;e3e, <@ &6T, mw [ A catal ytic conversion process For producing |ight olefins
with a high yield from petrol eum hydrocarbons Technical field The present
invention relates to a catalytic conversion process of petrol eum

hydr ocarbons, in particular, to a catalytic conversion process for
producing tight olefins with a high yield from petrol eum hydrocar bons.
Background of present invention The conventional process for producing
gaseous ol efi ns f roeatgetic cdrsumidnydocsafd pnslhucmgdightindefinacki ng process,
wherein the feedstocks are |ight hydrocarbons conprising natural gas,

napht ha and |ight gas 0jl ,and. on. The su of light hydrocarbons was
linited as crude oil ‘Bﬁ%ﬁﬁ&'@‘%éﬁ\ﬁoﬁ?euﬁﬁw R%%‘éar%ﬂsenti ons are paid to
processes for produci ng gaseous ol efins from heavy hydrocarbons. Such
processes, for exanple; include thermal cracking process of heavy
hydrocarbons by using inert solid materials such as quartz or coke as heat
carriers, and thernocatal ytic cracking process of heavy hydrocarbons by

usi ng allkelinicakBeldl oxi des or al kaline earth netal oxides as catalyst. The
reaction tenperatures in such processes are both greater than 800C,

Recent| Mok ieeBhORORRER S8l RSO HRRERYR pRLEL DL RIS HERLEN i

hydroca ave pbeen descri I'n vari ous I ca ern usin

solid acidic cat sts in certain reactor style a under ceri ai. eration
condrRONS, g el fouversion Eigeaps Sor pipdup e s Sdins ol aSFiEh e G &' e
a catalyst and CS to C2, paraffinic hydrocarbons as feedstock. The process
is G&Ffpileé@f&ﬂf‘)%b%&r eaction tenperature of between 600 to 750C, with 30w %
yield for CZ to CQ olefins. US patent No. 3,758,403 disclosed that a

catal yst conprising both ZSM5 zeolite and |l arge pore i '\

Background of present invention

The conventional process for producing gaseous olefins from petroleum hydrocatbons is
_steam cracking process, wherein the feedstocks are light hydrocarbons comprising natural gas,
naphtha and Jight gas oil and so on. The supply of light hydrocarbons was limited as crude oil
becomes heavier. Thus, more attentions afé paid to processes for producing gaseous olefins from
heavy hydrocarbons. Such processes, for example, include thermal cracking process of heavy
hydrocarbons by using inert solid materials such as quartz or coke as heat carriers, and thermo-
catalytic cracking process of heavy hydrocarbons by using alkali metal oxides or alkaline earth

metal oxides as catalyst. The reaction temperatures in such processes are both greater than 800°C,

Recently the processes for producing gaseous olefins from petroleum hydrocarbons have
been described in various publications, wherein using solid acidic catalysts in certain reactor style
and under certain operation conditions. For examplé, JP 60-222,428 discloses a process using
ZSM-5 as a catalyst and C, to C,; paraffinic hydrocarbons as feedstock. The process is carried out
at a reaction temperature of between 600 to 750°C, with 30wt% yield for C, to C, olefins. US

Patent No. 3,758,403 disclosed that a catalyst comprising both ZSM-5 zeofite and large pore

1



zeolite (e.g. X type or Y type) as active conponents in a ratio of 1:10 ~
3:1 rai sed octane nunber of gasoline while increasing yield of total

propyl ene and butylenes to about 10w % It has been reported in US Patent
No. 5,318,696 that the catal yst conprising |arge pore zeolite and nedi um
pole zeolite in ratio of Si O /A1203 being | ess than 30 can be used to
produce. high )gct ane a%%bi ne,.and to increase,the Xi el d of,ﬁ%aseous ol efins,
espe ity (£-$ 20 BRCHCY- TS A4S AEHINE FRTMNNENTS dp R iratie pE1iLA ~t3b raissd Aciame mapmber
structure. US Patent No. 4,980,053 disclosed the catal yst conprising

m xt of gasofineZSMIS incembing &idd df d6t4l ppepyrmeland Buginacid absuctiyaenent s can be
used to increase octane nunber of gasoline in products and to increase

yield of _ljght olefins, in reactiop t rature of 500 - 650 C . And |ight
ol efins grféa%gﬁeﬁlrfp%‘ﬁis 1 |Sngat8’f‘t Poggﬁgﬁgé é{% B8 1optabisk compripiag lyge pore
reported in prior art that the process for nodifying zeolite having a

st r u@edlite apd medivoy gpte gegliferiB rate el Kb/ AldPhaing losy thas I0neanyteniesed do prodocict .

For exanpl e, phosphorus andlor netal ion can be incorporated into zeolite
havi htghaodereygaseline, odndptninsssase (theigleldiof 28MoB) ddfimdjessriallyeprapgienstSaich and
catal ysis propezties of the zeolite. It has been reported in US Patent No.
4, 36meiiidn ptvatzedlite ipmabe Sanf diMRDsihicpirag ZSM5 zeol ite by using phosphorus
and magnesium For the purpose of using nodified zeolite to the

i sonerization of xy e Lo increase selectivity to xyLene. The ,
i ncor por g]ttsﬁ lgargerng(b #@@&N@L@SWS FRalY HRoPrisiag; mikhiEg 98 ZSNES salife and Y
selectivity of zeolite. However, both acidity of nolecular sieve and
hydr &&&raselis aScstiEe spispoteaticeaniie ysedfto Zuptdse octht anmbredof gasatinom moducts
decreased. It has been reported in US Patent No. S, 236,880 tbat the

i nconpbraincrasoyicli ailijEhioldinB inmedaalion tepipefireif 500-aselC | MPlgZRYIR 4o t he
ratio of SiOz to AL2C3 being greater than 5. Said zeolite is in the form of

II;/F Xai Eoésgtfﬁ tolfé?otq%/i@?l%aﬁﬁlbﬁ{g}’e%, di sclosed in US Patent No. 5, 236,880 can
e creas e con

use o I ncr version of paral ~i ni c hydrocarbons, to increase
aromatics content is gasoline fraction, to increase octane nunber of
gasol i nelti s (peesl neplosted hd pioeid tiok tigapoGERdor Aodifying zeolite having a structure of
pentasif to increase the selectivity to the reaction product. For example, phosphorus and/or metal

ion can be incorporated into zeolite having a structure of pentasil (such as ZSM-5) to adjust the

adsorption and catalysis properties of the zeolite.

. It has been reported in US Patent No. 4,365,104 that the process for modifying ZSM-5
zeolite by using phosphorus and magnesium, for the purpose of using modified zeolite to the
isomerization of xylene to increase selectivity to xylene. The incorporation of phosphorus and
magnesium is 10 increase the shape selectivity of zealite. However, both acidity of molecular sieve

and hydrocarbons conversion reactivity of zeolite after modification are decreased.

It has been reported in US Patent No. 5,236,880 that the incorporation of group VIHB metals,
preferably nickel into zeolite in the ratio Of: $i02 to Al,O; being greater than 5. Said zeolite is in the
form of MFI or MEL structure. The catalyst disclosed in US Patent No. 5,236,880 can be used to
increase the conversion of paraffinic hydrocarbons, to increase aromatics content in gasoline

fraction, to increase octane number of gasoline in products and yield of gasoline,
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. A catal yst conprising both phosphorus and rare earth-containing silica rich
zeolite having a structure of pentasil as active conponent has been

di sclosed in US Patent No. 5,380;690 and Chi na patent publication

1,093, 101A respectively. The catal yst has stronger hydrothermal stability.
The conversion obtained by using said catalyst is higher than that obtained
by using the catalyst conprising |-1ZSM5 zeolite as active colllponent by
4- 7wt % i A syt cariprishetholih phefphems snd 586 eartisrenthigingysilicalsichyzeslite Ipfvingza C,
olefinis higher by 4 - Sw% A conbination 'process of catalytic cracking
Wi t h sidedtymrod gentasil enadiive chmponatt b4y eee disclosédSinRAS Eatent\No. 53 30 490LBH. CHthe
spent catalyst is regenerated after the catalytic cracking reaction is
conpbeteedpublics:idre g @0B)1a1 & degRtcls tTHeScatBRO TS Sfonliel Ry@dfRANAICRIHiINGITHE oM
coke precursor and then C2-C, al kane is dehydrogenated to produce 0Ol efins.

