Process for producing | ower ol efins from nmethanol or
di met hyl ether Cross reference The present
application clains the priority of the patent
application with Serial No. 200510028809.6 as filed
wth the State Intellectual Property Ofice of China
on August 15, 2005, which is incorporated herein for
reference in its entirety for all purposes.

Technical field The present invention relates to a
process for producing | ower ol efins from nmethanol or
di ret hyl ether, and in particular to_a process for

pr oduroegssovier opraducing lowere olefingafsom i methanol or
cracki ng of nethanol or dinmethyl ether.. Background
art P Eﬁ@ﬂﬁqr@ er i ndustry is an inportant supporting
i ndustry 1 national econony, and supplies a |large
quantity of chemical raw naterials for various
departnents including industry, agriculture,

p'p%]lg' ion and national defense, which is thus one
C"gg t eﬁ%?%dust rial sectors taking correlative and

THeGe4en0 apflida0ion| olaifdLthe PAbriBcoNidypatdi\Wpplicatoal Witk Serial No,
are one of the nost inportant basic raw nmaterials
2000NHIIBR0%9. 6ngs fitedle mithpehier Satee batelddctuab droperyy Office of China on
i nstance, propylene is mainly used for the production
Auglusp b5,y ety ywhink is dueneperatedcbeseinl footreference in its entirety for all
acrylonitrile, propylene oxide, acrylic acid,
PUIERSPY-opanol and etc., wherein pol ypropyl ene accounts
for nore than half of the demand for propylene in the
world. | At present, 67% of propylene in the world

is derkwed fromby-products in the production of
T"&l“sﬁvs‘; ééllsby st eam cracki ng, 30% of which is derived

B e

or UgthétRSY dtheraBed itpﬁérﬁﬂﬁlumo prosbiscior patdavingI®vet slefins by virtue
obt ai ned from dehydr ogenati on of

of catalytic cracking of methanol or dimethyl ether..

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.



propane and netathesis reaction of ethyl ene-butyl ene.
It is predicted that the demand of propylene in the
future will be increased in a higher rate than the
supply thereof. Considering the relatively higher
rate of increase in termof demand of propyl ene, and

At geseht, L% af mbpyldeeramdhe xeabtss dappdy fropr dygmodigts m the
conventional production nodes, it is necessary to

producliontad cuike byesteasheraalbRE: Lohaf iR iRoT TSt Bagitygproducts
i) K Beefisnort Brobps g, e LRy Gudnis® HlRE ot BEC) in
reRBA P iy ARRPREGTWRER (RS 300 ¢ Bcahel MU 488 Rbgqpation of

pﬁPW&@F&&Q‘[h@BS PELRSNBE ethy RAR-BYHEAS. RAHpreaRRA AL 198 demand
of olefins for |arge-scalée productions. Neverthel ess,

of fiepeRcRIhe fuh@dwillee hsuiedsed in Dhighdriiateitiarsthe kippdythereof.
unsol ved and difficulty problemfor the above
i ndustrial production chain fromsyngas to ol efins.
Sol ving t he_above key techni que coul d grovide a n?w

Cersidmiingdhafsitysbyrhighsr rafs of HYTRass indermp phecaandRyf Reppylene, and
basi c. cheni.cal , materials,, ethylene and propyl ene,.
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ncr easl In recent years, etrol eum

propFIRHE ﬁﬁ&h@ﬁlﬁg&reaﬂ‘@abﬂlmam@w &snandl ofy&lydsrent of a

new coal - base chem cal approach for the industria

production of |lower olefins; is of inportant

strategi c meani ng and socj oeconom ¢, val ue _in our .
Feonany yearn ngichsxpyrienior &9s heanraghicied insthe jephpisyespf preparation

e
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matfaloas ofdihlieanl AnehBRB%hE QfTibuIBpraBlchAfP theddbove industrial
di net hyl ether, The process used an al um nophosphate

prodhesonl aaisifeme sasgasafoadlyfins. Suidinpehe abowpkty avdhngiue could
dense phase circular fluidized process. Under the i

ppvefees ned reaect appraaah dontanriadedirial 2pmdoctBposiChasjpsiemical
of 2-6 hr-1 and pr essuralie, of 0.01-Q.05 MPa, rre‘tnhlqmol

mgieriglsnethpiene agd rappylenee fraak Ben-PHTYPYRJEWUFSeln Farticular, the

dgnllaelw f5 eﬁnl')lz‘l:er;le%%d eptrgﬁl);lgn%els %ggtirpuriﬁ)é?y lir?cqgasin-ghi% LY %’zﬁs, while
the petroleum resources are gradually exhausted. A development of a new coal-based
chemical approach for the industrial production of lower olefins is of important
strategic meaning and socioeconomic value in our country in greatly alleviating the
situation of short petroleum supply, promoting a rapid progress of heavy chemical

industry and constructive adjustment of resources.

The reference document CN1166478A disclosed a process for production of lower
olefins such as ethylene and propylene from methanol or dimethyl ether. The process
used an aluminophosphate molecular sieve as catalyst, and was an up-flowing dense '
phase circular fluidized process. Under the preferred reaction temperature of
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on the one hand, required a higher tenperature, and
on the other hand produced the target products wth
| ow selectivity. In addition, the fluidized bed
techni que has a technical defect of requiring
rel atively higher investnment and operation costs. The
50085701 NWEI SO 610 Hr ' GNE Fpés2 A A d.BIC0.05 AP A nkdtiRS 61 dintkthyl
its systemfor production of |ower olefins from
ethee ishancked oo poidoed loper elefies suchilae efhytene ssd ppgllene. The process,
al um nophosphat e nol ecul ar sieve (SAPO 34) as
oncthe ging dand, gpapiredpabichen teappratusg.| aad ondhgttier danch groduced the

fluidized hed f - .
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reactor and then entered into the gas-solid rapid

separator at the |lower portion of the reactor for a
THeapdfekeges doohmeht €BNASER%9AN distlhecd epprated anditisd wgdtem for
entered into a regenerator to bumoff the coke
prpdustios e fowver rodeforseframi mgthamleot gim¢thult ethaxs The process used
conti nuously regenerated in the system and the
alyrginephesahate gnelgrularetesuS S had sakdst. R & grvelis payallel
of t hanpl ..wa r eat than 98% in th [ Qces
dogy o Wa R e TirkSirdon SubishaTt Saek SNl T Caiatyst and the
fed BRIARI Oacd8NGAE ekh JiRAURE 'tﬁEgrt:ran@tlaﬁ‘tf:j ét%?ﬁly\lzvgg \Agc??ﬁ-ﬂowing. The

I nvest nent and operation costs, an

obSBhACHNhdLY addPthk @uRIysoflehtdsut dPahé erat®r ahd tHed entered into the
i nvention The technical problemto be solved in the

gapiselid mipid rvepartioont itle toovevyergamef tire raiefoedbs a rapid gas-solid
presented in the prior documents including hi gh
sepayaticit i e teomstadasaiplst angared inip @ sgegnerdier de thufn off g coke
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gr&fidtehan ASFoETin MRKI f168ce8X t eNGieviiciofid thé tpedteky @quaalyapisdnted a
on the conplicated nmechani smof catalytic cracking
tedtmiat defoctadf o efing selattvety highasientstmentemtiapsrabian eostadad of
a lot of experinental researches and expl orations,
lowkosstdctivity ribvar elgfimacr oscopi ¢ exhi biti on and
m croscopi ¢ essence of the experinental phenonena,
in light of basic principles of heat transfer,

