7 2 MAR 2007 A catalytic conversion process for producing |ight ol efl fMAR 2007
with a high yield from petrol eum hydrocarbons Technical field The present
.invention relates to a catal ytic conversion process of petroleum
hydrocarbons, in particular, to a catalytic conversion process for
‘producing light olefns with a high yield from petrol eum hydrocarbons.

Background of present, inyention The conventional. process_.for producing
gaseous ol efins fronfgpcé’fax%tfcemvﬁ?ﬁ’rné’é‘&?eﬁ%ﬂépfogﬁc’é‘gélﬁ elffilki ng process,

wherein the feedstocks are |ight hydrocarbons conprising natural gas,

naphtha and |ight gas oigitlpdHighqidd fro u%;bgghyy(ggcahi,(gjgt hydr ocar bons was
limted as crude oil becones heavier. Thus, nore attentions are paid to

processes for producing gaseous ol efns 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, angd ¢t - catalytic cracking process of heavy hydrocarbons by
%nr’r%g?gfltleq%xi

usi ng al ka e des or alkaline earth netal oxides as catalyst. The

reaction tenperatures in such processes are both greater than 800C,

Recent |y t1ige prehe ifRhtidrfelddEsOAUC Ryt EASRO S oAl RO EBBs bf PEddRI BY @B rbons, in
hydr ocar bons have been described in various publications, wherein using

drocar bor descr i b ' wherel
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ZSM 5 ast{oileuglgbﬂré%&%and C5 to C2i paraffinic hydrocarbons as feedstock. The

proces%e M at a reaction tenperature of between 600 to 750C,

with 30m %yield for C. to C4 olefins. US Patent No. 3,758,403 disclosed
that a catal yst conprising both ZSM5 zeolite and |arge pore 1

Background of present invention

The conventional process for producing gaseous olefins from petroleum hydrocarbons is
steam cracking process, wherein the feedstocks are light hydrocarbons comprising natural gas,
naphtha and light gas oil and so on. The supply of light hydrocarbons was limited as crude oil
becomes heavier. Thus, more attentions are 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 example, 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 zeolite and large pore
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1 2 MAR 2007 zeolite (e.g. X type or Y type) as active conponents i fl 2MAR 2007
ratio of 1:10 - 3:1 raised octane nunber of gasoline while increasing yield
~of total propylene and butylenes to about | Om% It has been reported in

US Patent No. 5,318,696 that the catalyst conprising |arge pore zeolite

-and medi um pore zeolite in ratio of SiO2/ A120G3 being | ess than 30 can be
used L 2B0REex RO 93 AN SBRR Liifhorid ih @ S LPENB LIF ik el MATRO DS

ol ef i ns, especi al prop ne. Sal medi um pore zeolite is In the form of
MFI structure. US Patent No. 4,980,053 disclosed the catal yst conprising

m xt ur Of gasolingmhils insreasinganeld of toty) peonyismeiapd butylenes tabosbhP#ient s can be

used to increase octane nunber of gasoline in products and to increase
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For exanpl e, phosphorus and/or netal _ion can be incorporated into zeolite

havi ng highspetare gpeolige, prchtddnareass (o vipdd Engasgous olefinsu sspackdly prapveRs. i Tad
and catal ysis properties of the zeolite. It has been reported in US Patent
No. 4, 3G8jubdgortelraoliteieinthe fessofiMFI stodivrgi ng ZSM5 zeolite by using
phosphorus and magnesi um for the purpose of using nodified zeolite to the
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selectivity of zeolite. However, both acidity of nolecular sieve and

hydr oc&isdisaliieasnastise epmpengats ¢Anthe wed 2@ dlqrease grtaae TRBRPT plcgaspline dy products
decreased. It has been reported in US Patent No. 5,236,880 that the

i ncor pandtd morease gietgt NAht loRfime idtactiomteafperamixie)of 500 ked50itt Andz Bghti dlefinsraré he
ratio of SI2 to AL2C3 being greater than 5. Said zeolite is in the form

of MFI m%ﬁnlg/%{ms?stt{ngcotf%?oepyle-ﬂg%nc?%t?iieﬁt di sclosed in US Patent No. 5,236, 880
s ! .

can be use
It has been reported in prior art that the process for modifying zeolite having a structure of
pentasil 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 to increase the shape selectivity of zeolite. 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 VIIIB metals,
preferably nickel into zeolite in the ratio of SiO, 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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i ncrease the conversion of paraffinic hydrocarbons, to increase arongtd &R 2007
content in gasoline fraction; to increase octane nunber of gasoline in
~products and yield of gasoline. 2 1 2 MAR 2007 A catalyst conprising both
phosphorus and rare earth-gontaining silica rich zeolite having a structure
-of pentasil as active conponent has been disclosed in US Patent No.

5, 380, 690 Wéht@ﬁ%mp@%f;%rﬁoﬂp PRbIpHSS @ l;arg %gxtﬂr-%%ﬁafgg%pﬁﬁéd N&l i'etg)ﬁ%véngoe;/

catal yst has stronger rothermal stability. ver st on obt al ne

usin i I o1 | t i.ned usi t I .
corpri SreduRRERelRUL ASa O NS LA i e B RLOE ?Ifee}gﬂﬂ é‘»ﬁ%&@ﬁ@ﬁdi%mza
tenmperature qf. 580" C. imlarly, the yield of CZ C40 m i s hi gher_ by -
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been disclosed in US Patent No. 5,414,181. The spent catalyst is

r egeneFARVEESIQN pbtainedeby: asingyaid catalysk isnbisherathanothat obtainsdiyeusidg thheatalyst
regenerated catalyst is deposited with carbon derived from coke precursor

and t heompi@n€HI SM-Sareolitesas detiyedeongmnaitetsy 4-Owe¥odt Weereattini to@peraturdas54EEN
di sclosed in US Patent No. 6,106,697 that a process for selectively

roducich - CA. gl ef.jn si.n acuum gas, oil or residual oil as
II‘Oeedst gg%lagﬁ'dﬂﬁsyi“ﬂ% 0%\%'6;%1558 1srggfé rc‘:?ly ‘{nog%[%"ry out catal ytic cracking
reaction. Vacuumgas oil or residual oil feedstock is fed into the first

stage re - Th t I S: C ' I re.zeol.ite cat st
under con%E?‘I%%%I?&aé@%?s;%ﬁﬁéﬁtﬂeﬁa&ﬁ?ﬁ%&%‘%ﬁaIIeI%%g?II%ﬁeéi‘rﬁ?syb%eﬁIIg%ci?ssﬁII?Icsy
cracki reacti.on, t.qg.produce various product jth, different boilin .
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the first reactor are fed into the second reactor and contacted with

medi unfyBpleted ebing fegenestad gafalyptris depositedowith canbon dpiieadsfrom soke pows@s0d, therhe
catalyst/oil ratio of 4-10:1, and the oil vapor partial pressure of 70-280
kPa. AE,-8 radlcukets debgdragénaskdia predueelgfimsduced.

It has been disclosed in US Patent No. 6,106,697 that a process for selectively producing C,-
C, olefin by using vacuum gas oil or residual oil as feedstock and using two-stage reactor to carry
out catalytic cracking reaction. Vacuum gas oil or residual oil feedstock is fed into the first stage
reactor. The feedstock is contacted with large pore zeolite catalyst under conventional catalytic
cracking conditions ’Io‘ carry out catalytic cracking reaction to produce various products with
different boiling ranges, including gasoline fractions. The gasoline fractions produced in the first
reactor are fed into the second reactor and contacted with medium pore zeolite catalyst in the

reaction temperature of 500-650°C, the catalyst/oil ratio of 4-10:1, and the oil vapor partial

pressure of 70-280 kPa. As a result, C,-C, olefins are produced.