't hasneesth dbsElaased usihgURidP l%hﬁ_l}ftst MO higherl Ban694t bb@lned I:B{ ﬁggé Snd %ét&lglst o |

sel ectively producing C="C4 olefi'n by using vacuum gas ol resi

as f . Usj t VO~ roto carry out.catalytjc c ing
Feact PARAGE FBAS R MR R 47 B3 e kiR Rpaly e FESR S ot
stage reactor. The feedstock is contacted with |arge pore zeolite catalyst
unde Piidailye Hei betd lof EatCablefings bighediynty~ etldi ti ons to carry out catal ytic
cracking reaction to produce various products with different boiling
ranges, jncluding gasoline fractions. The gasoline fractions produced in
the fir cralineBn frecerel Gatnlpia sreckas ol debnbasnating hooheccdisdosedtin Utedi um
pore_zeolite catalyst in the reaction tenperature of 500-650 C, the
cat aPgispy biot SrHdi 1§ lofTha -spenticatadynd is regenietatadagfiar tharchialitticporedsng ecasfio @s 280
kPa. As a result, Cz C4 olefins are produced. It has been reported in China
pat enompletsidi The raganddated Tadh5t 8 ddposited alithl cyitbion defioekiro8 kO BR2ErsbPAnd then
producing light olefins front | ower al kane. The process conhpri ses
cont agi0, k4 iSBetd!dkaeaatell tdpadSéd g | ch zeol ite catal yst being nodified
by one of the elenents selected fromthe group consisting of alkali netal,
al kaline earth netal and group VTII transition netal and having a structure
of pent 3&{13s begp diselased HbUgaPiaaﬂﬁ}'Ns 63API6DE gt parrecesnfor selactivephpsidhang €,- The
"reaction is 3 carried out in tenperature of 450 - 580C and wei ght hourly
spac& vifisdivtuping vEuBOQza odfdr. resithenl alllealftedsmbtiabnd 8sipg 6heEARE YeaPRk 85 SirHM
al kaline earth netal is preferably bariumand group VIII transition netal
i s pref@tapiycracking osaction Kedcuuhtoad a8 draesidei] 96 fes@ehdkNs WS Rad ?{%tﬁrst stage
publi cation 2003/ 0006168A1 that a catal ytic cracking process tor producing
| i ghteaodoef THrsfesiidthciaishd ' f il onNprises.the
b e e S R R T it e

steps. of contacting the heavy oi a catalys %f 60

to 95:2%ik j ! ing catalyst contai.ning an USI' type
ol ecul e{rgsc}e(gelgegsngs I%gg%?ﬁa%i%?@ HBYVRETHRE P P"gfl'éceeg?“?wsrﬁpgﬂlﬁ%ﬂlﬁle,
and 5 40 % by _wel ght, af an ditive coptaining a shape-selective
zeol ?‘tf%?e“% ﬁ‘e"{”c}ﬁlfa%%e& ‘[”ﬁ%‘%b%t gAspige %?@‘086nfb&cgaéalm%ffactm&@dwcghm e firsind
are contacted under conditions so that the reaction zone outlet tenperature
i s i [FAEIAE 2Feafffeml thestropnd eeactoseandagontagiad) with mesiuro fose izeolith earabysyén dfe
15-40 and the contact tinme is in the range of 0.1-1.0 seconds. Said process
can Becimetrmupriturer of 6001660 € ,ofhe| dagliystiatlefatinsof #00: 1XAAPILL. oif RApHH Bhrtlatof
propyl ene can be about 20 % by weight. It has been disclosed in Ef
0, 92gredshiftAds 100880 BPP ARG BY - LRFHS! G and light olefins with a high
yi eI%r under the reacﬁgon Colf’lg:l;tﬁgns ofm[%e[%ng'ﬁcf’&hourl y space velocity in the
range of 40120h'', catal yst/oil ratio in the range of 1S-25, riser outlet
t enper alturag bieen réperted g €hinka [E8M GOBICativE W i1 35 RTEA SUERalith: &ﬁ&iﬁ@ﬂﬁﬁeﬁf
1.0-4. Kg/ cnmag and steam for dilution and quenchi ng of hydrocarboh in the
r angler pfodBetg¥ghy ol ghbmabwehakbRe a5 Bfdtess Wt s ed.d nusal d.
process conprises |-6% by wei ght of Ung zSeSoI I tpe@%"x’ﬁ%“@%d\ﬁgs%@%%?’ﬂh
shapge sieh adh ¥&1ZE€hial: bEm3 %R BY;AWE f tons. sel ecti cracki ng
active conmponent, O- 1% by 1\7\1&%1 fmﬁ\gg %?ggé’g?ﬁ% e%glrf%lgsnéﬁ?dgﬁgméb- EoguBy
wei ginsRfind QR - AL opponent bi nder.. The yi.eld of LPG obtained by the
process énaél Ee albhoh)t%tai'oglg %ebflaﬁkinﬁﬁa?.a h%mgﬁlygﬁ tigpsigory metglomd bavéngaad
bu2y| enes iP LfG.lare aboui1 40% and 45% by wei ght respectively.

structule ol pentasil, wherein the catalyst comprises rare earth and phosphorus. The reaction is
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The carbon content in the regenerated catalyst is typically required to be
|l ess than 0.1 % by weight and preferably be I ess than 0.05 % by wei ght
during the catalytic crack process for the 4 pur pose of restoring
cracking activity of catalyst. As discussed above, the process for
producing light olefins wth a high yield by using phosphorus-contai ni ng
silica rich zeolite having a structure of pentasil as active conponent has
not beencdiegdnittreperatrd b4+ 530°ar dnd weightchamrlyapskesvdlodiy off SHOE B@lr' L Bhhas

al so been nodified with group VIII transition netals, although the
Pr OCeHRAB nfetil Ns FerefbWhp&ilsshin | ABallnk ClrhSRkd ' f
pentasil being E}Zed a);yn%ne of 't he z;lctl ve co%%ngﬁ%{ég%%taﬂ%ﬁg%ﬂa 13:/3%{) gve

been gis60%84a1 ipgl%?ér&?ngﬁlﬁﬂgiaﬁkg?ent invention The object of present

invention 1s to overco I'sadvant ages that are related to the prior
art and to provide a catalytic conversi 6n process using a catal yst

conpri si fighphtesphtisaissedrid W3 gasint ipoblicatom (200300016841 Shiti § xafalyel EFeRidd €
having a Structure of pentasil for producing light olefins with a high

yi el dprecest ot prodiicing HghtTeiERid i o KigP§idlO GREMhGRY JiNAwS tgrdcdi bbmBSes the
produced. O her objects and advantages wil|l be nbre apparent in View of

f ol | ombprgpfadeh@abigoihd a8ey &l hih-a datalldl EniRbAC @88 Qfnetdtes0 thol QYR 1AM
pre- heat ed petrol eum hy(}’r ocar bons a%e COI’?’[ act esél vﬁgtdﬁa%?g%ybﬁaév?ﬁﬁ&ﬁ
CONPriS€SraRRas RAQIWS i ird ifi i rd zeolite

. 1 % esH c&Hifn gaaﬂsﬂl é‘i"quenﬁbl%kulgpggéf %gil l%ss {hgt?géd%?tga\érglgh g

havi ng a strucCturé€ of pentdsil in rrser or a I'ze

are e i | v..con ed- yunder given operating conditions to, produce

r eact %%eﬁé%%fq%@n%%h 89{“35 é%g% t/g] %’a‘fvﬁ%ts? _aﬁ\#&t}v‘g éegﬁaﬁ’ﬁpge? shapemnslectiFeelient
catal yst. ar& se‘{g}%aied by a rg'g‘;g gas-solid separator. The reaction

ef f I UBRPY 257 BISFQRORbACSOPAFSE Htp IQVRBraciTend presnatastd yopsondiensesnthal ni ng

gaseous products and |iquid products, and the spent catalyst is renoved to
a st ribppesctiongery oafat itpppergture dn dle edngs oI iS80-GBOUL tkel chialyat/dik gRI0EE Al Gie,
where it is contacted with an oxygen-Containing gas arid regenerated, the
hot rwegenel kt-4Ulamhthalopstact ting Bdy cheadngeooft b 110eRebmls. S8H pESEoan MR Bed to
particularly, in the process of the present invention, pre-heated petrol eum
hydr degrdenseldof ighrdiefisefbr kiniple thayialdeFprihidhl kPBPEbRSS0 I%‘Qf%%ws and
transition nmetal J nodified silicarich zedlite having a stntcture of
pentasil _in a ri%er or. a fluidized bed reactor at the reaction tenperature
in the r5rgsbesn disgosndoe ER B8¢4. 74 bihat 8 wresesmfor peodusingd. BF and lighi0dlefiRa,
wei ght. hourly space velocity in tha range of 1-200 hour'', catalyst to
f eeds¥ible r bisht yieldmpdevethg Feaction ednditicnn g6 welghEhadly spacndelsdineim the rdnge ds 4@k
ratio by weight in the range of 0:05-1:1 and catalytically converted. After
bei nglZ0bti qpégt/at datiepatha ragke fof A2 Hsdraatlbt RAPBLRIYGE Sie rhilR SFPRBLs00°C
catal yst, having been deposited with coke, is Fransferred t0 a regenerator
by buesjting teeueoke ot S r rning the catalyst
: (ReRRT 6F lqm'bkg{c%g%adém gt"‘a‘ﬁltr}’éf tagﬂﬁg“’%n""dl o ‘ﬁeé’rcﬁ%t?f)r/

to the reactor. Light oleftins, gaso I ese, at ed
| i ghtyJay 268 R ons @b N he.separation thereof fromthe reaction
pr odug'? s. Feedst ocﬂaﬁgﬁapgrsg/ugf%¥ Bgmegf?%{ffﬂckyﬁp%ﬁﬁ?lﬁﬁﬁ?%é’b?ﬁ"‘i‘ BresE¥sent

i nvent.i S; keedst ock ¢ se| et rom.the group consisting of
gasoﬁo%ng)?is%t lrrég‘p ﬁe@%‘égg?j&l%le?eo%e gﬁ/ g&g Wright of Shapepslective rasditel 9a8% byl |
vacuqy%tgsifﬁ)%ﬁl oi |, and m xtures thereof. Cntde oil also may be directly
used. Gt ROBRES Srlechvespdringaartive Serepensat, 1% bhweight ofijtaee sirthecdnmjoetti on
or mul %li -Sé' to/e injection. The term"single-site injection" as used herein
meand ™ F8F YR SYpBEILBY efirpipeidiscenmmonsntcinbinderi The yiskdl of TRG @blRRAtH the

