Speci fication Process for producing |ower olefins by using nultiple
reaction zones Cross reference The present application clains the
priorities of the patent applications with Serial No. 200510028811.3 and
No. 200510028812.8 as filed with the State Intellectual Property Ofice of
Chi na on August 15, 2005, which are incorporated herein for reference in
their entirety for all purposes. Technical field The present invention
relates to a process for producing |lower olefins, and in particular to a
process for SpaeBg#ionng | ower ol efins by virtue of catal ytic cracking of C4
or higher olefins. Background art Petrochem cal industry is an inportant
supporting industry in national econony, and supplies a large quantity of
chemical raw materials for various departnents including industry,

agricul ture, commBirpcessi tor pradueinigoloayerielefinebyvusiog multiple reaetion t he

i ndustrial sectors taking correlative and | eading action in national
econony. Lower %§ﬁ bys are one of the nost inportant basic raw materials
constituting node petrochem cal industry. For instance, propylene is

mai nly used for the production of polypropyl ene, cunene, oxo al cohol,
acrylonitrile, propylene oxide, acrylic acid, isopropanol and etc., mherein
polypropylepggaccgunts for nore than half of the demand for propylene in the

wor | d i PeSERt 6 7% of propylene in the world is derived from
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3% is obtained from dehydrogenati on of propane and netathesis reaction of

et hyl ene- buOffienef Chinaich Auget ¢5e20050athidbhared ate@fhepsi0 il Rfgende ihhe
future will be increased in a hi gher rate than the supply thereof.
their entirety for all purposes.

Technical field
The present invention relates to a process for producing lower olefins, and in
particular to a process for producing lower olefins by virtue of catalytic cracking of Cy

or higher olefins.

Background art

Petrochemical industry is an important supporting industry in national economy, and
supplies a large quantity of chemical raw materials for various departments including
industry, agriculture, communication and national defense, which is thus one of the
industrial sectors taking correlative and leading action in national economy. Lower
olefins are one of the most important basic raw materials constituting modern

petrochemical industry.

For instance, propylene is mainly used for the production of polypropylene, cumene,
oxo alcohol, acrylonitrile, propylene oxide, acrylic acid, isopropanol and etc., wherein

polypropylene accounts for more than half of the demand for propylene in the world.



Considering the relatively higher rate of increase in termof demand of
propyl ene, and the situation of "demand exceeds supply" presented in
conventional production nodes, it is necessary to recur to other various
new t echni ques of increasing yield of propylene for the purpose of
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the Spobon@d@riﬁ%)ﬂ@fréllatipél?ﬁ%ﬁér fafe offiEehkel iR YV ehdRd P PPy iinearl  C4 or
hi gher olefins to |lower olefins. The process not only can make use of raw

mat er i akige $ifuafidn of “deinphéexdedd supplairegntedlimtonsehtionad praduotoramddéiavi ng a

| ower accessory val ue, but also can obtain various |lower olefins products
havi ng W ke nesssary Ttherecef ¢0 etite domusartvy GNh4ROR28 oA ideseding edeld @f ocess f or
production of ethylene and propylene by reacting a m xture containing C4 or
C5 ol ef iprepylenedor thg purpsseiof smplestenting thy demapé phpiopelese. 350- 500C, a pressure
of 0.6-1.0 MPa and a weight hourly space 2 velocity (WHSV) of 1-10 hr'. It
was focused on the nodification of various types of catalysts and the
reaction results,, J?md t he
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various new techniques of increasing yield of lower olefins for the purpose of

supplementing the demand of lower olefins.

On the other hand, there are quite a lot of raw materials of C4 or higher olefins in the
world. Considering the influence of various factors including change of chemical
product market and transportation cost, it is a preferable way to make use of these raw
materials by subjecting them to deep processing on the spot. One hopeful process of
which involves the conversion of C4 or higher olefins to lower olefins. The process
not only can make use of raw materials of C4 or higher olefins being relatively
surplus and having a lower accessory value, but also can obtain various lower olefins

products having wide uses.

The reference document CN1490287A disclosed a process for production of ethylene
and propylene by reacting a mixture containing C4 or Cs olefins in a fixed-bed reactor
at a temperature of 350-500°C, a pressure of 0.6-1.0 MPa and a weight hourly space
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hydr ocar bon feedstock cont ai ning 20% or nore of at |east one C4-C, 2 ol efins,
wherein zeolite in a zeolite-containing catal yst used therein satisfied the
following requirenments: said zeolite contained substantially no proton,
said zeolite had a SiQ2/Al 203 nolar ratio of from 200 to 5,000, and said

zeolite contained at |east opne netal selected from .oup, consj sting of
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et hyl ene froma containing at” | east 60 .% C4 and/or C5 ol efins
with a zeolite catal yst haV| ng an internediate pore size. Zeolites useful
in the invention included: zeolites having one-di nensional channel such as
ZSM 23 antheAeRPdnctldoshineht ONA2243QRe(cdinatanmphrt rto §F$41367, 10 7 Gisdosedand a pore
size index within the range of 14 to 28; and zeolites having interconnecting
channel s moedss dsr ZBNuEGTg athylehkRO]- pr8pylrechy catelytidegnverpion feony adinganel  t hat
had a pore dianeter greater than 3.5 A and a pore size index within the
range of hyirecartzs, feedsintkgostatningi20% oz e ef attleast opgads- le@?@%%@rwmdex | ess

than 20. The catal yst could be pe and i ¢ch trace
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catal yst.
preferred zeolite belonged to the ZSM-5 zeolite family. The reaction was carried at a
temperature of 400-700°C, a pressure of 0.1-10 atm and a WHSV of 1-1,000 hr™'.
However, a single reactor configuration was similarly used therein, thereby resulting

in relatively lower yields of ethylene and propylene with the highest yield of

propylene being only 25.19%.

The reference document WO 00/26163 to Equistar Chemicals, L.P. disclosed a
process for making propylene and ethylene from a feedstock containing at least 60
wt.% C4 and/or Cs olefins with a zeolite catalyst having an intermediate pore size.
Zeolites useful in the invention included: zeolites having one-dimensional channel
such as ZSM-23 and AIPO4-11 which had a pore diameter greater than 3.5 A and a
pore size index within the range of 14 to 28; and zeolites having interconnecting
channels such as ZSM-57 and AIPO4-18 which included a primary channel that had a
pore diameter greater than 3.5 A and a pore size index within the range of 14 to 28,
and a secondary channel that had a pore size index less than 20. The catalyst could be
Na-type, H-type and etc., in which trace amounts of an oxidizing metal such as Pd or

3



The reference docunent EP0109059A1 put forward a process for conversion of
C4-Cl2 olefins to propylene, The catal yst used therein was ZSM5 zeolite
having a Si 2/ A12QG3 nol ar ratio equal to or |ower than 300. The process was
carried out at a tenperature of 400-600C, and a space velocity of ol efins

of hi ghep tHal b3Add to- pramete dokE et Suthg vaniystisgémrationaThe prasssmat er i al s,
reaction tenperature and space velocity on catalytic cracking reaction were

i nvest i gafag Gsédgetetatlylwitthe firédbedHeasturesystent, andaie radtionswds efodnedatt hi s
invention to use conbined reactor configurations, thus the catal yst coul d
not ef f eqtieraparaiuksof2niaTiodGea pfesape pfid0bdavBhpnd ¢ WHEVerfd). 21,0084 "t he
target product did not have satisfactory selectivity and stability. The

r ef er enc©mithewmenside)3bo safereacep did nesr disgloseacqpersie preppigtion srafeed phicof C4- C7
olefins to C3 and C4 olefins, The_ catal yst used therein was pentasj| type
zeol i te cetalyst gud resstiomgdata. Kleapwhilp @ssipgle dradtef fantighration 3y, alsp Bief specific

surface area of _.300-600 n?/g, and a rticle sjze 0of,0.1-0.9 m The

react i onﬂleé‘?’ffﬁel""é’tlé} éie'ﬂﬁﬂgmggég‘? 5%’%.8 ‘@E@d%a{l%'léfeéf y{eiﬂssoglﬁ&g ot esi ded in
bl endi ng a cert ai ropqr.i.i on of apor into the feedstock, wherein the
ratio of PF&"J%*’%@?%F @%fltyb({}t@‘ie‘faﬁﬁi It was said that the addition of
vapor could alleviate carbon deposition on the catalyst to thereby increase
stability of the catalyst. Likewise, it was not considered in this

| nvent | O'ThEOreEégnéSO%Euﬁfeﬂt 'EPRGHON592AN birtd Wrdal P, préBlss Nfof | bl @doy groul d not
effectuate the advantage of optinmum activity and stability for the

cat al yst .c,Ac CUMMRIHD sbpylbe. IThéedatdln udbie tHe@bh Rias HSNL D hE e !h@viﬁ% asolved in
the present invention is to overcone the defects presented in the prior

docunent $i0pall0di mglapedio «juabiol ortlpwanthas 1300t The p@ceds wat @rjat outands | ow
yield and selectivity of. lower olefins as the target products, and the
present tempaatuioof 400-6005Cwandia apace welocisy of ekéin$ of highewithen 66 hir OB (; efins.
After making extensive and intensive analysis on the conplicated mechani sm
of cat al yefleeneesaokivigious dampplated ofevio magerinds, reptionr tosmneratpsey et opacehave nade

a lot of experinental,K researches, and exploratjons, .cl osely conbining

macr oscoﬁielﬂch HPGP@?%W CRICrIG EPILBIpE 1%‘}32’%%?&:‘{ mcfgtalﬂhtge‘@ipphqvﬁéfﬁ’b &

phenoman%oasln%t lnlle% 1Eme%f inbt R ifivdhition to %L,eegorr?tf)ing? raé[actto{r %gtftjlg%rrétic}nrs],eﬁl%g the
catalyst could not effectuate its advaniage of optimum catalytic conversion, and the

target product did not have satisfactory selectivity and stability.

The reference document US5981818 put forward a process for conversion of C4-Cq
olefins to C3 and C4 olefins. The catalyst used therein was pentasil type zeolite
catalyst having a Si0,/Al;03 molar ratio of 10-200, a BET specific surface area of
300-600 m?/g, and a particle size of 0.1-0.9 um. The reaction temperature was
380-500°C. One feature of this invention resided in blending a certain proportion of
vapor into the feedstock, wherein the ratio of HO/HC was 0.5-3 (by weight). It was
said that the addition of vapor could alleviate carbon deposition on the catalyst to
thereby increase stability of the catalyst. Likewise, it was not considered in this
invention to use combined reactor configuration, which similarly could not effectuate

the advantage of optimum activity and stability for the catalyst.



put forward a novel technical solution for solving those problens. The
present invention provides a process for producing | ower ol efins by

catal ytic cracking a feedstock containing C4 or higher olefins and
optionally an organic oxygenate conpound. The process is featured with high

yield and loPeld MvENtid termof lower olefins as the target product,
as wel | asqﬁ@gﬁﬁgtoablﬁll ty 5 the catal yst. The process for producing | ower

ol efi ns hermjeRechifidat frobent &y bd flvealih thistesent Rventeiditd bo&Soraé tieadefdcyd i C
cracking ol efins and adopts as a feedstock an ol efins-enriched m xture

cont ai ni ng pa¢sented imtieepricd docurhérghmcludingf poos stabibitpandsswrttlife of tatplgstpind a)

letting the feedstock firstly enter a first reaction zone to contact with a

first crydoalyicldeamd setectivtyl oft bveer cdefanisyss theatarged raodBicGR/and 288 presear rati o

of at least 10, to thereby produce a first reaction eff|uent containing

| ower ol ef iinwention pustforwagdtehaovelrprecase et pdueing| lggsr obaitner Alfier makingat | east

one second reaction_zone . to ontact wwth a second crystalline .

al umi nosi | iSXENEIVE nd IteRsivignakypisonsthepsomplicatedgneshanipiof gatsiytigreracking 10, to
nd_.reaction effl uent i | ower ol efips; and c)

th b duc, taj
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cont ai ning 'one or nore C4 or higher olefins used as a feedstock in the
above technical solution is preferably an ol efins-enriched mxture fraction
containing C4 or higher olefins and derived fromcatal ytic cracking units in
refinery orTHer presatt éavantibagitovidesai grecess fat papldaciag flewéroolfind by adatalytic

ol efins-enriched m xture conponent containing C4 or higher olefins and

co- producedridkinghe feedsdenkt comtainifg &¥pba highef iobefins candb ppiporatly cad oiganioTO (from
oxygenate to olefin), for exanple MO (nethanol to olefin), such as MIP

( met hanol tqyyg?r@@pmqnd.ﬂﬁhe BiPSEsstis dfatungd with high yield and good selectivity in

term of lower olefins as the target product, as well as high stability of the catalyst.