CANEHERF R LT @ @ novel

The technical problem to be solved in the present invention is to overcome the defects
presented in the prior documents including high operation temperature, low yield and
" selectivity of lower olefins as the target products, and poor stability and short life of
catalyst, and the present invention put forward a novel process for producing lower
olefins from methanol and dimethyl ether. After making extensive and intensive
analysis on the complicated mechanism of catalytic cracking reaction of olefins, the
present inventors have made a lot of experimental researches and explorations, closely
combining macroscopic exhibition and microscopic essence of the experimental
phenomena, in light of basic principles of heat transfer, thereby put forward a novel
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3 technical solution for solving those problens. The

present process is featured with high yield and good

selectivity in termof |ower olefins as the target

product, as well as high stability and long |ife of

the catal yst. The process for producing | ower ol efins
tetteniail solutidm fom solyingahoseg@dotdems.under the conditions of

catal ytic cracki ng net hanol and di net hyl ether and

t he presence of diluting gas, and adopts as a

f eedst

t.h I
TR BoPas Srwed SR yisht et PElief et ot tower
[ a
olpthSl'the BRI iy iyl SRS F@*al%?*';&éal?"?ﬁi% i Py
Si 02/ Al 203 nol ar ratio of at least 10, to thereby
produce a first reaction effluent containing | ower
Tied @fdcess; fdr) plodudingidowére ofefins therabacwhimh Bf fdrtiedhtoubninder the
in turn at | east one second reaction zone to contact
condittons of catahticcerpelting Imetkanal and Wospthyl athér éad 4hg presence of
having a §j 02/ Al 203 ar. . ratio of. at %gt 10, to .
dli%’élﬁew progiiets & 8 ek b i o e igrture,
wer % and c) separating |ower olefins from
CQW%?”S%@%R pf@actlon ef fluent; wherein, the weight

a) ﬁgﬁr% ﬁ'fe fhclé‘ﬁst(%l<I Hl;étl?getﬁ@tsatfﬂ'stt %cﬁ&?@&ﬁ@@g cofitact with a first

reaction tenperature in the first

criy@aldink @l’hnﬁﬁ@ﬁhdaﬁe 3y SRGREra) GO.I601 heldreadd bdat least 10, to
pressure in the first reaction zone is -0.1-1Mra;

tharctly pheluceafirst oractienp@uenteontaining leeveselebing react i on
zone i s 400-580'C, and the reactlon ressure in th

bislettimache é‘l&%ﬁ%ﬁoesﬁ@%em@r iogu, 3 leasbane sfopd rpstion zone o

ol R rembPaelER AEPGH iR 888 R4k FiSIOZARG otar
raElgaocftdt Q%ESF (I)P]e%oi tﬁ@l%P} ?Ecmuc QB0 Fefd%on it eHfRBH aﬁ'ia‘-?hiﬂg lower

efers avi ng to 6 car atons. In the

0@ﬁ§§eﬁa process, the m xture of nmethanol and di et hyl
ether could be their mixture in any ratio. The

¢)diepartiimpiogas olefindirbiartbd secbsd padieredfigntsel ect ed f rom

wat er steam ethanol vapor or their mxture in any
whereing theTweishieratioof therdilutisg gante e fepdsiegk dad01-6:1, e reaction

temperature in the first reaction zone is 190-500°C, and the reaction pressure in the
first reaction zone is —0.1-1MPa; and the reaction temperature in the second reaction
zone is 400-580°C, and the reaction pressure in the second reaction zone is -0.09-0.5
MPa, with the proviso that the first reaction zone has a different reaction temperature

and/or pressure from the second reaction zone.
The term “lower olefins” used herein refers to olefins having 2 to 6 carbon atoms.

In the present process, the mixture of methanol and dimethyl ether could be their
mixture in any ratio. The diluting gas used herein is preferably selected from water
steam, ethanol vapor or their mixture in any ratio. The weight ratio of the diluting gas
to the feedstock is preferably 0.2-3:1. The diluting gas is first thoroughly mixed
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to the feedstock is preferably 0.2-3:1. The diluting
. gas is first thoroughly mxed 4 with the feedstock,
and the mxture is then subject to vaporization prior
to entry into reaction zones. The second reaction
effluent herein passes in turn such as ethylene
whiiah¢ &edaock, ane the mixturprio theh enbjestalp amporizition gwier td entry into
t hereby obtain | ower ol efins product such as
reatthyrl zmes.and propyl ene. Such process of separating
| ower olefins is well known to a person skilled in
the art. In one enbodi nent of the invention, the

T[ﬁ: ré?égpé%?{; lﬁfbﬁﬁﬁ’ﬁa? léefr?ija@%s{eg 3% Eﬁrﬁ%ugou $ ?&?feﬁé @eépa?;t:on tower
c?l 9 Fﬁéﬁe( \A‘HOIS h &e;(g erSy of)t%ﬁld g kol@ﬁﬁ'ss ?Ebd%@f such as

wel ght o catalyst) of preferab

eth Qn%n&pr@mtna Suchdibdeds oPEPABMINg 1<§\gaugeﬁ¢snes;sanrlamwn to a
e sanme below) of preferably -0.1-1 MPa; nore

p@ﬁ@fdﬂh@iyﬁhéhﬁ reaction tenperature is 300-480' C
WHSV is 1-50 hr-1, the reaction pressure is
-0.04-0.5 MPa. The second reaction zone has a

T R R —

S o L3 S B0 B BTN g i o
fééﬁg“tyck Eas@ec??erhfour perl @ WEEET dfQRAtalysOSTrefeiably 6.1 0416 'Dand a

I n another nore prefeéerred enbodi ment of the
rdaﬂtl@nbtc@iure lbgulge tphasirky it samed teiognae prb&aahiy eh 1 ZokdPa; more
have a pressure of -0. 1 -<O MPa. The firs ]
prferabla thierreaction rtemperature st H-488E, NSV ris driﬁ hr', the reaction

preferabl eIe te?gfron1 olid acid,nolecular sie

PECSTHE y%r% érM a1 Be, sgeon gﬂﬁcﬁﬁp ZOns s glrge\lfélonqemperature of

o PO A Erh a ST TOARY G- sPIE B iy gssure of

p%g%ﬁ@g O-:%FQ?E% §\fﬁ15a, ¢ r@'gfe?abﬁ QR AR88n MMhfrathAt 1s049-550°C,

secon talltTne alumnosilicates

WY iheneiny! aherdat@ingirailipe is «d.echsdPaom sol i d aci d
nol ecul ar sieve catalysts, for instance, ZSM
nol ecul ar sieve, Y nol ecul ar wei ght, bet a nol ecul ar

sieves or nordenite, such as ZSM 5, I\/L l11 %
I engtss merergrederta at?mlquésp@@t of the invention, both the first and second

reaction zones have a pressure of -0.1-<0 MPa.

The first crystalline aluminosilicates used herein are preferably selected from solid
acid molecular sieve catalysts, for instance, ZSM molecular sieve, Y molecular weight,
beta molecular sieves or mordenite, such as ZSM-5, ZSM-11, ZSM-23 or ZSM-42
molecular sieves, having a Si0y/A1,0; molar ratio of 10-1000. The second crystalline
aluminosilicates used herein arc preferably selected from solid acid molecular sieve
catalysts, for instance, ZSM molecular sieve, Y molecular weight, beta molecular
sieves or mordenite, such as ZSM-5, ZSM-11, ZSM-23 or ZSM-42 molecular sieves,
having a Si0y/Al,O3 molar ratio of 80-800. Both of the first and second crystalline
aluminosilicates are, more preferably, ZSM-5 molecular sieves having a Si0x/ALO;
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having a Si 02/ Al 203 nol ar ratio of 80-800. Both of
the first and second crystalline alumnosilicates
are, nore preferably, ZSM5 nol ecul ar sieves having a
Si02/AI203 5 molar ratio of 100-700. In one
preferred enbodi nent of the process of the invention,
mohr chttofl 168500one of the second reaction zones
preferably includes 1-5 reactors in series, nore
preferably 1-3 fixed-bed reactors in series. In
whi ch,

fixed-bed f bly,. sel
PR S o?s TRy i FGFen G of the
d
se e%CFe%ctl?o zd'n%??}e%rgblyllﬁc]?%% 195 %{d;rsggmcfé?%gq?gﬁgsrefe}ﬂﬁf 1-3