It has been reported in China patent publication No. 1,255,474A a catalytic cracking process
for producing light olefins from lower alkane. The process comprises contacting C,-C, alkane with
a silica rich zeolite catalyst being modified by one of the elements selected from the group
consisting of alkali metal, alkaline earth metal and group VIII transition metal and having a

structure of pentasil, wherein the catalyst comprises rare earth and phosphorus. The reaction is
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It has been reported in China patent publication No. 1,255, 474A a cal@NAR 2007
cracking process for producing light olefins fromlower al kane. The
_process conprises contacting C4-C6 al kane with a silica rich zeolite

catal yst being nodified by one of the elenents selected fromthe group
-consisting of alkali netal, alkaline earth netal and group VIII transition
et al  RBgicBGt B tednpe; Pitﬁﬂécéﬂ%@ -0§30€ %@%&gh‘c%ﬁ?' sBaé%l&é}iféfYﬁ?)O@ R5RF | $8S
rare earth and phosphorus. The reactl on IS carri ed out In
tenpera e of . 450 0C and. wei hour y space v ity .o - ho

The. al LAl mgiabfs P’é,ef%i‘@? i, Mgf FonpreBastin g ancsgroup VI
preferably bariumand group VIIlI tranS| tion netal is preferably iron or

ni ckel trapsitipmmetabesprefesbloserior ticksd pat ent publicati on 2003/ 0006168A1 t hat
a catalytic cracklng process for producing light olefins with a high yield

from heav QCess rlse f he tactin he hegv

ol with &t %af BpgL aHieREEIE L BRenS Biigelon 2@@@0@%63/%% i
cracki ng catal yst_ contain an USY type | ecu] ar sieve and | ess than 0 5
% by \A@?‘@j’ﬁ%s prodycgelight rPl‘%%’tSaW“}bﬁllE%h viskbitrgm peary ol tﬁlevpépm CPrises the
addi tive containing a shape-selective zeolite; the oil and the catalyst
are costeagpbepritantiag deshesvyraibwithie, catalist axigureo sonsitting afiffeto Wordivt weight efor
that the reaction zone outlet tenperature is in the range of 580-630C, the
cat al ybadeodrhclai@ catalyst dontaidieg an AFRIe typke MSedfamsiehvet firl lesnthaa 0.3 Yoy weightiof he
range of 0.1-1.0 seconds. Said process can be used to inprove yield of

l'i ght %@Ehﬂ%mefanxﬁé &l £10 4075 B&'\ﬁélghtcgf aR 298 vE REnta AL s&?@#&le&@e%@h{te
wei ght. It has been disclosed in 922, 744A1 that a Pprocess

produci
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catalyst/oil .ratio in the range of ri.ser outl et tenperature in the
range 8¢ msagiosoeae ouiléfa@mparatwﬁég &y Ff@ Iiaﬁgft RESPQfge Corthe coralystonratingy i e
steam for dilution and quenchi ng of

range of 15-40 and the contact time is in the range of 0.1-1.0 seconds. Said process can be used to

improve yield of light olefins, for example, the yield of propylene can be about 20 % by weight.

It has been disclosed in EP 0,922,744A1 that a process for producing LPG and light olefins
with a high yield under the reaction conditions of weight hourly space velocity in the range of 40-
120h™, catalyst/oil ratio in the range of 15-25, riser outlet temperature in the range of 530-600°C,
reaction pressure in the range of 1.0-4.0Kg/cm’g and steam for dilution and quenching of
hydrocarbon in the range of 3-50% by weight of the feedstock. The catalyst used in said process
comprises 1-6% by weight of USY zeolite, 8-25% by weight of shape-selective zeolite, 0-8% by
weight of bottoms selective cracking active component, 0-1% by weight of rare earth component
and 60-91% by weight of non-acidic component & binder. The yield of LPG obtained by the
process can be about 40-65% by weight. The selectivity of propylene and butylenes in LPG are

about 40% and 45% by weight respectively.

The carbon content in the regenerated catalyst is typically required to be less than 0.1 % by

weight and preferably be less than 0.05 % by weight during the catalytic crack process for the




hydr ocarbon in the range of 3-50% by wei ght of the feedstock. The caigﬂwgﬁzmn
used in said process conprises 1-6% by weight of USY zeolite, 8-25% by

~wei ght of shape-selective zeolite, 0-8%by weight of bottons selective
cracking active conponent, 0-1% by weight of rare earth conponent and
-60-91% by wei ght of non-acidic conponent & binder. The yield of LPG

obt ai nq)dqmge bh@stoﬁﬁg)@@aﬁmgaatmg’ (ﬁbﬁtallysﬂo- 65% by‘ wei ght. The selectivity of
propyl ene and butylenes in LPG are about 40% and 45% by wei ght

respectively. The carbon content in the regenerated catalyst is typically
requi red A8 Biscussedks abonuen the progessy foiypragueing nighp ralefitsapiti bénglwselg RanuBng 5
% by weight during the catalytic crack process for the 4 1 2 MAR 2007

pur pos ehofphoestcontangng silickiiclyzendite having oftnuhitralof péntasil 4s actize domspanssiclths not
above, the process for producing light olefms with a high yield by using

phosphoests daeibal iithg psibt htawhérein saRliliéerittadolies Bassilidbédnr @odified Mithagblp as
active conponent has not been described in the prior art, wherein said

silicavy [ kfdned 4 QRAVIN I PR ¢ itd

et al o, SO el R SRR SRR lch i GHIR AR oRAculte faBfiR Al
a structure .af .pentasil bei sed as one of.the active,conponents in the
catal y ot P iRt 86 puciyhe tlicolioBotts Mipe elad RV REFERIGR ) et of
present invention is to overcone the disadvantages that are related to the
prior art and to provide a catalytic conversion process using a catal yst
conpri sing phosphorus and transition nmetals nodified silica rich zeolite
having a structure of pentasi| for producing light olefnms wth a high

yi el d so t Pasclasprecofpsggentaneentighs i n petrochemnical industry will be
produced. Oher objects and advantages will be nore apparent in view of

fol I ow ng %ﬁcte %leegtdo p?ess%lrﬂ gltvglﬁpdn is to overcome the disadvantages that are related to the prior
art and to provide a catalytic conversion process using a catalyst comprising phosphorus and
transition metals modified silica rich zeolite having a structure of pentasil for producing light
olefins with a high yield so that more raw materials in petrochemical industry will be produced.

Other objects and advantages will be more apparent in view of following detailed description.

In the process of the present invention, pre-heated petroleum hydrocarbons are contacted
with a catalyst which comprises phosphorus and transition metal modified silica rich zeolite having
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 rapid 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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In the process of the present invention, pre-heated petrol eum hydrocdrdhfs 2007
are contacted wth a catalyst which conprises phosphorus and transition
metal nodified silica rich zeolite having a structure of pentasil in a
‘riser or a fluidized bed reactor, and are catalytically converted under

-gi ven operating conditions to produce reaction effluent and a spent

cat al Y%odlﬁr@d? silie@&ikh 28oIRE fhhﬁﬁgtasstru%ﬁge 8Pp&asdh al it o@%eﬂlﬁﬁE@d BéCrbabt¥r &
rapi d gas-solid separator. reaction effluents are further separated to
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product’s; I's renoVv

stri ppi yst is dlrect dto a rator V\/ner .

cont actkg’g %k i V@mtﬁllﬁltﬁb I ‘&In]dg&ggé‘ﬂkr Sitalyst Yong’eﬂ%?"k ratio by
regener at ed cat aI yst is recycled to the reactor for reuse.

