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50 by passage through each catalyst bed belng no greater than the i

o o o v . o o I T 1



recycled tosthe process, the nmethanol being recycled to the dehydration @
stage. and, the ether being recycled 60 to t he conversion stage. According to

t he pres’ent invention et hanol alone eg#ler with its corresponding
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recogni zed t tpaabem bhcetainztySaNind zeblitedlandngarticiibiha ZSNI-8 Gy ple afystitihe/ eholites arru srﬁall pore

possi bl e, #ndrysthlline zehleesefore the dehy drauoon rei;‘?'tlon ctggarggl tplﬁrog i .
exothermal ly tgn$ p Useq in accor n ? aving
corrprlses t a@géﬁw@‘ |og£t tan aééén rﬁ;&;ﬁﬁiﬂﬁﬁﬁhe een bouﬁcm o%tfst hse
generate heateferea th ||Ea$ﬁcu§ﬁ\a0% P 9. 89106,14,026,5715 4, sarme ywaest ricti ng
t he conver®i on The pratérfed nalites atedsm)uvpa(zemtsaéswxanplﬁqmb\t ESM-BAZSM-11 ZSNHD ZSM-23
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‘described in htdhﬁoleﬁiai Wdtocdrbéhlo ceoroplislisitls@flentialiyie 8 owitisege adiabaticGeacka syatem
4,046, 859. l&lth interftaget dooling afdotjn etbe Beconplishedeither ‘!!feﬁhfe" E'HU%Y CTG l"ﬂlc Vs' '3

ZSM 5 type zé’ dP‘b‘"\ﬂﬂhl?flh sé? el‘;%:‘ V"@beﬁ eatm otg a? g t Jicx |on
‘micron, as-d t?é‘tﬁnﬁ’tt Mrsau, Srotdhitsd eirics Aae“t uah
of particul ax ﬁly&fn%&f He@ tﬁéUd% )ﬁitcﬁslﬁﬂevér fiveFafONIOF the feBd) tl%SMaﬁdﬁ pefat ure
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, 060,568 -and 4,100,219. 40 . In additiongto the ZSM5 zeolites, other
eoI ites known in the art as small pore crystalline alumnosilicate
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exanple, erionite, chabazite, zeolite T, zeolite ZK-5 and ZSM 34. Zeolite T
Is descrlbed |n U. S. Patent 2 950, 952, zeollte ZK—5 in US. Patent - |
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of the tetrahedra. The pores characterizing these zeolites may be
substanti al | y circular, such as in zeoI 010881494 havi ng un| form pores of

b 3.9°A | I pt |, t
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t hat in any cas®he Hﬂltl\ﬁﬁ&iahnﬁﬁl" wrmbmka&eéw&rea@ STBiveH catdsEisH LoALlkSHt QR Qi
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¥ M Mei er®aREUBY °M0 son. appearing in Advances in Chemistry Series,
.'_:10.1, pages .155- 170 (;971) I n accordanggq th the invention, the

ol effni c hy# ocarbon product is acconplishedEsequentially in a.mlti-stage
datic rea Ghile systemwlth I nterstage cooling. Cooling can be :

hpl i shed elq g;en it Ghlatefdf 1 Ndirectly. The. zeolite catalyst is 60
‘ded in eachpre astjass@ﬁages as a fixed or noving bed. The quantity of

i yst m@achﬂvedmlgarnmwhat a uniformtenperature rise occurs across
each bed as t e%ﬁ“’&yf’" PReEgY i on i s rel eased dur| n t he conversion of the

feed into the Gthvlens, 8 ip ©1#G.se across each bed
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&5 2CH;OH=2CH;0CH,+H,0 : (1)
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dh the,reaction nmi'xture is passed through the beds of zeolite catalyst in
a #pdial flow paftern, the pressure &0680494“ ned |s srgnrfrcantly | ower '

ifoan %fthe?ﬂc&%trﬂft rl'g M@Ee%s eti‘1 xgigr rmv %ac% uant I o&raxrally or
thgééeck and (MtbYstdge cQJ'in a&g @descnbed
Fssur e drﬂq&ven the radial 20 flow: reactor can be a actor of 3 "and

as an or dee 91;60 pent N reacionses, Whramcwnmbaswwnmwmﬁmrmh ancoaverted duhétnw

h d bel fth Qt fhygr amwngepst mtorce s S%Hhere the
st Vol 5}’ R e e

react Ophasés. ﬂie% t.;caa typitallatiel rea. acvar itsatnbeepsem@emt swn ?

rae of about 0.5 to about 5.0, preferably about 1.5 to about 3.5 hrferr]. & (

pa lked bed $38dctofdiowd tfigies il wagh1lal | y nore econom cal to construct a
snifl l er @ aneter reactor of greater |length, thus favoring radial flow over
thg | arge dianeter fixed beds, Metharol/ D 25 ratios &4/ 2 (pancake reactors).

