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 |ower olefins, and in particular to a
process for producing |ower olefins by virtue of catalytic cracking of C4
or higher oferifigdtionBackground art Petrochenical industry is an inportant
supporting industry in national econony, and supplies a large quantity of
chem cal raw materials for various departments including industry,
agriculture, comunication and national defense, which is thus one of the
i ndustrial sect or Eroeessniprcprodueinig/lowerdolefins hy using anultipleareaction
econony. Lower olefins are one of the nost inportant basic raw naterials
constituting nDdeﬁbng§trochenical i ndustry. 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., wherein
pol ypropyl ene accounts for nore than half of the demand for propylene in the
world. | 67% of propylene in the world is derived from
by- product?t?ﬁ&?%gﬂ&bfoduct|on of ethyl ene by steam cracking, 30% of which
i's derived fl‘h@E}el?é&nl%ﬁ%ﬁbﬁ claifls tHSrivrivids 6t 1he@>afeht SpiehfidiR vARfsEi298) oi |l by
catalytic cracking unit (FCC) in refinery, and | ow anount of which (about
3% is obtapoexd 0028811 dediddN@ PO058100288 1.8 apfilepavith e StareimélietiabPiopagyi on of
et hyl ene-butylene. It is predicted that the demand

Office of China 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 producing lower olefins by virtue of catalytic cracking of Cy4

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.



of propylene in the future will be increased in a higher rate than the
supply thereof. Considering the relatively higher rate of increase in term
of demand of propylene, and the situation of "demand exceeds supply"
presented in conventional production nodes, it is necessary to recur to
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| oner ol efins for the purpose of supplenenting the demand of | ower ol efins.
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olefins in the world. Considering the influence of various factors

i ncl udi ng cdfgrgpylede mhehrifotabe wil belurctreased ked hipghedr tatatimpahe atppdy theostf, it is
a preferable way to nmake use of these raw materials by subjecting themto
deep pr ocesSonsideping theretapioely higher nasp ef incregswinder of demandadf prepydengeand he
conversion of CA4 or higher olefins to |ower olefins. The process not only
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of 350-500'C, a pressure of 0.6-1.0 MPa and a wei ght hourly space 2
velocity (WHSV) of 1-10 hr-1. It was focused on the nodification of various

types of clat Rkygtserdas ddRr HeAkiflvencd 66 sikdry, dé@fishdt e c%&y?tﬂéﬁr_fsnax{dam terials
are mainly directed to C4 and C5 olefins but not to or higher ol efins.

Meanwhi | e, @omiatigt@npaads,ahe dannfd gflowti defimasndsse e ripgdlgiincredsedswhile was
i npossible to assure that the catal yst kept a desirable stability and to
obt ai n a detber ednventiingl ¢reductine medegeof gewetuotedins cannot satisfy the rapidly

increased demand of the market for lower olefins, thus it is necessary to recur to other
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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The reference docunent CN1274342A (counterpart to US 6,307,117131) di scl osed
a process for producing ethylene and propyl ene by catalytic conversion from
a linear hydrocarbon feedstock containing 20% or nore of at |east one

C4-Cl 2 olefins, wherein zeolite i n a zeolite-containing catalyst used
therein satisfied the f |rerrent econtaln

subst ant i a¥9l9ciyo(VWHEVIR! 131&\,\% zgd’l’arst cwg@ogtﬁesﬁn@%fgii%ho rops F}ﬁe§8 of from

he Ejrooﬁpoﬁ"gﬂ¥§§f"i“i§‘|ed?ac e st-SuE AP M58 B reF Mol e TR GELEAIEC ool
and sai d zgoliliecyag. il LALRITBICAE RPAG. Shifk 200kivi, aandngiaereaabef erred

zeolite beld ged zeolite y. The reaction was carried at a
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hr-". Hov\ever a single reactor configuration was simlarly used therein,

t her eby re&blbsﬁ#aﬁ& stdbility@hato viethin d deskeibly iyl disf thé taegdrpteeinetsand propyl ene with
the highest yield of propylene being only 25.19% The reference docunent WO
00/ 26163 to Equistar Chemicals, L.P. disclosed a process for making

propyl ene and et hyl ene froma feedstock containing at |east 60 VA-%C4

and/ or C5 Bhetéfarenod document SN 1284242/ n (Gpsnternai tﬁgUgﬁ 30 ldrBbhdiselesgbor e si ze.
Zeolites useful in the | nventl on included:  zeol|tes havin ne- dji. mensi onal
channel  sbisessioy grrdpging fihylgnsoanch aropiicas, H&B‘ab’“ﬁocroé“’%ﬁs‘é’ %‘P ¥afer than
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etc. trace anounts of an oxidizing metal such as Pd or 3 Pt could

be added t 8iPYAN0Y endlake@tib Sfoal 2001kd YOG dndl Rt zdoBigLEDRARd DO ledsh@nPr OCESS
was used generally with a fixed-bed reactor system and the reaction was

pref or med atetal acleerrpcirah uhe godup? Odhsikhig Gf metpls dsdangingofo Grip IB MPahand a
VHSV of 0.5-1,000 hr-'. On the one side, the reference did not disclose
concret e pPenediatTable, randheadd gfeolitgewas an intermediate pore size zeolite, and the

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
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catal yst and reaction data. Meanwhile, a single reactor configuration was

al so used therein, which determned the results including non-ideal yields
of ethylene and propylene and poor stability of the catalyst. The reference
docunment EPO0109059AI put forward a process for conversion of C4-Cl2 ol efins
to propylene. The catal yst used therein was ZSM5 zeolite hayving a

Si 02/ Al 208Ptmsiuld be added te gramote §okg remawal durigrratadyst regeaerghioR e RIRSStarri ed

out at a tenperature_of ,400-:6QQ C, and a space, vel ocj.ty of ol.efins, of
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reference cument US5981818 put forward a process for conversion of C4-C7
ol efi ns t oteRimNWhich @tehiingl theheesaRd ahdtsdingl Sod-ildubrygelds wisetpgedeaand type
zeolite catalyst having a SiO2/ Al203 nol ar ratio of 10-200, a BET specific
surface ar pampglene 3Dp&RGtabilit bfjthezatllyat.particl e size of 0.1-0.9 pm The
reaction tenperature was 380-500'C. One feature of this invention resided
in blending a certain proportion of vapor into the feedstock, wherein the
rati o of H20/ HC was 0. 5-3 (bﬁ wei ht%. It was _said that the additi?n of
vapor coul dha|rpevanse elosampdn Hg}ﬂ?gﬁ? brpwsrforward ot prespst foroconvgEIiL gt i ner ease
stability of the catalyst. Likew se, it s, hot considered j.n this
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present invention put forward a novel process for producing |ower ol efins.
Af t er maki m@locity on catalytic cracking reaction were investigated in detail therein. However, it

was not mentioned in this invention to use combined reactor configurations, thus the

catalyst could not effectuate its advantage 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-C;
olefins to C3 and C4 olefins. The catalyst used therein was pentasil type zeolite
catalyst having a SiO,/Al;0; 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 H O/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.



extensive and intensive analysis on the conplicated nechani smof catalytic
cracking reaction of olefins, the present inventors have nade a | ot of
experinmental researches and explorations, closely conbining macroscopic
exhibition and nicroscopic essence of the experinmental phenonena, in |ight
of basic i nci a of he t transfer thereby put forward a novel technical
sol ution f ?“@B&dﬁib € IERHOY obl ens.  The present invention provides a

process { oy gﬁ)er SRS DOLSIALS Y pfedidebfion £186406me tfeRAaL Ok

containin ins an P ona an organi c oxygenate

compound. O%E&anQH ARSprick dB@atrbtr@ﬂacmcﬁltg fodBtaviliey ShPeBraFodf sahleat nd ty in

ter m of r olefins as the target product, as well as high stability of

the cat al Vst yiERE afd Qelestsvifyoof povastuslefigs hoter tapgetfprodudis rant nthe vifteseht i s
carried out under the conditions of catalytic cracking olefins and adopts
as a feedsinoakioanpw! fofward- £ movelhprdcessi firt praslucingt miver mdetimse Adier meakéngC4 or

hi gher olefins, conprises the steps of: a) letting the feedstock fr rstly
enter a fi®gensivszadiiniensive enalysis o theceonyplicated m@qhéltlsm(ﬂffﬁtab)mcr Grecking

alum nosilicate catalyst havi ng,a Si %ﬁ)ZOB no ratip of at |least 10, to
t her eby prigasa %f qleking; theaRresand inventory e %roﬁﬁxl’%ﬁ}é@t"dlrgﬁc@ﬁ’ es b)

letting the fir leact.ion eff{)uent enter in east one sec

reaction zWke rat(‘:‘H’ﬁt dlogely,com lau%ge@ﬁqasC(?PVsetxhtth?Wea ﬂ%&?ﬁ"?@%ﬁ%" at al yst
et Ton ot skt enbAERE iR Tief of BAN pfiplkof Ek L AUER, 2 SeEond

reaction ef B separatin ol efins

fromthe Sﬁﬁ%&@@%})b&@ec%fnfcaljﬁﬂﬁtton%%cﬁhﬂ g tiidig Pf(ﬁﬂ’éiﬁé on tenperature in the

first reaction zone Is C, and reaction tenperature in the
second reaction zone is 440-600'C, with the proviso that the first reaction
zone has a different reaction tenperature fromthe second reaction 5 zone.
The ter m "Thewpreserteihvagionusedidee aeproceseffer prddacing dbivas oleding by @tdlptid car bon
atons. The ol efins-enriched m xture containing one or nore C4 or higher
ol efi ns usedckisg & fdedstdek soktaining K& abdugher eddéfimsc and optiondllynan organid er abl y
an ol efins-enriched m xture