The process for producing lower olefins herein, which is carried out under the
conditions of catalytic cracking olefins and adopts as a feedstock an olefins-enriched
mixture containing one or more C4 or higher olefins, comprises the steps of:

a) letting the feedstock firstly enter a first reaction zone to contact with a first
crystalline aluminosilicate catalyst having a SiO,/A1,03 molar ratio of at least 10, to
thereby produce a first reaction effluent containing lower olefins;

b) letting the first reaction effluent enter in turn at least one second reaction zone to
contact with a second crystalline aluminosilicate catalyst having a Si0,/Al;03; molar
ratio of at least 10, to thereby produce a second reaction effluent containing lower
olefins; and

¢) separating lower olefins from the second reaction effluent;

wherein, the reaction temperature in the first reaction zone is 200-530°C, and the
reaction temperature in the second reaction zone is 440-600°C, with the prc;viso that
the first reaction zone has a different reaction temperature from the second reaction
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or higher olefins in the olefins-enriched feedstock ranges from 10 to 90% by
wei ght. The olefins-enriched mxture is preferably a m xture containing
C4-Cl2 linear olefins, nore preferably a m xture containing CQ C8 |inear

ol efins. The second reaction effluent herein passes in turn such as ethyl ene
separ atigpet ower and propyl ene separation tower to thereby obtain |ower

ol efins product, such as ethylene and propyl ene. Such process of separating
| ower olefins is well known to a person skilled in the art. In one
preferred enbodi nent of the invention, an organi c_oxygenate conpound is
added at Théermrilererofefts” beeddrerdimecfiste plefiag baving 2 toh carbanatante wei ght ratio
of the total organic oxygenate conpound (including an organi c oxygenate
conpound that nay be added at the inlet of the second reaction zone) to

O suns oy 5 L b ' e AL
Compoundteetesk Hnirerstonrneamise] Selofnt in faPdrl BReReBicR bRy °The °

used nor BrFrEriHiee T2 huBhd ko) e M QAEBHL B RRnERRRN Sy P CP 0T
X ot ForsRe st f#'ogny 3fBhnt Boofing Nirils rPBhyiopd NEeiB0301n QEHALEA '@Iedcorrpound

i s nmet hano I me er or-a m xture ether in

any rati &ixt%%oﬂf&%@ﬂtrc%ﬂtaﬁﬂﬁ’g)éh%ﬁﬂfgh&f olbhifts AMVROSro@itctes itStoluttidddi ng a

sui tabl e anmount 'of an organi c oxydgenate conpound together with the

hydr ocar §paiphgetHeclr byPrédived ¢RQTO . (flodl okygenaec®, olefin, fer exdmgiede,
met hanol or dinmethyl ether as an oxygenate conpound is dehydrated under the

react i onMKD @ntthams td oldfim),nsueh by MR (methahgd to pydpgteac)fiihe amosnt of €4vor of
increasing the yield of the target products, and neanwhile water as

pr oduc edonbighereslefnsais the dlefins-ennchsd Seddstock rarges dpmCho do IOodheweight. ef i ns, and
nore inportantly, nethanol or dinethyl ether produces by catalytic cracking
at a rel &bs olefipSearighed maixpes i Rreferably aaixtee coptapipgdi«at e lingat olelips. act i vat e

car bon-car bon or’l)cf of .hégr ocar,bon g@i t her elg%z | ower the reaction
t enper at TOE PIEHE20Y B IER ¢ n&;ﬂ' lnegholghing,ci di ¢ center of the catal yst.
Si mul t aneously, a certain

The second reaction effluent herein passes in turn such as ethylene separation tower

and propylene separation tower to thereby obtain lower olefins product such as

ethylene and propylene. Such process of separating lower olefins is well known to a

person skilled in the art.

In one preferred embodiment of the invention, an organic oxygenate compound is
added at the inlet of at least the first reaction zone, and the weight ratio of the total
organic oxygenate compound (including an organic oxygenate compound that may be
added at the inlet of the second reaction zone) to olefins in the olefins-enriched
mixture is 0.01-10:1. Optionally, an organic oxygenate compound is also added at the
inlet of the second reaction zone, and the weight ratio of this portion of organic
oxygenate compound to C4 and higher olefins in the olefins-enriched stream at the

inlet of the second reaction zone is 0-5:1.

The organic oxygenate compound used herein includes methanol, dimethyl ether,
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anount of nethanol or dinethyl ether or m xture thereof is supplenented to
the effluent fromthe outlet of each reactor for the purpose of providing
heat absorption capacity needed in cracking reaction by the virtue of

dehydration-heat |iberation of the organic oxygenate conpound, and at the

sane time pg@widll diBylited ok &Qxﬂ?e%,th&@oﬂih%h?r rithe Prdft @bl the drganid @6eR4Htes and
energy during the reactions are effectively utilized by an effective

conbi nat i oncaripdund ik imetanol, dinfethyledest ooa sirrpd ofmettardl aué dithethgnthezipodi nent
of the invention, the first reaction zone has a reaction tenperature of
pref erabl y 200r#80COnenpreferied eiehodithent 3F0th GO@ntian \Neigiles( inhaddivg g tsuitalfle

f eedst ock passed per hour per unit weight of catalyst) of preferably 0.1-100
hf', nore nefwraftnyorgardo okygenatenompaune tagethsh witheths liydroceihan deqdsiesk ur e,
the sane below) of preferably -0.1-5 MPa, nore_ preferably -0.07-0.5 Mra.
The second et regstosoher HW@NCe orbdhe joBp se@mwhﬂﬁ erofimsithst e5thas) 45 amo- 600C,

f bl 470-580C; VHSV f bly O.1- O hr" f bl
0 530 hr -10%ughnith cogmard s ABaIRe AT B drastianigndons to el chulas o o Y
f bl -0, 07- I n. her . enbodi . i ti both t he
Fi Tt ana sakbRpPpiste itk SoRCBORCGE sRRRPRENietd ot M VMo b o

-0.1-<0 MP i I . . J t of at
st the. fTeEhRRIEEE & BRALACALE sEELAE AN fuing AOTRMAIRL CUE MlllP| OF
have a presgififs 0dndP bRk iRBbXarfily) nrethMiR] O diftethft TthdMRodidas %zoéaﬁﬁ?ic

enbodi nent of the invention, thé first reaction”zone has a reactio

t enper at ur ecatkii®sit apfepfiweBbloyvet 46mARre an detiie irteeRIdtht Bt tchRichPNE has a
reaction tenperature of nost preferably 480-550C, and the reaction

t enper at ur ecarbon-tdrbod ibosd of dpdrotarhomsotoetheisby doveer thb aeactibatterhperithe, ag¢ond
reaction zone. It is further preferred that the tenperature of the first
reacti on zoredups carbor depysitian go@idinmenter pf dlie catblyyt. SomshReoudipm tératin of t he
second reaction zone. |In another enbodi ment of the invention, the first
reaction zoABoWHsolamgihagoloer diagthylpetherepm pliyturs derepfis supplempeted de ghel

First roact POWOBGREn B Al cornFopka oot pHEbose cORT Vi B BerasorBien 11 s
further pr er:a%)raEﬁ:)gj nEéh%h ih Q?acm%\/re étic;[nhlg"y iﬂer\%'{'tué %?%%ﬁ)? Tatfon. eea% %b?ria Qr? E)f

the organic oxygenate compound, and at the same time providing diluting gas, so that

the intermediate procedures and energy during the reactions are effectively utilized by

an effective combination of two kinds of the reactions mentioned above.

In one embodiment of the invention, the first reaction zone has a reaction temperature
of preferably 200-530°C, more preferably 350-500°C; a WHSV (the weight of
feedstock passed per hour per unit weight of catalyst) of preferably 0.1-100 hr'!, more
preferably 2-50 hr''; and a reaction pressure (gauge pressure, the same below) of
preferably -0.1-5 MPa, more preferably -0.07-0.5 MPa. The second reaction zone has
a reaction temperature of preferably 440-600°C, more preferably 470-580°C; a
WHSYV of preferably 0.1-100 hr”!, more preferably 0.5-30 hr''; and a reaction pressure
of preferably -0.1-1 MPa, more preferably -0.07-0.5 MPa.

In another embodiment of the invention, both the first and second reaction zones have |
a pressure of preferably 0-1 MPa or -0.1-<0 MPa. When adding an organic oxygenate
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by 5-15 hfl1 than that of the second reaction zone. The first and second
crystalline alum nosilicates used herein both are preferably selected from
ZSM nol ecul ar si eves, beta nolecul ar sieves or nordenite zeolite nolecul ar
sieves, having a SiO2/ A12C3 nolar ratio of at |east 10. The ZSM nopl ecul ar

si eves abmpooné aptief methifyatdedst dhe dirst rropatieamone, butinthy firstoppdoseegid 7S 42,
having a Si 2/ A12C3 nol ar rati o of preferably %@-370{))841)Both of the first
and secasattionrzpaesdiave a@ressusioh praferabkyitsd. S dylRa o { D M ably, zsSm5

nol ecul ar sieves having a Si 2/ A28 nmolar ratio of 50-500. In the process
of the invention, said at |east one of the second reaction zones preferably

i nclud 1-5 t ' ' f bly.1- ' - . t [
cer i os. Innauthenembriment 3 thEanyof, P SR e A BRL A BB, 2371
fi xed-bed dial fi - conl f : j t, th

| nvent i drmapate of ool MRRGE el RoBiF BIEEH ARRHLTET ) (he

conpar | Sr%%ctiothht%myﬂraﬁ}re ro??r?c}sit gfbf%]rgﬂlsf 48{'@)—% Cg’iaﬁ‘(ﬂt}ﬁt refctfndRfiperdbirY in and a

| ower t enperat ur and the seco eaction zone Is operated at a | ower WHSV

and a highef Feﬁ?@drﬁ&éﬁeeis_l&w\eﬂha@fﬂl@%ﬁﬁfﬂe%@bﬁi réaRfieRreRe st defmtrt r at e t hat
the mechanismof catalytic cracking process of C4 or higher olefins is

pol yner i zateRA-tAMmche tahjératirTeE iRNfisneastion ebie ishiewepby rid-807&) inture pr ocess is
exot herm c, and the cracking process is endothermc. The centralized

| i ber at i grefegdbly De30°Clthamthat tithe sdcpmé réaztion ponemay cause a relatively greater
tenperature increase of the catalyst at the inlet, in particular the |ocal
tenperature at active center of the catalyst nmay be higher by tens or even

above 100 centigrade than_the apparent _tenperature, of &ﬁ% &at alyst, and a
too hi ghinl asether eavbpdimant; pEthejpyeion, hedirst rgagtionizeng has 3 FYHIY RISt the 1ife

ar omat i saereAp5- b aed dfe Srant apdiya fofphedn BV ARG BORBEREY o pr ocuce
Chort eni g0t A5 GRSV G e RMop AR i RASH H8h 0 tnd RRGREL ST Tt =1

ol ef NS reed i Ak Ot id fifiL: prt RIHRE &1@@ HICWHYY BPHE fedtfioR Yok igharOt abl €

i nfluence on the 11 e cata
by 5-15 hr! than that of the second reaction zone.

The first and second crystalline aluminosilicates used herein both are preferably
selected from ZSM molecular sieves, beta molecular sieves or mordenite zeolite
molecular sieves, having a Si0,/Al;03 molar ratio of at least 10. The ZSM molecular
sieves are more preferably selected from ZSM-5, ZSM-11, ZSM-23 or ZSM-42,
having a SiO,/Al;0; molar ratio of preferably 10-3,000. Both of the first and second
crystalline aluminosilicates are, most preferably, ZSM-5 molecular sieves having a

Si0,/Al,03 molar ratio of 50-500.

In the process of the invention, said at least one of the second reaction zones
preferably includes 1-5 reactors in series, more preferably 1-3 fixed-bed reactors in
series. In which, the fixed-bed reactor is preferably selected from axial fixed-bed or

radial fixed-bed reactors.

In one preferred embodiment, the invention adopts at least two reaction zones in
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A lower tenperature operation used in the first reaction zone may all evi ate
thermal discharge from pol ynerization of olefins, to thereby avoid, during
the polynerization of olefins, a too high |ocal tenperature increase that
may cause rapid deactivation of the catalyst. Meanwhile, a relatively

hi gh VWHSV i d therein for t f i di

ransfer. r esEehORETAD: MouErPaSHh RS0y Ench 2 patHlle Bl TG
| ectivit f the t t duct s, S . i i

cr acki ng prites vy ERERHE AaY Birdiseorl Rl e S BRGLRE N RIS | o

Lemper alur oy, ARG BNl hOURTor ESYAG Ry sEcfed REmSRRANS Pk | o0

Zones conne%’i serres, so as to arantee sufficient heat absor pti1on

and retentiga g8, f QF (BRIGHACKhAGng PRRSesS 6f @4ef bnshigher t bRAabY iful fill
t he purpose o? maxi m zing tthe yireld of | ower ol efins and prol onging the
stabl e peri g&ly&feriidiﬁn%a?éré/&ing IhechaniVifl Ywhergar thenpolyaferiztivar @asdeng iyi el d of
| oner ol efihs by using fixed-bed catal ytic cracking process. The technical
sol ution of etdigerinio/ @il e cekingve®cas s ehdothirsc.t o nemtmlized fibeatiombf ch 9
effectively prolongs the stability of the catalyst activity with the proviso
of | ower i nghedt daring &zt podymérization atayreauseradrelativelyageatgr tehperatuk dncagagde of
selectivity of lower olefins as the target products. Reference could be
made to conthentdtalpsil atche dnlgt iie perticakar ribe hocat desspesttureodlenctivieedentes of\the h
respect to other operation conditions that) are not spegi f]{??glﬁl | y descri bed
herein but catalystomayreohigher by tepe op ey #PoYs 408 centigade, than, tengprasier

L ER A N e LY,
h i se, t. Si 2/ Al2d I fi . the. talkbi | wm il]cat

oLher i se_ LS 4382 RSl Bl P Mol BRBRR c2 =

Al U T e S

pur poses. The OW'ng exanp

preferred e'fﬁ%?éﬂg”é’c%l%ra@ifn tdRinRr £SRhs HONEVIARNSE thR) datdPst S sBXAMILRs ar €
merely illustrative, noF interpreted as limting to the present 1 nventions.
stable period. As for the catalytic cracking process of olefins, a too high local

temperature increase has an even more notable influence on the life of the catalyst.