ﬁ*éeiv\ﬁ‘f{d 1@35@6‘1’5 tuh §erie€. qﬁ Réhiéte Al i‘i)&ﬁ %9 NeactdR i EHRIAMIY s@¥cted from
- 150 and/or the WHSV i's hi gher than the second

amﬂfﬂﬂedﬂﬁdm&l@l ﬁﬁdelﬁeelrraiﬂt(yrs lad BroRidgtbed rdactobhie
i nvention adopts at |east two reaction zones in
series, wherein, in conparison, the first reaction

zone is operated at a hagher VWHSV and _a | gwer
Ing ewpeweﬁﬁr@ﬁeemwweﬂ@ere @nrtemperpEe 2bMie fist reaction zone is

109RE el P oETon Bt B GFAAN OV Po 0ot Rl (g, WHSV s
high{}.qg)(ge%éhg g%f!%ﬁﬁ rdadtiéh E&{e k‘e)fatﬁ%‘ B%I 7 C! BRRGHESStiofr ?Hopts at

rocess, cent Ilberatlon 0
lef®atvoduidiiog zbhe i@heéav;es' GW!ie@éln TRYcoaRiasiSord thé Eratréasaiby zone is
greater tenperature increase of the catalyst at the
opendted at 4 highar WHSM and 4 hever togairatenmel tie seeondtreationeene is
center of the catalyst may be higher by tens or even

oRgppcdat allwer: @%Hf‘ﬂéﬂ ehtghahteméra&g9£@mren%@ﬁ9@r®t wer olefins

f th t hi
fromapegei e buf §ipdisss Srnel entbctae pRechy it gr ixed-bed
pr%Ee scﬁ{ealcéérgt;ag]zécgé@ga{lbrg ﬁd&afl%at dutrm Iegg EMIO {ﬁﬁgt&use a

refefitvalyY Srbat@h tbmpe Rt GREREkel $1Sthe tc@ﬁll}%t RE ’iﬂeoﬁi}letAlr] P¥¥BEular the
tenpérature operation used in the first reacti on zone

lobaiteiaptratreadtenctiecantdr of diesaindy g endyrberhigledn by rteds @reved above
met hanol or dinethyl ether, to thereby avoid, durin

1@0hecntigeslarthan dw- afpasing fmpsrathsne e Hatrdyst.orndds e Ihyg local
ether, a too gh local, ., fenperature increase th

tepRgTak %rqaaehe ek fataldp o oo fhf;ehfe&{i] Heyafalyst. IR particutar,

it I\I{%y greatfy promote the process of coking and thus deactivation of the catalyst and

shortening its stable period.

A lower temperature operation used in the first reaction zone may alleviate thermal
discharge from dehydration of methanol or dimethy! ether, to thereby avoid, during
the preparation of olefins from methanol or dimethyl ether, 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 hydrogen transfer
reactions of the resulted preliminary products at lower temperature that may reduce
the yield and selectivity of the target products. In addition, considering the facts that
the dehydration of methanol or dimethyl ether inevitably produces C4 or higher
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rel atively higher WHSV i s used therein for the

pur pose of avoidi ng hydrogen transfer reactions of

the resulted prelimnary products at | ower

tenperature that nmay reduce the yield and

selectivity of the target products. In addition,
olefms iadé thangsuchenléfast me tahiet to beheracleddyidtcatoven obdfins at a higher

met hanol or dinmethyl ether inevitably produces C4 or
tempegabire, @idothe fcravkingapracesh dh eadpihernliafd redatively higher erpration

. be cracked into, | r olefij at a hjgher .
tempARgIa 0 & TEiYeDh Wa@%ﬁ% 2 Jreds 1" serens reaetiv zones
a relatively higher operat.ion. .
copardid Peieer it eedtare Wit SRR ER o dimethy
Si ! &l dhiits Sl t @€reby fulfill th
o O B Kecies A SR ap S APwEPORHALAR) fereby flfil the
deTBTPMEMIZNE; G6lyatd bF idver andiny iaad @solevgih@werstable period of
olefins, to thereby fulfill the purpose of
theraatalyszi ng the yield of | ower ol efins and prol ongi ng

the stable period of the catalyst. The purpose of
adopting the second reaction zone al so resides in
rovi di ng.heat. absorption needed in crackin -
T, R Shypdominey e, B0 FASHTUZRRS BOHBSAe Mhersidigs hea
of th [ > : .
s8R REAENALE oG A YL o B0l st o
thk Bt SRkt Ratd E%F&Hfd?ﬁn@ﬁﬂth@ RENE YinttUprotdidgh@iditional diluting
reactions are efrtectively utilized by an effective
gaROnbi fat ithe nferhediaki prsedired hadr eacgy alusing nthwt reapidchs are
above. The technical solution of the invention )
effechivey eutilizegr o emabffectivecenmpaations pbdvo Widgof the reactions
effectively prolongs the stability of the catal yst
mgaqngd@hoXG t h t he proviso of lowering the reaction
tenperature and increasing the yield and selectivity
of lower olefins as the target products (for

Tﬁ@%&ﬂ&% ssohfi@n W rehdiREntRIrCRNiRRE a HREfeaBleCebthrflcl @a%h, which

ef erence coul d be nmade to conventi ona
efERtiIy prélofgsadl ista@ility of dscacdlyst aveevityolih itlesprowist lnf lowering
respect to other operation conditions that are not
ths peaxitibh dethpgratues and inerkasing dhenyiols andnzejechisity oy dvwescolpfins as

the present process for producing | ower olefins. b
the éqrggtﬁrq)@cts(,(ff)q;ékﬁtw;, the yﬁ:ld of prom%ene herein could reach 4%%).

Reference could be made to conventional catalytic cracking process of lower olefins
with respect to other operation conditions that are not specifically described herein but
may be involved in the present process for producing lower olefins by catalytic

cracking.

Unless identified otherwise, the percentages and ratios used herein are all on the basis

of weight.

Unless identified otherwise, the Si0O./Al;O; molar ratio of the crystalline
aluminosilicates in the present invention is calculated on atomic basis.
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Unl ess identified otherw se, the percentages and
rati os used herein are all on the basis of weight.
Unl ess identified otherw se, the Si 02/ Al 203 nol ar
ratio of the crystalline alumnosilicates in the
present invention is calculated on atomc basis. 7
Al'l the publications nentioned are incorporated
herein for reference in their entirety for all | .
Al thepphiisations anengioneshans gnestperpied herain foraiefearnge in peeinenpiirety
dzﬁconstrate the preferred enbodi mrents of the present
for glyBMPPHEs. All of the exanples are nerely
illustrative, not interpreted as limting to the
present inventions. In the exanples, the anounts of
THEAH110% e CRIRPRE HuShdr M KR 2Rl dbMEnMald the PrefeAVPEMBEdiments
are separated and detected with HP-6890 gas
ofahe presémdnamkiofs"\gill eNthe Baamplek ag msrely 1lwstratiehaot interpreted
United States), equipped with thermal conductivity
as diatiting tr the¢ pEByntamentionshydr ogen fl ame i on detector
(FID) and a (D 0.53mm PLOT Q capillary
chr omat ogr aphi ¢ col umm of length of 50 nmeters. The
t hanol et her used |

d di h 0 the .0l | ow .
in TR PRSP rotBlafegFheConzbua Bt e Bllifg nvotved

or SR, i TR SUP-640 RalDirBpalgBleh g Teehelogios,
In&3a UﬂﬁedNSEa@es?,i Ribpot tWitls thefhhINgonductivigMmidtenPe(BCY and a
for 15 hr to ormulate a slurry containing silicon,
hydtagehndlamet éopl ddtectém-(BiRYy | andmaned arfdmuat BLOT M) capillary
l'ight of a Si02/A12G3 nplar ratio of 200. Thereafter,
chrayeategrgphip colancafyleesh pf Ybwetgts. 140' C for 50 h,
foll owed by washing the crystallized solution with
distilled water, drying it at 120°Cin an air

t f : i CCin .
i BEBRA. Bk WPl DD B o0t o
cheinf4®pra8P g Of the ZSM 5 ol ecul ar