oxygenate compound. The process is featured 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,/Al;0; 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 proviso that
the first reaction zone has a different reaction temperature from the second reaction
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fraction containing C4 or higher olefins and derived fromcatal ytic cracking
units in refinery or fromsteamcracking units in ethylene factory, or an

ol efins-enriched m xture conponent containing C4 or higher olefins and
co-produced in the production of al pha-olefins, or by-produced in OTO (from
oxygenate to olefin), for exanple MIO (nethanol to olefin), such as MIP
(et hanol %a®€propyl ene). The anmount of C4 or higher olefins in the

ol efins-enriched feedstock ranges from 10 to 90% by wei ght. The

ol efins-enriched mxture is preferably a m xture containing C4-Cl12 |i near

ol ef i NS, pI @ RNGL GF BBk, K r 091 b RERSh G 6 BBy BRI ns. The

second reaction'e te ereirn passes in turn such as ethyl ene separation
tower and propyl ene separation tower to thereby obtain | ower ol efins
product such as ethylene and .propyl ene. Such process of separating | ower

ol ef i ns i sTHEblefik1eMicHed niixtupe comBinsig dreest mbret O oathighet blefine upsdedses r ed
enbodi nent of the invention, an organi c oxygenate conpound is added at the
inl et of afeeligack it the dbovsttechamal santiaromepreforably e olefigaenriched anisfure he t ot al
organi ¢ oxygenate conpound (i ncluding an organic oxy%enate conpound that may
be added factionecontiining 64 erhdgkarcdefthsrandderived friomegatalytio Frarking unis ithe

ol efins-enriched mxtureis 0.0 1 - 10: 1. Optionally, a(gﬁfor ganj ﬁgﬁxygenate
conpound i BiAFE0ondWEY sigem; pracking | umits gn gthyens &eiRyyr 8 AR VR1BsosBIchethd ™ t he

i ght ti f thi ti .of i t t .and hi gh
o efins | nPHgresoBoRGT G R CE PP B R R rub RER ihtbe oot cact fon
et hanol . O ABERDETLE & BY HSHRAE IR TG R B BSOS, KPR 1 oy
ratio. Pref e ph¥ihatdldo BIR Giky PN A SRR IRl TThoaBlm st Pt !

ether or a mxture of nethahol and di nethyl ether any ratio. One

preferred gnhigHirdIfinsOih thd6lehiny-efidhen féisiodR Sariges A NUtP9®Y italdight. anount
of an organi c oxygenate conpound together with the hydrocarbon feedstock to

t he react oThe blefins-Bafichrd enixtune isheeferadlsa dextureddntdining @,-Cli, Matdrdlefaisher as an
oxygenat e conpound i s dehydrated under the reaction conditions to form
et hyl ene more preferably a mixture containing C4-Cg linear olefins.

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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and propylene which is in favor of increasing the yield of the target

products, and neanwhile water as produced nmay serve as a diluting gas for
cracking C4 or higher olefins, and nore inportantly, nethanol or dinmethyl
et her produces by catalytic cracking at a rel atively | ower terrperature an

active internediate that can activate carbon-c ond of arbons to
t her eby | osthanalfshyl ether Pbﬁ“’ft&’f%él?eéi%q}crlﬁanhf?él‘o P g"dé@}’ ?Sb‘ﬁnﬁ e0n at

aci dic center of the | t aneo net hanol
or di met hy$omRRaEd ‘%ﬁne elﬂﬁ'ireﬂjéf °f§mé’§ﬁrpﬂydefﬁ§%ﬁ fl’ﬁne%}igheuent from

the outl et of wF8°0k p%gﬁeprfed "etboliferk HENAS iy Rbrifl Rokidl ng e 2RERN | O

capaci ty n¥&aE° |ng reac Re Vittue of at I on- heat

1 berat! O flunt ! dtan YRR GxfEHRte B %em@p w@tﬂc{h@hyaﬂa@arsmeasta&

provi di ng uting ga medi at e procedures and energy

during thetor fRCEda 18 Pdrelrﬁfaﬁ&Ctdd/‘ﬂ{eYOHé isldeZ @bthnol dR difnkeG ievter GRME nat i on
of two kinds of the reactions nmentioned above. In one enbodi nent of the

i nventi on, otypendte lcdnpoeadis dehydemel hader ahe eactiompotditiprey @t form ethfleps ef er abl y
200-530' C, nore preferably 350-5000C, a WHSV (the weight of feedstock
passed per atibpropplene wliich eingfavorodf mt@slystﬂ)e gield pEther tatgey pooduets, @b hr -
nore preferably 2-50 hr-1; and a reaction pressure (gauge ressure the
same bel owpearwhils waigr appipduesd may Sqwa as aykiluting éﬁ%?oamﬁknt& 4 ophghgba. The

o1 oSlahiny anfoment TEpOHAN e BRo b REARely L cffier ProRRs B aaaﬁ" A
e Crore. HREREE 26 A el vE s et RREPArP AT AR inineleld e R LY gefiaid o, on,
both the fbe[fs&n- W%S%gf hg@g&re&smﬁaegyamerqh@E&%ﬁ&ﬁ ?enggerzﬁ{u%f @bly 0- 1

MPa or -0 an organi ¢ oxygenate rrpouh at the

inlet of afedueasirbbRepdsithin AteRGdit Q:@nféplaﬁ th@@étﬁlé/hhgnﬁhl'iaﬂéo | Seqhnd
reaction zones have a pressure of preferably O 5 MPa or -0.07-<O MPa. In

anot her enhadintest methahbleoi dinegihylogthert bendixtuset themsde tis Qﬂp}ilaﬂembdi?oo ah¢ eaction
tenperature of nost preferably 440-480'C, and the second reaction zone has a
reaction t effjpentafromeghobutid i cpelefeaarctablfyr hePuasse of prrviding beatehsarption
tenperature in
w capacity needed in cracking reaction by the virtue of dehydration-heat liberation of
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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the first reaction zone is lower than that in the second reaction zone, It
is further preferred that the tenperature of the first reaction zone is

| ower by 10-80'C, nore preferably 20-501C, than that of the second reaction
zone. In another enbodi nent of the invention, the first reaction zone has a

of oot prarpelnf o I e e 1Bkt dne AR hadfoR BERTCHIRI R T Bels Y

hi gher th J Lo t_olog-dgutpaer preferred that
t he WHSV %Pa%tﬁgtlf)ﬁ’“{ssliabfgg E{S?\S‘go%ﬁg&?g@@i %22?%%}/050?15 hr-1 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

nol ecul ar i gRkeroémbadithent be the dhveneionmHee Gt akactionveme hasviangpacatid®i 02/ Al 203
nolar ratio of at |east 10. The ZSM nol ecul ar sieves are nore preferably
sel ect ed ftempe@Give of BEMN frbferaidivt4UD-480°CSknd 2he shevidnigaati®i @RhAIROIR nol ar
ratio of preferably 10-3,000. Both of the first and second crystalline

al uni nosi |eecticnstemperatuip of mmskpreferably 489 SN0BC nasdetbia (reaction dGBRETARE Wy a

Si 2/ Al 203, no] ar ratio of 5Q0-500., In the process, of the inv?ntiﬁrft sai d at

| east one B¢ firsereagiiamzences dpyen thap fhat npthessecond (ractinl) zenss I IS5ttt or s i n

7 xed: bed MEREFGhAahpaper Soueas L ERR Bl e SP R gl G il o
fixed-bed [ gi%%%b%; S0-5b%C W ty%tggfgfé% &ggﬁﬁ%ﬁgﬁm&e. the invention adopts at
I'€s,

| east two ¥'&actiof Zonés 1n rein, 1n conparison, the first
reaction zone is operated at a higher WHSV and a | ower tenperature, and the
second reaction zone is operated at a | ower WHSV and a hi gher tenperature.

A ot of empgbiHEeeindbdinRacal tbasvereaonht fidteedctian zobhehasEWHSEV skt

catal ytic cracking process of C4 or higher olefins is

pol ynmer i zaprefenatdy d-30r lick iand) theesdeand seactiomeom hast h &SV yofemost giréforablyr ocess i s
exothermc, and,the cracking process is endothermc. The centralized

| i ber at i onl-8f hrieand therWH§ Vi ¢fethe dirsf readtiontzonn isneigherdhae that péthetseoendy greater
tenperat urr%aclztlno%rz%%g.elt ?sffurther preferred that the WHSV of the first reaction zone is higher

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,03 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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the catalyst at the inlet, in particular the |l ocal tenperature at active
center of the catalyst may be higher by tens or even above 100 centi grade
than the apparent tenperature of the catalyst, and a too high | ocal
tenperature increase has a very fatal influence on the life of the

catalyst. In particular, it may greatly pronote the processe e

ar omat i zat sevies,ofhestiaf imePnRpArISERD tg@aﬁéﬂt )V%Ba‘h 4ons @fqpﬁr%ﬁﬁ@éﬁ?ro‘&mypr oduce
coke, thereby accelerating coking and thus deactivatjion, of th | yst and
shor t eni ngand & lovear AeMperpFs éﬂgﬁ)%sef:%‘? FeARHQUACRE PBeretﬁgékPA‘gWﬁf%’%@@ of

| efins, hi gh | i bl
B e e T AL T L v
the first pg Oa%'ﬁsﬁ{‘ P ealh .iﬁal Jg@é’ﬂiﬁ%e h&%wﬂbf diaschar denbf oBlEgl YABri zation

of ol efins, er eby uri e polynerization~ of olefins, a too

hi gh 1 ocal \{eHRES AIALAALASIKERS SndchatisiBYwifRadih etheapblyniteiagtidny prdcess @t he
cat al yst. R}ggnwhi l'e, arelatively higher WHSV is Esgd t herei % for the

pur pose of excﬂM&hﬂé,@demerdﬂwkhlghmdb@gem chd@hatde. Tleactrtnligedlibératier of
tenperature that may reduce the yield and selectivity of the target