A lower temperature operation used in the first reaction zone may alleviate thermal
discharge from polymerization of olefins, to thereby avoid, during the polymerization
of olefins, a too high local temperature increase that may cause rapid deactivation of
the catalyst. Meanwhile, a relatively higher WHSV is used therein for the purpose of
avoiding overmuch hydrogen transfer reactions at lower temperature that may reduce
the yield and selectivity of the target products. In addition, considering that the
cracking process of olefins is endothermic, a relatively higher operation temperature
and a relatively lower WHSYV are used in the second reaction zones connected in
series, so as to guarantee sufficient heat absorption and retention time for the cracking
process of olefins, to thereby fulfill the purpose of maximizing the yield of lower
olefins and prolonging the stable period of the catalyst. It is very important for

increasing yield of lower olefins by using fixed-bed catalytic cracking process.

The technical solution of the invention achieves a preferable technical effect, which
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In the exanpl es, the anmounts of various conponents in each of the m xtures
i nvol ved are separated and detected with HP-6890 gas chronat ograph (Agil ent
Technol ogies, Inc., the United States), equipped with a hydrogen flame ion
detector and a (h0.53 nm PLOTA12G8 capillary chromatographi c col um of

| engt h cbfffeggvdrjagmlgngs&xambﬂ'ﬁy oExmnquitadyst aBavitynwitbrthabwovise ef loperng rati o of
200Si @2: 0.5 A12G8 : 60 n-butyl amne : 17 O4: 200 Nad : 6300 H20 were
mi xed Withé redction itergpexatureoand inereesingtthe gielband selentivity of| loweoplefingaee a slurry
containing silicon, alumnum tenplate (n-butyl amne) and water in |ight
of a Si GRé Mr@DProtbictsr rati o of 200. Thereafter, the slurry was crystallized
at 140C for 50 hr, followed by washing the crystallized solution with
distilled water, drying it at 120C in an air atnosphere for 12 hr and then

calcining it at 58 in an air atmsphere for,.8 hr to obtain M 5

nol ecul ef§ie§%9°‘§8%§ %Qd%ttf%(?o?‘éﬁwlg%rﬁ%f i srpckipg Bmce%%ﬁﬁwféaéiﬁnfh 87 g of
40% (wei ght) silica;qgel nd extr.ude 0 i I ) y drying

t hem at ]@)E?SP?F"%O@?? OB %%Eflléloﬁ%ﬁjaﬁ?eﬁl(rgpér%a{hcg%{ ??Sf?fliﬁg‘i g‘%}\éﬁl inan air
at nosphere faor. 6 hr .t. t.al V. I ove ZSM 5
type Cath?’Xlélle RBXSQF%S}%J@P iI@%%%??P@g%%fqrn@?dﬁéégtwgﬁrdOgg%(s)ggal Eé}glg??ors in
series (&%ﬂn f which are (D 18 mm axi al fixed-bed reactors, the sane in the
fol |l ow ng exa@pl es, unless identified otherwise), and activated at 480C in a
N2 atnosphere for 3 hr prior to reaction. Then, a C4 feedstock was charged

to react by contacting with the catalyst. The first reactor had a reaction
t enper at YypRsPidedRG Ghekwise, WdPéraehtaps ifd ratiandsetherde arrddl srethetbasis had a
reaction tenperature of 530C and a WHSV of 12 hf', and the reaction
pressur eof weipht h of the two reactors was normal pressure. The C4 feedstock
used in the experinent was obtai ned from FCC apparatus in Shanghai
Petrochem cal Refinery of SINOPEC (Shanghai city, China), the weight

percent anounts of conponents in the f?edstock was, sh(%vvn in Table 1, and the

product Walssainideytified mgthersisn | Hy aFPeALGaderlay 1afie oIhthe terustalling in the

follow n xanpl es). . The reaction resylts re li.sted in Table 2.
glum?nosmates )1n the present invention 1s calllcutlated\gn atomic %asm.

All the publications mentioned are incorporated herein for reference in their entirety
for all purposes. The following examples further describe and demonstrate the
preferred embodiments of the present inventions. All of the examples are merely

illustrative, not interpreted as limiting to the present inventions.

In the examples, the amounts of various components in each of the mixtures involved
-are separated and detected with HP-6890 gas chromatograph (Agilent Technologies,
Inc., the United States), equipped with a hydrogen flame ion detector and a ©0.53 mm

PLOT Al,0;5 capillary chromatographic column of length of 50 meters.
Examples

Example 1
Raw materials in a molar ratio of 200Si0,: 0.5 ALO; : 60 n-butyl amine : 17 OH:
200 NaCl : 6300 H,O were mixed with stirring at room temperature for 15 hr to

10



11 Table 1. The wei ght percent anmpunts of conponents in the above m xed C4

f eedst ock obtai ned fromthe above FCC apparatus Conponents Anount, wei ght %
Conmponent s anmount, wei ght% |sobutane 3.249 1-butene 51.857 n-Butane 13. 368
| sobut ene 0.048 Propadi ene 0.068 Cis-2-butene 13.211 Acetylene 0.008

| sopent ane R,p,g,ng whter 259
1S3pbut adi ene g?aﬁ%%‘ P ntogl%mg éﬂ%c’?z&;ﬁlﬁ/&tﬁﬁgltg@g%% g{gﬂ %8%'65 ?lgkghefgne

n- Hexane 0. RO{gHPRfArSioL/MISD; Mofas tatiolG200, ?fhefEbﬂeW\ﬂie@AmﬁyaWa@,@ﬂxswmw tion
of the product Component s Anount, wei ght % Com onents anount, wei ght %

Hydr ogen 0. 0B ®els0tlenolBwddd w}ﬂ@ﬁle%@ﬁ&hze&@luﬁobMtlﬁar&stﬂleﬂﬁﬂateﬂ,:-t hane
0.276 Pentane 0.777 Ethyl ene g?Z | sopent ane 2.645 Propane 4. 153 n-pent ane
1.166 Pent éryingaindt B30 Coipranpansmdsilitde fori 1@diremd rtkerldalditihg iPatci3OAE i24n 36
N-hexane 2.154 |sobutane 9.358 Neopentane 0.159 n-butane 17.380

Tr ans- 2- but sineatmogdsre] foyuB ehretod obtain Zﬂhéﬁem@lecuhe saemveS@sgoclpf tte ZﬁMn&ZZ .
72.5% the yield of ethyl ene was 6.72% the yield of propylene was ()
and the tot éﬂo logplar aveight eyasymixed va 8 peopfyBn dwWaiebt)silicrege!l, amk exipided to- 5

obtain strips followed by drylng them at 130°C in an air atmosphere for 12 hr and

calcining at 430°C in an air atmosphere for 6 hr to obtain a ZSM-5 type catalyst.

5 g of the above ZSM-5 type catalyst was respectively loaded into first and second
reactors in series (both of which are ®18 mm axial fixed-bed reactors, the same in the
following examples, unless identified otherwise), and activated at 480°C in a N,
atmosphere for 3 hr prior to reaction. Then, a C4 feedstock was charged to react by
contacting with the catalyst. The first reactor had a reaction temperature of 400°C and
a WHSYV of 50 hr™', and the second reactor had a reaction temperature of 530°C and a
WHSYV of 12 hr, and the reaction pressure in both of the two reactors was normal
pressure. The C4 feedstock used in the experiment was obtained from FCC apparatus
in Shanghai Petrochemical Refinery of SINOPEC (Shanghai city, China), the weight
percent amounts of components in the feedstock was shown in Table 1, and the
product was analyzed by sampling after reacting for 2 hr (the same in the following

examples). The reaction results were listed in Table 2.
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The various steps and conditions were the same in these exanples as those in
Exanpl e 1, except that: the ZSM5 nol ecul ar sieve catal yst had a Si 2/ A12Q3
nolar ratio of 500; the first reactor had a reaction tenperature of 450C, a
VWHSV of 18 hr-1 and a reaction pressure of 0.2 MPa; and the second reactor
had a repgid an tEREO&VeRitsr gerceh? avioumbOGf @mpeaents dn theegbaveemixed- 6402 MPa,

and a WHSV that varies as described in Table 3. The feedstock used therein
was mi xed C8 nondeedktetk nbt@mdcﬁimnmﬁs abomﬁCCanpthSReﬂ nery of PetroChina
Conmpany  le-F-t-ea—ttarzhot—ctrty—Chrme)—wererm__the wer ght_percernt of octene
was about] 8Cosippnentsi thé\m@lngmelahéﬂ'celnt Composenifhe \\OUWRbo Weighd’oshy . The
reaction|resplis werelliste Tabl e 3. T The r nrepults with
a feedst ack %PBW %J‘I ag %249D'FI fal Evaw‘lhggtleﬁg\ unﬂp! ?g‘égl_xanﬂﬁl 3 Exanp| e
4 Exanpl ¢ 5 n\Bifivhd hf l]) 10. 53.268 3 30.6 4dsobutemver<| on 00.0é8 75.9p 74.09

72. 63 70.f66—otefimnm %[Selectivily oOf 1UC80 i}O 561 .04 . et hyl ene %
Sel ect i vilt y Rsppashienss qo. 64 3998”26 4o -ARENs . dy ' 38. 49

42. 30 46. 12 ﬁget?f%ne(E"P Yi elod)ggf et hyl enﬁoﬁerﬁ&d 8~ 8.010802Z6 YiEeld of

pr opyl eng—24+—36—22—76-2420—25; :u Yietd—ol

(E-P) %‘?8‘83‘@8"5‘3—‘32. 21 34.46
Not es: Ereﬁ‘&:opelétal@fb et hyl eet49p ref drred ¥ 4eopyilene: AQQVE+P rbferred to
the sum C];Trlaﬁst-?-ﬂlanseﬁg and pr@’nggene Baml3e§1t§11grge TFeI var pqyg stepp and

conditio H—+Rese \,/\w.w es—wefre—satfe—+h—tht-s—exat pre—<as
Pentene and 0.127 Methylacetylene 0.004
isohexane } .
n-Hexane 0.007 C or higher 0.531

Table 2. The weight percent composition of the product

Components | Amount, weight% | Components amount, weight%
Hydrogen - 0.073 Isobutene 8.963
Methane 0208 . Cis-2-butene 4.060
Ethane 0.276 Pentane 0.777
Ethylene 6.72 Isopentane 2.645
Propane 4,153 n-pentane 1.166

Pentene and

Cyclopropane 0.003 isohexane 11.111
Propene 24.36 N-hexane 2.154
Isobutane 9.358 Neopentane 0.159
n-butane 17.380 Trans-2-butene 4.938
1-butene 4.655

Wherein, the conversion of C4 was 72.5%, the yield of ethylene was 6.72%, the yield
of propylene was 24.36%, and the total yield of ethylene and propylene was 31.08%.

Examples 2-5

The various steps and conditions were the same in these examples as those in
Example 1, except that: the ZSM-5 molecular sieve catalyst had a Si0,/Al;03 molar
ratio of 500; the first reactor had a reaction temperature of 450°C, a WHSV of 18 hr'!

and a reaction pressure of 0.2 MPa; and the second reactor had a reaction temperature

12



those in Exanple 1, except that: the first reactor was | oaded wth a ZSM 5
nol ecul ar sieve catal yst having a Si 2/ Al 233 nolar ratio of 60, and the
second reactor was |oaded with a ZSM5 nol ecul ar sieve catal yst having a

Si 2/ A12G3 nol ar ratio of 480; both of the catalysts were activated at 480C

Cacti on vl RGP i BMERG £ R B haEneRE (D, ¢
vere shown g Ta0IE, Fed itk bst tneilf] SACABE ORGIdSoIERS REALh Ay froRdopt ed

di fferent on schenes as 1 n he reaction results were |isted

in Table ‘taglﬁd?} RefincPOfFRa6ELEA CofipadySLfitedi (aRZRA cifye THinWHERBRITES

Reaction conditions Reaction WHSV Pressure Yield of Yield of tenperature
(hr"") MPa (gd byl BN BerRERY R RRe was)abGa8l. 5% ot the welghtqRrebnbofaanel wad he
first reactor 4.63 20.90 6 Conditions in 440 10 0.015 the second reactor
Exanpl e Con@otii B05%). Thé @€acBbn r&uldtwerediktedGinBble 3. t he first react or
Conditions in 500 20 -0.072 the second reactor Exanple Conditions in 530 2
-0.06 5.20 BBleld Hhetrbactionredults edtht aofieeddtovdti df niired Cpm®B0-03Fir0. 02 t he second

Example No. Example2 | Example3 | Example4 | Example>5
WHSV (b)) 105 203 306 04
Conversion of C8 75.92 74.09 72.63 70.06
olefin %
Selectivity of 10.00 10.56 11.04 12.51
ethylene %
Selectivity of 28.06 30.64 33.32 36.69
propylene %
Selectivity of
. 42.30 46.12 52.99
1P 5% 38.49 9
Yield ofo/ethylene 759 7.83 8.01 8.76
(1]
Yield of gropylene 21.30 22.70 24.20 25.70
0
Yield of (E+P) % 28.89 30.53 32.21 34.46

Notes: E referred to ethylene; P referred to propylene; and E+P referred to the sum of

ethylene and propylene

Examples 6-11

The various steps and conditions in these examples were same in this example as
those in Example 1, except that: the first reactor was loaded with a ZSM-5 molecular
sieve catalyst having a SiO,/Al,O3 molar ratio of 60, and the second reactor was
loaded with a ZSM-5 molecular sieve catalyst having a Si0,/Al,O3 molar ratio of 480;
both of the catalysts were activated at 480°C in a N, atmosphere for 3 hr prior to

reaction.