Examples

Example 1

Raw materials in a molar ratio of 200 Si0; :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
formulate a slurry containing silicon, aluminum, template (n-butyl amine) and water
in light of a $i0,/AL,0; molar ratio of 200. Thereafter, the slurry was crystallized at
140°C for 50 h, followed by washing the crystallized solution with distilled water,
drying it at 120°C in an air atmosphere for 12 hr and then calcining at 580°C in an air
atmosphere for 8 hr to obtain ZSM-5 molecular sieve. 50 g of the ZSM-5 molecular
weight was mixed with 87 g of 40% (weight) silica gel, and extruded to obtain strips
followed by drying them at 130°C in an air atmosphere for 12 hr and calcining at
430°C in an air atmosphere for 6 hr to obtain a ZSM-5 type catalyst.
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wei ght was m xed with 87 g of 40% (weight) silica
gel, and extruded to obtain strips followed by
drying themat 130'C in an air atnosphere for 12 hr
and calcining at 430'Cin an air atnosphere for 6 hr
to obtain a ZSM5 type catalyst. 8 5 g of the above
ZSM5 type catal yst was respectively | oaded into

first and second reactors in series (both of which
5 gref D abgverZBMaRitye ¢atalpd-virsarespeaYdy adﬁ%em@d’rfét gl second

h foll | The f .
refa@tgb%lp?ﬁﬁrlgsgbg@r NG 5 181 @8l oot egptog e same in the
Hanafhs SRRt firbagpr Hut EacdS(RRYeLARE PO Avrisy
h | Rh& 3 DrédsSurllof 1RIFA0 8 e sgﬁdfr%@&tlﬁal& ﬁﬁ%u't&nperatme

t e experi nent was puré methanol , and the wei ght

of #30°C, af WrEhesr $1 8AMahe anmthanodf 150684RD ThEteedstdckrused in
in the needed anount was first mixed with met hano

tharesperireenttvims purd methareo] wasd e byedgit rate ofapasen stean tirmethanol is
prior to enter into the reactor. The product was
0 Qﬁm yhewatsy in shepngeded ampém waﬁm ngqdovmlz m¢thanghgnd then the
reaction results were

miHBR MERSIEEL 1% a@eorizﬁtémy PEPlog A G) BRERAE: b Pyt wes
a&agfzeﬁ %g‘éﬁ{nghﬁé‘ aﬁ% rCon P%]xoi h'"dhe %&10%@% Fere a-griﬁll%ws the

trons In this exanple were

yéﬁﬂ@f ﬁﬁ)pwéﬁé Svls BOBK B lyeeld of cBNIERt wah8¥s, ahflhe conversion of
nol ecul ar sieves in both the first and the second

medandlonasviie ZSM5 nol ecul ar sieve catal yst having a
Si 02/ Al 203 nol ar ratio of 750; the first reactor had
a reaction tenperature of 300'C, a WHSV of 65.0 hr-I
and a _reaction pressure of 0.8 MPa; and the second

Exaupledr had a reactlon tenperature of 4601C, a

eggr]tu{uggt L gﬁ(@ S 1 119 th‘llge)é\éﬁ'&) cﬁagre%%/ﬁﬁl\é a%fthéseqﬁ Iﬁxample 1,

use ere n was

e:ﬂ?@bﬁﬁ\ﬁ? khARdlehIaRibvds i8bB@I the Ard aWE kihecd Rt ﬂchtQIf wérelZSM-5

and the weight ratio of water steamto the tota

malgeunt sigte crilhamalingadiCi/mithyholatrags of 3505 thellivet nwadter had a
in the needed amount was first mxed with the

rebetaes teapieraaurd of 3OA°E, e WHIXY wf e 5vikr 'sarfsi @ c¢action pressure of 0.8
vaporization prior to enter into the reactor. The

Mo andd thegaeond Taacjerdd gyreadipp) terperature of 460°C, a reaction pressure

of 0.42 MPa and a WHSV of 1 hr'!, The feedstock used herein was the mixture of
methanol and dimethyl ether in a weight ratio of 1:1, and the weight ratio of water
steam to the total amount of methanol and dimethyl ether is 5. The water in the
needed amount was first mixed with the feedstock and then the mixture was subject to
vaporization prior to enter into the reactor. The product was analyzed by sampling
after reacting for 2 hr. The reaction results were as follows: the yield of propylene was

35.54%, the yield of ethylene was 6.13%, and the conversion of methanol was 98.5%.

Example 3
The various steps and conditions in this example were the same as those in Example 1,
except that: the molecular sieve in the first reactor was ZSM-5 molecular sieve
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after reacting for 2 hr. The reaction results were as

follows: the yield of propylene was 35.54% the

yield of ethylene was 6.13% and the conversion of

nmet hanol was 98.5% Exanple 3 The various steps and

conditions in this exanple were the sane as those in
cafaX@0Mbh@ing, a SERFARD;Mala; rithe ofrdD6C tHeafirss ireaceori Imdt hereaction

first reactor was ZSM5 nol ecul ar sieve 9 catal yst
tethpetatuge af 4HOCR/ ANIISY w11 0.0 hraand a aéactio prestiwe pf 1:¢8 MPa; the

reactor had a reaction tenperature of 480'C a V.
melpoul®y. Deve in the A9RPnd TPRSIRI VENZIMeS U S?ﬁ'd.e (Fatafysy having a

SRR 07 OSSR St e o
| . .
53261 10y Ao T AT £ 302, SRRk s

heMig wad gk AiMbR\oOhethalkl] and dihi&heanst iaakweighratibestel: ) and

was the mxture of nethanol and dinethyl ether in a
thavRie gt ratiatdfovér stealy toathd totah@maoveit gl metimnbbaraf diwathyt ether is
steamto the total anount of nethanol and_ dinethyl
3. etTherwiter in3he Tersledamount yas Hest maxesowith tisufeedsipek frdrthen the
mxed with the feedstock and then.the, m xturge was
mix{isy e seBicgal9oraPeaEation BT de episT &P dpe FREBT The Piduct was

. T d .\a '
orp B PR kil o 20 DHE Rlalif BOR G2 HRs: e
yié]ﬁlalf %\‘\%J 1drd8vasYieid; Ohe MeRPYT QRGO as89.53% 0and AR conversion
yi d i d

e ethyl ene was 9757% and the conversion of

of WedthaioPvay@g0%%00% Exanpl e 4 The vari ous steps and
conditions in this exanple were the sane as those in
Exanple 1, except that: the nolecular sieve in the
first reactor was ZSM5 nol ecul ar sieve catalyst

Exgailed a Si 02/ Al 203 nolar ratio of 250, the first

ALl R S PSR B B
e nDlj[‘te&lH1? ahe ShEYENANSENE irF T Mst M RAGEO waessMIMiilecular sieve

ecul'ar sieve catalyst having a Si02/Al 203 nol ar
- caldy st haQfng99 Bi0gNeG;hRoreaetsl of X350t dtie fiew Badieakid anreaction

tenperature of 580'C, a reaction pressure of -0.01
teMBeratian df A00RESY WHSAS0H0.4 hr Thiel & eedtompiesused! -0.02 MPa; the
molecular sieve in the second reactor was ZSM-5 molecular sieve catalyst having a
$i0,/AL0; molar ratio of 900, and the second reactor had a reaction temperature of
580°C, a reaction pressure of -0.01 MPa, and a WHSV of 45 hr'l. The feedstock used
herein was the mixture of methanol and dimethyl cther in a weight ratio of 1:3, and
the weight ratio of water steam to the total amount of methanol and dimethy] ether is
0.2. The water in the needed amount was first mixed with the feedstock and then the
mixture was subject to vaporization prior to enter into the reactor. The product was
analyzed by sampling after reacting for 2 hr. The reaction results were as follows: the

yield of propylene was 33.32%, the yield of ethylene was 6.18%, and the conversion

of methanol was 99.6%.