parti coveghtyn therapgreofpy-6@: ¢ ad sfeamte fepdsioek fatiohyareighnn the mnge af %8515& #d| eum
hydr ocarbons are contacted with a catal yst which conpri ses phosphorus and

t r ansi tcamaiytivell g convertéd. 2A s e20stripproidinii seplarstiet] ifioan theakact®al produdis ierpeat
structure of pentasil in ariser or a fluidized bed reactor at the reaction

t enper balyRt, i Havingebded Mafosied it COIRCIs fradGértd@NoPd BpBadratok byl Bignih gL cole
150- 400 KPa, wei ght hourly space vel ocity in the range of 1-200 hour',
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f eedst ratio ght e-range cat dl¥yti cal

comver o 2 S AP BEP B 0 SN B,

regenerat or by burning the coke deposi ted on the catal yst, and returning

the cafeaciien pfasluetie reactor. Light ol efins, gasoline, diesel, bottons and
ot her saturated |ight hydrocarbons are obtained by the separation thereof

fromthe reaction products. Feedstock and product

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 oil,
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”
as 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.
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The petrol eum hydrocarbons used in present invention as feedstock can 204AR 2007
selected fromthe group consisting of gasoline, atnospheric gas oil,

vacuum gas oil, atnospheric residual oil, vacuumresidual oil and m xtures
"thereof. Crude oil also nmay be directly used. The injection of said
-feedstock can be either single-site injection or nulti-site injection. The
term"single-site injection" as used herein neans that the petrol eum

hydr ocarbons can be injected into a reactor through the feeding nozzle(s)

| ocated in a sane el evation. There nay be just one feeding nozzle or

several fé&atilysy nozzles in a reactor. The term"nulti-site injection" as
used herein nmeans that the petroleum hydrocarbons can be injected into a

reactor throygh the feedj.ng nozzles |ocated in differen vati ons. . The
o ocess ac Lo bty SPRLEC TRAanEY S Eatpersallist SOmBtit b 70k & Hegie e
products . conprising ethylene and propylene and |iquid products )

conpr i Srify° §u gl appiganie e gitet-80% bhweighpigzegtitee alh pptadeonciotnl mecighh ofit
5-25% by wei ght and the yield of propyl ene can be about 21-26% by weight.
6 7 2 MaRR249% ThatedlystorhpritehdS5pli00beby vaight odlistliga rivh peelite ritavingvestticome of he
catal yst conprises 0-70% by wei ght of clay, 5-99% by wei ght of inorganic

oxi des paidsillakD8026Ys beweizht of Y2988 kédfite, SHerddas4d sita triRh3leohtei HakingQf struchiee
catal yst. The zeolite conprises 75-100% by wei ght of silica rich zeolite

wher of F BEEHEE hRCd RRBOAFblosdtolls anf itk B O el P RIS RRLG imula

silicarich zeo ent asiI

Forml 8¢ Gid DoRe0%e RRIREOS B ApRER 10 TS hndcufoikad (o<t Bl ‘o

(0-10) RE203(,70-98) Si 02 based on the mass of oxides. In the formla,
el enenfuags iof ofidesed ithe fermmla nelementeMody b leaplopng glempnb gglected from the group

consisting of Fe, Co, Ni, Cu, Zn, Mo and Mn. And RE represents rare earth elements, x represents
valence of oxygen and y represents valence of transition metal. x is eéual to 1 and y is a value of
the valence of transition metal divided by 2 provided that the valence of transition metal is an even
number. It is preferably that said phosphorus and transition metal M modified silica rich zeolite
having a structure of pentasil has an anhydrous formula of either (0-0.2)Na,0-(0.9-5)A1,0,(1.5-
7)P,05(0.9-10)M,0, -(82-92)Si0,, or (0-0.2)Na,0-(0.9-5)A1,0,:(1.5-7)P,05:(0.9-10)M,0, +(0.5-

10)RE,0,-(82-92)Si0, 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.




consisting of Fe, Co, Ni, Cu, Zn, M and M. And RE represents rare datMAR 2007
el ements, x represents val ence of oxygen and y represents val ence of
“transition metal. x is equal to |l and y is a value of the val ence of
transition netal divided by 2 provided that the val ence of transition netal
‘i's an even nunber. It is preferably that said phosphorus and transition

met al M nodihtiimdgaiic beided codfprisedld the cataBiét f@olisd fougbithLinOéntdRdad Belselb@sd an
anhydrous forrmula of either (0-0.2)Na2Q(0.9-5)A1203(1. 5-

7) P205 Panw) 10,°ALO,, Al /or Si0,.

(2)- 0. 2%@%?%@%@% 1.5 7‘?%’2“5(5858? 5406 M 1% ) RE203( 82- 92) i 02
based on the nass of oxides, The transition netal M have the function of
dehydr ogendht dhtyparzdolite eompafeal inhy catblysteasbrdingoto meseneimvention coor ke grepared ed
fromthe group consisting of Fe, Co, N, Cu, Zn, M and M, nore

pref er bl ysisgl egioas dheariedl handisro phyieah smethodg Sich-enetkdisaidliNe, N Cckxhmple,
nost preferably are Fe and N . The clay conprised in the catal yst

accor di i AL t : i .
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cat al I g a | n_be optional.ly suhjgcted to various chem cal
and/ o?ﬁ%‘f%{?gﬁhtégﬁ r é%t el ugr.ﬁn@a%]r%l o %L‘d%%n ASy 4y 828 B]Ela(sen%rf’:fsis)mof gfbe
to, kaolin or kaoli ol yhydrate.and the |ike. 7 MAR 2007 The

por garrebSion il Rk ol bRisell spyistns e shah dmenisot st eI
can be selected fromthe group consisting of anorphous Si Q2 Al 2CG3i A1203
and/ or cantgpingThH4ype zeppte 13 sefbiredbacianpedrthelydrogenn® (BEHA)\os rara cah aitragstetde Y
present invention can be prepared by using various chem cal and/or

physi c@EU8Yhods. Such net hods include, for exanple, hydrothernal nethod,
chem cal treatnent nethod (such as treated by EDTA acid, by ammoni um

fluorosilicate t xtract alum pum and reinforce silicon, and Si Cl 4 gas
phase pr océ”s%sfe@ﬁ the, preparation of said silica rich zeolite having a structure of pentasil includes the

steps of ammonium exchange, modification by phosphorus and metals, and calcination.

e

The ammonium exchange can be as follows: sodium type silica rich zeolite having a structure
of pentasil and optionally comprising rare earth elements obtained by conventional crystallization
is exchanged in a ratio of zeolite: ammonium salt: H,0 in 1:(0.1-1):(5-10) by weight in a
temperature from room temperature to 100°C for a period of 0.3-1 hour and then filtered, wherein
template agent should be initially removed if an organic template agent has been used during the
synthesis of sodium type zeolite. Said ammonium salt can be conventional inorganic one in the art
and can be selected from the group consisting of ammonium chloride, ammonium nitrate,

ammonium sulfate or the mixture thereof.

The modification by phosphorus and metals can be carried out by impregnation or ion

exchange methods.
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
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conbi nation thereof Y type zeolite optionally contains rare earth el ¢ 2R 2007
The rare earth elenent- containing Y type zeolite is referred as rare earth
‘hydrogen Y (REHY) or rare earth ultra-stable Y (REUSY). In general, the
~preparation of said silica rich zeolite having a structure of pentasil
-includes the steps of amoni um exchange, nodification by phosphorus and
met al S AfitkdC Al IcARireAltn « Fifp AR HS0RHORENGS (AT mBRA Aol 0Ll BYS vaaﬁg‘@
type silica fich zeolite having a structur€ of pentasil afd optiona
conpri si ngl rare earth el enents obtained by conventional crystallization is
exchangelgilpted amonnt of gguepgy olation goptypingrfangition mete) Mncompaynd 1 p. tempargiurg,y
weight in a tenperature fromroomtenperature to 100 C for a period of
0. 3-1 lfiour reenctetiperatdreltd 85 €dnd dhet.ein  tenpl ate agent should be initially
removed if an organic tenpl ate agent has been used during the synthesis of
sodium type zeolite. Said ammonium salt can be conventional inorganic one
in the arb amp@nsum egehanged eeddie iy svradhbogegangoeshn svidt & pee-odlcated ramawnt of
chloride, anmoniumnitrate, ammonium sulfate or the m xture thereof. The
modi f i aqidons sélyitih osmhiaingSphakshofid @nfpobad ibe teapdratact ot roymiteppagfiad to9s or
I on exchange nethods. The inpregnation nethods may include, for exanple,

as foll, .. a. amoni um exchanged zeoli.te is mxed honbgenequsly with a
o e calouRipb bR el SREAICEE! o Rent ArAH G RATE oRbEowD uion
in a tenperature fromroomtenperature to 95 8 1 2 MAR 2007 C, dried,
t hen cabmhingg transitidnempat M tompoinddB0a 3EPperatusn fotrh ydntexedrdtgrattg IO U ahd/
with a pre- cal cul ated anobunt of aqueous solution containing transition

metal ;i Co MR sk el &p&géﬁgﬁﬁg”‘fn% Suid ARIELE DRASHIRES 88 HiErsbe 95 C and dried.