The C4 feedstock used in the reaction was obtained from FCC in the above refinery,



react or Exarrple Condltlons in 350 45 2 5.90 23.90 9 the first reactor
Conditions in 510 10 -0.05 the second reactor Exanple Conditions in 500 90
1 8.23 31.86 10 the first reactor Conditions in 580 6.5 -0.08 the second
react or Exarrple Conditions in 450 5 -0.06 6.50 24.36 11 the first reactor

Condi tig Sﬁ Ocop%%gelilts w%{cgs"hovs;nrﬁﬁ ﬁopq"heelfl'gt[éﬁd sega?ﬁ‘lr%l{l ox%%eslp%cﬁ];x varl ous

st eps and” rons T n I's exa e wer e sane as ose I'n 1,
except t R8s Wesy Zaik 3. TRE SSAlioh rédufY Sverlisted 3 navi ng a
Si 2/ Al12 Rotdhﬁﬁ??ag%lfgédg n%d(gl f] ?[llrst react or Ll react?on tenperature
of 410C, LSV of 70 hf' and a reaction pressure of -0 053 MPa; and the
second reactor had a reaction tenperature of 500C, a WHSV of 1.5 lif 1 and

a reaction pressumgples O NBe reactibs rdsarslst diefsreusedctiey Rhémyds the m xed C4
E-TLValVZ-H = ol

f eedSt oc appa; LS \Alﬁ 85-0—c-oRBeReR -5 hy V\B| ght
per cent shpown | Tabl e | 1. Redntioneac WISV | Pesssireq Vietdofap Yield . the
yiel d of]| et ﬁ\‘i%‘ﬁ’é‘ GRa m&?n%7% {e%eﬁnﬁbd Qhr b OPWIRRE |VWSylerR2 ?&,I@leﬁ@ t he
conversipn of C4 ol efins was 70(%‘/9 Expnpl € 13 The varigus s ep;, an
Condltl n‘pln. \nrnz On Sa "’5?65 thnza 1r I:varnpl
Example | COR410nS 10 ! S| 463 | 2090
6 the first reactor
| Conditions in 440 10 0.015
the second
reactor
Example Conditions in 400 20 -0.04 6.1 25.96
7 the first reactor |
Conditions in 500 20 -0.072
the second
reactor
Example Conditions in 530 2 -0.06 590 20.11
g the first reactor
Conditions in 560 . 35 0.02 N
the second
reactor '
Example Conditions in 350 45 2 5.90 23.90
9 the first reactor
Conditions in 510 10 -0.05
the second
reactor
Example t(ll‘londl’ﬂons in 500 90 1 893 31.86
10 e first reactor \
Conditions in 580 0.5 -0.08
the second
reactor
Example Conditions in 450 5 -0.06 6.50 2436
1 the first reactor
Conditions in 470 1 -0.01
the second
reactor

Example 12

14



except that: the nol ecular sieve was ZSM 11 nol ecul ar si eve catal yst having
a Si2/A2C3 nolar ratio of 300; the first reactor had a reaction
tenperature of 470C, a WHSV of 5 hf' and a reaction pressure at normal
pressure; and the second reactor had a reaction tenperature of 560C, a WHSV
of 1.5 Id" dhd variowsstersend gouditiomseinghis gxampla werhthefseag g5 thage isBgmeledi n was
the m xed C4 feedstock obtained fromthe abgve FCC appar at whose
conponent s ycepbithait the meelgeuldte sieve Hsiin ZSN-Tamplecylar 'FFFé(e ‘1"3&3&“ ving gyl t s

N 20, 03% StAelAHRS mlfrvahe i%B?\&iiftE‘tﬁp%Feé‘Fﬁoﬁg Oiéaeéé‘rgs%%p%é‘fg%fﬁ?éﬁp e
t t t

Eaomr'e 5 BB e endRgeadion dtdafie TR B4 BER, alf sl EpBedcii i el

catal yst hayi nﬂgalﬁnﬁge&q/ Al O@lw To?%%fhr'?'%gd rgfctxoh é)?éssﬁr%%(ftoq\/IPQad a

reaction te reaction pressure of 0O

Mpa; and thepys %é)dgfé)cp%@&& Rrefidflasithe {xﬁg&*/gQ feck§HBELBY ié%& ﬁ%{? BQfkoyaritisy of

1.51if 1 an a reaction pressure o toc ereln was

the mxed Choghais ”\%h&@tc%hﬂ)%ﬁ‘eﬁﬁ Bfwerg%t béiceRRAE Shoten i TabIO €. PRONGCHR | nery,

whose conponénts by wei ght percent were shown in Table 1. The reaction

resul ts wer geqists fré yvEolloRe thel yaeld offetlelldnel wared. 8%%, theGidd of peopyleedvaf 15
propyl ene was 21.68% and the conversion of C4 ol efins was 71.8% Exanpl e

15 The vari ®2s51%4,and tlengbneensibntof dh olefisevas16.5¢ame in this exanpl e as those
in Exanple 1, except that: the nol ecul ar sieve was ZSM 42 nol ecul ar sieve
catalyst having a Si 2/ Al 233 nolar ratio of 210; the first reactor had a
reaction teg:perature of 470C, a WHSV of 5 hr" and a reaction pressure of O
MPa; and t h&xeamdntB reactor had a reacti on tenperature of 560C, a V\HSV of
1.5 hr-1 and_a reaction press The feedstock used_her e|

7 xed CA ol SReTIgEY HPRcAnd fcpaﬁatlpﬂ%mar ineeinple weaﬁﬁgrsafrﬁéskbm&@ém ent s by

wei ght percenl fo | ows:

t Tabl e t | t
the i el oforgemy e ot deolg g siers, S 20 B Bl G iR 850 R8s o he
conversi on QglO%%lz%:; r“)l% rafldof 360,8[%% first reactor had a reaction temperature of 470°C, a

WHSV of 5 hr'! and a reaction pressure at normal pressure; and the second reactor
had a reaction temperature of 560°C, a WHSV of 1.5 hr”! and a reaction pressure of 0
MPa. The feedstock used herein was the mixed C4 feedstock obtained from the above
FCC apparatus, whose components by weight percent were shown in Table 1. The
reaction results were as follows: the yield of ethylene was 5.10%, the yield of

propylene was 20.03%, and the conversion of C4 olefins was 68.23%.

Example 14

The various steps and conditions in this example were the same as those in Example 1,
except that: the molecular sieve was ZSM-23 molecular sieve catalyst having a
Si0,/Al;,04 molar ratio of 350; the first reactor had a reaction temperature of 470°C, a
WHSV of 5 hr'! and a reaction pressure of 0 MPa; and the second reactor had a
reaction temperature of 560°C, a WHSV of 1.5 hr' and a reaction pressure of 0 MPa.
The feedstock used herein was the mixed Cy4 olefins obtained from the FCC apparatus
of the above refinery, whose components by weight percent were shown in Table 1.
The reaction results were as follows: the yield of ethylene was 6.07%, the yield of

15



Exarrpl e 16 The vari ous steps and condl tions were the sane in this exanple as
those in Exanple 1, except that: the nolecul ar sieve was beta nol ecul ar
sieve catalyst having a Si02/ Al 203 nolar ratio of 700; the first reactor
had a reaction tenperature of 470C, a V\HSV of 5 hr" and a reaction pressure
of 0 MPa; and the se greator had a |onte ture of 560C, a WHSV
of 1.5 hf' PraRyl eaw&aiﬁ 08, B Q@&PEVQSFIOEO aoe}?ﬁ(‘-}"aﬁggg tock used herein was
the m xed C4 ol efins obtained fromthe above FCC apparatus, whose
conponents by wei ght percent were shown in Table 1. The reaction results
were as fogl oWy, lghe yield of ethylene was 6.46% the yield of propyl ene was
21. 15% XPHR®CAnversion of C4 ol efins was 72.3% Exanpl e 17 The vari ous

steps and ?ﬁ@?%ﬁétﬁ%ﬁe@‘é\%@c&&ﬁﬁ&ﬁ%& e i lﬁmg@k@nﬁﬁ ab BRRE i Exdgfg@gﬁl e 1,

except that: e ar sieve was nordenite ecul ar sileve al'yst

having a & {ﬁqa%%enﬁio@écuraatsfl@/eoevamsmh& Folezhlal @&/ Ofatdl el Haﬁx?%‘it' on

tenperature of 530C, a WHSV of and a reaction pressure of MPa; and

the secondgi®a&t,0f nitdt ratio bEZIT,; Itmltstefm@tbahw £reattibRmperatiiEIDY 406°Q ahr -*  and
a reaction pressure at normal 16 pressure. The feedstock used heréi n was

m xed C5 f@adsSvastks (tmﬁamélmrdabﬁom\pregmre of o iMRa; ahdrthpeedondereuetsr Add 2% t hat
of n-pentane was 15.28% and that of isopentane was 40.62% obtained from
st eam cr achdattioneitperaturEtofi PHeE aFWEIHF yf b hrSehiDRFGCSbMNGsAIre BEOMdBRe N cal
Conpany Limted (Shanghai city, Chi n3] The reaction results were as

foll ows: tHbe yieadstbolf ussd hiydreinewamsnigedr £ olefins pbtaingdofrompthgpghaeF Gis
26.19% the yield of butyl ene is 30.5% and the conversion of C5 olefins
was 76. 1% }B@ﬁfﬁﬂffé?" eT%PW%W§%EbBer8%WﬂMWS aRler b theaeadior in this

Cr acki ng. e B @3”@ﬁe¢wl€sfa{%a&t&9%mﬁt§ SR EE PrORYISRE "Boouct i on
oL el a"#ﬁ%ﬂ”%a%“l S N A AN S

Example 16

The various steps and conditions were the same in this example as those in Example 1,
except that: the molecular sieve was beta molecular sieve catalyst having a
Si0,/Al,03 molar ratio of 700; the first reactor had a reaction temperature of 470°C, a
WHSV of 5 hr'! and a reaction pressure of 0 MPa; and the second reactor had a
reaction temperature of 560°C, a WHSV of 1.5 hr”! and a reaction pressure of 0 MPa.
The feedstock used herein was the mixed C4 olefins obtained from the above FCC
apparatus, whose components by weight percent were shown in Table 1. The reaction
results were as follows: the yield of ethylene was 6.46%, the yield of propylene was

21.15%, and the conversion of C; olefins was 72.3%.

Example 17

The various steps and conditions were the same in this example as those in Example 1,
except that: the molecular sieve was mordenite molecular sieve catalyst having a
Si0,/Al,03 molar ratio of 30; the first reactor had a reaction temperature of 530°C, a
WHSV of 28 hr' and a reaction pressure of 0 MPa; and the second reactor had a
reaction temperature of 580°C, a WHSV of 5 hr”' and a reaction pressure at normal
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wherein the anounts of C4 and C5 olefins were respectively about 60% and
about 25% wth the remaining about 15% being C6 or higher olefins. The
first reactor had a reaction tenperature of 530C, a WHSV of 28 hr" and a
reaction pressure of 0 MPa; and the second reactor had a reaction

tenperature ap%ssu?e?%e %CW ﬁ%g%&éihngsngﬁ d egg@édgﬂ)c?r(%&%ﬁf tl‘%fsmggﬁt MPa.