Example 5



herein was the m xture of methanol and di nmet hyl ether

in awight ratio of 1:3, and the weight ratio of

water steamto the total anount of nethanol and

dinmethyl ether is 0.2. The water in the needed

amount was first mxed with the feedstock and then
Theharions stepy dwaadisiohs cthisterampleordre diel samek itlfse irPExample 1,

enter into the reactor. The product was analyzed by
exgeppthaty ghefmelecularagicvandn ftloy fidst meactdhwas e&ffdiSomolecular sieve

s faollows: the yield of propylene was

Caﬁﬁi‘?sgﬁinyéﬁ%%isdﬁ&%fmelawﬁ%@f Wi, Ehe1 Boy l’ﬁ#?éprt Prd a reaction
[ | 199, 6% 51

eRPETE oL RapT TSRS Bhe A0h SRR RS TP W the

m(?lm e%razﬁe\tehi‘i’i.stﬁe 's&oﬁﬁarﬁle%l@'i was ZENES Q{oléclﬂlf‘atr:s?gﬁﬂ%gtalyst having a

ar sieve Int rst reactor was

SiOphel 1ablas kfiveof 188} ahd fHe Ravid@adoShded Aadn B RFature of
ratio of 300, the first reactor had a reaction

550%0pe refction podssd® WA MPANESY WIS Viro' 2 ANt Eher Raddtbcnused
pressure of 0.2 MPa; the nolecular sieve in the
hereiir yigg theckitre dimeihivl o, sindvhe wgight ratiocafevatert sitaps to dimethy!

having a..,Si 02/ Al 203 nol ar ratio of_ 180, and the
R0 TREOBHO AN TR ayes dirs ied gyith dimethy cther
enr) . r ire of 0 a...an V\HSV
an PR s SRR BRI by B Pl B o mhe
préfudERRY lmaﬁﬂéﬁ‘b saPfing BeervBicting 52 hOTRE rdRESH redti re as
to di nmet hy efvher 1s1:1. The"water in the neede
folloveinke wiekd 6f pobylkehx eds WiotNvdithey ki oféthglene aad 11 169%, and
the mixture was subject to vaporization prior to
theegpmzersiontod meteancbwes 00%.The product was anal yzed by
sanpling after reacting for 2 hr. The reaction
results were as follows: the yield of propyl ene was

Eng %26’/0 the yield of ethylene was 11.67% and the
conversi on of nethanol was 100% Exanple 6 The

Th¥ b/t 3RS cAMHHGRNA L OREn 1P Wl tﬁte g&gf}é@ét ﬁlggteirneﬁ)&prﬁ)le 1,

same as those in Exanple 1, ‘except
exdBpl @igdy dfe Mlof¢Blat RickBen fthé Frstr RAGHO aVFEEM IV Ahdlecular sieve

nol ecul ar sieve catalyst having a Si 02/ A] 203 nol ar
catalyst baohg B58i0AAkOf imder ramcoD Shattie dirse sgtioorhad a reaction
temperature of 380°C, a WHSV of 8 hr'! and a reaction pressure of 0.02 MPa; the
molecular sieve in the second reactor was ZSM-11 molecular sieve catalyst having a
Si0,/Al, O3 molar ratio of 500, and the second reactor had a reaction temperature of
500°C, a reaction pressure of 0.03 MPa, and a WHSV of 3.6 hr''. The feedstock used
herein was the pure methanol, and the weight ratio of water steam to methanol is 1:0.5.
The water in the needed amount was first mixed with methanol and then the mixture
was subject to vaporization prior to enter into the reactor. The product was analyzed

by sampling after reacting for 2 hr. The reaction results were as follows: the yield of

propylene was 32.17%, and the yield of ethylene was 5.64%.

Example 7
The various steps and conditions in this example were the same as those in Example 1,
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tenperature of 380'C, a WHSV of 8 hr' and a reaction

pressure of 0.02 MPa; the nolecular sieve in the

second reactor was ZSM | | nol ecul ar sieve catal yst

having a Si 02/ Al 203 nolar ratio of 500, and the

second reactor had a reaction tenperature of 500'C
exzeptefiot:i e polesgar sicyé i0. 08 IVRareactod veasVESM-bfmdedular sieve

hr-'. The feedstock used herein was the pure
catdyHabrying antiOpitd:Chemphar selieid B0, vihe é‘vststee@tm thad a reaction

t.en t he needed ano

R Pt 210 x@daf&”WVn@f ﬁﬁﬁm a&ﬁdﬂ fareti REssHT il rleMPa; the
mBRguRH Qﬂe@%&n Ih% s\é% }eﬁg&)l‘ Qs é rhglecﬁﬂé §1F\'renéa?a] {iehavmg a

Feactor Wwas ana yze

Sl@%&@?&da‘? rrat?o Bf 260l BB MBAGCLRN rdaBRY |h§1§ avﬁiﬁloﬁﬁem?crature of
lows: the yield of propylene was 32.17% and

5 Ml°€|, draatti@t prebsureofva73 MBS/ andx AVHEY of 2The' VEHel feétstock used
steps and conditions in this exanple were the same as

har¢ioseasithe Bxrampithand], and the wxgbptatlp leditwatar isteamologuethanol is 1:3.
sieve in_ the first react(%j was ZSM5 npl ecul ar. si eve
Tlafawaieysrt thg Agpdrg amaging yyap fei gnixed Avith aethgncd nd shen the mixture

it G R Gid Pl P B BEEEH 1B i saSiapvea

t
RSBt 1 167 SR BT it o
propflese Whs KB %4 thé QiekPoRIEy 1ERaA4s.24%9d a reaction
tenperature of 510(err)C, a reaction pressure of

-0.071 MPa, and a VWHSV of 27 hr-'. The feedstock used
her ei n was the pure nethanol, and the weight ratio of
Exgmnple 8st eam t o nmet hanol is 1:3. The water in the

ed d th |
TG B BB BN SSpREorTs B Beg B b Exmple 7,

eﬁgﬁt at‘nrt‘ﬁe LBl 3L Q' t@‘ﬁrsﬁ?%@%?%hw ABREYAEY st Wiving a

ter reacti ng € reaction

slogﬁru% PmbRF eatRSofl 19, km@m fch@oyhid adreqt:tmlp{egg%%a%e of890°C, a
and the yield of ethylene was 9.24% Exanpl e

W8BISMhef Vzhrf ants a s¢aefisn pmﬂsme odil tNfPaShé moldeulr eaefl the second
were the sanme as those in Exanple 7, except that:
readier Yol S8Mi-amalecalas siave chialyst having @ 8iQA L@asnofar ratio of 260,

ané t Llsgceon artez?cltgrsltladh z? \ééart]:gon temperature of 510°C, a reaction pressure of
0.08 MPa, and a WHSV of 3 hr’'. The feedstock used herein was the pure methanol,
and the weight ratio of water steam to methanol is 1:3, The water in the needed
amount was first mixed with methanol and then the mixture was subject to
vaporization prior to enter into the reactor. The product was analyzed by sampling
after reacting for 2 hr. The reaction results were as follows: the yield of propylene was

43.26%, and the yield of ethylene was 10.78%.