products. heataddhg tlenpolymeasiatden may dahseta teheivelyr gredengmpemtes snawasobef i ns i s
endothermc, a relatively higher operation tenperature and a relatively

| ower WHSVther eatalggcati the titlet, de qortitutas dbe ilenal tempesatyesnpleaativg depter 9Ethes, so as
to guarantee sufficient, heat absorption End rg ention time for the cracking
process of cepkyst may o higher BByieRyOf ieVen PReVE @ﬁ@tlaﬁdm&qnﬁ@i FRPARE yi el d
of lower olefins and pral.ongin he .st abl eriod of the, catalys It is
Very 1 mpor SRR OLUNEFRAS NG DR et eaSPRsTeRite AReritie DS g et B8l bed
catalytic ¢r in r i [ Ui j I achi eves
a prefer abfnﬁ%ié%: (%}@gﬁﬁegﬁfggig}%ﬁ%f%gﬂérg@\gﬁEW\/@P?}%;‘;JSP%%&Q@!? ézlegs%tg Abi | i ty

of the cat Gfﬁéglrcﬂﬁétiz\é{iéﬂof%ltsﬁ%st&ﬂthQXfyﬁoanﬁfoléfHY‘&{nU%atiblPﬁ) predsdeicBRe,

tenperature and i ncreasing the yield and selectivity of |ower olefins as

the target tHkQFULIElerddak @oRiMgEandotldl dORtiTRMR f0the WaAwRH lagd 3horteingd 3§ i C
cracking process of lower olefins wth respect to other operation

condi t i ons stahlat paicel. Mt faptei éitdgli¢ yrabkingr poeesshef elefinbus toorehigldodahvol ved

in the present process for producing lower olefins by catalytic
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 WHSV 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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cracking. Unless identified otherw se, the percentages and ratios used
herein are all on the basis of weight. Unless identified otherw se, the

Si 2/ Al 203 nolar ratio of the crystalline aluminosilicates in the present
invention is calculated on atom c basis. Al the publications nentioned are
i ncorporated herein for reference in their entirety for all .purposes. The
fol | owi ng eBietinslyeprolangs ies stalkilitst pihibe sA@ygbrBEY Mt therzovise of g‘?‘?‘ pe

enbodi nents of the present inventions, ALl .of .th X s ar rely

i |1 ustrat ithereagiiqn FW@F%\“&t"‘é‘g 1gerepsing {he,p@elpoanpﬁgﬁﬁﬁg@ygﬁf ?Q%Veoﬁ?tfl%nag In the
exanpl es, {)he armugt S of various conponents in each of the m xtures invol ved
are separé CHETHROHY Ect ed with HP- 6890 gas chromat ograph (Agilem

Technol ogies, Inc., the United States), equipped with a hydrogen flame ion
detector and a (DO.53 mn PLOT A1203 capillary chromatographi c col um of

| ength of RG.ARiEid B AHEE 6 coreaibAL chta?ﬁWcBé&kﬁffi frbeesk bf fowd dléfirsat i 0 of
200Si @2: 0.5 A1203 : 60 n-butyl amne : 17 OH: 00 Nad : 6300 H20 were

m xed W t RyiH iespdc0fd @herfoperatior uprdiibnsrthatiape ndtSpeoifitally deScritwdrhetedn buta sl urry
containing silicon, alumnum tenplate (n-butyl arnine) and water in |ight
of a Si 02/mMd2068 imodlaed mttho pofser@Oprocassefoe pirodsicingt loaves | alefins Wasatalyist al | i zed
at 140" C for 50 hr, followed by washing the crystallized solution with
distilledomeekérg, drying it at 120'Cin an air atnosphere for 12 hr and then
calcining it at 580'Cin an air atnosphere for 8 hr to obtain ZSM5

nmol ecul ar sieve. 50 g of the ZSM5 nol ecul ar weight was m xed with 87 g of

Chem ot 130mes erifielSpherP g B ubie Al ot et bk B o e ' 20

air at m)spwa{tor 6 hr to obtain a ZSM5 type catalyst. 5 g of the above
ZSM 5 type cata yst was respectively loaded into first and second reactors
in series (both of which are (D 18 mm axi al fixed-bed reactors, the sane in
t he

Unless identified otherwise, the SiO/Al;03; molar ratio of the crystalline

aluminosilicates in the present invention is calculated on atomic basis.

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,O; capillary chromatographic column of length of 50 meters.
Examples

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

10



foll ow ng exanples, unless identified otherwise), and activated at 480'C 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 tenperature of 4001C and a VWHSV of 50 hr-1, and the second reactor
had a reaction tenperature of 530'C and a WHSV of 12 {}r-l, and the reaction
pressure i foriotate @)Blmecoﬁlmﬂlﬂééélcéﬁ,salvm&uﬁbrt"’rfﬁPlatedx”ile@-’é ragningandWaltbedst ock

pet ?OLEe%hﬁmafgxh%éﬂfa%ﬁ&@ﬁsﬁ%@%@ﬁ%ﬁﬁﬁﬁ%@f&%a ‘i‘r%ayvfa?ﬁ?%%&%@@kf .
D oduct walRkale S0 Hoyp RS e e R Rt 1T

fol Tow ng XAl £HoocTGn S hoOhet ERH 1 Shr 43l Sndrl S @fink T FIBYeC Fn arf 201 € 1.

ex
The wei ght B’é anount's of conponents in t above f eedst ock

obt ai ned fpomReahoys EGE apRslagt YSMBTRORLGLS sRVRUBD, yejfolit YZSponent s
anmount, wel ght% '|Isobutane 3.249 1 -butene 51.857 n-Butane 13. 368 |sobutene

0. 048 Propptlicane wig8vdsi hixdd buitle8® gl A4 (whight)ysilboacgd), iBextadpént ane

0. 002 Neopentane 0.149 n-Pentane 0.000 Trans-2-butene 17.259 1, 3-but adi ene
0.110 Penbewmin srips Bolbved iyt drylirectheml &nd00C GH4n dis atmespinere fomiHbxand 0. 007
C6 or higher 0.531 Table 2. The weight percent conposition of the product
Conponent scapiningtat 435Gt aioaiposrheresion b fr obteiiaghtMs5 Bipelcdgast- 0. 073

| sobutene 8.963 Methane 0.208 Cis-2-butene 4.060 Ethane 0.276 Pentane
0.777 Ethylene 6.72 |sopentane 2.645

5 g of the above ZSM-S5 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 WHSV of 50 hr', and the second reactor had a reaction temperature of 530°C and a
WHSV 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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Propane 4.153 n-pentane 1.166 Cycl opropane Pentene and 0. 003 i sohexane
11. 111 Propene 24.36 N hexane 2.154 |sobutane 9.358 Neopentane 0. 159

n- butane 17.380 Trans-2-butene 4.938 I-butei ~ 4.655 Werein, the
conversion O C4 was 72.5% the yield of ethylene was 6.72% the yield of

propyl eneggﬁfﬁp 24 3[31% w%f%qt Qﬁcehtotaﬂllou%'seé)fj @rﬁg&{ ¥ §P8h@NBoRE LENE, Was

31. 08% I’IOUS steps 1tions were the sane I n

these exanpl es as {ggeul ¢ &talﬁe@ﬁmh@ab@éma dpafiis the ZSM5 nol ecul ar

si eve catalyst had ratio.o —the first reactor had a
reaction teg ”p(%rﬁf)éﬁeﬁtSOf 45910@11t @e@l‘r&@y pf  C8mpénehts andamotiackéight%pl essure of
0.2 MPa; apd—the—secondireactor _Tad a [eacti.on tenp 0 60'C, a
reaction plesdse®utygrE -0)02 MPE24%And a L{ugney oy | ' in

Tabl e 3. The fﬁ:giiﬁ;% gck used tﬂ3e;6@| n wap mpgg@htg;g: nonjo- ol ef()(mg(whl ch was from

Lanzhou Reihl ret-y—ot—Petiothtna wrlpally Hnrted—tanzhou—it chr1d) ,

wher ei n e \Rmnjldtenpertent 00.06%t ene vasChobtemD. 504 and éhb wei ght

percent of |oct about %. The np 1aR0 results(w ne lisfed in
Tabl e 3. T{Ae—ﬁ}zy—l%@ieu—eﬂ—#eégﬂge—w —a g‘%&éé&ccx f—r-xed—E8—refo-ol ef i n

Exanpl e No| ENaopingan2 Exanpl e0.34%xanpl ¢ 4 !E)Palmtpllee 5 V\HSVO(QQO-' ) 1.5 20.3
30.6 40.4 ver n of |[C8 7 74.09 ol efl Sel ecfivity of
1?%” t)li{gne,; 1 7259 ac \“ Z\Qregg E)n y

D

10.00 10.5 et hyl 6H6 % Se 64-33—32 36.69
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 0.208 Cis-2-butene 4.060
Ethane 0.276 Pentane 0.777
Ethylene 6.72 Isopentane 2.645
Propane 4.153 n-pentane 1.166

Cyclopropane P.entene and

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
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propyl ene % Sel ectivity of 38.49 42.30 46.12 52.99 (E+P) % Yield of
ethylene 7.59 7.83 8.01 8.76 Yield of propylene 21.30 22.70 24.20 25.70
Yie d of (E+P) % 28.89 30.53 32.21 34.46 Notes: E referred to ethyl ene;
Preferred to propylene; and E+P referred to the sumof ethylene and

propyl ene Exan&l es 6-11 The various steps and_conditions inéi hese exanpl es
ver e sane Ph560RG agragtiondressureiafo892iMPmaads WHSV that apiies; asfdescritied 1 r st