c. ammonium exchanged zeolite is mixed homogeneously with pre-calculated amounts of
aqueous solution mixture containing phosphorus 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 a temperature from room temperature to 95°C, dried, then calcined in a temperature
of 400-800C, and then mixed homogeneously with a pre-calculated amount of aqueous solution

containing 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 aqueous solution can be the aqueous solution of the
phosphoric acid, aluminum phosphate, ammonium 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

9




b. ammoni um exchanged zeolite is m xed honogeneously with a pre-cal cdl2adARl 2007
anmpunt of aqueous sol ution contai ning phosphorus conpound in a tenperature
fromroomtenperature to 95 C, dried, and then m xed honbgeneously with a
~pre-cal cul ated anobunt of aqueous solution containing transition netal M
-conpound in a tenperature fromroomtenperature to 951C, and dried. The

order fcBloridgeROMAHIG K, BEUAISRIfte AHBER Hitras® cHbdIO8 o) nﬁﬁemﬁt\‘ﬁé %ﬁ@lgel Eulfa@e
amoni um exchanged zeolite is m xed hom)geneousl'y wi th pre-cal cul ated

anount ion m xture containing phosphorus and transition
met al C%IChg%n gdlﬁlﬁrgﬁé;w% enperature fromroomtenperature to 95 C, and then
dried. The ion exchange nethod can be as foll ows: ammni um exchanged

zeol i te i sThe xarlysh QUBGERGOIdSHésent tildeatiPh @ak HeCplepired bINMENteRf o AN She
sol uti on cont ai ni ng phosphorus conpound in a terrper ature fromroom

t enper gtddiRot Qf&%rggmcd&l@& sut:ﬁl%@ ﬁEé;ﬁ'dS'bB@ﬁlnjté‘ g%r %méﬁeso 61 ité BiefR0nd

and then m xed honobgeneously pre cal cu fount o aqueous

sol uti n npoungd.in.a i 0. of 0

i qui d a-?ﬁ?%ﬂz%%l & by g #*@91 P Bardb G %ber@goe% %%r fofep i B sty 5
hours an filtere ch e can be epeate several tines.
Resul t(‘-ivd%ﬁfl C%?%g%gg Wk Rt derationiasd Waﬁeéan %e&%ev%ss mixed,
conpound cont ai ni ng aqueous sol ution can be the aqueous solution of the
phosphadjpgiingcand, maingaining rthe pblsples ef thenshwmy den2nd by oying ahowpgraiceacidsmenaum
bi phosphat e, ammoni um phosphate and the m xture thereof. The transition
met al Mdrochiotindcidpmiteic ricity phasphecit aicRlobt tulfimicc atid baddife aRelieD ¥s! Sbdruddign
of chloride, nitrate, sulfate or carbonate of the transition netal M for

exanp! Gatilily AUmPGatdrdlol 90,40 1bf OB, Al Anfing B @Y SHOIR! S re-
Tar; donrs R A,

nitrate, 1ron R 2007 chlorlde ferr

cobalt nitra cobal | ori de, nitrat e n| ckel sulfate
ceﬂculate amounts ofI botﬂ silica rich zeo ite Lavmg a structure of pentasil and Y type zeolite,

homogenizing, 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-containing catalyst as described above can be prepared by controlling the
regenerate condition of the spent catalyst. 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 a pre-reactor before said regenerated catalyst is recycled to reactor. The pre-reactor as used

herein can be either a second riser or fluidized bed reactor other than the reactor for catalytic
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ni ckel chloride and the |ike. The catalyst according to present inveh2MAR 2007
can be prepared by the steps of mxing the precursor of inorganic oxides
‘such as pseudo-boehmte, alumna sol, silica sol or its mxture, and
~silica-alum na sol or gel with kaolin polyhydrate in a pre-deterni ned
ratio; formulating a slurry wth the solid content of 10-50 wt % by addi ng
de- cat lcgiNefsith ¥B&fol M hid8BarPMIL S FAISH Yol h&Hle readl B idaliyiRMnversion, for
mai ntai ning the pH value of the slurry to 2-4 by using an 1norganic acid
such a r . (e BN NS I sphoric acid or sulfuric acid,
adding%%?ﬁ%?ﬂggg%@ﬁng%%CE&ngg&gﬁgﬁﬁ%%F?gﬂgt tenperature of 20-80C for 0-2
hours, mxing for 0.5-1.5 hours, adding into it pre- cal cul ated anounts of
bot h sili cén theqhosohddotdiigio p@sent diventidny itels pfefrableas istripathe rogehsrprd zanlyist e,
honogeni zi ng, spray drying, washing off the free sodiumion and drying.

Q her @t @6 Ad/ob ighl ﬁf&@éar@&ﬂ@%ﬁiiicﬂ& b nRERFEND reM¥e8 bR Rydiotarbsn gaseous
preferred that the petrol eum hydrocarbons are contacted w ?’h hot cgt al yst

havi ng. .0 % i r - Q. 45% by
wei ght Hlﬁ%&gﬁe?iggseo?%o& &?{Kw ilezde%' %‘ég%lg\ﬁ@?@ E.he'ﬂ/gércghgr@&eér{%lg?@gf ef?gtogar bon
content is in the range of 0.1-0.3 % by weight. The catal yst conprises
phosphor us Tag dxihples iat idescrived abllddsraali fiuekbr iBbdtiatatie Fldcese Qlctdringayi presedt

structure of pentasil. The catalytic conversion reaction is carried out
subsequfRbdidh, bliehct AhRAM-16ARhAB! MescnfliMetBbn 38 A§SEhy DAL BRAYEs SRy B the
prepared by controlling the regenerate condition of the spent catalyst. In

anot her the speni | yst is.regenerated in regenerator by using
t he paF‘)t("’%)cé)l%%‘riﬂnsdtclotr)n Oaﬁgg%%%%ﬁyeﬁ'&?spggwggﬁa‘r}]gpﬁo W& car bon- cont ai ni ng

catal yst can be prepared by contacting the regenerated catalyst with |ight
hydr ocarbons enriched by olefins in a pre-reactor before said regenerated
catalyst is recycled to reactor. The pre-reactor as used herein can be
either a second riser or fluidized bed reactor other than the reactor for

catal ytic IEgamples

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 zeolite, witha 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 total 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 invention,
which comprises 15% silica rich zeolite having a structure 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