Example 9

The various steps and conditions in this example were the same as those in Example 8,
except that: the molecular sieve in the first reactor was beta zeolite catalyst having a
Si0,/A1, 03 molar ratio of 50, the first reactor had a reaction temperature of 190°C, a
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Si 02/ A] 203 nolar ratio of 10, the first reactor had a
reaction tenperature of 270'C, a WHSV of 7 hr-' and
a reaction pressure of I MPa; the nol ecular sieve in
the second reactor was ZSM5 nol ecul ar si eve
cat al yst haV|ng a Si 02/ Al 203 nolar ratio of 260, and
WHE¥ sferdhd' nedat eacthadprassuesnof il dnMRapisy atodﬂcelaofsxeve in the
510'C, a reaction pressure of 0.08 MPa, and a
second geaqtor wasTHEMf emalecslek sigue satilastehayingss SiGwAbQs @Olar ratio

s i L o
o W5 AP S o W e RSO UG, U pr

mcfl‘ﬁﬂ@lt Qhd t%elgﬁﬁgﬂstof Wakerai@hy iefteM¥nsiamid. ng‘hee\tdt&r in the

react |ng he reaction results were as
neddedl lagWint e firstahike@fwith aRHaaslcantathen 4% AbLmreawas fltgect to
yield of ethylene was 10.78% Exanple 9 The vari ous
vastrizpgorapdoceneliter s thenreattps Txampiiet wasanalyecd psanpling
those in Exanple 8, except that: the nolecul ar sieve
aﬁ¢rrre@qﬁ1@gff1>rr%hrn5éaeqa@vowgulEﬁe%re seénllome: Bawvisly ot Pieavieng was

[ Al 2 ti 50, the first t
203506 % BRI Reipet S0P 100 G o 12 WV of 15

hr-' and a reaction pressure of 1.0 MPa; the

nol ecul ar sieve in the second reactor was ZSM 5
ExiRprawl ar si eve catalyst having a Si02/A] 203 nol ar

ratio of 80, and the second reactor had a reaction
'Thé eaparsataps endEontBinE,in this eaniploweprths sameas thbse i0.Fa8ple 9,

MPa, and a WHSV of 3.2 hr". The feedstock used herein
excwagthahethpmcéecudﬁétsmnon thfaﬁtﬁt ﬁwtwajwowan%cmlyﬂawﬂng a

steamto nethano|_is 1. ter in the neede o
SiQufdlale Mk tatig efto 125 %@oﬁm ‘i"ﬁ“%‘i mw%&emﬂ@ﬁt%@d 350°C,

W}%étolfr(ﬁ@’i@"s a bzl ?e%%.ﬁjén Bregﬁﬁzc 0&’% 'I\f?fncl I%é R{d)lébcg.la?% & in the

nto the reac { was ana

secOAIPdRE wﬁfZSNI I SRfkhiaf sites c%a]@Et ha-ﬂh% 4 SASIAI90; molar ratio
results were as follows: the yiéld of propyl ene was

of 4602684 tlangedohe abdhad acidayic@n envyRsatbre 167618 A réaction
10 The vari ous steps and conditions in this exanple

presmre of (.04 MdPa and atWBHSY dfrd Engﬂ)t &eedstock used herein was the pure
dimethyl ether, and the weight ratio of water steam to dimethyl ether is 1:10. The

water in the needed amount was first mixed with methanol and then the mixture was
subject to vaporization prior to enter into the reactor. The product was analyzed by
sampling after reacting for 2 hr, The reaction results were as follows: the yield of

propylene was 30.78%, and the yield of ethylene was 5.48%.

Example 11

The various steps and conditions in this example were the same as those in Example 5,
except that: the reactor included a first rector, a second reactor and a third reactor
connected in series; the catalyst used in any of the reactors was ZSM-5 molecular
sieve catalyst having a Si0,/Al;03 molar ratio of 300; the first reactor had a reaction
temperature of 410°C, a WHSYV of 70 hr'! and a reaction pressure of -0.053 MPa; the
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except that: the nolecular sieve in the first reactor

was nordenite catal yst having a Si 02/ A] 203 nol ar

ratio of 120, the first reactor had a reaction

tenperature of 350'C, a WHSV of 0.6 hr-' and a

reacti on pressure of 0.8 MPa; the nolecul ar S|eve in
setdrel resdooind a eactionrtempara@BivbiA SWOCec WRSY of 8¢ &r' and a reaction

catal yst having a Si 02/ Al 203 molar ratio of 170, and
pregsuresef QnMPlaea@d dhe phind Eeagiondid onraashigib femperatuss of 490°C, a

WALt B 536 2BuabREHE SeBMiB: i o B AR was e
put% “‘3&‘%% %fqb" ﬁ{ahwagﬂt Itatlls fg%&ag{;tstgaﬂlt {o9mOhaVBt£6 45t S water

water 1 n the need
mEiH(pHéydeH‘@x%oﬁﬁtr\ﬁs s peBkeWiviith ABhARIhd aed thd@iktblR8vas subject
m xture was subject to vaporization prior to enter
toi vaperidfien [pEid€ toenterfiae the eeltedr. Taspratdadtywaschnblyzed by sampling
sanpling after reacting for 2 hr. The reaction
aﬁeescﬂctisg feerehradhé vdakbens resultrewgrieals dolbdws: thopyldarfetivdene was
78%. and the yield of ethyl ene was 5.48% Exanple
101(12%*?@5“\}5? Y‘Slﬁ‘@fé’cr@{}'éenéﬁﬁas ¢ ons in this exanple
were the sane as those in Exanple 5, except that:
the reactor included a first rector, a second reactor
? hird reactor connected in series; the
catal yst used in any of the reactors was ZSM 5
THE Bk 8feps §ﬁc€¥(ﬁld€tﬂhﬁ|lﬁ $his BRMNHIE warStHZhatve 29 IhareliR Example
rati o of 5 the first reactor had a reaction
11t erqept ﬁtaUrzethét&aoﬁerVasacdnHSVed)fn Foich belindlee third reactor; the
reaction pressure of -0.05 3 MPa; the 13 second

cafedyt tused fm@ny of dbe reasters é\f%p)e?rséwr wolseulangieye cataipsishaving a

slm»ago;gaﬁ Bonda0 i e el roRlF Baga ettt iR “d0c.
WP@?’ ?fggélrus Ie‘lg aﬁl@gctﬂ)nr ﬁrggsluhﬁgf R &S NiPa. 9{0 Rﬁc!y:?cﬁr él%ﬁ had a

erein pure net hanol,

reX®RicdNEmp@hivee Of 44RLES WBHST V150 H?’étaH@@QEadu%n Q)ré&s@re of 0&MPa;
water in the needed amount was first m xed W th

therehifdhnedctar richdt heeuctibe tempdratues VA6 2WHSVoof 48 hr! and a
vaporization prior to enter into the reactor. The
reen’c@dunrpssm@sowaerambyhesémh regctonfrada reaelan Wﬁem’fure of
hr._ The r?%ét;on results were qs faoll.ows; é
50<9f°ceft W%\ﬁe € anty pashonpigsspriePtyd MPa: be 'is? é’ﬁ% herein

was fche pure methanol and the weight ratio of water steam to methanol is 0.4:1.

The water in the needed amount was first mixed with methanol and then the mixture
was subject to vaporization prior to enter into the reactor. The product was analyzed
by sampling after reacting for 2 hr. The reaction results were as follows: the yield of
ethylene was 10.52%, the yield of propylene was 47.01%, and the conversion of

methanol is 100%.