S 03/ A 2|8‘§ a%}?ifeﬂm“%%ﬂaé‘ckléﬁ’%dim@%ﬁ@‘%Sﬁiacﬁé‘ %ﬁeﬁé‘fp?q:xéilwr?%%%% r%fneg a
ZSM i havi i. i : ¢
of tﬁerrga'ta gggé{ogsl&@%rggf ?\9%?@3?1%;605&%33 &il%%{gﬁlgég%thgngscg ’e?g&% gr‘&%rﬁrﬁ pri o?_
to reaction. i3 ﬁ%}cgfg%\?\géﬁﬁngd?%dt RolsHE aﬁ@@ﬁ%}{ggm%h}"’ﬁér%g@t@'o@%% fa@m FCC in

t he above refinery, ose conponents were s le 1. The first

and second ,pQaAHIYE). TRS RAGHIVREMLs Wetepiked ifiTiblesent reaction schemes as in
Table 4. The reaction results were listed in Table 4. Table 4 The reaction

resul ts of Tdblefler e réaedoi reanltswiik adsediioak bf mixeddydhonwokfilReact i on WHSV
of s

Pressur e Yi grg—ef—¥ietd—ot—terperatte—{hr—bTMPa—ethyere—prepytgene (10
% % Exanpl e |CorRatiptnNoi n |2 Exafplel2 5| ExapkO3 9D Bxantghesf | rBtanast pr
Condi ti ons ijm 440100, 015 the second
WHSYV (hr™) 10.5 20.3 30.6 404
Conversion of €8 | ) 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
(E+P) % 38.49 42.30 46.12 52.99
Yield of ethyl
WO TVIENE 759 7.83 8.01 8.76
%
Yield of ]
1elao ;)mpy 1 2130 22.70 24.20 25.70
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,0; molar ratio of 60, and the second reactor was
loaded with a ZSM-5 molecular sieve catalyst having a Si0,/Al,03; 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,



reactor Exanple Conditions in 400 20 -0.04 6.21 25.26 7 the first reactor
Conditions in 500 20 -0.072 the second reacto Exanple Conditions in 530 2
-0.06 5.20 20.11 8 the first reactor I Conditions in 560 35 0.02 the
second reactor Exanple Conditions in 350 45 2 5.90 23.90 9 the first
reactor Conditions in 510 10 -0.05 the second reacto Exanple Conditions in
500 90 1 8.wlossrosponams wees shomarin Tablet lor hedigliand speonidreamsws sespectyehs  t he

second reactor npl e Condl ions in 06 6.50 24. 36 he first
react or CorﬂﬂOPFeSrfEéFWnWFGCtion ghemes phin fé’g%ngg%é"@PB‘?n resyis s l%sée& In

Table 4.
Table 4 The reaction results of different reaction schemes
Reaction conditions . Reaction WHSIV Pressure | Yield of | Yield of
temperature | (hr) MPa | ethylene | propylene
e % %
Example Conditions in 210 50 4.5 4.63 20.90
6 the first reactor
Conditions in 440 10 0.015
the second
reactor
Example Conditions in 400 20 -0.04 621 2596
7 the first reactor
Conditions in 500 20 -0.072
the second
reactor
Example Conditions in 530 2 -0.06 520 2011
g the first reactor
Conditions in 560 35 0.02
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 Conditions in 500 90 1 893 31.86
10 the first reactor
Conditions in 580 0.5 -0.08
the second
reactor
Example Conditions in 450 5 -0.06 6.50 24,36
1 the first reactor
Conditions in 470 1 -0.01
the second
reactor

Example 12



14 The various steps and conditions in this exanple were the sane as those
in Exanple 1, except that: the nol ecul ar sieve was ZSM5 nol ecul ar si eve
catal yst having a Si02/A 203 nolar ratio of 300; the first reactor had a
reaction tenperature of 410°'C, a WHSV of 70 hr-1 and a reaction pressure of
-0.053 MPa; and the second reactor had a reaction tenperature of 500'C, a
WHSV of 1. 5The varicasdteps prcheandgiong i diyexample wengmbe samhes thesedstixamplsbd

whose compoMERD U s BINCCHEr CUTve Wer M SFRLAEVeL opiat PRRBEI b
| t . fall . th iel,d of ethyl . 4.37% th ' f
or opyl ene. valS7 05 sl B A0F I Fiebr Bl st s e A0 €
13 Th i b d j ' I th
n Bxanpi e 21 G0t RFERALSOERS f S0 MPE oo IR R ErRAOEREFe T ove

cat al yst haf@a&%rﬁeg@%ﬁ%r@b?@%@'a%ﬁgy d)f?l .95:'85}% a }38tidd prétsuf£SEH Ripahad a

reaction tenperatu of 470°C, a of 5 hr-1 and a reaction pressure at

nor mal presyhé edftbek tidd Heeiends tieaahed Cnasistock @dedinedfrére Mesiive IREOf
560'C, a WHSV of 1.5 hr-1 and a reaction pressure of O MPa. The feedstock

used her ei nappasatts) evhose eain ihehwdysweight @icat werd shoemin AeblaboThe rdaCion

appar atus, whose conponents by weight percent were shown in Table 1. The
reacti on remsbltsworsras faows|thewisld ehethyleas waspft.3dVh fhepieldralsprepilens wehe vyi el d
of propyl ene was 20. 03% and tgce conver si on ozf C4 ol efins was 68.23%

Exanpl e 14 FhélPapibiis carepionaliCelsing Vand-1%- this exanpl e were the sane as
those in Exanple 1, except that: the nol ecul ar sieve was ZSM 23 nol ecul ar
sieve catalyst having a Si02/Al203 nolar ratio of 350; the first reactor
had a reacttgﬁ_@ﬁr{ger ature of 470'C, a WHSV of 5 hr-1 and a reaction
pressure of a; "and the second reactor had a reaction tenperature of

e o e e S A GRAE SOl e RISkAR 00
above refingtdept \HH@S theC MITRRORP tsteveYwHE IZSM- 1 PahsletlaMEice Taaly3t iHavihgbhe 1.
Si0,/Al,03 molar ratio of 300; the first reactor had a reaction temperature of 470°C, a
WHSYV 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 C; 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,03 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 C4 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



The reaction results were as follows: the yield of ethylene was 6.07% the
yield of 15 propyl ene was 21.68% and the conversion O C4 ol efins was
71.8% Exanple 15 The various steps and conditions were the sane in this
exanple as those in Exanple 1, except that: the nolecul ar sieve was ZSM 42
nol ecul ar sieve catalyst having a Si02/ A 203 nolar ratio of 210; the first
react or hadP®pyleaehas liééﬁpén%grmcenb@rrsmef@a olefinypas//bf%s hr-1 and a
reaction pressure of 0 MPa; and the second reactor had a reaction
tenmperature of 560'C, a WHSV of 1.5 hr-1 and a reaction pressure of 0 MPa.
The feedsto%st rﬁéﬁq herein was m xed C4 ol efins obtained fromthe above FCC
appar at us, g cgrrponents by wei ght percent were shown in Table 1. The

reaction regu bﬁﬁod@%‘fe‘?s %ﬁ%tgﬁ (%?(Yiﬁ:wérg'ﬂleygaﬁlleqn Ais @ieﬁ‘ﬁélg %ﬁthg?i@%’%%e ine

yi el d of propyl ene wa and t he conversion s 73.8%

Exanmpl e 16 &E%FV WdtOWRe HlobRSIANGeveORd: ASMA2WRbR AL sfRBEcatdlyst Masigxampl e as
those in Exanple 1 except that: the nol ecul ar sieve was beta nol ecul ar

si eve cat al $80,/ABO; fiblar rathh 6022 W, 23firgDleactor kdd Dreattiod@mpetaauré bf $10°Ceact or
had a reaction tenperature of 470'C, a WHSV of 5 hr-1 and a reaction
pressure of WHSWaf aubd' tand asewotich peasroof falPe; anddbe seoond gnaorabad @ of
560"'C, a MV of 1.5 hr-1 and a reaction pressure of 0 MPa. The feedstock
used her ei nreaglon femperaterg 0@568?%faiW§{Sdb@%Rﬁéld prdaveagion pyaireof0 MPmar at us,

Fosurt s wer dPaderlachuashd MBSH By R Chy NS RAGTR B0 PRGASPVEIHL G

propyl ene was and the onve&g{b on OF 4 Iefi.nsqagﬁs . 3% .Exanpl e
' eg(

e var BoRara SR GORBNATE Oy Cal Bestl "oy BriebREL Mhseteten nose
i eve. oatal JEPERERNES ks P iR af S Rhe Ml R ENIAERT pIopTRRESHTT,
a reaction yonpes ahdR Bhv&sien 6f CRoleiSWa9738%.hr -1 and a reaction pressure
of 0 MPa; and the second reactor had a

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,4 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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reaction tenperature of 580'C, a WHSV of 5 hr" and a reaction pressure at
normal 16 pressure. The feedstock used herein was m xed C5 feedstock
(wherein the weight anount of n-pentene was 44.1% that of n-pentane was
15.28% and that of isopentane was 40.62% obtained from steam cracking
unit in Ethylene Factory of SINOPEC SHANGHAI Petrochem cal Conpany Limted
(Shanghai cptegsur€hlmafeedtoek usehbeiconwaesniked Cacfeedstskf @VHeoin :the veightel d of
et hyl ene was 8.75% the yield of (?r ogyl ene was 26.19% the yield of

butyl ene i saBouypl anpertene A@av#t Lvoorthesf oCm-pattarei mes wes287%8, andothaEdnpl e 18

EX“SWB?? fg_?s@;@g&&gﬁg&%&%‘@g@a{{@gg R GRCAIR ¥Rt B ih"i‘/a”’qf%,'@eﬁéfiqr%%. Zé? "
Cracki ng. mosRAHBECH ANt R SRR Gor P el 3Eanef b Ba) The ™
Technol . 6l . Qi ' d G5
ofgf ingso\%r géar%ggs)‘gg%sﬁ‘ﬁgg‘f’g‘gZ%%ﬁ‘%’%&%@ﬁ%%é’ﬁ%@@f &ﬁpﬁi%g%%@dn%gagbout

