in Example 1. Again. naphtha conversion was

controlled by varying space time in the reactor.

Ethylene, propylene and aromatics yields observed with | weight percent

15 Ga-1 weight percent P on HZSM-5 of silicon to aluminum atomic ratio equal to

60, represented by light-colored circle-shaped symbols. are depicted as a function

of naphtha conversion in Fig. 5, Fig. 6 and Fig. 7, respectively. Additionally. the
weight ratio of C, through C, paraffins produced to C, through C, olefins

produced over the catalyst, represented by light-colored circle-shaped symbols, is

20 depicted as a function of naphtha conversion in Fig. 8.

Example 9: Conversion of naphtha over 1 weight percent Sn-1 weight percent

P on HZSM-5 zeolite of Silicon to Alumimnum Atomic Ratio 60

An incipient wetness impregnation procedure was performed which 1s
substantially similar to the procedure described above in Example 7. except that
25 un chloride (SnCl,) was dissolved in acetone to produce an impregnating

solution, rather than gallum oxide (Ga,0,) being dissolved in an aqueous

- 16 -
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F IS 10% ()-F!f10%&' ()-FEY 109& ()-

20

solution of ammonia. An appropriate amount of the tin chioride-acetone solution
was brought 1nto intimate contact with 1 weight percent P-NH -ZSM-5 zeolite

having a silicon to aluminum atomic ratio of 60. The resulting mixture was dned
and reduced in hydrogen at elevated temperaturé to praduce 1 weight percent Sn-

1 weight percent P on HZSM-5 zeolite.

The 1 weight percent Sn-1 weight percent P on HZSM-5 zeolite was
utilised as a catalyst to promote the conversion of naphtha having the
composition set forth above in Table 2, in a reactor maintained at substantially
the conditions described above in Example 1. Ethylene, propylene and aromatics
yields observed with 1 weight percent Ga-1 weight percent P on HZSM-5 of
silicon to aluminum atomic ratio equal 10 60, represented by light-colored
triangle-shaped symbols, are depicted as a function of naphtha conversion in Fig.
5, Fig. 6 and Fig 7, respectively. Additionally, the weight ratio of C, through C,
paraffins produced to C, through C, olefins produced over the catalyst,
represented by hight-colored triangle-shaped symbols, is depicted as a function of

naphtha conversion in Fig. 8.

Inspection of the data depicted in Fig. 5 and Fig. 6 reveals that the !
weight percent Sn-1 weight percent P on HZSM-5 zeolite of silicon to aluminum
atomic ratio equal to 60, which zeolite 1s a catalyst in accordance with the present
invention, was about as selective towards ethylene and towards propylene, as
compared to the previously known 1 weight percent P on HZSM-5 zeolite of
silicon to aluminum atomic ratio equal to 60. It can be seen from these figures
and from Fig. 7 that, by modifying the 1 weight percent P on HZSM-35 zeolite
with tin, the production of aromatics was increased. However, inspection of
Figure 8 indicates that the tin containing zeolite produced much less methane,

ethane and propane, as compared to the previously known catalyst.

-17 -
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Example 10. Conversion of naphtha over 0.75 weight percent Ge-1 weight

percent P on HZSM-5 zeolite of Silicon to Aluminum Atomic Rauo 60

An icipient wetness impregnation procedure. stmilar to the procedure
described above in Example 4, was performed tn which germamum was
5  impregnated on 1 weight percent P on HZSM-5 having a silicon to aluminum
atomic ratio of 60, caicined and reduced to produce 0.75 weight percent Ge-1
weight percent P on HZSM-5 zeolite of silicon to aluminum atomic ratio 60.
The 0.75 weight percent Ge-1 weight percent P on HZSM-5 zeolite was ut:lised
as a catalyst to promote the conversion of naphtha having the composition set
10 forth above in Table 2, in a reactor maintained at substantially the conditions

described above in Example 1.

Ethylene, propylene and aromatics yields observed with 0.75 weight
percent Ge -1 weight percent P on HZSM-5 of silicon to aluminum atomic rato
equal to 60, represented by light-colored diamond-shaped symbols. are depicted

15 as a function of naphtha conversion in Fig. 5, Fig. 6 and Fig. 7, respectively
Additionally, the weight ratio of C, through C, paraffins produced to C, through
C, olefins produced in the presence of the catalyst, represented by light-colored
diamond-shaped symbols, is depicted as a function of naphtha conversion 1n Fig

8.

20 Inspection of the data depicted in Fig. 5 and Fig. 6 reveals that the 0.75
weight percent Ge-1 weight percent P on HZSM-5 zeolite of silicon to aluminum
atomic ratio equal to 60, which zeolite is a catalyst in accordance with the present
invention, was about as selective towards ethylene and towards propylene, as was
the 1 weight percent Ga-1 weight percent P on HZSM-5 zeolite of silicon to

25 aluminum atomic ratio equal to 60, which was described above in Example 5. It
can be seen from these figures and from Fig. 7 that modifying the 1 weight

percent P on HZSM-5 zeolite with 0 75 weight percent germanium provided a
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109% & ()-3S 10% & ()- '10% & ()--/1///$0qOdEMB7 | 10B!'F 10% & ()-F
10% & ()- -10% & ()-FS10% & ()-, 10% & () - 3! 10%&'()-q00111111R§51 7 1
10B! *S#10% & ()-F@ 10% & ()- '10% & ()-F% 10% & ( Yok -,
-10% & () - R2224333333dE:/ 10/ 10/;10% & ()-Y4 10% & ()-Y2@ 10% & () -3
010% & ()-FY. 10% & ()-Y, Z10% & () - 333@44$5w6xY: / 10/ 109Z& () - 109%Z& () -
" MLO%Z& () - 109&Z& () - 109&& ()- 9! 109Z& ()- 10/ ws67X777S8dE: /

10/ 10928 { iy Qiich o, hE Ralds ihABEY the seOBfBoeion’sk ARPRE () - SB_BBBLO99UE

10/ * | 1092 §icight DedtchDBZR (ight FErOMEE ¢r) HISM.GUBEi(e) of HEAHERS () - 5! S109Z& () - 9:
b:::b;;;;dE/ 10Z 10Z510%& ()- 4nt 109Z& ()-f2- 109%& ()-0S
10928&' () - Maremew spegionf dargere 8- indicatesthagihe .73 ygighopareent &¢(l) - s1 6

#L0% () - il Pertéh V) on b7/ Rofidk of R 8/ btuhidun kot Ko 6b- 2
5 described in this Example, produced about the same amounts of methane. ethane
and propane, as did the 1 weight percent Ga-1 weight percent P on HZSM-5

zeolite of silicon to aluminum atomic ratio equal to 60 described in Example 5.

Based on the data illustrated I Fig. 1 through Fig. 8. it may be concluded

that the Ga-P on HZSM-5 zeolite, the Sn-P on HZSM-5 zeolite and the 0.75 Ge-P
10 on HZSM-5 zeolite are all effective catalysts for ethylene and propylene

manufacturing by naphtha conversion. Moreover, the Sn-P on HZSM-5 zeolite is

especially appropriate when low selectivities toward light paraffins are desired.

When aromatics are not a primarily desired product, as in propylene

manufacturing, the Ga-P on HZSM-5 zeolite is recommended because the zeolite
15 suppresses aromatization while providing a relatively high yield of ethylene and

propylene.

The above exampies and hypotheses are intended to better communicate
the invention These examples and hypotheses do not limit the scope of the

invention which is defined by the claims presented below.
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