t hrough the feeding nozzles) |ocated in a sane el evation. There may be j ust
one fREREFEAMbsy 2t 9O-G584 by aiecighecThagelentinity of prabyRent @8 HXtyledddSn 1S b
"mufti-site injection” as used herein nmeans that the petrol eum

hydr ebeutbidficamibdb%h by wright tgediinglp. a react or through the feeding nozzles

| ocated in different elevations. “The process according to present invention
can be ufﬁel(il;ed to obtai.n gaseous products conprising ethylene and

pr opy| eneaREPI R it BguesT-rsrhraalysids trrisslly nequind tolibedess thash@i &b byt he

yi el d of ethylene can be about 5-25% by weight and the yield of propylene
can Bl S9d P f'e‘@gf% E@l%it%tq,o%% by weight during the catalytic crack process for the
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Catal yst In the process according to present invention, the catalyst
conprises 0-70% by wei ght of clay, 5-99% by wei ght of inorganic oxides and
| -50% by wei ght of zeolite, all based on total weight of the catalyst. The
zeolite conprises 75-100% by weight of silica rich zeolite having a
structure of pentasil and 0-25% by weight of Y type zeolite, wherein said
silica rich_zeoljte having a structure of pentasil is nodified with both
phos PEREST HESEPHeE SFHRSKINSARHWEY @l caalyshi t h an mhydrous formul a of
(0-0. 3)Na20( 0. 3-5) A1203( 1. 0-10) P205 (0. 7-15) WOy ~(0-10)1~G (70-98)Si 02
- based o X¢ I e M LS,: . t_one

s BRCHRES BbvOEeHocdsd Nl B @gﬁ&%@h@,\h h%{i;l@ﬁ,sbwmgﬁ 4

el enent selected from'the ‘group consi sti

Mh. r S [ ar - el enent X Jepresents. val ence of oxygen
and b RRERTED AL AR ofAL B PhE RS Raiure"or RSl i et Gopaprat pos ot
val ue_of .t he, val ence of transition, netal, divided by 2 provided that the

val ol disefipe R o atta PPisi, S e righgEni pes Hleo phes Ewdtied Wiherosai o
phos;{tr,ﬁ{ us and transition metal Mnodified silica rich zeolite having a

st r ucYihk iEensttopapgtals; althoush g napepptns such asomwhictosilied refercolite having a structure
(O-O.é) Na20( 0. 9-5) Al 203~(1. 57) P205 (0.9-10) MKOy (82-92)Si Oz, or

( 0- 0.9 prtagi-ponmuny As 008 of theBeHyRIBIKDERs Ddhv|cDalys( Mave HayiRFszZI0ad82- 92) Si Oz
based on the mass of oxides. The transition netal M have the function of
dehydrogenation, and are preferably at |east two el enments or nore sel ected
fromthe group consistir~ of Fe, Co, Ni, Cu, Zn, Mo and M, nore preferably
sel ected fromthe group consisting of Fe, Co and Ni, and the nbst ‘
pr ef er ab|Disdssardef @agtnNnvedifmy cl ay conprised in the catal yst according to
present invention can be natural source or synthesized source. The clay can
be any Cﬁnvegti onal one,used as matrix of cracking catalyst in the art,

whi ch” carf BEDI55E Ploprapany invgRjitsda overcome ithr disasvantioges thatraié oclatet ys iteatrior
treatments. Exanples of such clays are, but not limted to, kaolin or

kaol iaft gl fthypervideca catplytive cotviession profhe ising gasitaly dofgSistenpdspRétué And he
catal yst according to present invention can be selected fromthe group
consitsmsitin afetalvunqifieds sHicl Zichl 240kite ASARg 22BAIcAIe T QRatadil o p aaaangq%hitt e
conprised in the catal yst according to present invention can be pre&pated by
usi n@lafie vtiSa GeNyierRl scatdl Blor e : 4f nelude, for
exanpl e, hydrothermal et hod,o fm&’%‘ﬁf‘aﬁ%@ﬁ?&ﬁ%@h‘g@%ﬁhﬂ Q%Pﬁogggetded by
E1~T i fibhi ' fl: L . xtr al uni nd rei nforce
AR e i R K I RS e e R S
zeolite optionahy contains rare earth elenents. The rare earth

el enent contha piosgss\oft theepreseot irtventicn, rpeé-hesied! pagolban hydRédalbdh¥ 30 36 Ned
(12LH ~ or rare earth ultra-stable Y (RELTSY). Zn general, the preparation

of - saiith ssiakdlpn hiiethcoragitdet phdbpubAG ad &SRO BERl Atich ARGLHAE RalillE
a structure of pentasil in a riser or a fluidized bed reactor, and are catalytically converted under
given operating conditions to produce reaction effluent and a spent catalyst. The reaction effluents

and spent catalyst are separated by a rapgci gas-solid separator. The reaction effluents are further

- separated to obtain ethylene and propylene containing gaseous products and liquid products, and

the spent catalyst is removed to a stripper, After stripping, the catalyst is directed to a regenerator

where it is contacted with an oxygen-containing gas and regenerated, the hot regenerated catalyst is

recycled to the reactor for reuse.

More particularly, in the process of the present invention, pre-heated petroleum

hydrocarbons are contacted with a catalyst which comprises phosphorus and transition metal
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steps of ammoni um exchange, nodification by phosphorus and netal s, and

cal cinati on. The amoni um exchange can be as follows: sodiumtype silica
rich zeolite having a structure of pentasil and optionally conprising rare
earth el ements obtained by conventional crystallization is exchanged iu a
ratio of zeolite: ammoniumsalt: T20 in 1:(0.1-1):(5-10) by weight in a
tenperature fromroomtenperature to 100C for a_period of 0.3-1 hour and

t hen ModiiGd glca (iR Zeslke hanpe augyenel Ravasidn gaisenpr ¢ flurdizedebash keactns atan
organi c tenpl ate agent has been used during the synthesis of sodiumtype
zeol ithereaSaord temproatingringht rangeroflfd0cHNEG nerdival pressoregarthe ranye ofnl S0kd0ar t
and can be selected fromthe group consisting of ammoni um chl ori de,
amokPamweight adberly apaseniclovityinfthé argle dfhB200 Xbowr'e cithigken| fediitoddiibitgat i on
by phosphorus and netals can be carried out by inpregnation or ion exchange

- met hagsight Th ehel rARELANAL0.QinRIARAS foBAN oL Bdtieds wéight iR Mhge ofG05.911 gis: a.
anmoni um exchanged zeolite is m xed honbgenedusly with a pre-cal cul ated

amunt icmye%ﬁ&'}mémg&gaﬁﬁg& 0.8 &ﬁ%ﬁ%&ég@@%@féﬂﬂ#@%i J@%tat ure

e
fromroomtenperature to 9 en ¢ rppe ure of

400- 8 nd .then Ja.x ) neously wth a pre cal cul ated anount, of
aqueé%%lys%lhglf i gnbrégg n#yg?ﬁ%ﬁgg %gﬁksel’ & %ﬁ'ysﬁ% o o) E%%EWB %Vﬂmémf‘% g%ef:%heur e
fromroomtenperature to, 95 C and dried. b. ammonj um exchanged zeolite is
i xoLeROTEE GRABUETEY Yok £ LeSHEE dat (At 15tL i SisUAie: LISt e\sbBh Easclingt Herel
~contai ni ng phosphorus conpound in a tenperature fromroomtenperature to 95
C, droREEMS 2Rd othss satwratedhlishyhydearathons grephisined by thecweperation debrenfdtom thef
aqueous solution containing transition netal Mconpound in a tenperature

f r ontreacionprasiwpler at ure to 95 C, and

Feedstock and product

The petroleum hydrocarbons used in present invention as feedstock can be selected from the
.group consisting of gasoline, atmospheric gas oil, vacuum gas oil, atmospheric residual oll,
vacuum residual oil and mixtures thereof. Crude oil also may be directly used. The injection of said
feedstock can be either single-site injection or multi-site injection. The term “single-site injection”
aé used herein means that the petroleum hydrocarbons can be injected into a reactor through the
feeding nozzle(s) located in a same elevation. There may be just one feeding nozzle or several
feeding nozzles in a reactor. The term. “multi-site injection” as used herein means that the

petroleum hydrocarbons can be injected into a reactor through the feeding nozzles located in

different elevations.