15% bei ng C@{@glelﬂb ahgr 201 9% % yibhe of bliSlent S8 S0T% Nat fhe! EaRbisRIA berRerature
of 5301C, a V of 28 hr-' and a reaction pressure of 0 MPa; and the
second reacblfinkads doneacti on tenperature of 580°'C, a WHSV of 5 hr" and a
reaction pressure of 0.2 MPa. The nol ecular sieve in both the first and
second reactors was ZSM5 nol ecul ar sieve catal yst having a Si 02/ Al 203

nmol ar ratio of 480. The catal yst was activated at 4801C in a N2 atnosphere
for 3 h pri&rampletl®e reaction. The reaction results were as follows: the
yield of ethylene was 6.31% .the yield of propylene was 21.53% and_ the
conversi on gt varEeus steps apd ganditiansgyere she semgip s expmme ay, tosoindExampie land

conditions were the sa LN this ex |l e as those.ip Exanple. 12  except
Chat: the rEXePbIlA e geitack fof AL Ercking SR oCr BaRonR P Obalei
reactor co c j eri : t d.in: he r »S Was
oM 5 rrol ecgli%glr b5 Drodhcield B8R plodfictfd! 8f ¥Rtink $59cralkifMin@hardo? §n "SRG
Research Institute of Petrochemical Technology SINOPEC (Shanghai city, 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
SiO,/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,0; molar ratio of 300; the first reactor had a reaction
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si eve catal yst having a Si 02/ Al 203 nolar ratio of 300; the first reactor had
a reaction 17 tenperature of 410'C, a WFI SV of 70 hr" and a reaction
pressure of -0.053 MPa; the second reactor had a reaction tenperature of
4501C, a WHSV of 50 hr-1 and a reaction pressure of O MPa; and the third
reactor had a reaction tenperature of 480'C, a WHSV of 2 hr" and a reaction

pressure ofte@piRaure 3hél (PEcd WHSK ofskchri eindianexaion préssed of40.052Ms tiebt ai ned
fromthe above FCC apparatus in the refinery, whose conponents by wei ght
per cent wersecatilreactorhatizaieactibn tdinpernmacof 450°Ces WHSV wEb e haband oicactisr t he
yield of ethylene was 5.12% the yield of propylene was 22.87% and the

conver si on 1oess@t of 8fMRe; ard thel thivd reagtepiiad @ 0°attien (empesatyres ol A80%n

conditions were the sgme in this exanple_as tho i.n Exanple . 19, except
that: a fouVHPY ehetlsr andse EoRhAL PESSYTS °§3r 3 ﬁgﬁifer?é“f’aé“ﬁﬁ hegeing¥@s or; the

catsl oL Vg2l I RGHIR AR SPBES s R R,
t t f 410" . S " d i - 0. 053
ST Bty el o8, MO TIC 12544 RRCBAERRUIE Bt 0°F
lif 1 d 1 4.00; T thel i ti

Lok, 209, BoRELLP SR SEaH kRS DS, g pidyiEcia e duonc | o1

and the fouohhekRBGFQ, otdhs vakgaQL4on tenperature of 500'C, a WHSV of 2
hr'l and a reaction pressure of 0 MPa. The feedstock used herein was m xed

C4 ol efins obtained fromthe above FCC apparatus in the refinery, whose
conponents by wei ght percent were shown in Table 1. The reaction results
were as f ditanvde 20he yield of ethylene was 5,72% the yield of propyl ene
was 23.31% and the conversion O C4 olefins was 71.5% Exanple 21 The
various st epie wiipus stens endeendiiions waie theaspmei in thisiexamplergs|thosgsintixenwld n

Exanpl e 20, except tha%: fifth reactor was connected in_ series behind the
fourth reactirxcephéhatich %r@sr@aqsgrewas sonRRstedin saxiss behiad thes thipdresatpn the

I | ar si A havj n . .
ol ecul a Sca?a:{)?stcu%g i SaJltly 0'the'feattors 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; 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 C,4 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
WHSYV of 70 hr! and a reaction pressure of -0.053 MPa; the second reactor had a
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Si 02/ Al 203 nol ar ratio of 300; the first reactor had a reaction tenperature
of 41 OC, a WHSV of 70 hr-1 and a reaction pressure of -0.053 MPa; the
second reactor had a 18 reaction tenperature of 450*C, a )VHSV of 50 hr-1
and a reaction pressure of 0 Mpa; the third reactor had a reaction
tenperature of 480'C, a WHSV of 48 hf 1 and a reaction pressure of 0 MPa;
t he fourth reectncemperdtue p€489Con WERYeofailue ad HEOEADON pressWdf GMP3D hr "
and a reaction pressure of 0 MPa; and the fifth reactor had a rqactlon

t enper at ur ethgfthEgd geastorghagrpigsacsion temperatusp @f 48P %act i WHSYr e£ 48 gmdee MPa.

The feedstock, used herej s,mxed C4 fe t ock .obtai ned frag above
FCC  appar aRBSianPrEmae g NI 1 4954 Resiip oG ATAHYT \R%P%‘t‘tuffe?fgé)h?gv%r o
shown in Ta c r f el d..of

et hyl ene wa %S\J‘g@&?ﬁein??ae eé&[hfn P%%gg‘tﬁyﬂf\@ﬁ“ﬁ&g@dé% g@@?eagi? %?(%%rec%“%r si on
O 4 olefi -V ofs,. wer e
the sane | neTREERgESE -G RIRERY ! Tt TBId RUSHROEHTeRIR, GEDMPRODE: |

react or Wasfoe@n&C &l hBreheWAS nh%u g felaest&ékf fobtaﬁ&@cr@h tﬁé‘%bo&‘eatl:@(}’s'[ used
in any of the reactors was ZSM 5 nol ecul ar sieve catal yst having a

Si 02/ Al 203 sppastud iatthOrefihe3P@hodeh@dniponsiits be aeight péraehtavere sledwroin TabRpEr at ur e
of 410'C, a WHSV of 70 hr-1 and a reaction pressure of -0.053 MPa; the
second r eacThe rdaatioraresnknweicoas fadloper dteuyieldaff etlder®, was BMI%, ahe 5@1d bf 1 and
a reaction pressure of 0 MPa; the third reactor had a reaction tenperature
of 480' C, ap\pE¥neMaz@3.A6%) anthie sonvessien pife Pebrswase’28%0 MPa: the fourth
reactor had a reaction tenperature of 500'C, a WHSV of 30 hr-1 and a
reaction pressure of 0 MPa; the fifth reactor had a reaction tenperature of
530'C, a V of é? lir-1 and a reaction pressure of 0 MPa; and the sixth
reactor had éar?%lﬁ ion tenperature of 550'C, a WHSV of 2 hr" and a reaction

pressure of . @&Eags L5EUSARRIn 6N RELAITRR G Enheefsiaglyebt af ned

from the a aratus e cornponent's
per cent Wer% Nhat aE%Qh‘%ea?etorTxbé‘s EGRediPth E&%E'Heﬁln%h@ ﬁt’i‘t% xfeQétbP"HS the
yi el d of ethyl ene was .83% the yield of propylene was 06%

conversi on gftalé Wefih rh‘inyV&ﬁSthe 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
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 C, 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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72.8% Exanple 23 The various steps and conditions were the sanme in this
exanple as those in Exanple 1, 19 except that: the first reactor had a
reaction tenperature of 470'C and a WHSV of 12.0 hr-1; the second reactor
had a reaction tenperature of 550'C and a WHSV of 12 hr"; the reaction
pressure in both of the reactors was normal pressure. The feedstock being

m xed C4 f cxgentdeat: thamisy scastnrhed adeastipy tmegﬁtlrepéﬁc??"rﬁ apgbp VERY WA 12A Tabi e
1) obtai ned,f the above FCC tus int i ;
hvesti gat iy BRGecaRmaRa holc AR Perage possd Totnd b KNS el st ed i n
Tabl e 5. Taple 5.Reaction. | f i t ' f C4
ool G o Bk GeBu ERERN S st T B SRR REIE e % o
1.00 71.37 2 . p 33 19.00
68,75 71, 77Red S Tbosk Qhole sfpralt nP vl behog s Shogh IBICD o)
73.42 21. 285aif& frod-tHO alReTFECCE dpaths Bthe 48ﬁ&gy Qhs Bedor BRefigdfing - 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. 69if oftthe 4RI R0 T0.r0ktid8 rQultSwsE liskhl. i8Qabl.543 22. 65 5. 41

Table 5 Reaction results of combined reactors

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

1.00 71.37 21.41 6.61
7.00 71.69 22.65 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 62.21 21.99 4.51
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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91.00 64.44 22.92 5.36 97.00 65.65 23.42 5, 32
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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 WHSV 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 2543 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 25.27 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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Conversion of C4 Yield of Yield of

% et hyl ene,

8.31

32.00
44. 00
56. 00
70. 00
84. 00
98. 00

110. 00 59. 24 2

10.
70.
68.
67.
66.
64.