1 2 MAR 2007 conversion of petrol eum hydrocarbons, or a portion zong ZMAR 2007
the reactor for catalytic conversion, for exanple, the reaction zone on
the bottomof riser reactor. In the process according to present invention,
it is preferable to strip the regenerated catalyst wth steam and/or |ight
~hydrocarbons enriched by nmethane to renove non-hydrocarbon gaseous

| mpur i thkek ARSIHReHNUXIR baed 'bhqgtap%eigﬁﬁopi’etoﬁg%’ %Jiiih] £pid1d HHED JFSf k& aiuBfina
catal yst to reactor. The exanples as described follows wll further
iIIust%%E ébhe process according to present invention, but not intend to
limting greSent invention in any way. The catalysts used in the exanples
and conparative Exanples respectively are as follows. Exanples Catalyst A
is one of ChelpatalysichdesdegoPitenaktbtabeing Preparddoadotdiffto ippesertt inGdhtion,
which conprises 18%silica rich zeolite having a structure of pentasil,

27% al Whid B ipisde 1390si1iBE rich 38E SabRigNY stk RPlrk e ggﬁﬁgﬂi o REHY zMtedPboOf

catalyst. Silica rich zeolite having a structure pentasi| conprises

2.4%p . 0X1.6l o . t h. oxi de, ..and, 1. 5% ran pxide bas n
ot al " ALPIARR AR 60F pdnfh, ARy i G ol e abed Bl Kol aSse g e
Catal yst .B is another..one of the catal ysts being prepared according to

pr esenfivera?\séﬁt%fxst- FacHCR gRRIHe daxing gosteichyre af peoias EBMPHEES al/forRjiogphorus
structure of pentasil, 27% al um num oxi de and the bal ance bei ng kaolin,
based oridedib irppiogide anfl Octlp alicket oxids based onitethl weight ofizehlite; mitha mole uatiuofe
of pentasil conprises 4.1% phosphorus oxide, 1.0%iron oxide and 1.0%

ni ckel sibixa tealbagmcdemg 6ot al wei ght of zeolite, wth a nole ratio of silica
to alum na being 60. Catalyst Cis another one of the catalysts being
prepared according to present invention, which conmprises 15%silica rich
zeolite ha&PWQafét%? el A 1 prepaied by stmilagoforypigtionaitd method mpothat daserigednior
oxi de, 6% anorphous alum num silicate and the bal ance bei ng kaolin, based
on t ot edtalyst A, except the silica rich zeolite having a structure of pentasil comprises 2.4% phosphorus

oxide and 3.8% rare earth oxide based on total weight of zeolite, with a mole ratio of silica to

alumina being 30.

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 alumina 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.

12




wei ght of catalyst. Silica rich zeolite having a structure of pentasill2 MAR 2007
conprises 2.1% phosphorus u 1 2 MAR 2007 oxide and 1.0% iron oxi de based
~on total weight of zeolite, with a nole ratio of silica to alum na being

60. Catalyst D is another one of the catal ysts being prepared according to
‘present invention, which conprises 15%silica rich zeolite having a

structure ok c@%ﬁ;&ﬁsctdnveféﬁﬁﬂlékﬁﬁoﬁe@daf@d 2@%n A betvhridte OftedefluibiedBBd PEHRLYT
al umi num silicate and the bal ance being kaolin, ‘based on total vvel ght of

cataly i e 1%
phosphz‘;r”tt}é %%dm dggé qlb(g%?%?ﬂro g%%ggjlﬁ%ed%gsng’ git %&)%n ?J(i:{ Pﬁmgqgﬁega%gs?é é ﬁ?d%r
wei ght of zeolite, wnth a nole ratio of silica to alumna beln
Conpar &petasion geaditiens of reactiondsmpeiatusy of 709°Caeatalgstfail mtiped 290k sw@m}‘mhraag of
that described for catalyst A except the silica rich zeolite having a
st ruct r¥&1ahd perghabolrlycspape Veiestﬂoﬂ%tpﬁo"ﬁmheswts arecshode iamabl81.8% rare earth
oxi de based on total weight of zeolite, with a nole ratio of silica to
al um na being 30. Conparative catalyst B is prepared by simlar fornulation
and nethod as that described for catalyst B, except the silica rich
zeolite having a structure of pentasil conprises 4.1% phosphorus oxide
based on total weight of zeolite, @hhpardtivBix@mpRii 0 Of silica to alumna
bei ng 60. Conparative catalyst Cis prepared by simlar formulation and
met hod as that described for catalyst C, except the silica rich zeolite
havi ng a stlihectomparafivepemamplel illustiafeSMIB neeldft eomparhtive cabdlyst r At icompfising
silicato alumna being 60. Il Exanple 1

phosphorus and rare earth modified silica rich zeolite having a structure of pentasil. The feedstock

and operation conditions are both same to that described in example 1. The results are shown in

table 1.
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The exanple illustrates that ethylene and propyl ene are produced by AReMAR 2007
process according to present invention in which catalyst A conprising
silica rich zeolite having a structure of pentasil is used, wherein the
~zeolite has been nodified by phosphorus, rare earth and iron. 12 1 2 MAR
-2007 A catalytic conversion reaction is carried out in a bench-scale

fi xed-fl qpilezied bed reactor wth vacuum gas oil feedstock having density of
0.873 and boi ling-range of 350 - 540C, under operatlon condi tions of

reacti on gemperature of 700C —catatystiort——Tatio of 45—1——steanr0rf—r*t|o
of 0.5: 1| @adlysei ght hourly space|vel ociCatalyt A10 h '|' Cofiperatize odtalystak g
shown in table 1. Conparative exanple 1 The conparat/i ve exanple il ustjrates
the use of_conparative catalyst Afconprising phosphorus and rare eart|h
nodi fi ed SPWP@§“WP@ﬁP§§@WFtéWRQV|ng a structure of pentasil. The feeddgtock
and operation conditions are both|sane to that descrni bed in exanple 1.| The
results are shqwn gL{l table 1. 13{1 2 MAR@%? Tablje | %g t Cataliyst A
Conpar atijve ca § Distribution of p cts, %Crack éas 70. 38
69.86 Inwhich Ft h\/l ene 25 23 28 82 Drnn\ll ene ?1 56 19 85 Rllfyl enes
5.23 6.86 In which, Ethylene 25.23 23.82
Propylene 21.56 19.85
Butylenes 523 6.86
Gasoline 11.63 12.16
Diesel 3.61 3.77
Bottoms 3.06 3.13
Coke 11.12 11.08
Yield of total gaseous olefins, 52.02 50.53
wt%
Example 2

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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Gasoline 11.63 12.16 Diesel 3.61 3.77 Bottons 3.06 3.13 Coke 11.12 2MARZNT
Yield of total gaseous olefins, 52.02 50.53 w % Exanple 2 The exanpl e
illustrates that ethylene and propyl ene are produced by the process
according to present invention in which catalyst B conprising silica rich
zeolite having a structure of pentasilis is used, wherein the zeolite has
been nud4:fi iagd weighp hosbhaatsvelbdigrofarsd hnt. dkelresubs atsibwh ilCtablerp/er si on
reaction is carried out in a bench-scale fixed-fluidized bed reactor wth
vacuum gas oil feedstock having density of 0.873 and boiling-range of 350 -
540C, under operation conditions of reaction tenperature of 620C,
catalyst/oil ratio of 15:1, steanmfoil ratio of 14 1 2 MAR 2007 0.4:1 and
wei ght hourly space velocity of 1 ' quﬁ ts are shown in table 2.
Conpar ati ve exanple 2 The conpara??% Eg%énp g&ﬁﬁﬁ%strates t he use of
conparative catalyst B conprising phosphorus nodified silica rich zeolite
havi ng a sflihactomparafivepextaplel illubhratel etds tuse kofandmpmativd | catalyst oBdicbinprisingr e
both sane to that described in exanple 2. The results are shown in table 2.