The nol ecul ar "sieve I n i TSt and seco reactors was

ol ecul ar 1 Y6k A hYhi@VhRg A.198) Gl AR iR whatse0h, 48Pt

catal yst was acti vat in"a N2 atnosphere prior tot

reaction. Thgodcadmbivdy 4B62%) Sbiiied Asm fs@labPWiackinpamtt @l BthyRhe Fabiohese Was
6.31% the yield of propylene was 21.53% and the conversion of total

ol efins was $INAPEC EH@H%HAI@eﬂEB@eﬁﬁédl@tﬁn@h?Qﬁmﬁ@@(mﬁﬁlﬁﬁ icnChiRg)eThér1e same
in this exanple as those in Exanple 12, except that: the reactor included a

first rectorreactioneroults medsasrfolodsatehyicll o€ atiybene vanrgetidedthenyskl bfs; the
catal yst used in any of the reactors was ZSM5 nol ecul ar sieve catal yst
havi ng a Si Gabpyl2es was!26 1%t the yield3aObutyleae fis B85%, eansh the dvaderaioneefcCs on 17
tenperature of 410C, a WHSV of 70 hf-1 and a reaction pressure of -0.053
MPa; the se@dlehas wesattb¥. had a reaction tenperature of 450C, a WHSV of 50
hf-1 and a reaction pressure of 0 MPa; and the third reactor had a reaction
tenperature of 480C, a WHSV of 2 hi' and a reaction pressure of 0 MPa. The
f eedst ock used hﬁr i?n was mxed C4 olefins obtained fromthe above FCC
appar atus i n"¥#@P'fefi nery, whose conponents by wei ght percent were shown in

51205 i he yTB GeiseS eBETAL IS 8% SR i VRISt Bl SR e s s
oxanpi o as (RQER (ac Rd EcdiRlok QU SHBRE FRAAPRAL CAOR ERRIIR T ot e
eact or s vas Janh PR [ HebRitioh & o AhTbY NradkR Rl SR i
of 300; the Redesitchr BaGhRY ohR6trécheadal ITethriotdgyeS NOPEC QShénddei cidy, China),

wherein the amounts of C4 and Cs olefins were respectively about 60% and about

25%, with the remaining about 15% being Cg or higher olefins.

The first reactor had a reaction temperature of 530°C, a WHSV of 28 hr! and a
reaction pressure of 0 MPa; and the second reactor had a reaction temperature of
580°C, a WHSV of 5 hr™! and a reaction pressure of 0.2 MPa. The molecular sieve in
both the first and second reactors was ZSM-5 molecular sieve catalyst having a
Si0y/Al,0; molar ratio of 480. The catalyst was activated at 480°C in a N,
atmosphere for 3 h prior to the reaction. The reaction results were as follows: the yield
of ethylene was 6.31%, the yield of propylene was 21.53%, and the conversion of

total olefins was 69.1%.

Example 19

The various steps and conditions were the same in this example as those in Example
12, except that: the reactor included a first rector, a second reactor and a third reactor
connected in series; the catalyst used in any of the reactors was ZSM-5 molecular
sieve catalyst having a Si0,/Al,03; molar ratio of 300; the first reactor had a reaction
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VWHSV of 70 hr-1 and a reaction pressure of -0.053 MPa; the second reactor
had a reaction tenperature of 450C, a WHSV of 50 hr~'" and a reaction
pressure of 0 MPa; the third reactor had a reaction tenperature of 480C, a
VWHSV of 48 hr-1 and a reaction pressure of 0 MPa; and the fourth reactor

or 0 e et TA o & S Vot dDrfr ad Aacian Sxcvgnia il e Osh BP0 1 P £ ho®
b FCC tus in th f i by wei ght.. t
o e shodrorh Heebist bad A reqhfioh Smpstinire UBDFC, SHTROUSE ST nPY il BT SO o

t hyl 5.72% the vi el d.of .23 0 i
oty e use® 20k QouFlCu il L0 4S8, 1RGSR ST oL o
the Sa”EWﬁthbPzﬁag&Hh% @ﬁcﬁdﬂl‘)oﬁ%%%]u?engf@nﬁh’?.olljlﬁ)ﬁeeag‘tﬁaphsw eindwhd fth

reactor was connected In series t he reactor; the catalyst

used in anyepic,t &@ﬁﬁs?%ﬁfa]ﬁfea 65 HeMbRVETHES th?éraﬁ;is eMethe abAhy§! wheyd ng a

Si 02/ Al 2 nolar ratio of 300; the first reactor had a reaction tenperature

of 410C, camp¥¥itays By weehifpbreafitiware gein @NTables sThe raktiodrdlbls Megs ag he second
reactor had a 18 reaction tenperature of 450C, a WHSV of 50 hf' and a

react i on felicss whiceyiold dF eiBdene winseS.1 2ffor theryéeld tof prdpgtena was 2218766 ahéniper at ur e of
480C, a WHSV of 48 hfl1 and a reaction pressure of 0 MPa; the fourth reactor
had a reaohversion efifgpkfins wanf1.3%0C, a WHSV of 30 hfl and a reaction
pressure of 0 MPa; and the fifth reactor had a reaction tenperature of
530C, a WHSV of 2 hr-1 and a reaction pressure of 0 MPa. The feedstock used
herein was m xed C4 feedstock obtained fromthe above FCC apparatus in the
refi neryﬁxmlf‘ezQ:onponents by wei ght percent were shown in Table 1. The

R e N
Cram! < 55, Ehgpt 8 0 ey G50 UL P BB B By o 0,2

R A
Si0,/Al,03 molar ratio of 300; the first reactor had a reaction temperature of 410°C, a
WHSYV of 70 hr'! and a reaction pressure of -0.053 MPa; the second reactor had a
reaction temperature of 450°C, a WHSV of 50 hr”' and a reaction pressure of 0 MPa;
the third reactor had a reaction temperature of 480°C, a WHSV of 48 hr' and a
reaction pressure of 0 MPa; and the fourth reactor had a reaction temperature of
500°C, a WHSV of 2 hr'' and a reaction pressure of 0 MPa. The feedstock used herein
was mixed C4 olefins obtained from the above FCC apparatus in the refinery, whose
components by weight percent were shown in Table 1. The reaction results were as

follows: the yield of ethylene was 5.72%, the yield of propylene was 23.31%, and the

conversion of C4 olefins was 71.5%.

Example 21

The various steps and conditions were the same in this example as those in Example
20, except that: a fifth reactor was connected in series behind the fourth reactor; the
catalyst used in any of the reactors was ZSM-5 molecular sieve catalyst having a
Si0,/Al,03 molar ratio of 300; the first reactor had a reaction temperature of 410°C, a
WHSV of 70 hr”! and a reaction pressure of -0.053 MPa; the second reactor had a
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Si 2/ Al20G3 nolar ratio of 300; the first reactor had a reaction tenperature
of 410C, a WHSV of 70 hfl and a reaction pressure of -0.053 MPa; the second
reactor had a reaction tenperature of 450C, a WHSV of 50 hr-1 and a

reaction pressure of 0 MPa; the third reactor had a reaction tenperature of

feactor had SutisadrmBierBL s G AU B Gl e el 43 W act s on
pressure of (g MR Liforl i B rERAGH Umbadnfe EPABHICT: WARREALNNE! T30 2
an t he

VWHSV of 28 hr- a reaction pressure o a; an si xth reactor had

a reaction tl@éﬁ'ﬁ%%wsﬁrecﬁf (515@@; th@ %ﬁ\/xé&fzto? hid 2 leR06n @erﬁ;%i‘@chfe%f 500FESpUr € of
0 MPa. The feedstock used herein was m xed C4 feedstock obtained from the

above FCC apwaiSit oS30 hr'tdnd arreddtidvapyessid@$ @ MPaRad e Sftbycas®d i a RACEGNT Wer e
shown in Table 1. The reaction results were as follows: the yield of

et hyl ene wastemfe@8fe of F809C ch WHIK Vo od pyhengndna seio §oressaredof DeMPanTies si on
O 4 olefins was 72.8% Exanple 23 The various steps and conditions were
the same in febdstockxasqdl bemin tassmixad Eyafepdstock obththedx ropt thehabovet FET i r st
reactor had a reaction tenperature of 470C and, a WHSV of 12.0 hi E t he
second r eactappateiits in thewginergnwhessrorponemds by webtperaentavepgshpvat infablefL.'
the reaction _pressure in both of e ‘r/ﬁgct ors was nornmal pressure,

h ! Th
feedst ock belhfgreapiiorereseis weksoas: frloweinkis Sacld grrdindses Was, Ovid vy file w@}dceﬁt ver e
h i n Tabl bt aj f th hoy inth fi
caoavor | aveeibas PRI HAR LRSS ETeRRPRE Bt onr coul 12 der e

listed in Table 5. Table 5 Reaction results of conbi ned reactors Conversion
of C4 Yield of Yield of ethylene, Reaction tinme (hr) olefins, % propyl ene,
% % 1. 00 71'%{&@%2& 6.61 7.00 71.69 22.65 6.85 13.00 68.67 21.62 6.33
19. 00 68. 75 ) .15

The various steps and conditions were the same in this example as those in Example -
21, except that: a sixth reactor was connected in series behind the fifth reactor; the
catalyst used in any of the reactors was ZSM-5 molecular sieve catalyst having a
Si0,/Al,03 molar ratio of 300; the first reactor had a reaction temperature of 410°C, a
WHSYV of 70 hr'! and a reaction pressure of -0.053 MPa; the second reactor had a
reaction temperature of 450°C, a WHSV of 50 hr'! and a reaction pressure of 0 MPa;
the third reactor had a reaction temperature of 480°C, a WHSV of 48 hr'! and a
reaction pressure of 0 MPa; the fourth reactor had a reaction temperature of 500°C, a
WHSV of 30 hr'! and a reaction pressure of 0 MPa; the fifth reactor had a reaction
temperature of 530°C, a WHSV of 28 hr'! and a reaction pressure of 0 MPa; and the
sixth reactor had a reaction temperature of 550°C, a WHSV of 2 hr'! and a reaction
pressure of 0 MPa. The feedstock used herein was mixed C4 feedstock obtained from
the above FCC apparatus in the refinery, whose components by weight percent were
shown in Table 1. The reaction results were as follows: the yield of ethylene was
6.83%, the yield of propylene was 24.06%, and the conversion of C4 olefins was
72.8%.

Example 23
The various steps and conditions were the same in this example as those in Example 1,
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25.00 68.00 21.99 6 13 31.00 70.03 _ 22.79 6.32 37.00 73.42 21.28 6.08
43.00 73.56 21.35 6.00 49.00 67.93 24.05 6.39 55.00 62.29 22.30 5.79
61.00 69.71 20.72 5.14 67.00 69.86 20.46 5.02 73.00 66.98 22.69 5. 47
79.00 64.94 23.97 5.86 85.00 62.43 22.65 5.41 91.00 64.44 22.92 5.36
97.00 65.65 23.42 5.32 103,00 66.28 23.67 5.30 115.00 62.84 22.09 4.77
121. 00 68xept tpt:she firsyeactop hada rewstion tempesatur of 458°C anda AYHSY 64282 60 4. 65

139.00 62.21 21.99 4.51 145.00 61 90 21 71 173. 41 3.82
179.00 ehr is he secgnd geagtor ha ﬂﬁewl%ée@ﬁef%ﬂwéég‘w %8‘15?%@%38%@2’ 02 3.44
20 203.0Q 60.32 22 15 3 36, 211 00 61 42 23 21 3 38 219.00 i122159306
227 00 5&egsaciipngressupp in both of the reactors was normal pressure. The feedstock bein

mixed C4 feedstock (whose components by weight percent were shown in Table 1)
obtained from the above FCC apparatus in the refinery was used for investigating the
life of the catalyst. The reaction results were listed in Table 5.

Table 5 Reaction results of combined reactors

Conversion of C4 Yield of Yield of éthylene,
Reaction time (hr) olefins, % propylene, % %

A 1.00 71.37 2141 6.61
7.00 71.69 2265 6.85
13.00 68.67 21.62 6.33
19.00 68.75 21.77 6.15
25.00 68.00 21.99 6.13
31.00 | 70.03 22.79 6.32
37.00 73.42 21.28 6.08
43.00 73.56 21.35 6.00
49.00 67.93 24.05 6.39
55.00 62.29 22.30 5.79
61.00 69.71 20.72 5.14
67.00 69.86 20.46 5.02
73.00 66.98 22.69 5.47
79.00 64.94 23.97 5.86
85.00 62.43 22.65 5.41
91.00 64.44 22.92 5.36
97.00 65.65 23.42 5.32
103.00 66.28 23.67 5.30
115.00 62.84 22.09 4.77
121.00 65.36 22.51 4.77
127.00 65.54 23.49 4.96
133.00 61.67 22.60 4.65
139.00 6221 21.99 451
145.00 61.90 21.71 435
173.00 61.88 22.41 3.82
179.00 61.15 22.33 3.73
187.00 62.53 23.42 3.83
195.00 | 60.38 22.02 | 3.44
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235.00 57.98 22.64 3.03 243.00 57.99 20.74 2.67 251.00 57.03 22.07 2.75
Conparative exanple 1 The life of the sane ZSM5 nol ecul ar sieve catal yst

was investigated according to the

except that:

a sinale reac

Qr

was used.

in Exanple 23
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Comparative example 1

The life of the same ZSM-5 molecular sieve catalyst was investigated according to the

various steps and conditions as described in Example 23 except that: a single reactor

was used with a reaction temperature of 550°C, a reaction pressure at normal pressure,

and a WHSYV being identical with the total WHSV as given in Example 23. The

results were listed in Table 6.

Table 6 Investigation on life of the catalyst with a single reactor
Conversion of C4 Yield of Yield of
Reaction time (hr) olefins, % propylene, % | ethylene, %
0.50 71.17 24.52 8.73
3.50 70.59 26.51 9.32
6.50 68.97 25.38 8.31
10.50 70.81 2491 8.70
14.50 70.51 25.43 8.74
23.00 70.44 26.13 8.93
32.00 70.18 25.01 8.53
36.00 65.71 24,51 7.91
40.00 68.82 25.09 8.26
44.00 68.56 24.79 7.98
48.00 67.42 2527 8.08
52.00 68.88 24.54 7.72
56.00 67.36 25.36 7.68
60.00 67.97 25.09 7.59
64.00 67.72 25.01 7.47
70.00 66.75 25.88 7.72
76.00 65.29 24.89 6.89
80.00 61.68 23.96 5.93
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80. 00

106.
120.
132.
146.
158.
172.
186.
198.