Thg preferred operating tenper agihofiv e is aboutg 270 to about 370[err]
fof a ZSM5 type zeolite and about § to about 485[err] for a small pore
zeplite. 1$n this radial flow rea&eteor configurati om0 conpensation for

jal-yst agi ng may be nade by varyi ng the inlet tenPerat_ure of the

ctant/ product streamto each Qi 999@ 2 Tl nent i on®! above, in the novi ng

| reactor schene, activity ofpylhgecatal yst decrepses fromtop to 30

tom (izee., fromstage 1 to stage N), relative activity being dependent
)n t he cat aI yst circul ation r&bamet hrough the system An optinmum situation
# be realized where catal yst rculation rate is _very |low and significant
ferences result in the activtw #M8f cat al yst inYhe first and the Nth
Rges. lLp this situation rel atpygpguenching in thgglater stages can be
luced so that the feed tenperature to each stage increases with

greasi ng nunber of stages. InPrgnvéﬂneconfrguratron@ the tenperature wll
heral ly vary from 285[err] the 35 first stage gnd could be as high as
bC in the | ast stage. In Fi g ‘3’ ®reactant and it al yst novenent is '
cqurrent, i.e., fresh feed see.eg.tm nost active cggal yst. A desirable

v iation of the schene, fromreactor stability consideration, is

rgact or ? pd neets the |east actéve catal yst in st N. The
: : product streamis depl &'ed in reactant concentration as i't noves

Y cdhver si on btqu#len dmtlfam}dm: bdmsms watei dpalbinal ihthe fa;g.emd pnredoted mathamil, pfus ow

, f T t
; glt °¥| %t/’v [ 8 Mingesng SP i rqc eeur ggg' %@&d carwf °1, &ilﬁz?thmﬂegégiyﬂn&hg::
ditions, ma re ’im A ks ek Eme.féd hd"°s'?§0%
nversi on. Aghé ik, aqatis Iyer prwmere Ba pr3shs tHiGugh AAE 540! Sinc@GiA GBddsirable aaribu of

r gact ant dewsterexists imthis dquevgephase® awn@mw iefntroduced.yl'sough mnewmmtsu stnpper

i fcr eased?i P4 Plea i“t“@é‘tgg‘g) W“tﬁ"‘?"g P44 H’!‘° fop ;Ef"é B? > TQ

ajgpr oxi rm‘t ersg F\B}‘% .ﬁaﬁr Oﬁ'ﬁhzrba % mguwpr Eiﬂm aﬁl ogﬁ\{a Eas

sgown, for pgasa Me 502 i &debRured Wi rAdthahg! f“&%eﬁdnﬁﬂﬁa o Sstripped of

gnt ent s of thk herescted nizgciool and DME, nswhchagﬁd fiomi seippérdgethoogh linrag«;s aad ts discddded1it Wi :

1§21: 1. 39: betapn?c-atsd trst theaeprtton ef thaaﬂuemtlsmse wrﬁetss toa'r: qmer@a't ke ﬁﬂ sp a;stk b'!;'tfﬁg
pnst ant, %é rr% g(ioiig g ﬂlé’sil ecﬁ ﬁheﬁs l’l prguftetf rejectlon

dif f erent R line ﬁﬁo ual'u % Eﬂ

- 59 dictat edetbgf -ﬁthnyqaﬁee.duﬁ vaiabrsapw;i—qeea ﬁb&ttrro huﬁd @Eorﬁfug lidu &r pwpnedto

- Afi al | erf§t tesoverthe ﬁUE.rm theyiscrpingdf Bmte@r tybmjttheaqmouwlefseeﬂam-yppab@g@rattbn9

t§ about 1 ganfe adj sg{?'%%%ﬁf@ 5%1@’!@"?'6!? P t”bi"ﬁg’tgrtlons off catal y |n the
dgfferent s

tye deaCt'Vi'fm@Bde arfésttdarussﬁ.r ﬁsga&!!in St %%’g'"are "epee ?’.‘ s"f’”?"’
gfven cateal ysiThe il phasé mgsepepator 838 Fsi mauz pmﬁe tvhieh Ebintiitls Iaﬁtfstanﬁalrfr aresﬁ‘therrawtﬁhaol

f @ed, whi chPraduged: togetherwith fight bvqamupnsz,@aes@n rand g\elatively l&ge amant of

t- B ough | i ng"‘s gs%.r ;’I?sj: :tﬁﬂ l%g?,\ g q t9cab ‘F‘e‘s@t ikPa o
rigch in unr ‘i) &aerﬁsh gs, g’k &agr g‘ﬂ’ E ’?ﬁf gﬁé%?%
I... a SUbS‘eCiHﬁJHuc iRp aBBaﬁﬁ‘Blh Qr)Nere a el