62

50
18
56
36
75
70
74

Reaction tinme (hr) ol efins,

% pr opyl ene,

% 0.50 71.17 24.52 8.73 3.50 70.59 26.51 9.32 6.50 68.97 25.38
70.81 24.91 8.70 14.50 70.51 25.43 8.74 23.00 70.44 26.13 8.93
25.01 8.53 36.00 65.71 24.51 7.91 40.00 68.82 25.09 8.26
TR S T
29. 88 7.88200 76. 00| 65. 268 &A. 89 |6. 8924.80. 00 |61686239. 96 $. 93 21
2475876. 70 _ 88 001637 79 24 197[6. 30__92. 00 [62- 99 25. 21}6. 68
23.69 6 %100 102 _op 61 99%3 81 5 822106 do 60948 23 27 5.57
2. 87 g3 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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114.00 58.12 23.02 5.26 120.00 57.00 22.76

128.00 53.32 20.85 4.34 132.00 51.91 19.64

142.00 47.39 18.67 3.41 146.00 43.40 17.43

154.00 41.83 16.62 2.69 158.00 40.10 15.79 2.49 164.00 35.71 14.60 2.19
82 176.00 30.93 11.39 1.62

168. 00 31.45 12.8 00 31.71 12.48 1.
180. 00 27.4?0%3?%“"36’2?%‘1’1%%6 00 28.22 10.14 1.38 190.00 23.78 8.16 0.97

19450 20 54/ oy § 0GR 0 sindls S PR o

sol ution of e} agt haLaRMHgld RUADE Wadluse@With MBvales ¥mpeRhadef 58 atéactoner i od
of the catalys whi ch "had obvi ous technical advantage. 22 Conparative
exanpl e 2 beesm iaD Hornsdl gisssared and a dWHSMh being rideriticel withehasothlhddESiascr i bed
in Exanple 17

given in Example 17. The results were as follows: the yield of ethylene was 8.63%,

.10 124.00 54.82 21.87 4.63
.89 136.00 49.49 19.80 3.82
.89 150.00 43.44 18.04 3.11

RPEFEPNDNWO

the yield of propylene is 25.21%, and the yield of butylene is 27.6%.

Example 1A

Two reactors in series were used in the reaction. The catalyst was ZSM-5 catalyst as
prepared in the above Example 1. The first reactor had a reaction temperature of
400°C, a WHSV of 50 hr'!, and a weight ratio of methanol/olefins in the feedstock of
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 C, 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 C4 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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results were as follows: the yield of ethylene was 8.96% the yield of
propyl ene was 28.32% and the conver SI,[I%E %f C4 olefins was 69% Exanples
2A-7A The distributions of catalytic ]8 Ahq products were investigated

lrjggg': o? Qe’confth tlf&aﬁ1 le&f()* L?ggl ngﬂ%&:\fqrJ cat aj‘ stp i thS T rst aj?ghn sgcond
mu uJuol IIU T UCUUOL UUVUNO TTAAVI IIU ur i ltl r4III. T UI II.JI L@, % " Y T—aAC T \ TITGC
various stleps and _conpdi t| ons wer Mixéte [sMixedi D this th()s
Exanpl e I[A, exce)afC the catahyst had a ditlJf:'qie %02/ 03 ﬁ%?ear
rati o; and the catal yst ‘was activated at’480Chukna N2Cat nosphee libntenéwh
prior to tlhe reaction. In which, mae |mB& C4 feedstock was obtai ned ffom
t he above |FCC appar at us in the re(ﬁé'ﬂﬂery, whpse conponentg by weilght pefcent
wer e showy T Tagte_ I —and the mxed ¢5 23 Teedstock _was [rdent T ¢at—wth
that used |in Exaril Eemperatuse$ni ke mo#- ol ef eddlt qck4 | i tal
with that |used i1 Eppggkaem®y5-| 05 004 | -0.06 03 0 -0.05
WHSV (br” 50 20 10 45 0
The first (hr') ' 3 25
methanol . olefins in 0.1 1 0.8 0.5 1.5 0.5
reactor
the feedstock
Catalyst (10/AL0s |00 | 100 | 100 50 80 120
molar ratio)
Temperature ('C) 520 500 560 510 580 570
Pressure (MPa) 0.045 | -0.072 0.02 -0.05 0 -0.05
WHSV (hr?) 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 | 120
(SlOz/A1203 molar
ratio)
Reaction | Yield of ethylene, % | 8.63 7.12 9.8 10.0 12.2 11.0
results | Yield of propylene, 269 29.72 32.64 33.16 36.2 35.8
%
olefins Conversion, 74.81 73.12 70.67 71.18 74.9 73.59
%
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The reaction conditions in the first and second reactors and the rel evant
reaction results were shown in Table 2A. Table 2A Exanple No. 2A 3A 4A 5A
6A 7A Feedstock M xed Nfixed Pure Nfixed Pure Pure C8 C4 | -butene C5

| -butene | -butene nono- (FCC) olefin -C) 300 400 450 350 480 480 Pressure
(W) 0.5 -0pQ4mpfe-§26 0.3 0 -0.05 The first WHSV OY') 50 20 10 45 30 25

nmet hanol : ol eans in 0.1 10.80.51.50.5 reactor the feedstock Catal yst

(Si @2/ Al 203 TROQaAO st&R 4pA BAdilidhs werl the simé irDthisTempplabsit®sd ) Exafbl®00 560
510 580 570 Pressure (NUa) 0.045 -0.072 0.02 -0.05 0 -0.05 WHSVW) 10 15
35 10 5 8 Th4, nextchptndhat:: tl@4 catatysO Was2 Z3My11 Bolculsecaewt hatglyst haviegi as in
the streamat the inlet of reactor the second reactor catalyst 200 500 300
200 280 120SiQsABRs malg3atiebh?1(; she fist repeterhadanresstiandemperatuig PO Coa 8. 63

7.12 9.8 10.0 12.2 11.,0
WHSV of 5 hr’', a reaction pressure of 0 MPa, and a weight ratio of methanol/olefins

in the feedstock of 0.05:1; and the second reactor had a reaction temperature of 565°C,
a WHSV of 1.5 hr'!, a reaction pressure of 0 MPa, and a weight ratio of methanol to
C, and higher olefins in the stream at the inlet of the second reactor of 0.2:1. 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 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
WHSV 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 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 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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results Yield of propylene, 26.9 29.72 32.64 33.16 36.2 35.8 olefins
Conversion, 74.81 73.12 70.67 71.18 74.9 73.59 % 24 Exanpl e 8A The vari ous
steps and conditions were the sane in this exanple as those in Exanple [|A,
except that: the catal yst was ZSM 11 nol ecul ar sieve catal yst having a

Si 02/ Al 203 npiay &4 he', Qfreaddibn piddfuré bf IMPLARE Qfwdigil ratid SPMbiHaRoIIGIMRT at ur e
of 460'C, a WHSV of 5 hr-1, a reaction pressure of 0 MPa, and a wei ght

rati o of netiharofeéddiaki ofS:1;iand thesetebigbaokhaf a frabtion tknparturt b€ S6€C)ad
reactor had a reaction [enperature of 565'C, a WHSV of 1.5 hf 1, a reaction
pressure of WHSNaof hhdirg ameiacgion pressire o6 MBa,mad @l waight ratio afimhethiagblgo Gl ef i ns
in the streamat the inlet of the second reactor of 0.2:1. The feedstock

used in t he andAighepplefias inthg slacamyatghe inletf thessendospagionedint: & The fredstptek

t own in Table 1) obtained the ab FCC tus in th
P nery THESY Brbe FORPREG TA i I Ea (YRS RARGO B P TGH FOTORg) W8 was
9.10% th ield | 31. 03% th i on O | ef i
wns 60, 579 Ehprelaa TRAH5 Fe ticoRBvar O irERBn g D ke aie i n

this exanpl : [ I : |y, M 23
nmol ecul ar ﬁ%@“ﬁ“’@rg}? %ﬁglss?e%;%n%ﬁg > @?"o%&fﬂe%élﬁ@%ﬂﬁr &'? sgtli?%h%‘f’ tgééx\@ g hoésfi rst
reactor had o8t AB71ETDehA Y &nobrstHAQTC, otfinVkiaY 791878 hr- 1, a reaction
pressure of 0 MPa, and a weight ratio of nmethanol/olefins in the feedstock

of 0. 1. 1; and the second reactor had a reaction tenperature of 5600C, a
VWHSV of 1.5 hr", a reaction pressure of 0 MPa, and a weight ratio of

nmet hanol t o Ex@hpdntl Ai gher 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 conpdisritasiony stgps gftsk condiions werenihe sami duvthis axanaple @s thosein Exaraplef r om

t he above FCC appara]tqus inthe refinery, The reaction results were as

fol l ows: thdAsidceptdhatethsysagaiest s betapgipleculap sieye gptalyst haying, g1 SiQd Alelds

28.13% and r;[lo gr r(.:a 13\6? 586;(%&3 ggst recﬁctglr ﬁa]:ci a feadtion tZr(r)lpng%ure of 470°C, a WHSV of 5

hr", a reaction pressure 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'l, 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 0.3:1. 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 C4 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; 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
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Exanpl e 10A The various steps and conditions were the sane in this exanple
as those in Exanple 1A, except that: the catal yst was ZSM 42 nol ecul ar
sieve catalyst having a Si02/ A 203 nolar ratio of 2 10; the first reactor
had a reaction tenperature of 4700C, a 25 WHSV of 5 hr-1, a reaction

pressure of réachdraof ROSH ATHE Fedstociatibed af thoédaon wWael Rixed TS frditbek. fRRASt 0Ck
of 5: 1; and the second reactor had a reaction tenperature of 5600C, a WHSV

of 1.5 hr- 1 reatioraetulsnwereess follewsf tie Mebd ofirthyteneeweghtl 0168%4, ahefyigtdtdfanol to
C4 and higher olefins in the streamat the inlet of the second reactor of
3: 1. The f @eetyianskvas i3 % rand ithe qoasensionof waolefing #@s @3.38.ef i ns (whose
conponents by wei ght percent were shown in Table 1) obtained fromthe above
FCC apparatus in the refinery. The reaction results were as follows: the

yi el d of et%\&l en? 1/@? 11.54% the yield of propylene was 37.66% and the
conversi on FPOt¥tins was 75.87% Exanple | | A The various steps and

condi tions r . N i . i . ept
fhat: the carerpupt S8l bl Bag NARPLE HRe S PIF st BT RICSs P50

nol ar rati o qQf y g g 1 t; ree of 470'C, a
VSV of 5 Rre SFht el The MBI CR CLCP BB IAE S ARIEREPETE O

nmet hanol /ol efins in the feedstock of 0.5:1; and the second reactor had a
reaction tenperature of 560'C, a WHSV of 1.5 hr 1, a reaction pressure of 0
MPa, and a Vheditst reastbohaf a rathianeinpemt@d of 8B0PC)iagWeIS\obeps he' iareidi@nst r eam
at the inlet of the second reactor of 0.3:1. The feedstock used in the
reacti on wagresswedfO4MbRaedridnas weighb satiood meshanol/slefips wethgHeedstoek of t05nEr e
shown in Table 1) obtained fromthe above FCC apparatus in the refinery.
The react i orfnd dbeiiseeondaeactershadot reagsion ttmpﬁ,ratétedofgﬁ&é’ﬁhw WHES \vaé 58439 t he

ield of propylene was 29.19% and the conversion O C4 ol efi.n S. 72. 8%
L anmpl o 12ATeHio0 2raE oL PepPanE L Eieni BHS OREFBATRL G e HERH 8k anmpl ¢
2? ef/goigt ;ln Qrgllaqq%%;gm altghe fals %Hhets}é%n:d rteg'ceforco%@déf f.tlegacSataq}psrt %S’&f itneoo%)lheé‘:cUI ar

i ng
first and second reactors was ZSM-5 molecular sieve catalyst having a SiO,/Al;O;