The process according to present invention can be utilized to obtain gaseous products
comprising ethylene and propylene and liquid products comprising gasoline and diesel, wherein the
yield of ethylene can be about 5-25% by weight and the yield of propylene can be about 21-26%

by weight.



dried. The order for inpregnating into said aqueous sol utions can be
reversed. ¢, ammoni um exchanged zeolite is m xed honbgeneously with
pre-cal cul ated anpbunts of aqueous sol ution m xture containing phosphorus
and transition netal M conpounds in a tenperature fromroomtenperature to
95 C, and then dried. The ion exchange nethod Can be as follows: amoni um
exchanged zeolite is m xed honbgeneously with a pre-cal cul ated anount of
aqueous sol ution contai ni ng phosphorus conpound in a tenperature fromroom
tenperature to 95 C, dried, then calcined in a tenperature of 400-800"C,
and thenQmat@d honbgeneously with a pre-cal cul ated amount of aqueous
solution containing transition netal Mconpound in a ratio of solid to
liquid of |:(5-20), mxed in a tenperature of 80-95 C under pH 4-7 for Z-3
hours andt Etwaﬁoequqi RepEtng treetinapinc e catalystersanrisgs PoI0%s by wreight of alms.
Resul ted product is washed with water and then dried. The phosphorus
conmpéuPRYe byrweaghiiofgnergardo oxideohnd 1-6A%clanwhight bizeatiteg all bassdl ot fotn vaight e
phosphoric acid, al um num phosphat e, anmoni um hydrogen phosphate, ammoni um
bi phelspteslest. ahmmlummpnm atsel 0mel by Reighit F WilRa iR rR0kte HERRld aRRkIE QP
metal M conpound cont ai ni ng aqueous sol ution can be the aqueous sol ution of

chl orelasil Mid 0-25% by Wefght of aTt g@&ém@tv@le@ém [FAE sﬁ{ca '}ﬁﬁhtdee{he%%ﬂig MtchR{m

exanpl e, but not be limted to iron sulfate, ferrous sulfate

nitr fat

it 2 G EER Hod iGE WA phOSBcHR: Bl Bhisifn SRR pAHLAS E‘ngaqus?w? de

and t e : di es e on. can be prepared
i e 218 Sﬁkﬁhﬁﬁ g‘ﬁ@@p@g P73y FaroR Bl SR asea"on e

pseudo bo hmqtl silica,sol or its mxture, and silica-alum

i na $YS oSyl ’f‘ %%ﬁ‘?‘ﬁﬁ:péﬁ?ﬁW%ﬁ% af Jeagt phe clpemesi rielsstedr fremothe group

formul ati ng a sl urr% with the sofid content of 10-50 wC% by addi ng

de- c&PRdinged Frater Narieh, ZneMoenddensnd BEyepresaats rapdlpartit élamestndk repiaséras ni ng

the pH value of the slurry to 2-4 by using an inorganic acid such as

hydr oelehes pltoxygen and iy trepreseats ehlenph o plansiiien meiall :0fs eyuhlf tor i Bnd§iidls vaddiong
alum na sol after aging statically at tenperature of 20-80 C for 0-2 hours,

mi Xi g $adncd oB trknGtidromesl dRLHHING 3 Hoided (R ﬁxe%l&leé 8t ﬁslnsﬁm}m%t%t R n*%%ﬁ‘

silicarich zeolite having a structure of pentasi|l and ~ pe zeol

horoagmber, MOis prRfeAblylinat R pMBSIHORAS A trififich’ G&aFPRE h%%e%n31 08 georfge

Qthar matters
having a structure of pentasil has an anhydrous formula of either (0-0.2)Na,0:(0.9-5)ALO,-(1.5-
7)P,0;+0.9-100M,0, +(82-92)Si0,, or (O~0.2)Na20-(0.9-S)A1303~(1.5—7)P205-(0.9~10)Mx0}, (0.5~

10)RE,0,(82-92)8i0, based on the mass of oxides.

The transition metal M have the function of dehydrogenation, and are preferably at least two
elements or more selected from the group consisting of Fe, Co, Ni, Cu, Zn, Mo and Mn, more
preferably selected from the group consisting of Fe, Co and Ni, and the most preferably are Fe and
Ni. |

The clay comprised in the catalyst according to present invention can be natural source or
synthesized source. The clay can be any conventional one used as matrix of cracking catalyst in the

art, which can be optionally subjected to various chemical and/or physical treatments. Examples of

such clays are, but not limited to, kaolin or kaolin polyhydrate and the like.

~




1n the process according to present invention, it is preferred that the
petrol eum hydrocarbons are contacted with hot catal yst having a carbon
content of 0-0.5% by wei ght, preferably 0,050.45% by weight in a riser or
fluidized bed reactor. Mire preferably the carbon content is in the range
of 0.1-0.3 % by weight. The catal yst conprises phosphorus and transition
metal Mnodified silica rich zeolite having;.a structure of pentasil. The
cat al yt i dhe 81opEAnis SHdeseamnrishd iwsthe&aﬁa-yéaacagﬁdl%f@%a%ewmwwgn ¢ sciected
car bon-cont ai ni ng catal yst as descri bed above can be prepared by

cont riwint thegrovdpecongigingeiareorpbeitt HiDoALE%. AhQ: apkeitSiQat al yst. I n anot her
word, the spent catalyst is regenerated in regenerator by using the part

conbust i ratiom.. Alter iyel - C : S n, be
o apar ed 18 - BREceRfts SR RENLHE kel PR GRA: A-BRi SRRl Yol
enri¢ched .by olefing in re-react.or. before sai,d regenerated catal yst is
recy eHSl{% YaEes o‘?h.mrﬁ”@ E‘?‘g@fr éjg‘ﬁl‘éarl @&IWQ%dﬁﬁg} é}’%ﬂ% "B%u‘gi’ tﬁére mplee ond
riser or fluidized bed reactor other tCEE\n the reactoz for catalytic ro
conv éwdiaskerenl pethod) ehnmirl dratass sphodlsugh ayirested by FRTA goidhby pamangr f or
catal ytic conversion, for exanple, the reaction zone on the bottom of riser
r eactfbworosilivatenty pxioas ssumoesr dihgeintorpy edicon, and Sitli @as phese prosess) exrabée to
strip the regenerated catalyst with steam and/or |ight hydrocarbons

enr i chetidayonetdhafeY toppa miatitccophonallyyebnoday fanneagthobmets. Mhu rirk ie@sh albmentbed
on or carried by the catalyst, and then recycle the catalyst to reactor.

The exanRligs vagpslesdiié RadidrRl!0\WereWakth hdrobber gﬂgﬁ[?} bofafe e EFRSABR Y

according to present invention, but not infend mting present

I NVeNRig®Rshn any way. The catalysts used in the exanples and Conparative
Exanpl €s reéspectively are as foll ows. Exanples Catalyst A is one of the
catal ysts being prepared according to present invention, which conprises
18% si | i da geaachl, thegiréfacativavafngd ailet righ zewlie bivipea sasdtle of pehtatilincinden i de
and the bal ance bei ng kaolin, based on total weight of oatalyst. Silica

ri ch skeGF embRviung echaha: mbdefiaation 69 bBSiphofe ARd higes, And YaibiR@ssNor us oxi de,
3.8%rare earth oxide, and 1.5% iron oxi de based on total weight of

zeolite, with a nole ratio of silica to alum na being 30. Catalyst $ is

anot her o 25reiiem exehange can beasiglipwe safiom type sitian Figh £eplise basing a ptricanei on,
whi ch conprises 18% silica rich zeolite having a structure of pentasil, 27%
al unmiaipeniesil ded apiépraly comipaisiog rivei earth letaniants olidained! by wotransibnaleirggtt!lizafion
catalyst. Silica rich zeolite having a structure of pentasil conprises 4.1%
phos haxdsangzd de,a Tail96cf r moliexiatenaridm 1sd%HICr kel 1:@d-Ue(Pa@edy omigtat @l a

wei ght of zeolite, with a nole ratio of silica to alum na being 60.

Cat al ¥@perbiukS rBMALBEN teRPBraflire t'S0EL Rl Xé?elﬁpl@ 8k 03- ﬁ hg@gefz@ﬁ%&ﬁﬁﬁérg& Twherdif

present”invention, which conprises 15%silica ric aving a
structure of pentasj),.5%,]2EHL' zeolite, 20% al um num oxi de, 6% anor phous
al umi ‘FFRALs @geﬁa%h@uidnée {n{uallysremore b@%@fg&% I"?lﬁglawa@éatn%xheéﬁélﬁe@@ifgwt of
catalyst. Silica rich zeolite having a structure of pentasit conprises 2.1%
phos piiathasis af sodinm depecasglite, Soidianynomwindgelt isa bel conventionll invegagint onef inzbokitt e,
with a nole ratio of silica to alum na being 60. Catalyst D is another one
of t tmdcednaby stetechxdi fignptbparad acwsistidzngf amnpnase ndhlomike imMoniukhnkhte,
conprises 15%silica rich zeolite having a structure o pentasil, 5% REI-11'
zeol ido@mom080salfdion U misinee thdd6fanor phous al umi num silicate and the bal ance
bei ng kaolin, based on total weight of catalyst. Silica rich zeolite having
a structure o pentasil caonprises 2. |9% phosphorus oxide, 1.0%iron oxide and
0. 6% ni ckdie BRAGKaton, b Phosphosis pndyanggdls cen becsirried ouhibhirapregragion ari ion of
silica to alum na being 60. Conparative catalyst Ais prepared by simlar
For mfixaliduga metlebdset hod as that described for catal yst A except the silica
rich zeolite having a structure of pentasil conprises 2.4% phosphorus

The impregnation methods may include, for example, as follows:

a. ammonium exchanged zeolite is mixed homogeneously with a pre-calculated amount of

aqueous solution containing phosphorus compound in a temperature from room temperature to 95