Tabl e %h%@t})é%oﬁﬁé& Livied riBh CUMAnRihY § shaéiletipeBrasil Blel febdttd RMn@foperation

product's,

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 2435
Butylenes 12.02 11.87
Gasoline 15.88 16.24
Diesel 542 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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Cracked gas 66.45 65.66 In which, Ethylene 16.02 15.23 Propyl ene 29.204AR 2007
24:35 Butylenes 12.02 11.87 Gasoline 15.88 16.24 D esel 5.42 5.63
Bottons 4.47 4.68 Coke 7.78 7.79 Yield of total gaseous ol efins, 53.85
53.85 W% 15 1 2 MAR 2007 Exanple 3 The exanple illustrates that ethylene
and propyl ene are produced by the process according to present invention
in which catalyst C conprising both gkdhgig3rich zeolite having a structure
of pentasil and REUSY zeolite is used, wherein the silica rich zeolite has
been nodified by phosphorus and iron. Further, catalyst D conprising both
silica richheesimple iliusiratey that sthylese and prsipylepe ateapspiuced by FE B Wcoss k¢arding $o
used, wherein the silica rich zeolite has been nodified by phosphorus,

i ron amptesantcineéntiofainawitichccacadyst €F sbmprisiag doitlo BlicarrichCabtitechaving ai strudture of
bench-scal e fixed-fluidized bed reactor w th vacuum gas oil feedstock

havi ng pe@asi tand OREOSE7 3eciitél iHQiskd, NoheRNOhOi1R80rich 340fe M3TBEen %ﬁff@dl 152
condltlon of reaction tenperature of 550C, catalyst/oil ratio of X

st eand ghgsrpg% s Qnffirord 7 foer gﬂﬂ%' ISQBmBH%&%oﬁP@]ﬁ@a Yi&h 9EA1keY h%mgsa tplcture of N€

result owninta

pentasil and REUSY zeolite is used, wherein the silica rich zeolite has been modified by

phosphorus, iron and nickel.

Catalytic conversion reactions are 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 condition of reaction temperature of 550°C, catalyst/oil ratio of 10:1, steam/oil ratio of

0.3:1 and weight hourly space velocity of 250 h . The results 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 example 3. The results are shown in table 3.
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Conpar ative exanpl e 3 The conparative exanple illustrates the use of12MAR 2007
conparative catalyst C conprising both ZSM 5 zeolite and REUSY zeolite.

‘The feedstock and operation conditions are both sane to that described in
exanple 3. The results are shown in table 3. 16 1 2 MAR 2007 Table 3

~Catal yst Catalyst C Catalyst D Conparative catalyst C Distribution of
products, mypPo3Cracked gas 54.28 55.36 51.83 In which, Ethylene 4.96 5.17
4.15 Propylene 23.08 23.84 21.37 Butylenes 1438 14.87 14.56 Gasoline

28.59 27873056 Dresel 716 7119738 Buttonms 5. 45548555 Coke 4.52
4.60 4. 6[8Catalgbtd of total gaseous [l e€Catalyst Gt %9 42Ca2lystd) 88 40o@paratixanpl e 4
The exanple illustrates that the catal ytic copversion of |petrol eum
hydrocarpons to produce Ilight ollefins in fluidized bed rieacdaly$y usj ng
t he procless according to present jinvention. A|catal ytic gonversion reaction
is carrifgd out in a pitot fluidized bed reactor operated|in the
Distribution of products, wt%
Cracked gas 54.28 55.36 51.83
In which, Ethylene 4.96 5.17 4.15
Propylene 23.08 23.84 2137
Butylenes 14.38 14.87 14.56
Gasoline 28.59 27.37 30.56
Diesel 7.16 7.19 7.38
Bottoms 5.45 5.48 5.55
Coke 4.52 4.60 4.68
Yield of total gaseous olefins, wt% 42.42 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
continuous 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
17




continuous reaction-regeneration mode with catal yst A and paraffin- bASMAR 2007
.atnospheric 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 fl uidized

bed reactor in elevated tenperature so that about 0.18 % by wei ght of

car boncatslyste fas icbled deptsived btalyst s LoadtbRvaBOedstadkadich had beenCiRifddsndoit ed
catal yst Is contacted with feedstock which has been heated to about 350C by

means 950°pry- ek @ pREMtdd oV g iﬂetﬁlﬂe‘u%@odbéaegaa?@g%o%t &%Mﬁmﬁbﬁ{oﬁggﬂfy b&NS

of reactor bed tenperature of 580C, pressure o , weig

space i f ' t al oil .ratio, of 15: nd steam oj | r.atio of
o 25: 1SRGt st bre 200 i Holtu ek Nahs Ty st efﬁte«lysmfgauo
as-sol j eparator .1 hroou [e or outle The reaction effluents an

gpe nt 8%?%? 95 Sfé'f"@/@;ﬁﬁ’ﬂaﬂ% %-%Séﬁaqkh&tféwﬁséF@@@mw@rﬁp@@walm apeigangfesred 3p jad
separator. The reactjion effluents are further separated into gaseous

pr oduc8¥-©bfpepapioy thiongh seastarnentist. othel eaetionOaffiuents tand rspenfastdlysieare damidlyl |
bottoms and the like. The spent catalyst is forwarded to stripper by the

act i onsephragadebeiwgen eaold othgdinathe ghmssolidpemdatot. Thelvsatibe éffluehis atdRirthpestbarated
catal yst are stripped fromcatal yst particles by using steam The stripped

spent e phesls podhdtaRoMDFikRE ctifiche! RAREHAER, CNAARID gk Ydiksel Shottoms
cont act edgéwith ot air {ng rggel%,er ate.eﬁ'}rh%ﬁr egener at ed §at alyst 1s recycled

to the,res ikt j J yi di bed ,reactqr in
wni ch S Pt TSR GG T RilaRigh 28 sBRbLORY e palige? gfaﬁﬁxc%@ahyﬁgfaﬁaoph
coke, Th oke-deposited catalyst is contacted with feedstock and the
Feact | BROHES EGRMRR TR ipen s et aPR TRl PRl 65 NpmBatsei. The
exanpl e 4 The conparative exanple illustrates that the production of |ight
ol ef i n¥ripRed seeRicatahest by Ganségreddp aegenetrtorinwhick eatalysidie cortapted wyidrhot airto
conditions to that described in exanple 4.

regenerate. The regenerated catalyst is recycled to the pre-lifiing zone located in the bottom of

fluidized bed reactor in which catalyst is contacted with C4 fraction 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 illustrates 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
continuous reaction-regeneration mode with comparative catalyst A and paraffin-based
atmospheric residual oil feedstock having density 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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A catal ytic conversion reaction is carried out in a pilot fluidized B&MAR 2007
reactor operated in the continuous reaction-regeneration node with
~conparative catalyst A and paraffin-based atnospheric residual oil

f eedst ock having density of 0.896. The reaction is in single pass operation
node. Regenerated catalyst is contacted with feedstock which has been

heat ed of 05 abmdtstedbP6il Bitio SFEEDS 1 OThPreethMAdiRer®y 80 spent BRallltuird irdfderhRco 2
react or under the conditions of reactor bed tenperature of 580C, pressure

f 200 ' ' 1,0l ' 1
> AR S0 o PRy POl RAEEP oD Mo Mo GFL BTt bnldh} bl

out 1 ot PupsE R herth e ¢SRSl PP ee Rt R Sl atra? b Fafbr

each other in the gas-solid separator. The reaction effluents are further
separ atg%sﬁoﬁlsrﬂrSa‘I“itb mPfg%%ﬁhxleg? B‘H{R‘PEY leasn i tEacHg . egaRglmen diesghcbasionis né the
C4 fraction, gasoline, diesel, bottons and the |I|ike. The spent catalyst is

f or war Hkel The spenticgiabist isyforwiardedto ssrippst by thevactipn ofgehvitydarsicardbaarton guoditcss
absorbed onto the spent catalyst are stripped fromcatal yst particles by

usi ng shsedred ofite et speppenthlyss pen btrippddafrymtcatatyst hankiesbyeskingstaarh CHRNGFPH AN
in which catalyst is contacted with hot air to regenerate. The resulted