00
00
00
00
00
00
00
00

61.68 23.96 5.93 21 84.00 64.70

_ 24.58 6.70 88.00 63.79 24.19 6.30
92.00 62.99 25.21 6.68 98.00 62.74 23.69 6.01 102.00 61.49 23.81 5.85

60.49 23.27 5.57 110.00 59.24 22.87 5.22 114.00 58.12 23.02 5.26
57.0Q0.22_76 . 510 12 ‘ﬂﬂ A . Q2 21 Q7 A £3 128,00 .53 .32 20.85 4. 34
51.91 19. 644389 13p. 00 gh9749 19.80 24.88 142. 006470. 39 18.67 3.41
4344( : ; 004344187043, I1 15400 41. 87 3116. 62 2. 69
40.1Q 15. 7880M9 164, 00 B5/%71 14.60 2419 168 00630 45 12.81 1.79
R Brt 2 L S e L D OULT U (oo
22. 44 8. 46 9B.(07 62.74 23.69 6.01

102.00 61.49 23.81 5.85

106.00 60.49 23.27 5.57

110.00 59.24 22.87 522

114.00 58.12 23.02 5.26

120.00 57.00 22.76 5.10

124.00 54.82 21.87 4.63

128.00 53.32 20.85 4.34

132.00 51.91 19.64 3.89

136.00 49.49 19.80 3.82

142.00 47.39 18.67 3.41

146.00 43.40 17.43 2.89

150.00 43.44 18.04 3.11

154.00 41.83 16.62 2.69

158.00 40.10 15.79 2.49

164.00 35.71 14.60 2.19

168.00 31.45 12.81 1.79

172.00 31.71 12.48 1.82

176.00 30.93 11.39 1.62

180.00 27.44 10.53 1.43

186.00 28.22 10.14 1.38

190.00 23.78 8.16 0.97

194.00 20.98 7.80 0.93

198.00 22.46 8.46 1.07

204.00 16.80 6.57 0.76

212.00 15.39 5.88 0.76

218.00 12.45 5.11 0.55

Obviously, the technical solution of the present invention could markedly prolong the

active period of the catalyst, which had obvious technical advantage.
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204.00 16.80 6.57 0.76 212.00 15.39 5.88 0.76 218.00 12.45 5.11 0.55

Qobvi ously, the technical solution of the present invention could markedly
prol ong the active period of the catal yst, which had obvious technical
advantage. 22 Conparative exanple 2 The various steps and conditions were

t he sane aSCBngéﬁtiQ@éHrﬁ gd in Exanple 17 except that: a single reactor was
used with areaction tenperature of 580C, a reaction pressure at nornal

pressure, anfe fai¥iR\tOR 40 EHRIRINS Aher¥ithd) sdh€ ab Wt AERbeaSn Eitavifple i1
Exanple 17. The result's were as follows: the yield of ethylene was 8. 63%

the yiel d ofxdepoht: @ RihglSreddtoP W46 usat dvithereatedrteipetitiing lof 980G a2dachitm
Exanpl e 1A Two reactors in series were used in the reaction. The catal yst

was ZSM 5 cpiesduys it asrmadrpegzanredand at WEISAbbeiag Edanjoklewith thtidothl MEISY eact or
had a reaction tenperature of 400C, a WHSV of 50 hfl1l, and a weight ratio of
met hanol / ol givemsn Emample ¥7e dihs trestikts ofere &8s followsathe yiekl efeetbyldng was 868%ad a
reaction tenperature of 530C, a WHSV of 12 hf', and a weight ratio of

net hanol t othexieldaf pioghitsne i 252 1Ye, and thypieldeadiduitdene 8270 outl et of the
first reactor of 0.7:1; and the reaction pressure in both of the reactors
was normal pressure. The feedstock used in the reaction was m xed 4

f eedst ock (whose _conponents by wei ght percent were shown in Table 1)

obt ai ned fr EXPRE ldhove FOC apparatus in the refinery. The reaction results

f ol . the.vield of hyl 96% [ f I
as 26, 3205 TGS AL oo S G re i ety A S B e
nas 28, 32 . 1 5%, T
Condi t§ ons. Ppied oA Bt bbbl ERARPIeTS, PRORAT' Bt fod BAERASRRRMINE DL, T

and using 860t QAWRSVIGRS0E-'Iuld £ GR1¥: IO ALhRGUOHAMR S (R ¥Rk s Steps
and conditions Were the same in this exanple as those I n Exanple

1.5:1; and the second reactor had a reaction temperature of 530°C, a WHSV of 12 hr”,

and a weight ratio of methanol to C4 and higher olefins in the feedstock at the outlet

of the first reactor of 0.7:1; and the reaction pressure in both of the reactors was

normal pressure. The feedstock used in the reaction was mixed C4 feedstock (whose

components by weight percent were shown in Table 1) obtained from the above FCC

apparatus in the refinery. The reaction results were as follows: the yield of ethylene

was 8.96%, the yield of propylene was 28.32%, and the conversion of Cy4 olefins was

69%.

Examples 2A-7A
The distributions of catalytic cracking products were investigated under the conditions
of loading different catalysts in the first and second reactors and using feedstocks

having different formulating ratios.

The various steps and conditions were the same in this example as those in Example
1A, except that: the catalyst had a different SiO,/Al;03 molar ratio; and the catalyst
was activated at 480°C in a N, atmosphere for 3 h prior to the reaction. In which, the
mixed C4 feedstock was obtained from the above FCC apparatus in the refinery,
whose components by weight percent were shown in Table 1; and the mixed Cs
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| A, except that: the cat aI yst had adifferent SiQ2/ Al 233 nolar ratio; and
the catalyst was activated at 480C in a N2 atnosphere for 3 h prior to the
reaction. In which, the mxed C4 feedstock was obtai ned fromthe above FCC
appar at us in the refinery, whose conponents by wei ght per cent were shown in
Tabl e 1; an t he mxe 3.,.f t hat

Exanpl e 17; élﬁ ckivas &% thoﬁ‘@?uﬁeoicfnega@?%leeﬁmﬁéﬁllﬁ r}%"afno\ﬂp‘t e{nnat used
i n Exanpl e i first and second reactors
and the re?ee\%/ign yeagclz ﬁ&h vﬁﬂlﬂiﬁt{\ﬁ'eﬁhi)ﬁ)? \%#llgn Tabl e 2A. Table 2A Exam |l e
No. 2A 3A 4A 5A 6A 7A Feedstock M xed M xed Pure M xed Pure Pure C8 Cqg
nono- (FCC) |-butene C5 |-butene 1-butene olefin Tem natureC) 300 400 450
350 480 48QheReadRur Condhfddk if- e ﬁ}stoﬁndf Qeddfid Qeé’bt&s eﬁ‘rdoﬁ’xe r-EtEec‘faﬁt' feattiofiSV
(hr') 50 20 10 45 30 25 methanol : olefins in O. .5 0.5 reactor
t he feedst egduliSalerd Shovn(iPTeBleAROC3 200 100 100 50 80 120 rml ar ratio) Tem
mature (C 520 500 560 510 580 570 Pressure (MPa) 0.045 -0.072 0.02 -0.05 O
-0.05 WHSV(hr') 10 15 35 10 5 8 The nethanol : 04 and 0 0.2 2.5 1 3 0
second higher olefins in the streamat the inlet of

Table 2A
Example No. 2A 3A 4A SA 6A TA
Feedstock Méxed Mged Pure Mixed Pure Pure
8 ) 1-butene Cs I-butene | 1-butene
mono- | (FCC)
olefin ;
Temperature('C) 300 400 450 350 480 480
Pressure (MPa) 0.5 -0.04 -0.06 0.3 0 -0.05
-1 | :
The first WHSV (hr) 50 20 10 45 30 25
methanol . olefins in 0.1 1 0.8 0.5 1.5 0.5
reactor
the feedstock
Catalyst SI0/ALOs | 000 | 100 | 100 50 80 120
molar ratio)
- Temperature ('C) 520 500 560 510 580 570
Pressure (MPa) 0045 | 0.072 0.02 -0.05 0 -0.05
WHSV (') 10 15 35 10 5 8
The methanol : C4 and 0 0.2 2.5 1 3 0
second higher olefins in the
stream at the inlet of
reactor :
the second reactor
catalyst
200 500 300 200 280 12
(SiOy/ALO;molar 0
ratio)
Reaction | Yield of ethylene, % | 8.63 7.12 9.8 10.0 12.2 110
results | Yield of propylene, 269 29.72 32.64 33.16 362 358
%
olefins Conversion, 74.81 73.12 70.67 71.18 749 73.59
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reactor the second reactor catalyst 200 500 300 200. 280 120 (Si O Al 23nol ar
ratio Reaction Yield of ethylene, %8.63 7.12 9.8 10.0 12.2 11.0 results
Yi el d of propylene, 26.9 29.72 32.64 33.16 362 35.8 ol efi ns Conversi on,
74.81 73.12 70.67 71.18 74.9 73.59 % 24 Exanple 8A The various steps and
condi tions itRg sanme in this exanple as those in Exanple 1A except
that: the cat a;ig/st was ZSM 11 nol ecul ar sieve catalyst having a SiQ2/A 203

mol ar rat i orRf vaidfls stp§ ahd ESRAIIGRCHEE thdshnfe ERGL dxamplEIPAbR M Bxaa{pl460C, a
VWHSV of 5 hr"i, a reaction pressure of 0 MPa, and a weight ratio of

met hanol / ol gA] Rscept Nthhhethte egtslyoic kvaef ZOMIDI Imoletdlat Reeveecaalgstr @aeihgra had a
reaction tenperature of 565C, a WHSV of 1.5 hr-1, a reaction pressure of 0O

MPa, and a 8S#&,04lb01 mblap ratfo sf310athel firstacactidr ladd reagivanempabiunsof 460PGea st r eam
at the inlet of the s?cond reactor of 0.2:1. The feedstock used in the
reacti on waWHS¥el5®4 ,a rhétinn frodsuseofdbMPanamnt 3 woightvstightf metkanodnlefiner e
shown in Table 1) obtained fromthe above FCC apparatus in the refinery.
The react i oin thefsdsteckwef &0%4; dnsl the verond inencipr dadla seaction {anepesatveepfd630% t he
yi el d of propylene was 31.03%_ and the conversion of, o] efins_ was 69.57%
Exanpl es 9Aa%SVaﬁfiloﬁ§f g@éﬁ%ct@ﬁd’r%sémiqfiool}@av@}dea e %Qfdn?thﬁ@?é‘?(arrpl e

th in_Ex | 1A, t that: th t al yst ZSM 2 I
o eve oat al G6ENT ARG ClETnS aNGeSa! folhe Lo SleTec8h i Riq Lt 1Bt or
had ti t t f..470C a \/ 5 -1 t
n20 2, e SRR 5E b S5l T M b SRR ERERA
dth d. N : t f 1.5
o1, & reaBtiel Bee el THAREY' OlehEIRRT S Soie T apndll Y B
refinery. The reaction results were as follows: the yield of ethylene was 9.10%, the

yield of propylene was 31.03%, and the conversion of C4 olefins was 69.57%.

Examples 9A

The various steps and conditions were the same in this example as those in Example
1A, except that: the catalyst was ZSM-23 molecular sieve catalyst having a
Si0,/Al;,03 molar ratio of 350; the first reactor had a reaction temperature of 470°C, a
WHSYV of 5 hr', a reaction pressure of 0 MPa, and a weight ratio of methanol/olefins
in the feedstock of 0.1:1; and the second reactor had a reaction temperature of 560°C,
a WHSV of 1.5 hr'!, a reaction pressure of 0 MPa, and a weight ratio of methanol to
C4 and higher olefins in the‘stream at the inlet of the second reactor of 0.8:1. The
feedstock used in the reaction was mixed C, olefins (whose components by weight
percent were shown in Table 1) obtained from the above FCC apparatus in the
refinery. The reaction results were as follows: the yield of ethylene was 7.09%, the

yield of propylene was 28.13%, and the conversion of C4 olefins was 70.5%.