8



-oxide and 3.8%rare earth oxide based on total weight of zeolite, with a
nole ratio of silica to alum na being 30. Conparative catalyst B is
prepared by simlar formulation and nethod as that described or catal yst B,
except the silica rich zeolite having a structure oFpentasil conprises 4.1%
phosphorus oxi de based on total weight of zeolite, with a nole ratio of
silica to atum na being 60. Conparative catalyst Cis prepared by simlar

f or mit adiicsip tiencbalested dd agempératurelefsH0-FOAC fand then mixedthomogenaoeply Withea Biet i ca
rich zeolite having a structure of peritasil is ~1ZSM5 zoelite with a nole

rati QaRuftdd ffodn® oflaHiRRA sBRYIBH cBRainfReaiRsRioh A8l PKadRb&inld! ih Ustehpb@si L hat

et hyl ene and propyl ene are produced by the process accordi.~g to present

i nverd i i ' Y¥&hdAaeenprising silica rich zeolite having a
struc oﬁ@ooﬁte‘p@@gf@g@ﬁ&?é usgﬁ,ﬂ%&her ein the zeolite has been nodified by
phosphorus, rare earth and iron. iz A catal ytic conversion reaction i &

carri ed WWnhdhidin k8RENRE Aeblitel i 9fixEd Woflogaitbolag WiBRE tiRE-cllchidtedashblii GES
oi| feedstock having density of 0.873 and boilinhg-range of 350 ~ 540C,

f
a1 gBpanhTou Rl PhosPho b Pobbab ERSLA AR Ronl ROMIERERER O BY ) o1

10 h -1, The results are shown in table 1. Conparative exanple 1 The
conpafatdried, endizkempiexéd hosogeteossly heitusepefcabuhbar amourt ofinqiems sAlution
conprising S

containing transition metal M compound in a temperature from room temperature to 95°C, and

dried. The order for impregnating into said aqueous solutions can be reversed.

¢. ammonium exchanged zeolite is mixed homogeneously with pre-calculated amounts of
aqueous solution mixture containing phosphomis and transition metal M compounds in a

temperature from room temperature to 95°C, and then dried.

The ion exchange method can be as follows: ammonium exchanged zeolite is mixed
homogeneously with a pre-calculated amount of aqueous solution containing phosphorus

~ .

compound in & temperature from room temperature to 95°C, dried, then calcined in a temperature
of 400-800°C, and then mixed homogeneously with a pre-calculated amount of aqueous solution
confaining transition metal M compound in a ratio of solid to liquid of 1:(5-20), mixed in a
temperature of 80-95°C under pH 4-7 for 2-3 hours and then filtered. The exchange can be

repeated for several times. Resulted product is washed with water and then dried.

The phosphorus compound containing aquecus solution can be the aqueous solution of the
phosphoric acid, aluminum phosphate, ammoninm hydrogen phosphate, ammonium biphosphate,
ammonium phosphate and the mixture thereof The transition metal M compound containing
aqueous solution can be the aqueous solution of chloride, nitrate, sulfate or carbonate of the

transition metal M, for example, but not be limited to, iron sulfate, ferrous sulfate, iron nitrate, iron

8




phosphorus and rare earth nodified silica rich zeolite having a structure
of pentasil. The feedstock and operation conditions are both sanme to that
described in exanple 1. The results are shown in table 1. 13 Table 1
Cat al yst Cat al yst AConparative catalyst A jDi stribution of products,

wt %Cr acked gas70, 5869. 861 n whi ch,

Et hyl gneg5b, . 82Propyl.ene. 21. 56 8 tyl,eness. 236. .8 sol i ne
L631§ﬁf§%éef§fg$%_ %ﬁ%@?é“&%pé‘&@?ﬁé’ﬁ%}E%g%e}f‘l’l??ﬂl%%fhf%o%‘?%?’&f%% ek eous
ol efi ns, 2. 0750. S3 Exanple 2 The exanple illustrates that ethylene and
prop§}}°§ﬂe°\{‘\£9f@%&f*§a€%@ﬁ’- by the process according to present invention in

whi ch catalyst B conprising silica rich zeolite having a structure of

pent asi | irhe icatalyie decoMIRE Ao Npreiit 28RILE BRDebS Oﬁa.r_@@qjyf {'h%fjstgﬁ SRSRROTHS

iron and nickel’. A cat a_f’yt i ¢ conversion react Is Carried out in

navi AsoagREet beBRnlS GUALaREn e ph AR bt a5 HUTHER 8| brlFRESHRSFr

COn PR e SAE! b WP IR HAY Ry 1o B8 A ro S REARIRY' Bhis £FiBRE o Rirly

| with the solid content of 10-50 wt% by adding de-cationized water and then homogeneously mixed,

- adjusting and maintaining the pH value of the slurry to 2-4 by using an inorganic acid such as
hydrochloric acid, nitric a&id, phosphoric acid or sulfuric acid, adding alumina sol ﬁﬂer aging
statically at temperature of 20-80°C for 0-2 hours, mixing for 0.5-1.5 hours, adding into it pre-

calculated amounts of both silica rich zeolite having a structure of pentasil and Y type zeolite,

homo genizing, spray drying, washing off the free sodium ion and drying.

Other matters

In the process according to present invention, it is preferred that the petroleum hydrocarbons
are contacted with hot catalyst having a carbon content of 0-0.5% by weight, preferably 0.05-
0.45% by weight in a riser or fluidized bed reactor. More preferably the carbon content is in the
range of 0.1-0.3 % by weight. The catalyst comprises phosphorus and transition metal M modified
silica rich zeolite having a structure of pentasil The catalytic conversion reaction is carried out
subsequently. The carbon-contairing catalyst as described above can be prepared by controlling the
regenerate condition of the spent caialyst. In another word, the spent catalyst is regenerated in
regenerator by using the part combustion operation, Alternatively, the carbon-containing catalyst
can be prepared by contacting the regenerated catalyst with light hydrocarbons enriched by olefins
in & pre-reactor before said regenerated catalyst is recycled to reactor. The pre-reacior as used

herein can be either a second riser or fluidized bed reactor other than the reactor for catalytic

10



0.4: 1 and weight hourly space velocity of 150 h' - The results are shown
in table 2. Conparative exanple 2 The conparative exanple illustrates the
use of conparative catalyst B conprising phosphorus nodified silica rich
zeolite having a structure of pentasil. The feedstock and operation

conditions are both sanme to that described in exanple 2. The results are

shown in table 2. Tabl e 2 tal yst Cat.al - ' Al ;

B S CRTBHITGH TS0l BubarScor e it ks RBERALE K pRE ilenion, for

Et hyl enel 6. 021523Pr opyl ene25. 8124, 35But y| enes12. 0211. 87Gasol i nel5. 8816. 24Di
esel srumie,aBREREERRZNE PR BRPEY VBT 7L of total gaseous ol efins,

V7t % . 53.8553.85 15 " ~ Exanple 3 The exanple illustrates that ethyl ene

and propy/ BB 8Ss RERAHESE Phbsdnh SrvRAGGE HSis PEFSEBleR strp thE @sRAbraied \CanlysON i N

whi ch cataly conprising both silica rich zeolite having a structure of

pent %ﬁ%lld?t%rﬂg &ﬁ%’éfsﬁﬁéte Ridrggmbén&u%?%%ed\@ﬂ : Itf(ia'arnfeng Shlob€ Roh hGBros88bh tgﬁséoﬁ@f]

I
been sphons an catal yst D Conprising bot

uscaymapus b & b B B Skl SR R R ER e PR T RRAR o e i o

and nickel. Catalytic conversion reactions are carried out in a bench-scale

fixed-fl gidickegdphedsrRagiten MilbRs vl Uurthgasiusidte fige gricaskadiandimgtodpesdnt y of
0.873 and boi ling-range of 350 ~ 540C, under operation condition of

reac ti%‘%%glg %\r@?";ﬁ?ﬂﬁf tOSﬁ{,ﬁ@glgg ?fe@érﬁ Sthv&iton @t érgoezlfay. 19nd cafaly@@bsel linlt@bi O

of O. our e velocity of 2 1''. The'results are

I s e e R A A

Examples

Catalyst A is one of the catalysts being prepared according to present invention, which
comprises 18% silica rich zeolite having a structure of pentasil, 27% aluminum oxide and the
balance being kaolin, based on total weight of catalyst. Silica rich zeolite having a structure of
pentasil comprises 2.4% phosphorus oxide, 3.8% rare earth oxide, and 1.5% iron oxide based on

total weight of zeolits, with a mole ratio of silica to alumina being 30.

| Catalyst B is another one of the catalysts being prepared according to present invention,
which comprises 18% silica rich zeolite having a structure of pentasil, 27% aluminum oxide and
the balance being kaolin, based on totat weight of catalyst. Silica rich zeolite having a structure of
pentasil comprises 4.1% phosphorus oxide, 1.0% iron oxide and 1.0% nickel oxide based on total

weight of zeolite, with a mole ratio of silica to alumina being 60.