Example 13
The various steps and conditions in this example were the same as those in Example
12, except that: a fifth reactor was connected in series behind the fourth reactor; the
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Exanpl e 12 The various steps and conditions in this
exanpl e were the sane as those in Exanple 11, except
that: a fourth reactor was connected in series behind
the third reactor; the catalyst used in any of the
reactors was ZSM5 nol ecul ar si eve catal yst having a
clyst/ wied 08 amyl ofr the atdctore fwaB00SMrhendlequdar sievgctatalyfiddving a

a reaction tenperature of 41 O°C, a WHSV of 70 hr-'
SERARO w&rur@w ?fr%@smeéﬁratfrea%ord@@ apgstiontempayrriof 410°C, a

VFSELI0E g LSBEIR P PSS o R onf I v
AT S

ﬂ@nmlrah@a&@;un&ch ar@@&foﬁrteﬁgelramre RAG00e0, h AWPEVabHYg 18T and a
00'C, a WHSV of 2 hr-1 and a reaction pressure of O

reh/aa)n pressufecefid Miek thesfedrth egagton hashasedchien pemigerature of 480°C, a
met hanol , and the weight ratio of water steamto

WS aha0 hr ot apreactionpessuestagi0 Mﬁamﬁ thﬁeﬁﬁb eragtophad a reaction
d

T, A 9B 8t Ao parrdéa e TBRRIFSSHif, o PrPa. The

feegsqgc{kol!ﬁed}@?eug (\%Q H‘C&r%ﬁé@?%gﬁ%% ﬁa%? é f(;{:@ﬁ{‘%};g”og \%téresteam to

m@ﬂ’)lah(ﬂv‘@ 0.4:0e YheldiePin dRUAMHENSMUNES Wi £ 9n1£éaewf>ﬂ‘1 Slethanol

of propylene was 47.01% and the conversion of

ariiethbanied mixxurkOR86 subjerimd eapbdizdiivh pradr 10Ustds tigoSth@ béhctor. The
conditions in this exanple were the sane as those in
PrEﬂm“rp‘l’aé analyzedeiocemplingafiter wattifg for 2dmnctiorreaamn results were as
onnected in series behind the fourth reactor;

follgweathg  eld af sBylsng %1%41%h@°rYé§éﬂ>§m§0RM#‘§1°m%7 36%, and

mol ecul.ar e t having a Si 02/ Al 203 nol ar
thFﬁ? Ver%?ngéla?t\(‘?ﬁo ?‘#@56/? reactor had a reaction

tenperature of 410*C, a WHSV of 70 hr-' and a

reaction pressure of -0.053 MPa; the second reactor
Fhigbl@i4reaction tenperature of 480'C, a WHSV of 50

hr-1 and a reaction pressure of O MPa; the third
Theeemttlyst bed ia theasbtmple wen@8MES uype afol&@birGieva MAHBYWSt made

of 48 hr-' and a reaction pressure of 0 MPa; the
aceeydingniorthe ypppusHgps Alcpeihet iin R xempisel akhereatabyst 280 agivaed at

480°C in a N, atmosphere for 2 hr prior to reaction.

The catalyst used in both the first and the second reactors was the above ZSM-5
molecular sieve catalyst. The first reactor used ZSM-5 molecular sieve having a
S102/AL0; molar ratio of 50, and had a reaction temperature of 450°C, a WHSV of
12 hr', and the reaction pressure of 0.02 MPa; the second reactor used ZSM-5
molecular sieve having a Si0Q,/Al; 03 molar ratio of 300, and had a reaction
temperature of 500°C, the reaction pressure of 0.02 MPa, and a WHSV of 3.2 hr!,
The feedstock used herein was the pure methanol, and the weight ratio of water steam
to methanol is 1:2.  The water in the needed amount was first mixed with methanol
and then the mixture was subject to vaporization prior to enter into the reactor. The
experimental results of the life of the catalyst were listed in Table 1.
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WHSV of 30 hr-' and a reaction pressure of 0 MPa; and
the fifth reactor had a reaction tenperature of
530'C, a WHSV of 2 hr-' and a reaction pressure of 0
MPa. The feedstock used herein was the pure

nmet hanol, and the weight ratio of water steamto

nmet hanol is 0.41. The water in the needed anobunt was
first mxed with nethanol and then the m xture was

subj ect to v!ifﬁ%wzat EERCTyRens on Hleeiths catplyy t he
reactor. [Th uc ed Ny [sanpl ng.-arqer
rgﬁﬁ"tqoﬁg for 2 h % neY\fOZanfd&y | t|s Wer ¢ %@8 540

f althgwhs: [the yleld of ethy] ene was 12. 41% tthe yi el d

e TR IR SR N AT E?e S o3t B | kS

ahdemd.e%phas ZSM 5 type nol ecul ar| si evd cat allyst made

a rdicng th r S e L e, 4 I
i Rl R b SR e AT R 2 D
B\ltonﬁk;phere for[{2 hr prior to redction.] The gatal y$t
usedyin hoth the firgt and the gecond reactors was
ttre—above—ZSM5—Totecutar —steve —ctatat yst— e st
reactor used ZSM5 nol ecul ar sieve having a

Si 02/A 203 nolar ratio of 50, and had a reaction
Exagied at ure of 450'C, a WHSV of 12 hr-', and the

ea Lessyre of he second reacto

T*t?s%ﬂfsa%%w% St Euftpva, £SRs e BRERD 5 Haysg mace
f t r

ecfGHig 6 tﬂi"%&%‘%&?ﬁ%ﬁ%&%ﬁ?ﬁ%ﬁﬂs'e 05 RIS i gotiygted o
480PC 3n & N3faithesphdi@doil PROgidak rdasgeh.herein was the pure

nmet hanol, and the weight ratio of water steam to

met hanol is 1:2. The water in the needed anpbunt was

first mxed with nethanol and then the m xture was
The,eatalpst yssd ym et shet Niesh apd jthe second Teastors vas tthﬁeabove ZSM 5

nt al result

mERTH Kieve dptavft ey FRT wSiergroipt Aatls infecutdr%idle haling a
SIEKRSIA DS 1) Jidie oA nhdlG r£ioh ShpRRAR LOISECSR WAV of

10 hr'', and the reaction pressure of normal pressure; the second reactor used ZSM-5

molecular sieve having a Si0O,/Al;0; molar ratio of 280, and had a reaction
temperature of 500°C, the reaction pressure of normal pressure, and a WHSV of 4.0
hr!. The feedstock used herein was the pure methanol, and the weight ratio of ethanol
as the diluting agent to methanol is 0.2:1. The ethanol in the needed amount was
first mixed with methanol and then the mixture was subject to vaporization prior to
enter into the reactor. The reaction results were as follows: the yield of ethylene was

16.3%, and the yield of propylene was 43.5%.

Comparative example 1
The various steps and conditions were the same as those described in Example 14
except that: a single reactor was used, the ZSM-5 molecular sieve had a Si0y/AlO;

molar ratio of 300, the reaction temperature was 500°C, the reaction pressure was
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Yield of 9.21 9.40 9.30 9.18 9.08 9.03 8.97 8.95

ethyl ene, % Yield of 40.81 40.95 40.15 41.03 39.87

39.26 39.25 39.12 Propylene, %-------- J Exanple

15 The catalyst used in the exanple was ZSM5 type

nol ecul ar sieve catal yst made according to the
0.02vIPoumd st WHS Vowscs .2 hetl The feedatopk escd hefdia weatiad st methanol,

was activated at 480'Cin a N2 atnosphere for 2 hr
angrthe rwei ght rretie o ovaterTHeant 40 aneflsanoliged:2i n Thetwaterhia the needed

first and. the second reacto s the abqve ZSM 5
AMEIING CYipsa A1rg; €\Péedcé(‘f‘g1 y%qthan?[]emﬁa thep thea dpigitrg g subject to

Y hav Si 02/ A

vaftatiofibrB5 1 Bkt WA TR o lenpiePlef BhuTEp P it o the
ca?al)\’é‘i"§/¥ré31§sted]19hlrabpc and the reaction pressure of

nor mal pressure; the second reactor used ZSM 5
nol ecul ar sieve having a Si 02/ A] 203 nolar ratio of
280, and had a reaction tenperature of 500'C, the
react| on pr e"ﬁzﬂ]lﬁé of Enpﬂrnméntmxehﬁmfehe tamlysa VWHSV of