r egenesprneehtaladtad itadstdias 13 aGasdaentddNvah cBfalyseRTohirid willthoK '
The relgjgner a?éed cat al yst isa% ecycled to fl t?i};c?i zecci) bed relactoo(:dgé%g&%%g&e'

reacti @ | ' T ] 019 b~ 1 R
o0y Tg%lrgsug&ggg%@%t% g%%lé/glf g%sf \ﬁ/ecagtg(oglng%&g b1:88h$ 0519 by Welgl%t. MAR
regenerated catalyst is recycled to fluidized bed reactor and the reaction is continued. The results

are shown in table 4.
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Di stribution of products, wt % Cracked gas 54.74 53.40 |n which, EthyIZhR 2007
6.92 6.76 Propylene 23.54 21.68 Butylenes 14.89 1637 Gasoline 18.83 20.59
Diesel 8.82 8.76 Bottonms 7.99 7.87 Coke 9.62 9.45 Yield of total gaseous
olefins, 45.35 44.81 w % Exanple 5 The exanple illustrates that the

catal ytic conversion of petrol eum hydrocarbons to produce 1light olefins in
ri ser reactTable by using the process according to present invention. A

catal ytic conversion reaction is carried out in a pilot riser reactor

operated[in the continuousS Teaclfi on-regenerati on npde w th _catafyst [C and
par af fi n{based atnmospheric residual oi |Exampieist ock héwinmpratsieskamplet 0. 896.
The reactlion-regeneration is in a part conbustion rlegeneration operation
node. Therlgs.et%g{r,ed fe n%({;ra;tvg,g catal yst has a carbon content of 0.2 % by
wei ght . The® Pé%%"cpdga%‘% %¥eWOnt acting the coke-deposited catalyst with
f eedst ock_whi ch has been heated tlo 20 1 2 MAR 2007 about 350C by neans of
pr e- heat ¢d ov I e reactor under the di tions| of reactor, outl et
t enperat yre o@%‘g(gdés pressure of| 250 kPg%%?eacti on time 01(‘;5%54’Oseconds,
cat al yst fei—+atio—of25-1-and
In which, Ethylene 6.92 6.76
Propylene 23.54 21.68
Butylenes 14.89 16.37
Gasoline 18.83 20.59
Diesel 8.82 8.76
Bottoms 7.99 7.87
Coke 9.62 9.45
Yield of total gaseous olefins, 45.35 44.81
wt%

Example 5

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

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

A catalytic conversion reaction is carried 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 contacting the coke-deposited catalyst with feedstock which has been heated to
' 20




steamoil ratio of 0.5:1. The reaction effluents and spent catal yst Ar2MAR 2007
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
gaseous products, gasoline, diesel, bottons and the |like. The spent

cat al ystout $56°Qr hﬁrm‘&ds tof psé- heatg&bvetmymt the reactbi andepfth@icanditiyns @nekactor outlet

hydr ocar bon products absorbed onto the spent cafal yst are stripped from

cat al y, t%hp@%f&re oF 650 @yﬁféﬁu?gofs%%a}@a eattcH BF@I sSddRad ¢ %%fg?ﬂ/%ﬂattosof 25:1 and

transfer to a regéherator in whic cata yst T's con with hot air
to regenerate. .-The carbon content in the regenerated catalyst is adjusted
to 0. /ol gptie shid-di1 hy reastiem eftneatst andpincat artalyaineredransiesed. to hgasckid-
deposited regenerated catalyst is recycled into reactor. The results are
shown separatdslterobgh Guetwaoatléty #he xantpdreefBludite and optalyat ire eamstlymeparated| hesweeat es
that the production of |ight olefins by using the process disclosed in the

art ungheh glasreinohergabisolid eepackitbd. aie reactiona¢ffldese rard) Qdthien sepaaatpd entd. galeous
catal ytic conversion reaction is carried out in a pilot riser reactor

oper at &g didls, PASoline Offesd] U nTseRAE (th kE. eﬂﬁr&%ﬁtt éa@eﬂyéi"?ﬁ%rWhﬁd@d O @bﬁg‘{/})’

catal yst C and paraffin-based at nospheric residual oil feedstoc

oper attFAR Sbde e GO AV SRENORE arfoe Rt RTINS bR cyFHCREFURR fomae

been he ted to about 350C b ans of re heat ed. oven .in the reactor under
tho. cRIATYS PALICHS Po4eing steaghy The; Stflgms’e h,c@tafyﬁt Botieasiesredsto 3 deganestny Rpgy.

reaction tinme of 5 seconds, catalyst/oil ratio of 25:1 and steamoil ratio
of 0. 5which Pawlystat cpaiacted fwithe hok aisrig rspensratealbg yatbonraentent ifs tleg reggnerated
gas- solid separator through reactor outlet. The reaction effluents and

cat al yatalyst @s ndpisiet ytos@partaeby chttrolbes regeabratt teamperature hadgas ratel The coke-
separator. The reaction effluents are further separated into 21 7 2 MAR

2007 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 carried out in a pilot riser reactor operated in the
continuous 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 combustion
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 conditions 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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gaseous products, gasoline, diesel, bottons and the |ike. The spent 12 MAR 2007
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

resul t ggheb@OEOaIR @dsdliabadi¥sel, HIRBmMS and SR TROL AL cahlyses Sorwaaizd 9o Qt'i_’lp}gerby

wei ght. The regenerated catalyst is recycled into reacfor. The resul are

shown i r.at I | i but.i.on .of
or oducy L MoRuRRe £AhE and HiABuEaR pf PR’ Blokfa SHYRE Spche el S ke
Propyl gene 22.84 18. 36. Butyl enes  10.06 8.25 Gasoline 10.76 14.96 D esel

6 26 609 B 8?7@1‘5%3 by Usiny sicagy Qi‘e §trPped Spsat Gtaly léffaP%fF‘aFdl WA AP
gas, 57 2% 48.28  w/u It can_be seen fromthe results cited in tables 1-5,
the yi Whighotatalyt 4f cgniaeisd svidh &ptair fedseenere t Bhe psulted regaperaed watalyse has a
process of present invention is greater than that according to the process
of congrabert ¢angent 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 22.84 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 from the results cited in tables 1-5, the yield of total gaseous olefins according to
- 22




exanpl es, especially the yield of ethylene and propylene. 23 1 2 VAt WYY 2001
What is clained is 1, A catalytic conversion process for producing |ight
olefins with a high yield from petroleum hydrocarbons, which conprises the
steps of contacting a pre-heated petroleum 5 hydrocarbons feedstock with a
catal yst which conprises phosphorus and transition netal nodified silica

rich zeel proeessadll p@sent Shvancibhilie ppéat@eranshht hddontind &e&heoFr@eisl of dbmpatatird
reactor, wherein the transition netal is at | east one elenent selected

fromt LSid Vn, and the catal yst
conprigﬁﬁgﬂgﬁgg%ﬁgﬁzgkgﬁgdgggngk?fgﬁdHggzﬁﬂﬂndified silicarich zeolite
havi ng a structure of pentasil has a carbon content of 0.05 - 0.45 % by 10
wei ght, and converting under the catalytic conversion conditions to produce
reaction effluent and a spent catalyst, separating the resulted reaction
ef fl uent and spent catalyst, further separating said reaction effluent
into liquid products and gaseous products conprising ethylene and

propyl ene; stripping the spent catal yst by steam regenerating the
stripped catal yst by contacting the spent catalyst with oxygen- containing
gas and burning 15 off coke; and recycling the regenerated catalyst to
reactor for reuse. 2, A process according to claiml1, being characterized
by said process is carried out under catalytic conversion conditions of
reaction tenperature in the range of 500-700C, reaction pressure in the
range of 150-400 kPa, weight hourly space velocity in the range of 1-200
hour |, catalyst to feedstock ratio by weight in the range of 5-40:1 and
steamto 20 feedstock ratio by weight in the range of 0.05-1:1. 3, A
process according to claim2, being characterized by said process is
carried out
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under catal ytic conversion conditions of reaction tenperature in the1r2aW§% 20
of 550-650C, weight hourly space velocity in the range of 4-180 hour-',