Catalyst C is another one of the catalysts being prepared according to present mvention,
which comprises 15% silica rich zeolite having a structime of pentasil, 5% REHY zeolite, 20%
aluminum oxide, 6% amorphous aluminum silicate and the balance being kaolin, based on total

weight of catalyst. Silica rich zeolite having a structure of pentasil comprises 2.1% phosphorus
11 '
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5 zeolite and REUSY zeolite. The fee~stock and operation conditions are
both sane to that described in exanple 3. The results are shown in table 3.
us Tabl e 3 Catal yst Cat al yst CCat al yst DConparative catal yst CAi stribution
of products, w % racked gas54. 2855. 3651. 831 n whi ch,

Et hyl ene4. 965. 174. 15Pr opyl ene23, 0823. 8421. 37But yl enes14. 3814, 87" 14. 56Gasol i
ne28. 5927. 3730. 56Di esel 7. 167. 197, 38Bott ons5. 455. 485. 55Coke4. 524, 604. 68Yi el d
Of ¢ 5Pt GASLBiaren SRIn BT OTIo e PRI ONEOBS, Tk RTIaHO FhaTSs gl e
illustrates tfiat the catal ytic conversion of petrol eum hydrocarbons to
prodiemglGight ol efins in fluidized bed reactor by using the process
according to present invention. A catalytic conversion reaction is Carried
out iu a i l.ui, di a t j : j : :

Feact | on B D i pAbHECRE Hr BRPCALERERG! oprRl WRBRRIO BAGNR, imenton,
residual, oil fee ck. havi.n ity of 0.896...Th Otq, I ted 4na

ot agideh SampRE Aoy B iR i o h e e Seieieces Febfesllnn v REEACHRUES 20%
recycled to the pre-liftjng zone |located ip the bottomof ffujdized be

r eactAminymepEdet &4 Wfﬁ%‘?‘vﬁt TR E §1ﬁ%&te é’é‘gme lange dicig '\Wéﬁl’tﬂhb“@é BPHON i s
depositEd onto the z~ catal yst., The coke-defposi ted catalyst is contacted
Wi t h Wweghtsefocialydti Shich ashbesehitehiwaingda stuetbrsuel BHOGEI ppmpsiaesis2.de phespheras ed
oven in the fluidized bed reactor under the conditions of reactor bed

t enpegade)r.0%0forb8AG: apd @$%unieka foxRiMaRal onetal meidhd of keols@arith v elobwiatiy off 4
h-', catalyst/oil- ratio of 15:1 and steann/oil ratio of 0.25:1. The

r eactdiigd t6fafdnsigbeng@d, spent catal yst are transferred to a gas-solid
separator through reactor outlet.' The reaction effluents and spent

catal yst are rapidly separated between each other in the gas-solid

separ at orCompasativeseatalisss Jeis prapased by swnifag forpatiatioa pid nethod Ay dapdesepbeg for
products conprising ethylene and propyl ene, C4 fraction, gasoline, diesel,
bot t oraalpundh, telweept itheesilidhecls pastite baving y strodterefof pertasibcomprisss 2i43p phodpyionube
action of gravity, and hydrocarbon pzoducts absorbed onto the spent

cat al yade afid 34 irppafdrthraxifeChisad VatioRhieight 8 283litéSwitly astiiantarid e sBick itpped
spent catalyst is transferred to a regenerator in which catalyst is

cont agh@thaWeld 10t air to

Comparative catalyst B is prepared by similar formulation and method as that described for
catalyst B, except the silica rich zeolite having a structure of pentasil comprises 4.1% phosphorus

oxide based on total weight of zeolite, with a mole ratio of silica to alumira being 60.

Comparative catalyst C is prepared by similar formulation and method as that described for
catalyst C, except the silica rich zeolite having a structure of pentasil is HZSM-5 zoelite with a

mole ratio of silica to alumina being 60.

Example 1

-

The example illustrates that ethylene and propylene are produced by the process according to
present invention in which catalyst A comprising silica rich zeolite having a structure of pentasil is

used, wherein the zeolite has been modified by phosphorus, rare earth and iron.
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regenerate. The regenerated catalyst is recycled to the pre-lifting zone
| ocated in the bottom of fluidized bed reactor in which catalyst is
contacted with C4 fxactlon to deposit the catalyst with coke. The
coke-deposited catalyst is contacted with feedstock and the reaction is
continued. The results are shown in table 4. Conparative exanple 4 The

conparati,ve exanple il.lustrates that.the.pr I Laht_ al efii

using t h& W%géggoﬁfe?&?lb&a(ﬁg?m 1% ﬁaé%gdr touﬁﬂggr %ggﬁﬁ%&gepgl%% _Flglr?lzcegnt%ﬁdt ]i%%%%yt o]

t hat described in_exanple 4. A cataiyC c conversjon reaction iSS ggrri ed out-
in awih weuym gagiciletrediterly bavineodonspe 403 #1d; rilingsrangs 9§ 30 ~ 540°C, under
reacti on-regeneration node - with conparative catalyst A and paraffin-based
at Mogp&GfidiC cRRidhd AIf reictioh eatisdraate dTRUIONQ, deyssiollyaiid 0D28I6stedihilrene bf on
is in single pass operation node.. Regenerated catalyst is contacted with

f eedgtsor kdibich ASIRBER RERke G0 habqub r@8Rae¥heRaRStBle T e- heat ed oven
in the fluidzed beg feactor under the conditions of reactor bed
tenperature of 580C, pressure of 200kPa, weight hourly space velocity of 4
h-', catalyst/oil ratio is of 15:1 and steanfoil ratio of 0.25:1. The
reaction effluents and spent catalyst are transferred to a gas-solid
separator through reactor outl etn %%"5'] ef fluents and catal yst are
rapi dly separated between each ocf%ngdr%??th%t e 8%31-50I id separator. The
reaction effluents are further separated into Light gaseous products

conpri si Mye etdtupemvearndappiepyihsnates Ohef nsctafonompasiive raatalysdi Asebmphigihg ons
and the |like. The spent catalyst is forwarded to stripper by the action of

gr avidh¥sABrhs il TRe AR R MddiRdLG i ddsRRRth ATt HARNEBONbeRadiRITHS tfedlkB ok

stripped fromcatalyst particles by using steam The stiipped spent
cat al yst LS. sprred .t LSORNGL uf I a '

wth aﬁ;&)t@g@?&é gaﬁ%géélse}&gtb%@slaﬁg&r es uﬁl%gn !r)égg?gr%% gllp g‘ﬂi 'c'g%{éafef{sl% %gsr% g&% g‘?bon
cont ei%htl I?f | ess than 0.05 % by wei ght. The regenerated catalyst is recycled
to fI'tl'8ized bed reactor and-the reaction is continued. The results are
shown in table 4, ~ m Table 4-Exanpl e 4Conparative exanpl e 4Di stribution
of products. w % racked gas54. 7453. 401 n whi ch,

Et hyl ene6. 926. 76Pr opyl ene23. 542| . 68But yl enes14, 8916. 37Gasol i nel8. 8320. 59bi e
sel 8. 828. 76Bott ons7. 997. 87Coke9. 629. 45Yel d of total gaseous ol el xns,

W %15. 3544.81 ° Exanple 5 '
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The exanple illustrates that the catal ytic conversion of petrol eum

hydr ocarbons to produce |ight olefins in riser reactor by using the process
according to present invention. A, catalytic conversion reaction is Carried
cut in a pilot riser reactor operated in the continuous
reaction-regeneration node with catal yst C and paraffin-based atnospheric
reS|duafb?|t feedst ock having density of 0.896. The reaction-regeneration
is in apart combustion regeneration operation node. The resulted

regener rbon_content of 0 2 %by weight. Tlte steps
conpri se CagiNsacti ng the coke-depo ?

been heated to 20 about 350C b

sitedngatal yst wi dJH%g%}V%%%%{g‘e has
under t

n-F m:n

y means of “pre- heat act or
250 kPa,

st eant oi

e .CO‘nCII T | OTTS UI reactor
Distehationost irodoetnf wiks ec)
| ratio of 0.5:1. The re

UUl.l Cl. LUIIPUI al. tH

onds) catal yst! oi

action effluents

oY v nl"DCCIII"

rati o of 25 | an
nd spent catal yst

b | A4 IThn ron
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of
d
ar e
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The example illustrates that ethylene and propylene are produced by the process according to

present invention in which. catalyst B comprising silica rich zeolite having a structure of pentasilis

is used, wherein the zeolite has been modified by phosphorus, iron and nickel.

A catalytic conversion reaction is carried out in a bench-scale fixed-fluidized bed reactor

with vacuum gas oil feedstock having density of 0.873 and boiling-range of 350 ~ 540°C, under

~operation conditions of reaction temperature of 620°C, catalyst/oil ratio of 15:1, steam/oil ratio of
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‘by the action of gravity, and hydrocarbon. products absorbed onto the spent
catalyst are stripped fromcatal yst particles by using steam The stripped
spent Catalyst is transferred taq.a regenerator in which catalyst is

contacted with hot air to regenerate. The resulted regenerated catal yst has
a carbon content of |less than 0.05 % by weight. The regenerated catal yst is

recycled into reactor. The results are _shown in table S. Tabl e 5 Exanple
5Conpar btridmeightdruils seoiestelacHEef 430 bf'- Bh re §hos iR dd8 2gas 70. 7266. 881 n
whi ch,

Et hyl ene24. 3621. 67Pr opyl ene22. 8418. 36But yl enes10. 068. 25Gr asol i nel0. 7614. 96D
i esel 6. 266. 17Bott ons2. 842. 74Coke9. 429. 25Yi el d of total gaseous ol efins gas,
wt 9%7.2648.28 It can be seen fromthe results cited intables 1-5, the yield
of total gaseous C ef ns accor diGmupasatP? example 2or ocess of present invention
is greater than that according to the process of conparative exanples,

ially th ield of ethyl d I . J [ | [
7 A cat dhyt PSR SRl JRBCERT o R RYTPRER SParheB AP EEE o
2! or @hbsaiiont metFof SR H5FBUAS BOHSE F SGHCNBAR ARROR L e be Rk A CEReion |

conpri ses phosphorus and transition netal o
conditions are both same to that described in example 2. The results are shown in table 2.