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 reaction. The
catalyst used in any of these reactors was ZSM-5 molecular sieve catalyst having a
Si0,/A1,0; 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 pressure of 0 MPa, and a weight ratio of methanol to C4 and higher
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Si 02/ Al 203 nol ar ratio of 30; the first reactor had a reaction tenperature
of 530'C, a WHSV of 28 hr", a reaction pressure of 0 MPa, and a wei ght
ratio of methanol/olefins in the feedstock of 8.5:1; and the second reactor
had a reaction tenperature of 580'C, a WHSV of 5 hr-1, a reaction pressure

of 0 MPa, aggfisWetithdtreamadtitRe et BFtRAMAd reactéHof0N08: NI Thefeeddtodk asdiin t he
streamat the inlet of the second 26 reactor of 0.08:1. The feedstock used

in the reacthemRath WasatkeCT fodefiist(obkse congponemady ivaight getdehswerershows

follows: the yield of ethylene was 10.69% the yield of propyl ene was

33. 84% and i fableohyvebtgined fisim e ebevei RECvanparams3iy thexwghiper. TBA riaeéionar i ous

steps and conditions were the sane in this exanple as those in Exanple | A

except that resulfe weeeessiodewsiihe yickd @ﬁethﬂﬁ@ﬁw%ﬂrrg%%a@ed&é of RIOPYERPIMES18. The

first reactqr had a reaction tepperature o 0'C, a WHSV of 28 hr"', a
369 SolBAg Re 17

reaction p ¢t @nd theoppsrsion Q YRES fat(® of nethanol/olefins in the
feedstock of 0.05: 1; and the second reactor had a reaction tenperature of

580'C, a WHSV of 5 hr-1, a reaction pressure of 0.2 MPa, and a weight ratio
of met hanol éxgmﬁggﬂg hi gher olefins in the streamat the inlet of the
second reactor .08: 1. The catalyst used in both the first and second

react ors WaghZSitigudRbRCHIdAonitRUE wert Mk Xahe MR Wi exanph A2 (ke @BExaRplar ratio

of 480. The catalyst was activated at 480'C in a N2 atnosphere for hr
prior to redadhi @ReeptBatr €agt fixwd-tedsrehdtorswarerias weed bisatisin tHeerewdtiind Tk
ethylene was 11.31% the yield of propylene was 32.73% and the conversion
of total ol effahst wesesl in7Ry 766 théseanmiters Wa& Z3M- 5/ saolesular siezpsatahydt baviog vi ons
were the sane in this exanple as those in Exanple 13A, except that: three
fi xed- bed r &Q1/8d:0;imoleeratie 9109 eTheslangt feactonkad e reaetightenpgeature of 419%%, used

in any of the ac was ZSM 5 nol ecul ar sj eve catal yst having a
Si 02/ A] 203 FoRST agh 80 drr"Geotcaction pierske cE005E NEG 204 Zactelih TBRSEr at ur e

\a/fei 3%? | rcét i gne\éﬁlasn\él/gfeﬁg(s) iplrfh:eli’ fe%dsrtc?&c'[o;F PoPi L rsgcogzi r_egétgrS FalyF2 ’rea?crtll%na
temperature of 480°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 0.05:1; 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 WHSYV 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 Cy4

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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met hanol /ol efins in the feedstock of 0.05:1; the second reactor had a
reaction tenperature of 450'C, a WHSV of 50 hr-1, a reaction pressure of 0O
MPa, and a weight ratio of nmethanol to C4 and higher olefins in the stream
at the inlet of the second reactor of O0; and the third reactor had a

reaction tegpey/al@;enélhr 86 '0€300. MWdSWsofeadtor Mid d readtidreREfpefitu 04309 of O
MPa, and a weight ratio of nethanol to C4 and higher 27 olefins in the

stream at t heWHS¥tofof0 thrd, ahieactionepesare of -0.038: MPa, 3hé & ewdlgdit aatio ufed i n
the reaction was m xed C4 ol efins (whose conponents by wei ght percent were
shown in Tabitkanp)/olshingiinethef feodstodke LB FhE agnoad atcaeior gwd h& readtionery.
The reaction results were as f ws: the yield of et h@él ene was 11.82% the

|| ous:

yi el d of prémp@ﬁtér%@féSOé@z%Wé)‘éﬁgSQhé,@dwepgmﬁswo MP&fand 8 wgght72. 204

Exanpl e 15A Th i t d if] th i 0t hi |

e Those + nTeSaAb RIS ATAAT £ aafitgeReretins b U Stam at (Ko o ahf KB o8

dint ion. T ' f

e ot el B R o B Al Bl e SRSE s SPASOLS v

first react op fhad RalROhEQd SIPRIFAL Hifa RLiAHAGOr nfbsiiS1c0E, £fl HiEngt 3
-0.053 MPa, an efins in

reaction pressure o a weight ratio o met hanol / o

the feedst oglfefs iff #¥55trbamtdl ehcSiRfk® B tHe@BRd Rlacldrdf 6.089aatel Blrth k@REMad ur e of
480' C, a WHSV of 50 hr-1, a reaction pressure of 0 MPa, and a weight ratio

of met hanol réaetic4 tamskritughs480P€fd WEHS W of Behst, neeavtioh pkdssurk nIf @tMPA, dnde
second reactor of 0.05:1; the third reactor had a reaction tenperature of
4600C, a WHSWeight sgonf-methanol éa€liand highes olefiss o tiE MRam atritic anleeofythe rati o
of methanol to C4 and higher olefins in the streamat the inlet of the
third react dpuidf r@cegof P%émd apg dhe Bith repctos had grreadiign temperars 0hS3IVker at ur e

of 530'C, a o) .hr-1, a reactio ssure of .0 MPa, .and a wei ght
o of motKHNY! Ok 2 fel ekt revsuts; T RBR i Seigh M of MPReSP &l of ¢ he
fourth reactorn of

0 14 HIFH ! . e
o ef i ns  (uitOReT Bk aeaf & 85 GEFER R b JERE ofdpd M A%k UL PR )0 & ne
[rom the aheXeEOQAPRATAKiodh WAebel ELbin NndsE A6HbORAEBY Mgiter © as

follows: the
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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ethylene was 11.90% the yield of propylene was 34.01% and the conversion
Exanpl e 16A The various steps and conditions were

O A ol ef

the sane in this exanple as those in Exanple
fi xed-bed reactors in series were used in the reaction.
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efins

in the stramplacibel el of olbfi,third reactorgof 0.08: 1, the fourt
react or haq—a—reacttotrte¢nperature—of - - tion
pressure offl 0 MPa,0 and a|wei ghfl.9htio of nmet bbbl to €4 and2hbyher of efins
in the strgqam at t e inlet of they;fourth reaq;% of 0408: 13]465' thelfifth
react or hag { - —C—a—WHSY—ot—2—+n—E—a—+eart i on
pressure off 0 MPaJl2and a \wi ght7r4@io of| nethahd to C4 and3hByjher of efins
in the strgam at t3einlet of t 6§ifth react of 6)f 0.08:1. T 2feedstock
used in the i } : } ; }
percent werle showg0i n Tablle 1) &hT%i ned [from t$183 above|FCC appadatus jn the
refinery. The reaction results as rtjolTows; the yield of yl ene| was
12.41% th yi el %%nf pr nlnyl pnn%ﬁﬁ_ggjs%_an%“ he comhversi %ﬁggj C4 Dbl efins
was 76.8% |Exanpl @417A The cat apysd used in theigeacti on wasz3Z$M 5 t ype
nol ecul ar di de —according to the_ various steps. descriped in
Exanpl e 1. : s act®hted at! 480'%03n a NP at m3pBére fof 3 hr
prior to rgactionjsg 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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fixed-bed reactors in serials are used in the reaction,
had a reaction tenperature of 470'C, a WHSV of 12 hr'l,
nmet hanol /ol efins in the feedstock of 0.01:1; and the
tenperature of 550'C, a WHSV of 12 hr-1, and
hirghiegaol efins in the stream at t he

wher ei n

inlet of the—second reactor of Q0 Q1. 1._3gnd the reaction pressure in both of
s was normal I EBGEERIOnTITE,! eertilaa@t:brobszleﬂg. Wl&ﬂd)f%y@ér@f' NS
ent.s b ight percent, were shown jn Tab | ¢ 1) 29, obtaingd from
%ﬂb&_d ) WS o im % life offy he
'he re@cs(j on results 7we]r7e l'istled i n2fghl e 3A.| Tabl .87 Convgrsion
Yi el &é ene, [yierd propyl[ene, HeaC[I on [(hr)y ol efins, po% %0
9.56 29 65108072 271 9 987 18104 12 71 4@49175 31,33 30884 65 9|00
60 47.79 8388 30.70 66 70Q416 9.40 31. %1384 69.54 9. 3369332 57 1108
9. 03 3206015667188 703181 11866715842 183t—55—24066—p4 7. 87
270166.073¢0¢3 31.[17 309.87.12 4.73 32484 324 165.47 7961 31.F0 330
7.69131. 5544 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 23.81 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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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 various steps
and conditions as described in Exanple 17A except that: a single reactor

was used, which had a reaction tenperature of 550'C, a reaction pressure at
normal  presgiLg: and a WHSV being identical with the total WHSV as given in
Exanpl e 17A; W thout adding nethanol. The results were listed in Table 4A
30 Tabl e 4A Conversion O C4 Yield of propylene, Yield of ethylene,