Example 10A

The various steps and conditions were the same in this example as those in Example
1A, except that: the catalyst was ZSM-42 molecular sieve catalyst having a
Si0,/Al, 03 molar ratio of 210; the first reactor had a reaction temperature of 470°C, a
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C4 and higher olefins in the streamat the inlet of the second reactor of
0.8:1. The feedstock used in the reaction was m xed C4 ol efins (whose
conponents by weight percent were shown in Table 1) obtained fromthe above
FCC apparatus in the refinery. The reaction results were as follows: the

ZLﬁgSr:T oﬁ*v%éb&f%%%pma%% gt BadR R e R g APt Bt Cp et
Coadt o T e Rl S 8 S 3% oo b g b ARt Db @lBetor SeBo iSR! o
mol ar ratig Ersfv G5 pihe %%Jtﬁﬁm ﬂr&%&wmrmg aar{ggﬁaalgﬁﬁahsrm% aHlBF%aOé 470C, a

25 WHSV of hr-"1,""a reaction pressure o nd a weight ra 1 6 of

met hanol /%ﬁfh'iéhér olefind HPthE @&‘e%ﬁﬁ Q%e ‘ﬂ{le‘m%fjthe %Qnd hacreeesd, TRAELiollad

reaction tenperature of hf', a reaction pressure of 0
MPa, and qsueirdink réa@hbﬁ)w@é nﬁﬁé&@ﬁ@lbﬁh@ v@fbse @&ﬂpdmeﬁﬁ%’ WEighi pscdnd vxfei‘be stream

at the inlet of the second reactor of (3 1. The feedstock used in the

reacti on whaswhiineTatld 10| sbidingd frobosle: aboweoREQL appayatueiinghhe pefireeyt Thier e

shown in Table 1) obtained fromthe above FCC apparatus in the refinery. The
reaction mremtiohsreswtseware anlfdlomes: thheield eif cethylemt pk ekieSAbsthe 1yiBldY%ef t he
yield of propylene was 37.66% and the conversion of C4 olefins was 75.87%
Exanpl e 1propyitre wasr3oefd0.smdghe eanyersimdifitGsonefinevas 1H¥%ane in this exanpl e
as those in Exanple |[|A, except that: the catal yst was beta nol ecul ar sieve
catal yst having a Si 2/ A12G3 nolar ratio of 700; the first reactor had a
reaction terrperaiu e of 470C, a WHSV of 5 hr'', a reaction pressure of 0O
MPa, and &*%ARél atio of nethanol/olefins in the feedstock of 0.5:1; and

t he second.reactor had a ction tenperature of 560C V\HS of 1.5 hr"1
a reacti ogrhﬁr VRLIOHy 8oy ar51 ?ﬂﬂggltloélﬁdv PN \E% G IPS{HTS 5X%lflp1§eqsﬁg @@}e and
hi gher ol gf e nst t f éﬁ% C f
The feed?t'%g%c%}ﬁeth&i ﬁ&t%a%ﬁ?get;% 5 ]%‘r%ld %E&Hages%fk’g% 0 e? iﬂ%‘éﬁ‘ %h%lgf/’dﬂﬁo onent S
by wei ght mOlRf (86of 960; :RhSiRYFeabdr RAPA ?eaéﬁomh@e&%ﬁefomv@@% WRRYSLC
apparatus 1nt refinery. The reaction resufts were as follows: the yield
of et hyl eng! Waseftidad%redsi® of 0 MPa, and a weight ratio of methanol/olefins in the
feedstock of 0.5:1; and the second reactor had a reaction temperature of 560°C, a
WHSV of 1.5 hr'', a reaction pressure of 0 MPa, and a weight ratio of methanol to C,4
and higher olefins in the stream at the inlet of the second reactor of 0.3:1. The
feedstock used in the reaction was mixed C4 olefins (whose components by weight
percent were shown in Table 1) obtained from the above FCC apparatus in the

refinery. The reaction results were as follows: the yield of ethylene was 8.43%, the

yield of propylene was 29.19%, and the conversion of Cy4 olefins was 72.8%.

Example 12A

The various steps and conditions were the same in this example as those in Example
1A, except that: the catalyst was mordenite molecular sieve catalyst having a
Si0,/Al,0;5 molar ratio of 30; the first reactor had a reaction temperature of 530°C, a
WHSV of 28 hr", a reaction pressure of 0 MPa, and a weight ratio of
methanol/olefins in the feedstock of 8.5:1; and the second reactor had a reaction
temperature of 580°C, a WHSV of 5 hr, a reaction pressure of 0 MPa, and a weight
ratio of methanol to C4 and higher olefins in the stream at the inlet of the second

26



yield of propylene was 29.19% and the conversion of C4 olefins was 72. 8%
Exanpl e 12A The various steps and conditions were the sane in this exanple
as those in Exanple I|A except that: the catal yst was nordenite nol ecul ar
sieve catal yst having a Si 2/ A12C3 nolar ratio of 30; the first reactor had
a reaction teaotendiO0sel.ofheS5R0dtock usdliSY thé rea8tibd was aniked €15 feedgpscksJuee of 0O
MPa, and a weight ratio of nethanol/olefins in the feedstock of 8.5:1; and
t he second rezeftdroresnlisl veere eactollows: thenyieldaofl ethylehe S86C] 0.89MHEN yield ofif |, a
reaction pressure of 0 MPa, and a weight ratio of nethanol to C4 and higher
ol efins in piepylene sasd384vmend theeonvirsiphef Ceelsfits wag72.8%ct or of 0.08:1. The
feedstock used in the reaction was m xed C5 feedstock. The reaction results
were as follows: the yield of ethylene was 10.69% the yield of propyl ene
was 33. 84% _and tt}g conversion of C5 olefins was 72. 3% Exanple 13A The
various step%¥8Al 1°8nditions were the same in this exanple as those in

Exanple | exce tssﬁhat: thed. .eedstoctg was (A4-C7 nmong-ol efins as Uﬁed in
Exanpl e 18. li*ﬁé(arf‘ﬁg)‘fs °RS S COPAIHERS FereehE 18R Q’hsp%’faémﬁ? 85 BYOSE BpErAAP'RHSY of
28 hf', ' : ; ' '

met hanol ? O[Zg?%%c%ﬁnth%gﬁlﬁgée tsc{%iécvgasc;wfi?%? %@g%?leﬁg%%%é%ggga&ﬁ@ erlgact or had a

reaction tenperature of 580C, a WHSV of 5 hf', a reaction pressure of 0.2
MPa, and a weight ratio of nmethanol to C4 and higher olefins in the stream

at the inletrn@kirdtheasRqRA% fe8@GnAEmPErafir®8F 330°T)8 WHISH yS38 Heed rbqttbpt h the
first and second reactors was ZSM 5 nol ecul ar sieve catal yst having a

Si 2/ A12Q8 preshat of 8tVPa,aind 48Rcighieitic aif aefisnolielefiae in thatfesdismtk 48005in a N2
at nosphere tfor 3 hr prior to reaction. The reaction results were as

foll ows: thenditled sbcofid eddoiordmed avesmictidrl teddidrattifeeofy589°Q, af WpISOpyf 6rie ' was
32.73% and the conversion of total olefins was 73.7% Exanple 14A The
vari ous st epeactionipresswi¢ of 6.8 Mierandtaneeighirmetio f msthanelxtarg andddghen okoding n
Exanpl e 13A, except that: three fixed-bed reactors in series were used in
t he reacti oif! therseream at the inlet of the second reactor of 0.08:1. The catalyst used in both the

first and second reactors was ZSM-5 molecular sieve catalyst having a SiO,/AL,0;

molar ratio of 480. The catalyst was activated at 480°C in a N, atmosphere for 3 hr

~ prior to reaction. The reaction results were as follows: the yield: of ethylene was
11.31%, the yield of propylene was 32.73%, and the conversion of total olefins was

73.7%.

Example 14A

The various steps and conditions were the same in this example as those in Example
13A, except that: three fixed-bed reactors in series were used in the reactién. The
catalyst used in any of these reactors was ZSM-5 molecular sieve catalyst having a
Si0O,/Al,03 molar ratio of 300. The first reactor had a reaction temperature of 410°C,
a WHSV of 70 hr', a reaction pressure of -0.053 MPa, and a weight ratio of
methanol/olefins in the feedstock of 0.05:1; the second reactor had a reaction
temperature of 450°C, a WHSV of 50 hr”, a reaction pressure of 0 MPa, and a weight
ratio of methanol to C4 and higher olefins in the stream at the inlet of the second
reactor of 0; and the third reactor had a reaction temperature of 480°C, a WHSV of 2
hr', a reaction pi‘essure of 0 MPa, and a weight ratio of methanol to C4 and higher
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catal yst used in any of these reactors was ZSM5 nol ecul ar sieve catal yst
having a SIiQ2/A 208 nolar ratio of 300. The first reactor had a reaction
tenperature of 410C, a WHSV of 70 hf', a reaction pressure of -0.053 Mra,
and a weight ratio of nethanol/olefins in the feedstock of 0.05:1; the

second r ea&g@é &5‘21%0 e@ﬁi}ﬁtthg ﬂul%}tcﬁrfﬁgﬂg#]d?feﬁctglf of'90%:1. qfhér?'f@\‘ilst%k Wedfn . @

reaction 8 a, and a wel ratio of nmethanol to C4 and hi gher

ol €71 nS | Byd Nty GAhBle o1 MshiBte LipdiRARYY weigRGiRendivelt st t he

third reactor a reaction tenperature of 48 V of 2 hr", a

reaction pyessiar ¢) ebtafhc/HPom anél aBoVe FOM aprakdtes af thetdfimenl The fedetiond hi gher
27 olefins in the streamat the inlet of the third reactor of 0.08:1. The

f eedst ock rei@d wee ad fotlotveatht ivivld wAsthpiexe daCa1.82%f thesyi¢Miudpeomyderponant s by
wei ght percent were shown in Table 1) obtained fromthe above FCC apparat us

i n the ref3i683e4,.andtie consetsionnf (s @fafins vasd2@%as fol | ows: the yield of
ethyl ene was 11.82% the yield of propylene was 36.87% and the conversion
of C4 olefins was 72.2% Exanple 15A The various steps and conditions were
the sane in this exanple as those in Exanple 14A, except that: four
fi xed- bed Bxemplol¥Ain series were used in the reaction. The catalyst used
in any of these reactors, was.ZSM 5 | ecul ar sieve catalyst .h

angk coag 4 i

Si 02/ Al 203 eoIPERUF HEPS fong iters Hieamiedn s EXHRRIC 25 R i FieFBlper at ur e
Cat oo 1A IRtRe e e phEh, B R e e 1 i, MeBtig oSt o
of 0" Wpa el uhEITCES oL et il s FIMS ol el evebal AT AR OB €
ot eaot ronIDZAE ol rdBOrABECTEL GHERALEF b pedor fenhilBathid druT0BES) O PRY

MPa, and g weiight of abig-'ofa rREMANBleshife GF @W53hMIAETand 04 afdigist tafiot B2 Stream
at the inlet of the third reactor of 0.08:1; and the fourth reactor had a

reaction testhgiodolefds oin 30 GedstodHIY @05:2; hhé secondesatioprhgdr assdcttonrof 0 MPa,
and a weight ratio of nethanol to C4 and higher olefins in the streamat the
inlet of tiaperhtwe 6fU808&cs SVHSY of 50817, a rEaiohgeelstreaif OUd®d, and 2 Weighteact i on
was m xed C4 ol efins ) . i

ratio of methanol to C4 and higher olefins in the stream at the inlet of the second

reactor of 0.05:1; the third reactor had a reaction temperature of 460°C, a WHSV of

48 hr'', a reaction pressure of 0 MPa, and a weight ratio of methanol to C4 and higher

olefins in the stream at the inlet of the third reactor of 0.08:1; and the fourth reactor

had a reaction temperature of 530°C, a WHSV of 2 hr'], a reaction pressure of 0 MPa,

and a weight ratio of methanol to C4 and higher olefins in the stream at the inlet of the

fourth reactor of 0.08:1. The feedstock used in the reaction was mixed C4 olefins

(whose components by weight percent were shown in Table 1) obtained from the

above FCC apparatus in the refinery. The reaction results were as follows: the yield of

ethylene was 11.90%, the yield of propylene was 34.01%, and the conversion of C,4

olefins was 75.5%.

Example 16A

The various steps and conditions were the same in this example as those in Example
15A, except that: five fixed-bed reactors in series were used in the reaction. The
catalyst used in any of these reactors was ZSM-5 molecular sieve catalyst having a
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(whose conponents by wei ght percent were shown in Table 1) obtained fromthe
above FCC apparatus in the refinery. The reaction results were as foll ows:
the yield of ethylene was 11.90% the yield of propylene was 34.01% and
the conversion of C4 olefins was 75.5% Exanple 16A The various steps and

condi tions BEDAZAL DS nfMIrati6) of BOG. TRl Radsr ﬁm&abtﬁbxﬁéﬁfﬁéi'e@me%?mO@(CePt
that: five fixed-bed reactors in series were used in the reaction. The

catal yst usedWHSVarof 70 hirhes ereustiont pressuveof 281053 MiPapand ar weight aatiatadl yst
having a 28 Si 02/ Al 203 nolar ratio of 300. The first reactor had a reaction
t enper at ur emethatdBdefing inHBY foédst@khof '0.051;r dwc sécond preestsrirhadod refctioh3 MPa,
and a weight ratio of nethanol/ol eflns in the feedstock of 0.05:1: the
second react&mpemmrea)f%ﬁ?ﬁ,la)WHS‘énf)é(ﬂht uraee@tlonﬁmuraomwaafana@ weight, a
reaction pressure of O I\/Pa and a weltlg rati o of nethanol to C4 and higher
ol efins in tai of methenek tor Ge ang héghep Plafing in dbo Aigeant @h&teomlqsfofdh%e@ndt he

third reactor had a rea on fenpe re of 500C, a WHSV of '
reaction pr&astor of §051; nvh%lth%@a%tomgwgmeww teneerafaierRf N0 @oa &H%}{d’fhl gher

| ef i i h f the third 0.08: h
fourth r LQC%E?E%%%C gt P e e el ip et Pietigplies ang Hieher
d high
(ot o B SRS B ol R P E Rl B AU TS RSBl BB KBRY LT
fifth t ¢
1 oact gtk b armealos 6 8 0 ey MK D bt
ol efins in Hhgeight' RAT A mdthfol i @a aﬁH htig}ﬁr BlefﬁhB i %C&%np&t e Qietlof thae

feedstock used 'n the reaction was m xed C4 ol efins; (whose conponents by

wei ght  per gaith watter §h0\08: 1i; And & BfiH keaek: Qa'a@@deidh@mtélhﬁerﬁﬁ@é’ ef F§§Scamppar at us
inthe refinery. The reaction results were as follows: the yi el d of

ethyl ene WaSVHSVAGPA hi ha reyitioh presurerafifyMPacanas weizhB6dtio afdethasolaoser si on
of C4 olefins was 76.8% Exanple 17A The catal yst used in the reaction was
ZSM 5 type nnd dighearolefimsy én dhet alrgamm atretbie inlac obrthié diftht ceactoe ofafD81ls Teeps
described in Exanfl e 1. The catalyst was activated at

feedstock used in the reaction was mixed C4 olefins (whose components by weight

percent were shown in Table 1) obtained from the above FCC apparatus in the

refinery. The reaction results were as follows: the yield of ethylene was 12.41%, the

yield of propylene was 33.36%, and the conversion of C4 olefins was 76.8%.