-~ .

Table 2 }
Catalyst Catalyst B Comparative catalyst B
Distribution of products. wt%
Cracked gas 66.45 65.66
In which, Ethylene 16.02 15.23
Propylene | 25.81 24.35
Butylenes _ 12,02 11.87
Gasoline 15.88 16.24
Diesel 5.42 5.63
Bottoms ‘ 4.47 4,68
Coke 7.78 7.79
Yield of total gaseous olefins,| _ . 53.85 53.85
wt%
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5 nodified silica rich zeolite having a structure of pentasil in a riser or
a fluidized bed reactor, and converting under the catal ytic conversion
conditions to produce reaction effluent and a spent catal yst) separating
the resulted reaction effluent and spent catalyst, fiTrther separating said
reaction effluent into liquid products and gaseous products conpri sing

et hyl ene and propyl ene; stripping [ he g nt catal yst by steam regenerating
the stripped catal yst by contactiﬂ%mpﬁi gpent ~ p catal yst with oxygen-
cont ai ning gas and burning off coke; and recycling the regenerated catal yst

to reactpge {QMpIEURSatds thh BEPSES SnPHBPYIBhd e pPodiicad BY the f16bddg according to
characterized by said process is carried out under catalytic conversion

condi.t. : t] t i = MOR4 i

or s b AR T 16 O GERET 7 o pifing 350l BRRE ioh S0 [B¥ing ASRALAANOL
range,_of ..1-7 o talys - faedss. hatl Q. I aht i [t he range
o SBresit R, pri G PR bR T SR i SRt hR e °7
3.- A process acg¢cording to claim?2, bei.ng.characterjized. by said process.is
oar PRGOS dnidne EUdRG sEaIgt b EPOPORNE SRt BGhECh Foelise PeTio & BHEBTastr o
in the range of 55D-650' C, weight hourly space _velocity in the range of

4- 180entasik and REHPY s eealite i ayed owhenet the sificactighzeolite thes b%ﬁg@om%iobszo
30:1 arid steamto feedstock ratio by weight in the range of 0.1-0.S:1. 4,
A pr pbespboms comdindgni¢iel.cl ai m 1, bei ng charactei ~zed by said petrol eum

hydr ocar bons feedstock is selected fromthe group consisting of gasoline,
at nospherd c,gas oil,. vacuym gas Qqil. .at mospheric resi.dual, oi.l . Vvacuu

resi dual CSWY,%CC‘?%%"S{S’PI Te #&’“g HE° Ferief) out ¢ &, D0F 1?'5 X ’f‘{ﬁ(g‘f%“ﬁi%é& Eaeginreg{;?ogai d
petrol eum hydrocarbons can be either single-site injection or nufti-site

i nj ecdihoyrougm gasmil fedtodkeBaving densy iy &/ 3cind Peting-gangs pLeRravA0de.i wlgr by
sai d phosphorus atzd transition netal nodified silica rich zeolite having a
St r ugheagoPboRBIdasS leabidén RmpaIINE @S raatiyar/ell rih 6F 3):NaRearhBil3ah) AL203
(1.0-10)P205 (0.7-1 S) WOy fg 10) REz03 (70-98) S102 based on the nass

0.3:1 and weight hourly space velocity of 250 h . The resulis are shown in table 3

Comparative example 3

The comparative example illustrates the use of comparative catalyst C comprising both ZSM-
5 zeolite and REUSY zeolite. The feedstock and operation conditions are both same to that

described in exampie 3. The results are shown in table 3.

16



of oxi
group
- earth
t ransi

sai d phosphorus and transition netal

struct

(0-0.2)
mass of

~(0. 5-

des, wherein elenent Mis
consi sting of Fe,
el enent s,
tion netal.
ur pent asi |
0.9-5) A) 20;

LO_0O

bk

| ﬂ ovidac oL

5 Co, N,
and x represents val ence of oxygen,

22) |\|f\—

at

CSx, Zn,

O-( 0N Q
a—y =4

Sl . A120.-

|y

| east one el enment selected firomthe

Mo and Mh, RE represents rare

y represents val ence of
6, A process according to claimb5, being characterized by
nodified silica rich zeolite having a
has an anhydrous formula of either
(1.5-7)P205 (0.9- |0)Nkcy ~(82-92)5102 based on -t he

A" ZAN I~ ) wre iy T AN =Y AL A~

Qhffyst O (82- 92) Si 02 base

are asjdefined in daimb5s. 7, A

characterized by said el enent M
e group consisting of Fe,
betrmg——Citar
Eigribmicn affprodces, set¥ct eq
A process according to cl
A process ¢
=tro|éhﬁﬂﬁ9@ﬂbcarbons f eed

fromt

accordi

two 15
Ni . 9.
M ar e

sai d pg
congri 9

havi ng

wher ei r
process
hydr ocg
phosphd
structu

\\J

are at | east
Co, N, G-,

Sl AT

2d  aTutdle Qrasls Gatabyst Des

process acco

\ - J

rding to cl
two el ement
Zn, M and

7) D’)f\l:( f\ ﬂ 10N MA,

.LU} LA

\@iﬁi}ﬁtd@wM

ai m 5, being

o Qe o

oY
x and y

| ect ed
cess

4 1 : ]
my tou Lrariirr,

fromthe gr

acterized by

aim 8, being

sar d—etene
oup consi st
characteri

t—vare—at—

ng of Fe,

Cd
ved by said 6

east
and
| ement

Fe=am—N—. 10,

i ng phosphorus and transi

[ccordi i
st ocR4i2
tion netal

1o

con
n

clarm 1, De

t act @43%i t h
pdi fi ed si

ng chnar act er
sai dok8t
ca rich zeo

al yg

i zed by

—+

ite

sai d

af‘r‘f\l’_{h nn -0 r-l :n m ’I{'\

a stru;%u& ﬁgg ntasi |

"fas a d
he

n a r4§§r or

nl ng r-hgr act

ar bon ‘tont en

fl
aOf 5317d| ze

i1 zad hyv. .o
y

[

1 bed act or
% by

b

i ght|.

11, A

rus and transition netal

\Ir bons f eedst ocprdpyldﬁ@nt ac

ted wiigg sai
nodi fi ed si

oo Iy T

0 capaigyst ¢
ca rich zeq

| rl netr ol au
r.l T o

Conpr2EsNg
bl it e havi ng

T f]

a

re of pentasii
Butylenes

m a FTSer

or —a ttuidi
14.38

ed bed rea
14.87

T or, wherei
14.56

sai d

(tasoline

28.59

27.37

30.56

Diesel

7.16
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" Coke

4,52

4,60

4.68

| Yield of total gaseous olefins, wi%

4242

43.88

40.08

Example 4

The example illustrates that the catalytic conversion of petroleum hydrocarbons to produce

light olefins in fluidized bed reactor by using the process according to present invention,

A catalytic conversion reaction is carried out in a pilot fluidized bed reactor operated in the

contintous reaction-regeneration mode with catalyst A and paraffin-based atmospheric residual oil

feedstock having density of 0.896. The hot regenerated catalyst is contacted with a portion of C4

fraction which have been recycled to the pre-lifting zone located in the bottom of fluidized bed

reactor in elevated temperature so that about 0.18 % by weight of carbon is deposited onto the
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25 catalyst has a carbon content of 0.05 - 0,45 % by weight. 12, A
process according to claim11l, being characterized by said petrol eum

hydr ocar bons feedstock is contacted with said catal yst conpri sing
phosphorus and transition nmetal nodified silica rich zeolite having a
stzucture of pentasil in a riser or a fluidized bed reactor wherein said 5

2 b e %&%éﬁ%g\teﬁb&ﬁ?g& ©bofats D ediokRlal paﬁléeepmeafea%saﬁom

accor arac Yy Sal con; tprising

phos and t n nmet a silica r|

Str uﬁ{%{?&weﬂﬁaﬁ < 6t i #&3?%@2@3@%&8?% fig BadipiCoriiivatd, o
regener at or which operat es in a part st I on grein said catalyst
has BMPsHHYA of SRP Eniressurg of 200kPag vepigly wace \C] OEEY OAp¥ oe@é@sté%fﬁﬂ& ng
to claim 12, being characterized by said catal yst conprising phosphorus and
t r anef t5: brﬁnmiteallr#mb@iﬂmc@@ 25 1.1 repction 28bientscanid sppeicratal et prcrasterst to a
pentasil is obtained by contacting the regenerated catalyst with |ight

hy dr gazesolid reepamtar chedgh yeataf outlst.| Theargactesty effivents dndfpent saalgstr @gemgdiyt ed
catalyst is recycled to reactor, wherein said catalyst has a carbon content

of Oscparatddl B2t Veddyeavk bgiet in the ghésolﬂ PBPALRS Thaceatidh 8FlueptsClafimhédsephiaag
characterized by said pre-reactor is either a second riser or fIU|d|zed bed

reacipl oRlle! pldaabts daspki@RG! @hyiby aﬂaﬁﬁbmﬁ& CPRYSEH %Qsd?ﬁnepgffeﬁé?l EdHOms

hydr ocarbons, or a portion~zone |n t he teactor for cata ytic conversion of

d
(F:) ﬁ;; g%{%ﬁrg}li}édﬁ‘gg é‘iéa}?l?gg‘“ﬂé’gener ate cgtSs g?l@)%f[’? ltﬁég%c%sa %Emﬁ W 'F:ﬁﬁyr}?%cﬁrni%oélnd/ or
wit hprloldgg agyoréé)dc c?r{tg SSp%n{ ca(%g.\yg é’ stnppecfa Eem catalyst \E{Fticpes%y using steam. The

stripped spent catalyst is transferred to a regenerator in which catalyst is contacted with hot air to

regenerate. The regenerated catalyst is recycled to the pre-lifting zone located in the bottom of
fluidized bed reactor in which catalyst is contacted with C4 fiaction to deposit the catalyst with
coke. The coke-deposited catalyst is contacted with feedstock and the reaction is continued. The

results are shown in table 4.