Reaction tine (hr) olefins, % % % 0.50 71.17 24.52 8.73 10.50 70.81 24.91
8. 70 23. 001. 70 prkesdtod produdidg |Skerefals, Which4s bdrriéd 9t urdiér (e doddhion®éf 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. 4@tagtiStraskBiy olefids @0d 5BlopB® &3 a0edst@E arl BefiB-ehBicket h8xue 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. 4®n&ining onegr mops/CHashighertdlefingy eageprises delstapeal: sol uti on of addi ng

met hanol could simlarly markedl rolong the active period of the_catalyst,
whi ch had obw d¢tking & %,ﬂ%/e@éqock fgst}/y Ie::)nter a first react?on zone E) contact with a first Y

crystalline aluminosilicate catalyst having a SiO,/Al,O3 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 SiO,/Al,03 molar
ratio of at least 10, to thereby produce a second reaction effluent containing lower
olefins; and

c) 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 proviso that
the first reaction zone has a different reaction temperature from 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
catalytic 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

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.
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advantage. 31 Cainms 1. A process for producing |ower olefins, which is
carried out under the conditions of catalytic cracking olefins and adopts
as a feedstock an ol efins-enriched m xture containing one or nore C4 or
hi gher ol efins, conprises the steps of: a) letting the feedstock firstly

i nosi |1 SoThE BiddeRllad ORfnd i ORLAT Wiebdin B drbatc oRTGH® cdifbund s
thereby pr 094{&9 A thd frﬁét_df%@éfa}sfﬂleqfrgtl 148QTonCARE 2Aral (RE VYR ra@b BF kﬁast'otag)

letting the first reaction e uent enter in turn at |east one secon

reaction zopgahie ox§eHatCdomiduld & slefifdih theé yiefind-bhrihed mixtufOisiol01CEd: €. cat al yst
havi ng a Si 02/ Al 203 nolar ratio of at |east 10, to thereby produce a second

reaction effluent containing lower olefins; and c) separating | ower ol efins
fromthe second reaction effluent; wherein, the reaction tenperature in the
first reactbolhe precessacloim@birCelaimd , twherein @acargamic vaygamatst eomepdundtike
second reaction zone, is 440-600'C, wiith the provisg that the first reaction

zone has a addedet dhg inled of theoseeprdrractign zenes anshibe yeeight datier of BaePergian ofone. 2.

The proce as clained in claimil, ein the olefins-enriched m xture
T Bl ot metpems sty SomPamid BhTh el ik e EorERormaRd ana

derived from_ cat ti acki l j FLhery or from steam cracking
units in et ﬁ&rﬁagh%tatkégfléiroéFheosreC&gjnr%(g)‘JTtg) iiﬁgg {esﬁfr§'(1:hed m xt ure comnponent
containing ¢4 or higher olefins and co-produced in the production of

al pha-ol efins, or by-produced in oxygenate to olefin. 3. The process as

clained in ¢l %éf‘filocew‘ﬁ Elainddm Slbid ISNSvherid ﬁfée&gﬁﬂiéto‘)t[‘vge_dafe GompOukl Uk e
containing C4-C 12 linear olefins. 4. The process as clainmed in claim3,

wher ei n t henetlehbl)dirsthylekied, orinxiktire of methandlaxd dingethyirdttagrni ng C4- C8 | i near
ol efins. 32

8. The process as claimed in claim 1 or 5, wherein the first reaction zone has a WHSV

of 0.1-100 hr'l, a reaction pressure of -0.1-5 MPa; and the second reaction zone has a

WHSYV of 0.1-100 hr’', a reaction pressure of -0.1-1 MPa.

9. The process as claimed in claim 8, wherein the first reaction zone has a reaction
temperature of 350-500°C, a WHSV of 2-50 hr'', and a reaction pressure of -0.07-0.5
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 or -0.1-<0 MPa.

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 or -0.07-<0 MPa.

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

33



5. The process as clainmed in claim1, wherein an organi c oxygenate conpound
is added at the inlet of at least the first reaction zone, and the wei ght
ratio of the total organic oxygenate corrpound to olefins in the

ol efins-enriched m xture is 0.01-10: 1 . The process as clainmed in claim
1, wherein d he Lol et he
second reac 6§§(ggf1ea%d %qﬁ'ﬂe}e\%%tfog Eas E(%?\%? ?eglct‘?or} %em(%er%?re Eh%lét ?gani C
oxygenate c cfidh Sheand hi gher oI efins in the oI efins-enriched stream

at the inlet o the second reaction zone is 0-5: 1. 7. The process as
claimed in claim5, wherein the organic oxygenate conpound is nethanol,

di net hyl ether, or m xture of nethanol and dinethyl ether. 8. The process as
clai med in t3.daheproass &s claineddh olaim e, fvhesin the dottireactivazendhss a WIS/ of of
0.1-100 hr-1, a reactlon pressure of -0.1-5 MPa; and the second reaction
zone has a 5@dv' gindohe serond teaction zone dage Wsﬁméés%rle 'oind the first rgdltion 9. The
process as clainmed in claim8, wherein the first reaction zone has a
reaction t@ﬁﬁé’(a&?@F@ebw}é%%ﬂ!?(!mh@ecandﬂ\%‘?ﬂ%\‘2021350 hr-1, and a reaction
pressure of -0.07-0.5 WMPa; and the second reaction zone has a reaction
tenperature of 470- 580 C, a WHSV of 0.5-30 hr-l and a reaction pressure of
-0.07-0.5 ces ction

pressure in %OTEH: Qrﬂgesfil E§ aim éngl&ond grel lbe re%rﬂoelste{nge@?% gﬁo{i fl0 1-<0O
MPa. 11. Thg 9&91%31% ?ﬁ)vﬁelr%p%qo 80°€ g rfhgt’mvl‘ﬁlﬁ&%{pﬁﬂ rediEh ?o%‘é,'rélﬂi(ﬁflhé“ga”' ¢

oxygenate conpoun nlet of at 1east irst reacto e reaction

pressure i nWags of (R ficst BhcticAdns RAAGIEr HOICEI BT RO bfSth®sQoRd MAB1iOK
-0.07-<O MPa. 12. The process as clarmed in claim9, wherein the first

reacti on zogsnehas a reaction tenperature of 440-480'C, and the second
reaction zone has a reaction tenperature of 33 480-550'C, and the first
reaction zone has a lower reaction tenperature than the second reaction
zone. 13. The }lgrocess as clainmed in claim9, wherein the first reaction zone
has a WHSV &. The 3woagss as ciimed He deigbrd wheein ithn firginendhsecoad wewaline 1- 20 hf

1, and the fjirst act i
alumsmosgl?cates boal are selected from ZSM molecular sieves, beta molecular sieves

or mordenite molecular sieves.

16. The process as claimed in claim 15, wherein the ZSM molecular sieve is selected
from ZSM-5, ZSM-11, ZSM-23 or ZSM-42; and the molecular sieve has a
Si0,/Al,03 molar ratio of 10-3,000.

17. The process as claimed in claim 11, wherein the first and second crystalline
aluminosilicates both are selected from ZSM-5 molecular sieves having a Si0,/Al,0;

molar ratio of 50-500.

18. The process as claimed in claim 1, wherein at least one of the second reaction

zones includes 1-5 reactors in series.

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

zones includes 1-3 fixed-bed reactors in series.
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zone has a higher WHSV than the second reaction zone. 14. The process as
claimed in claiml, wherein the reaction tenperature in the first reaction
zone is lower by 10 to 80*C than that in the second reaction zone, and/or
the WHSV of the first reaction zone is higher by 5-15 |if 1 than that of
the second jeagf Pdces§ Ui laipmed ihNGaiff PCGBSreftS tife! l%hﬁ'glshds@d%ado fhe @ﬁ rern

the first and second crystalline alunhosilicates are selecte rom ZSM
nol ecul ar  sjegitR®h, zoRehad MR REMMEreaGicRVRBe aftf seldRicdGiirh xiAPHREMbE refétBMeS. 16.
The process as clained in claim 15, wherein the ZSM nol ecul ar sieve Is

sel ected famdadisMited-tEd\edckorsZSM 23 or ZSM 42; and the nol ecul ar sieve has
a Si02/A 203 nolar ratio of 10-3,000. 17. The process as clained in claim
11, wherein the first and second crystalline alumosilicates both are
selected from ZSM 5 nol ecul ar sieves having a Si 02/ Al203 nolar ratio of
50-500. 18. The process as clainmed in claim1l, wherein at | east one of the
second reaction zones includes 1-5 reactors in series. 19. The process as
claimed in claim18, wherein at | east one of the second reaction zones
includes 1-3 fixed-bed reactors in series. 34 20. The process as clained in
claim1l1, wherein the reactors used in both the first reaction zone and the
second reaction zone are selected fromaxial fixed-bed reactors, and radi al
fi xed-bed reactors. 35
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