Example 17A
The catalyst used in the reaction was ZSM-5 type molecular sieve catalyst made
according to the various steps described in Example 1. The catalyst was activated at

480°C in a N, atmosphere for 3 hr prior to reaction.

Two axial fixed-bed reactors in serials are used in the reaction, wherein the first
reactor had a reaction temperature of 470°C, a WHSV of 12 hr'!, and a weight ratio of
methanol/olefins in the feedstock of 0.01:1; and the second reactor had a reaction
temperature of 550°C, a WHSV of 12 hr', and a weight ratio of methanol/ C4 and
higher olefins in the stream at the inlet of the second reactor of 0.01:1; and the
reaction pressure in both of the reactors was normal pressure. The feedstock being
mixed C4 olefins (whose components by weight percent were shown in Table 1)
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480C i naN2 af rir_bAé‘bihere for 3whr prior to reaction. Two axial fixed-bed

reactors in serials are used in the reaction,
a reaction tenperature of 470C, a WHSV of 12 hfl, and a wei ght

wherein the first

net hanol /ol efins in the feedstock of 0.01:1; and the second reactor

reacti on

e of 55 a WHSV of 12 hf',, and a.weight.rati
met hanol /oRtangd, dromythg, abovs g&?r@PﬁW‘{Sh‘é{a% pf»eéiafﬂrdpv‘zSﬁgatmg Iahgqbﬁe ‘%aflh

e in both of the reactors was

t enper at u

react or of

.01:.1; d th .
nor mal pr‘@é@ﬁ?tér herﬁ?{é‘&f%‘tefag‘{‘t?c%“%yﬁ%@

wei ght percent were shown in Table 1)

reac

P fle

0

react or
rati o of

had

had a
of

®second

T4 ol efins (whose conponents by
29 obtained fromthe above FCC

apparatus was used for investigating the life of the catalyst. The reaction
results wer e listed in' Tabl e 3A Taﬁbﬁr’e i}A Conver_si on of ¢4 Yield ot
ethylene,_Yield of propylene  Reactigon (hr) olefins %0 71 03 9 56 29.65
30/ 70" 6 70. 160,40 31] g g et S s el 1 A proptiab 0° Te0”
67.18 8. 70 Reagtion (hes 67. 13lefingy ¥ 55 240 668.24  7.87 31792 270|66.07
7.73 31.17 300 $7.12 _|7.73 Blgil9 324 65.4954.51 31.70 3$@566.51f7.69
3195 6 7227 9.98 31.04

12 71.40 9.75 31.33

30 69.65 9.00 30.22

60 67.79 8.83 30.70

66 70.16 9.40 31.84

84 69.54 9.36 32.57

108 69.15 9.03 32.00

150 67.18 8.70 31.81

186 67.15 8.42 31.55

240 66.24 7.87 31.22

270 66.07 7.73 31.17

300 67.12 7.73 31.19

324 65.47 7.51 31.70

330 66.51 7.69 31.55

354 66.99 7.33 30.54

Comparison example 1A

The life of the same ZSM-5 molecular sieve catalyst was investigated according to the

various steps and conditions as described in Example 17A except that: a single reactor

was used, which had a reaction temperature of 550°C, a reaction pressure at normal

pressure, and a WHSV being identical with the total WHSV as given in Example 17A,

without adding methanol. The results were listed in Table 4A.
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354 66.99 7.33 30.54 Conparison exanple A The life of the same ZSM 5

nol ecul ar sieve catal yst was investigated according to the

and conditions as described in Exanple 17A except that:
was used, which had a reaction tenperature of 550C, a reaction pressure at

vari ous steps
a single reactor

normal pressure, and a WHSV being idéshledAl with the total VHSV as given in
Exanpl e 17A&—wrtfrouot audll'W rertrsted—+rmFabi e 4A
30 Table 44 Conversion of nversiah affCapriofisidefigropylened pYiekk dfyeklgnene, -
2300 70, 44 Seellp REghD o (il 9G] A o %o s o eb o odize ok |
52.00 68.88 24.54.50. 72 64.00 &1,172 25.Q1 7. 4724.88. 00 6B. 79 28739 6. 3
180, 00 27, 4410850 43 lias odBH ga 71s0"0 V%212 o0 15362083 0 b6
218. 00 12.45 5.123.0055 @Qbvi ousioy4 t he gar esent26t16<:hni cal] sol ug.p®»n of fddi ng
et hane o 8 SEAL Ty TR T s T v pef T of T byt

44,00 68.56 24.79 7.98

52.00 68.88 24.54 7.72

64.00 67.72 25.01 7.47

88.00 63.79 24.19 6.30

102.00 61.49 23y.81 5.85

114.00 58.12 23.02 5.26

150.00 43.44 18.04 3.11

180.00 27.44 10.53 1.43

194.00 20.98 7.80 0.93

212.00 15.39 5.88 0.76

218.00 12.45 5.11 0.55

Obviously, the present technical solution of adding methanol could similarly

markedly prolong the active period of the catalyst, which had obvious technical

advantage.
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31 The invention claimed is: 1. A process for producing | ower ol efins, which
is carried out under the conditions of catalytic cracking olefins and
adopts as a feedstock an ol efins-enriched m xture 5 containing one or nore
C4 or higher olefins, conprises the steps of: a) introducing the feedstock
firstly edheingentionplaimedds:i on zone to contact with a first crystalline
alum nosilicate catalyst having a Si 02/ A1203 nolar ratio of at least 10, to
t hereby produce a first reaction effluent containing |ower olefins; b)

i ntroduci ng t heAfgrocbs feaeddiRihgelohletiBRfingNiEEh igcdiiddodturldensic conditisasond
reaction 10 zone to contact with a second crystalline alum nosilicate

catal yst Rhvplalytis Sipokipg defans aed adoptatasoa deedstockedns olefms-angichede MK oduce
a secopd r ! f cont ai nj .al.efins: and c) separating

| ower (QJI ef (?I?l[glmn%ro})rrﬁ%to%g% gg?énog%E%laeg{)flégﬁé’g%ﬁ%%ttﬁg \E/\A@%ésr%f?n the reaction

t enper at ur e i §) inhediding therfeedstdchrfirztyientesa Fiestesactiyn 6nd © @dact hbthtah@et t hat
in the second reaction zone and the WHSV of the first reaction zone is

hi gher by crystaiimenglumingsticateneatalyst hayingsa R Mk cmpki raenof @ leashd Opfqcess
as clai med_| ! , i l.ef.]lns- i i xture is an

ol ef i ns- eﬂ}e;r%xg%garﬁm ftja uf}re écgié)?‘ ietgﬂ&eélgﬁ&g%uﬁlﬁlrgg%ﬁ%rgﬂﬁpgher ol efins and

derived from bRhtducihyshd €irst rékbNn@filikint Sntenin ®ih AL teastosnef §eQBME teddion
cracking units in ethylene factory, or an ol efins-enriched m xture conponent
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ol efins. 30 5¢) seRarafpg ke olafins|fegniihg spepndirgaciion effffediei n an or gani c

oxygenate co i I t .| east. ;th i e ion
zone, and t hm\g%ghth & g)?%]@ I%%%{ggﬁ%t"gkh% %r%g%&%dno@geé%éﬁgycﬁ n%%&ong&{do
ol ef i ns i mhdnhBatah efd RRoRIchaivRdont ¥hdithe WEISY. §Xlthd Oist readon zone is higher by

5-15 hr'! than that of the second reaction zone.

2. The process as claimed in claim 1, wherein the olefins-enriched mixture is an
olefins-enriched mixture fraction containing C4 or higher olefins and derived from

20  catalystic cracking units in refinery or from steam cracking units in ethylene factory, or
an olefins-enriched mixture component containing C4 or higher olefins and co-produced

in the production of alpha-olefins, or by-produced in oxygenate to olefin.

3. The process as claimed in claim 1, wherein the olefins-enriched mixture is a

25 mixture containing C4-C; linear olefins.

4. The process as claimed in claim 3, wherein the olefins-enriched mixture is a

mixture containing C4-Cg linear olefins.
30 5. The process as claimed in claim 1, wherein an organic oxygenate compound is

added at the inlet of at least the first reaction zone, and the weight ratio of the total

organic oxygenate compound to olefins in the olefins-enriched mixture is 0.01-10:1.
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6. The process as clainmed in claim1l, wherein an organi c oxygenate conpound
is added at the inlet of the second reaction zone, and the weight ratio of
this portion of the organic oxygenate conmpound to C4 and hi gher ol efi ns in
t he ol efins- %ﬂglched stea at the inlet of .the second reaction zon
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reaction ﬁ%ﬂﬁXKEP HB QQEWBGQE?”%%eOﬁﬁEIb ss as clained in claim?9,
wherein the first reaction zone has a WHSV 30 of 5-30 hr-1, and the second
reaction zone has a WHSV of 1-20 hr, 1. 14. The process as clainmed in claim
1, wherein t e Thiemseceshas elaeaddinclaint &) wheiein the first ieastipn @ape Band faachon
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nol ecul ar ‘si‘eves.
15 MPa; and the second reaction zone has a reaction temperature of 470-580°C, a WHSV of

0.5-30 hr™', and a reaction pressure of -0.07-0.5 MPa.

10. The process as claimed in claim 8, wherein the reaction pressure in both the first

and second reaction zones is 0-1 MPa.
20

11. The process as claimed in claim 8, wherein, when adding an organic oxygenate
compound at the inlet of at least the first reactor, the reaction pressure in both the first

and second reaction zones is 0-0.5 MPa.

25 12. The process as claimed in claim 9, wherein the first reaction zone has a reaction
temperature of 440-480°C, and the second reaction zone has a reaction temperature of
480-550°C.

13. The process as claimed in claim 9, wherein the first reaction zone has a WHSV

30 of 5-30 hr'}, and the second reaction zone has a WHSV of 1-20 hr™'.

14. The process as claimed in claim 1, wherein the first and second crystalline
aluminosilicates both are selected from ZSM molecular sieves, beta molecular sieves or

mordenite molecular sieves.
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15. The process as clained in claim 14, wherein the ZSM nol ecul ar sieve is
selected fromZSM 5, ZSM 11, ZSM 23 or ZSM 42; and the nol ecul ar sieve has
a Si @2/ A1208 nolar ratio of 10-3,000. 5 16. The process as clained in claim
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second reaction to zones includes 1-5 reactors in series. . The process
as cl ai nedoalar retic@oi 0tF,000herei n at | east one of the second reactlon zones
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an organi @%@(ﬁ@%%% ¥- mpound at the inlet of at |least the first reactor,
the reaction pressure in both the first and second reaction zones is -0.07
to less than 0 MPa. 25 22. The process as clainmed in claim1; wherein the
reaction t errplér dherpeodess sshelaimadsin claigats wheremoatdeass 0RO 04 BR0Lcoach deathien

reacti on te ei&l Eién the secand reaction zone is 440-600C. 30 34
ZONES mc udes reactors in series.

18. The process as claimed in claim 17, wherein at least one of the second reaction

zones includes 1-3 fixed-bed reactors in series.

15 19. The process as claimed in claim 1, wherein the reactors used in both the first
reaction zone and the second reaction zone are selected from axial fixed-bed reactors, and

radial fixed-bed reactors.

20. The process as claimed in claim 8, wherein the reaction pressure in both the first

20  and second reaction zones is -0.1 to less than 0 MPa.

21. The process as claimed in claim 8§, wherein, when adding an organic oxygenate
compound at the inlet of at least the first reactor, the reaction pressure in both the first
and second reaction zones is -0.07 to less than 0 MPa.

25

22. The process as claimed in claim 1, wherein the reaction temperature in the first
reaction zone is 200-530°C, and the reaction temperature in the second reaction zone is
440-600°C.
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