Comparative example 4

The comparative example iltustrates that the production of light olefins by using the process

disclosed in the art under same operation conditions to that described in example 4.

A catalytic conversion reaction is carried out in a pilot fluidized bed reactor operated in the

' contimious reaction-regeneration mode with comparative catalyst A and paraffin-based
atmospheric residual oil feedstock having demsity of 0.896. The reaction is in single pass operation
mode. Regenerated catalyst is contacted with feedstock which has been heated to about 350°C by
means of pre-heated oven in. the fluidized bed reactor under the conditions of reactor bed

temperature of 580°C, pressure of 200kPa, weight hourly space velocity of 4 h’, catalyst/oil ratio
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dEYNC} 10% FZYA0%& () - Zi SH10%&' ()- F910%&' () - FZYd0%& () -
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}~ASH=}E1 10 '
| Distribution of products, wi%
Cracked gas 54.74 ' 53.40
In which, Ethylene 6.92 6.76
Propylene 23.54 21.68
Butylenes 14,89 16.37
Gasoline N 18.83 20.59
Diesel §.82 876
Bottoms 7.99 7.87
Coke 9.62 9.45
Yield of total gaseous olefins, 4535 44 81
wit¥s
" Example 5

The example illustrates that the catalytic conversion of petrolenm hydrocarbons to produce

light olefins in riser reactor by using the process according to present invention,

A catalytic conversion reaction is catried out in a pilot riser reactor operated in the
continuous reaction-regeneration mode with catalyst C and paraffin-based atmospheric residual oil
feedstock having density of 0.896. The reaction-regeneration is in a part combustion regeneration
operation mode. The resulted regenerated catalyst has a carbon content of 0.2 % by weight, The

steps comprise comfacting the coke-deposited catalyst with feedstock which has been heated to
20
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t i he conditions of reactor outlet
Y%io %’)50“;?15@%% Q’Té’}’%‘% %%m*%@e 10 10 TOVI00E () - ===: >>>Y?dEbC} 1

ﬁ g ; %Wﬁr&%@%@ %ﬁ%ﬁ%ﬁ%&)@f t):llrg%/qg’g% %(;9&8 al(a%?'fg%hra(t o of 25:1 and

i 3109&' () - F16#10%& ()- F(<Y%0% ()- PAANBBB4CCCyZ;
110=864 Q0B (Dtic | Of0l OIR THY -redttion@ents, aBh@en) caBlyst avgiransferred to a gas-solid
9%4.0%& () - 10CGDDD?E{ EEdE; 11000! #10%& () - | 109& () - <YYA0%& () - 0#10%& () -

#10"/&01)@31&%9@4@&/&&&)@3%@[%8 EREdEclidh eFBMR’ sl -catabylsO ¥R rapidlsl sepiadodgbetyeen
' Z940%&R ()- %YA0%R ()- SHYYWOUR' ()-

G H Lidy! &ﬂ&b@am ga@séii@(@ﬁ&a(o} Py 9660068 effluentl Qord Qurther separated into gaseous
10<sT09&" () - 3vId0%& () - 1#109%& () - LMVIQQQQQoRuUj _@LO) i wod 09&' () -

products, gasoline, diesel, bottoms and the like. The spent catalyst is forwarded to stripper by the

action of gravity, and hydrocarbon products absorbed onto the spent catalyst are stripped from

* catalyst particles by using steam. The stripped spent catalyst is transferred to a regenerator in

which catalyst is contacted with hot air to regenerate. The carbon content in the regencrated

catalyst is adjusted to 0.2 wt % by controlling regenerate temperature and air rate. The coke-

deposited regenerated catalyst is recycled into reactor. The results are shown in table 5.

Comparative example 5

The comparative example illustrates that the production of light olefins by using the process

disclosed in the art under same operation conditions to that described in example 5.

A catalytic conversion reaction is cartied out in a pilot riser reactor operated in the
comtinuous reaction-regeneration mode“ with comparative catalyst C and paraffin-based
atmospheric residual oil feedstock having density of 0.896. The reaction is in a full combustioﬁ
regeneration operation mode. Regenerated catalyst is contacted with feedstock which has been
heated to about 350°C by means of pre-heated oven in the reactor under the conditrons of reactor

outlet temperature of 650°C, pressure of 250 kPa, reaction time of 5 seconds, catalyst/oil ratio of

25:1 and steam/oil ratio of 0.5:1. The reaction effluents and spent catalyst are transferred to a gas-
- solid separator through reactor outlet, The reaction effluents and catalyst are rapidly separated
between each other in the gas-solid separator. The reaction effluents are further separated into
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10 |( )< fmc@w?&a&@amm% steqpg Ehcost P pagosRet catlysh digirqnsterred to a regenerator in

V'W 109 ()-W10%&' ()-W10%& ()-"' V' cfcgczccccckM3C1IW 109&' () -
V' W waiegh eytalpstl Bo@onticted nadashgt)ait to regenerate. The resulted regenerated catalyst has a

carbon content of less than 0.05 % by weight. The regenerated catalyst is recycled into reactor. The

results are shown in table 5.

Table 5
Example 5 Comparative example 5
Distribution of products, wt%
Cracked gas 70.72 66.88
In which, Ethylene 24.36 21.67
Propylene | 2234 | 18.36
Butylenes 10.06 8.25
Gasoline 10.76 14.96
Diesel 6.26 6.17
Bottoms 2.84 2.74
Coke 9.42 9.25
Yield of total gaseous olefins gas, 57.26 48,28
wt%

It can be seen ffom the results cited in.tables 1-5, the yield of total gaseous olefins according to
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space velocity in the range of 4-180 hour”, catalyst to feedstock ratio by weight in the range of 10-

1

L/\

20 30:1 and steam to feedstock ratio by weight in the range of 0.1-0.5:1.
"4, A process according to claim 1, being characterized by said petroleam hydrocarbons

feedstock is selected from the group consisting of gasoline, atmospheric gas oil, vacuum gas oil,

atmospheric residuat oil, vacuum residual oil, crude oil and the mixture thereof; and the injection

of said petroleum hydrocarbons can be either single-site injection or multi-site injection.
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7. A process according to claim 5, being characterized by said element M are at least two

elements or more selected from the group consisting of Fe, Co, Ni, Cu, Zn, Mo and Mn.

8. A process according to claim 7, being characterized by said element M are at least two

15 elements or more selected from the group consisting of Fe, Co and Ni.

9. A process according to claim 8, being characterized by said element M are Fe and Ni

10. A process according to claim 1, being characterized by said petroleum hydrocarbons

feedstock is contacted with said catalyst comprising phosphorus and transition metal modified
silica rich zeolite having a structure of pentasil in a riser or a fluidized bed reactor, wherein said

20  catalyst has a carbon content of 0 ~ 0.5 % by weight.

11. A process according to claim 10, being characterized by said petrolenm hydrocarbons

feedstock is contacted with said catalyst comprising phosphorus and transition metal modified

silica rich zeolite having a structure of pentasil in a riser or a fluidized bed reactor, wherein said
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catalyst has a carbon content of 0.05 ~ 0.45 % by weight.

12+ A process according to claim 11, being characterized by said petroletm hydrocarbons
feedstock is contacted with said catalyst comprising phosphorus and transition metal modified
silica rich zeolite having a structure of pentasil in a riser or a fluidized bed reactor, wherein said

5  catalyst has a carbon content 0f 0.1 — 0.3 % by weight.

13+ A process according to claim 12, being characterized by said catalyst comprising

phosphorus and transition metal modified silica rich zeolite having a structure of pentasil is
obtained by regenerating the spent catalyst in a regenerator which operates in a part combustion

mode, wherein said catalyst has a carbon content 0of 0.1 ~ 0.3 % by weight.

10 14\ A process according to claim 12, being characterized by said catalyst comprising

phosphorus and transition metal modified silica rich zeolite having a structure of pentasil is
obtained by contacting the regenerated catalyst with light hydrocarbons enriched by olefins in a
pre-reactor before said regencrated catalyst is recycled to reactor, wherein said catalyst has a

carbon content of 0.1 ~ 0.3 % by weight.

15 15. A process according to claim 14, being characterized by said pre-reactor is either a

second riser or fluidized bed reactor other than the reactor for catalytic conversion of petroleum

hydrocarbons, or a portion zone in the reactor for catalytic conversion of petroleum

-

hydrocarbons.

16« A process according to claim 1, being characterized by said regenerated catalyst is

20  stripped with steam and/or with light hydrocarbons eariched by methane to remove non-

hydrocarbon gaseous impurities absorbed on and/or carried by the catalyst, and then the catalyst is

recycled for reuse.
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