catal yst to feedstock ratio by weight in the range of 10-30:1 and steamto
feedstock ratio by weight in the range of 0.1-0.5:1. 25 4 , A process
according to claim1, being characterized by said petroleum hydrocarbons

f eedst ock vins,: S€LSGIHG from the group consisting,of gasoline, atnospheric

gas oil, vacuumgas oil, atnospheric residual oil, vacuumresidual oil,
crude oil and the mixture thereof; and the injection of said petrol eum
hydr ocarbons can be either single-site injection ~ or nulti-site

i njection. 241.1 RcdliRi€Oéhverston gropessdesprodacing tighgolefnsCivth @ High BRI Gom

characteri zed by said phosphorus and transition nmetal nodified silica rich

zeol i t e hpetralgum hytirocabunsg veficlp esrhpsids thaSte)psﬂ o%jﬂdht%ht?%?a R%I‘fsgge(al%g%sgg)lgu&
0-0.3 O (0.3-5 B(1.0-10) P20C5(0Q..7-15) M, - - i

E)as ed %nméyqrgﬁarﬁﬁ?)sél#t%&i‘ﬂ%ﬁ GRERbYSEiWhieh eorprEselphasphoTUS cmdt trassision | ragtelnt

sel ected fl@MdingidRHPeolRO Hﬁiﬁ%h@gu&ﬁre':o?’pe&‘@sil Mo, a0d oM o35 5RYE %\esae{g)trs

rare earth elenents, and x represents valence of ‘oxygen, y Tepresents

val ence oWwhereamtbi tiansitiorematal isGit leastporeodasem celocted ﬁgmtt?e gﬂgip;ﬁoﬁs(;jisthg: dfFe, .
characterjzed b | d osphorus. and .transition nmetal npdified silica ric
zeolite haVi ﬁ/&f gn(g @Pbca?‘a rtEg(.‘ff‘ta éﬁF%P?Slﬂ%é’iﬁﬂ’haﬂﬁf@potf?élmtlf@glles‘i;hg}zoégw ;

ei ther (0-.0.2).Na2Q(.0.9-5) Al 203( 1. 5-7) P205(0.9-10) M Oy ' ( 82- | based on
Che mass URURAASOIY, Raviplagiisy ool beroash hes Jose qnscomm%@é@@ =945 b by
(0.5-10 RE2O3(82-92) SI (2 bas(iad ﬁn t he. mass of oxides, wherein M x and y
are a¥ deVfig zpqu 8%1316{“11@_ under the catalytic conversion conditions to produce reaction

effluent and a spent catalyst, separating the resulted reaction effluent and spent catalyst,
further separating said reaction effluent into liquid products and gaseous products
comprising ethylene and propylene; stripping the spent catalyst by steam; regenerating the
stripped catalyst by contacting the spent catalyst with oxygen- containing gas and burning

15  off coke; and recycling the regenerated catalyst to reactor for reuse.
2. A process according to claim 1, being characterized by said process is carried out

under catalytic conversion conditions of reaction temperature in the range of 500-700°C,

reaction pressure in the range of 150-400 kPa, weight hourly space velocity in the range of
1-200 hour’, catalet to feedstock ratio by weight in the range of 5-40:1 and steam to
20  feedstock ratio by weight in the range of 0.05-1:1.

3. A process according to claim 2, being characterized by said process is carried out

under catalytic conversion conditions of reaction temperature in the range of 550-650°C,

weight hourly space velocity in the range of 4-180 hour’!, catalyst to feedstock ratio by weight
in the range of 10-30:1 and steam to feedstock ratio by weight in the range of 0.1-0.5:1.

25 4. A process according to claim 1, being characterized by said petroleum

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

24




7, A process according to claim5, being characterized by said el emert2 WAR 2007
are at least 15 two elenents or nore selected fromthe group consisting of
Fe, Co, Mo and WMh. 8, A process according to claim?7, being characterized

by said elenent Mare Fe and Co. 9, A process according to claim5, being
characterized by said elenent Mis Fe. 10, A process according to claim1,

bei ng characteri,z sal d..petrol eu Q _hydrocar.bo feedstock is

cont act ed Wi tsﬁ‘ éag Ig)cgéa/st %ﬁc%c{u[i)%%%:la}n& gg‘Bﬂ%s @F‘f}gzﬁcﬂiy Staf‘gﬁé?ﬁpﬁﬁwsnﬂdal
nodi fi ed é_ilica ricE zg%ﬁitg. hayi nzg a jjtér_ucture of pentasil in a riser or a
f1ui di zed T BEY9REELmodified siica richizgolitshayipg syastuze ebpenisil dghar arhysirow, 1 -
0.3 % by megflat. 11, A process according to claim 10, being charact e(rf;fzed
by said catal yst conprising phosphorus and transition netal nodifie

silica ri@h0-2BN0t@-3hanlay (3. 0stHRAsuP G- BHMaOnt -5 0)RIEs O3 8- ) S rimded \on
regeney at S lyst in regenerat or .whi ch eragies jn a part
conpuat | oherntd SURIN, SRR Sl P HIR ol et oreERd T ey o
by wei ghtcondidtinAoprRes €5 M6 @fd NAIRErefleddiB He dafth ek, 3RHS! rdReeht Sai d
cat al yst c?rrprl §| ng 25 1 2 MAR 2007 phosphorus and transition mnetal

nodi fi ed @ICE &L PXYEEnZ B EAPT¢sents xolengs of teensitien metalof pentasil is obtai ned by
contacting the regenerated catalyst with |ight hydrocarbons enriched by

ol efins in &, pAepbeastRtolafte chfthds, N RIENhahedrsat B# %%ﬁlbﬁosgﬁéﬁ%agg to

reactor, wherein said catalyst has a carbon content o

i ght . ” : L Lchai: i i zed by said
breor eact o IRURAGASGAE SHLEHOR L TERER Hen OB HAGTEACH SFfaPXenan

t he r@actformilarofceithel ¥00c2)Nor(yE).2-5pk1,05(1. PEIR, 0k €U 1YL OC A8 DODFSIOPbasd

portion zgne in the Beact or for catalytic cor}versi on of
on the mass o oxides, or

(0-0.2)Nay0+(0.9-5)A1,03+(1.5-7)P,05(0.9-10)M,Oy, (0.5-10)RE;053-(82-92)SiO, based on
the mass of oxides, wherein M, x and y are as defined in claim 5. '

7. A process according to claim 5, being characterized by said element M are at least

15 two elements or more selected from the group consisting of Fe, Co, Mo and Mn.

8. A process according to claim 7, being characterized by said element M are Fe and

Co.

9. A process according to claim 5, being characterized by said element M is Fe.

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

20  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 catalyst has a carbon content of 0.1 ~ 0.3 % by weight.

11, A process according to claim 10, being characterized by said catalyst comprising

phosphorus and transition metal modified silica rich zeolite having a structure of pentasil is

25  obtained by regenerating the spent catalyst in a regenerator which operates in a part

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

12, A process according to claim 10, being characterized by said catalyst comprising
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petrol eum hydrocarbons. 14, A process according to claim1, being 12 MAR 2007
characterized by said regenerated catalyst is 10 stripped with steam
and/or with |ight hydrocarbons enriched by nethane to renove
non- hydr ocar bon gaseous inpurities absorbed on and/or carried by the
catalyst, and then the catalyst is recycled for reuse. 26

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 regenerated catalyst is recycled to reactor, wherein said catalyst

has a carbon content of 0.1 ~ 0.3 % by weight.

5 13. A process according to claim 12, 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.

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

10  stripped with steam and/or with light hydrocarbons enriched 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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