U III 'J. IIIC ICCJDL Ubf\ LIDCU IICT CT IT WadS LIIC puile
rf@lah%m?cﬁmesand the hwei §ht natid7 of| et2hdno| 325 the 400
di | utyyng agent to pethanolf is 0.2 1. The|ethanol| in
the_needed j@mount—Wwas T st xgdwth—yrettramotf—armd
t hefieldd nixt 8@ was %) ¢ct9-0b Vjap&iTzati dlorijor 708
eathné,nv/p t he reagtor. The reactlion results vvere as
TOII,O\QSZ the yierd{of etnylenewa 16. 3V _and the
yi ef89 prloghh¥ne| wAk743] 54)-880npatdall v éﬁé?’rpl e 32.26
Phepydeatel s st eps and conditions were the sane as
ThosSe described 1n Exanpl e 14  €xcept that. a singre
reactor was used, the ZSM5 nol ecul ar sieve had a
Si 02/ Al 203 nolar ratio of 300, the reaction
tenperature was 500' C, the reaction pressure was 16
Otng.%MDﬂ]e t@&gucaal %&Yoﬂ\@isthg g?es@ﬁt ifvenli3f cbERIRLRENy PRfing the
herei'n was the pure netha
active period of the catalyst, which had obvious technical advantage.
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and the weight ratio of water steamto nethanol is
1: 2. The water in the needed anount was first m xed
wi th met hanol and then the m xture was subject to
vaporization prior to enter into the reactor. The
experinmental results of the Iife of the catalyst
were listed in Table 2. Table 2 Experinents on life
of the catalyst Reaction tinme, 5 50 127 203 325 400

Claimyj o] § of 9.17 9.08 9.01 8.76 8.31 7.98 ethyl ene,
% Yield of 41.36 41.71 40 83 38.08 36.63 32.26

Propylene, %I | | | | Qobvi ously, the technica
s@l yt i e n | %
RAAGE 68 S8R OManidgn o T Sy g o

coMUioRY Dt QG C laciadly aRBAR] ahd TSIV ethbr AdRROGRS&Snce of

for producing |ower olefins herein, which is carried
dibingugadeand hdoptc andi feeduteckofmethanda) yltmﬂhy;lr gthédi oigtheir mixture,
nmet hanol and di met hyl ether and the presence of
cmwmuﬁ$ﬁ@s§mgofand adopt s as a feedstock nethanol,
ther or. their ure, .conprises the st

a>o’rﬂtm§)}ﬁ eeterdsterk ﬁésﬂpfe%fagrt 6 St Fqastion, Zang dp  contaci md Pa first

R A R [

thERbY ?rdafuc@é fitse 8k tidiPefilubnt ctoﬂﬁfrﬁ'ﬁ)@’ loRVePElsgiRsa first
reaction effluent containing | ower ol efins; b)

b)l letting e tie rédctish effReat émer @fthinugrtase ohe tedod tredctoRtzone to
| east one second reaction zone to contact with a

congrsbmithoy gﬂsom tiysie! ke ialwmisiosilicaie eatelysiahapsng i S0 AYLE; molar
Si 02/ Al203 nolar ratio of at |east 10, to t her eby

rape o gt eaét L clgrherehn prodyse @ sernshicagtipn affty ngcqn&%flg lower

olefin and
olefins; an

c) separating lower olefins from the second reaction effluent;

wherein, the weight ratio of the diluting gas to the feedstock is 0.01-6:1, the
reaction temperature in the first reaction zone is 190-500°C, and the reaction pressure
in the first reaction zone is —0.1-1MPa; and the reaction temperature in the second
reaction zone is 400-580°C, and the reaction pressure in the second reaction zone is
—0.09-0.5 MPa, with the proviso that the first reaction zone has a different reaction

temperature and/or pressure from the second reaction zone.

2. The process as claimed in claim 1, wherein the diluting agent is selected from water

steam, ethanol, and mixture thereof.

3. The process as claimed in claim 2, wherein the weight ratio of the diluting agent to

the feedstock is 0.2-3:1.

4. The process as claimed in claim 1, wherein the first reaction zone has a WHSV of
0.1-70 hr''; and at least one second reaction zone has a WHSV of 0.1-50 hr',
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c) separating |lower olefins fromthe second reaction
effluent; wherein, the weight ratio of the diluting

gas to the feedstock is 0.01-6:1, the reaction
tenperature in the first reaction zone is 190-500' C

and the reaction pressure in the first, reaction

zone is -0. 1 - | MPa; and the reaction tenperature

in the second, reactjon zone is 400-580'C, and the
5.rkhgcRtpesss 95 elaimed in glaim d, diersin theefiist regptionaene kas a reaction

epgairont J0asEs el 8 G B e aplparesonimpiure of £0.04-0.5
MBI o REEP I SechlP Bl RREHA 8 ERTEN U ZPMe FhastiSonc,

rocess as where
a wqmv of $-288k€Ghad r&rc@imm@etsﬁrre oBL(EGM), sqmi@nol and

m xture thereof 3. The process as claimed in claim 2,
wherein the weight ratio of the diluting agent to
the feedstock is 0.2-3:1. 4. The process as cl ai ned
0.iFhecpratess Bs okiimediin claim 4,iwhareindhe réastion m’epemagream the first
VWHSV of 0. 1 -70 and at | east one secon
fe?%'&eaﬂoaﬁ is lgnier thae ﬂgatvmﬁv sseongt reictw@cmﬁ?s apd/of shfsWHéh\é of the
ss .as_cl,ai.ne in the first
B EGERD 72D e PAEE ] o oot SacheR b€ of
300-480' C, a MHSV of 1-50 hr-1, and a reaction
pressure of -0.04-0.5 MPa; and at |east one second
7. BRCHOORs 20MiMas iR cla@aCl, | vilierdif THE FALUSE tddhperature in the first
450-550' C, a WHSV of 1-20 hr-1, and a reaction
reqntlesszunelsdéweﬂ)yow ©. 50fPthanGhat Th éheprecodssacion zbad, mad/or the
i n_cl erein the reaction tenperature in the
WHSCof the @&% F‘?%‘HOQ 9T iF Bigheuist 32AN (athatef theescaendomation
reacti on zone, and/or the WHSV of the first reaction
“ODBne is hi gher than that of the second reaction zone.
7. The process as clainmed in claim1, wherein the
reaction tenperature in the first reaction zone is
8. TowRIrodeYs #0clafnekbd Gailh&nwhdiaih thd rdBorS BFR8He 1€ B6thi @R first
zone, and/or the WHSV of the first reaction zone is
anflisgdoad rénetiSn 26neiis -D. -k MRahat of t he second reaction
zone. 8. The process as clainmed in claim1, wherein
the reaction pressure in both the first

9. The process as claimed in claim 1, wherein the first crystalline aluminosilicates are
solid acid molecular sieve catalyst having a SiO2/A1,03 molar ratio of 10-1,000, and
the second crystalline aluminosilicates are solid acid molecular sieve catalyst having a

S10,/A1,0; molar ratio of 80-800.

10. The process as claimed in claim I, wherein both the first and second crystalline
aluminosilicates are selected from ZSM-5 molecular sieves having a SiOx/ALO;

molar ratio of 100-700,

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

zones includes 1-5 reactors in series.
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and second reaction zones is -0. 1 -<O MPa. 9. The
process as clained in claiml, wherein the first
crystalline alum nosilicates are solid acid
nol ecul ar si eve catal yst having a Si 02/ A] 203 nol ar
ratio of 10- 1,000, and the second crystalline
12aﬂbmmss aceleiseedaneclaipl 14 veherein #bleggiupngr ofsihgsecond reaction
cata {1 Si 02/ Al 203 nol ar ratio of 80-800.
ZoRep 1 gegp géJ’é@g -bed reaptorsiBdeHiss ¢l ai m 1, wherein bot h
the first and second crystalline alumnosilicates
are selected from ZSM 5 nol ecul ar sieves having a
135"I%g/ p%c%gé” as mhﬁéd fAtihfn Qf whfid %cto;slfor-gﬁﬁi Ht%?ﬁ@%racking
as cllained in claim1, whérein at |east one of fthe
m&B&MNaride Ahdibyl ethonage isolebisdleont - xiflefigbdbed irBactors, radial
series. 19 12. The process as clained in claimH,
fixell dredirencairs,lagd stovorpebedfreddi@s.second reacti on zones
includes 1-3 fixed-bed reactors in series. 13. The
process as clainmed in claim1, wherein reactors for
said catalytic cracking nethanol and di nethyl ether
are selected fromaxial fixed-bed reactors, radial
fi xed-bed reactors, and noving bed reactors. 20
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