6, is heated to reaction tenperature (285 370[err]) |n eat exchanger

gl passes through line 510 into dehydratjon reactor 512 which contains a
lxed bed 514 of gammma alumina. The mixture is converted to an essentially
;ftlibriuntnixture of nethanol, dinethyl * 60 ether (OVE) and water by the
c@eal ytic action of the alunmina and | eaves reactor 512 through line 516. A
@éycle stream of unreacted DVE, recovered in an absorption-desorption .
ogeration described below, flows fromline 518 and is mxed in line 20 with

" the equrlrbrruntntxture frontlrne 516. The resultant ntxture passes through |

1. . o NN [ 1 Y



uncondensed gases flow through Iine 536 into separator 538 where the
m xture-j.s resolved into three phases. The nmake-up of a typical effluent
Iea¥| ng reagtor 526 and separating i f@d8h484 phases in separator 538 is

fol Tows (fi GUAGRR ahdertbRiverl tomdhes thé)dlh{gﬁnh%ml from the gas. Th covered duﬁZth&l)'e{lqgnl E’iyéolved
Et her in the watSr, pasiés from column 558 through line 564 and is introducéd §rfd desorber column 566 where,
70.0 CO, COzinddrexduded pwssure, the dimethykdlhet isvetakatetidrom the water. The water passes flork d?ﬁrptlon
EEQ@I'“I e column and is recyclqyl t}]_rog (] @qgéor reuse in absorption column 588. ylagﬁup water is added to
Pr opane 5 the absorption system a ge?x ﬁ t ane

The separated dimeth 0 esr%amon column 566 througg line !Jﬂﬁ cled to
0.6 30 n- Butiad'$20 where it is combined with t Xture of methanol, dimethyl ether %\( exntlng
[err] + from dehydration reactor 512 for J:onv J&Bn |||&WQF\ mhné-ﬁdﬁq{rodu& fsem&rﬂ b

an aqueous | a 'Bte pawtigily ny fl@fethvhee mata lis withdawe érdmiabsarption caluroe$58ibg meards of line 570

met hanol ’I"ntg 9.9 ‘5 “‘ desired lPHé'ﬁl 'F 'fchva@dffe@@eqmelamwmmw
met hanol, p'mu T ‘f" ""%’%'f ol e A
appears bet V\Befhetf g@ Dle qu,gpatea 4’8 NSt er

hydr ocar bong w]pfl sing [err] +hydrocar bons i .e., hi gher m)l ecul ar wei ght

al i phati dsand ﬁrecuamemonmfdmﬁa&hmsoneﬂﬁa@.ymmonpatmémy%mbmaa.ﬁﬁ.g\lnﬁe #honia
consi sts of syntigsis ohydthendd pladasion has ridiBérmodynaiie eqlilibHumtondintst Rigkel temgelatures,
wat er vapor %ﬂi@e-aﬂowbw%?rﬂgl:%:;ﬂswa@t temnelsfuretm lmmmtatvetcbedl Fnethh tam@hgefz
The first, Sitiogjang in'e
undesi r abdoe re,’ T gkl "{p%a nex 't “ﬁ sﬁ%&?ﬁ'&fg" Thatt 1“3 VBt £ i i sF‘?Fé'P’%f
I's int roduced Tabhrnpua&w |sumfalAe thei eitdl mm&hm BPBEd 6rPreactér- pedbifiahte. The case
i nt roduced icorisislesst! isi azmble %%&vcrdmmmhea 50W%6 adier] S0WeL % eethandh fedd foladield/iratibn

DVE fromt héf F q"@ﬁ}iw%%ed& ftepata lv&@:}tﬁﬁ% SARIPTOARHOY. cgn‘;g msltmperatutre
stripper.2sT auc
et SR i bl av‘fe“ﬂ"iu'é’aa" 3“,@'*'% *":aa%mgm?: S R
pass into |I4mec5:93nfnﬂ'él fadtm&ttbmlﬁhréwrb lof 493 fisa 3Gdh ab B 8€srrh

above. The winateit wogldrreptcnl uoétatﬂﬁepmpeawwm#mmal qtantlheDIbEhngh bouﬂmgsnrbwcged

fromstr |@p§"'&9&4h°tm r4apen fegd i tpmppratu '%i@;g“"elg@ SRMPENsEtg f%gata'vﬂ 39"'9
appreC| at ed o
can be vari %;B%Epa,au&x%fﬁ‘&zfj%é&?% (E}P fg;ﬁ% s‘éﬂ mo% sﬁg#ﬁviﬁ% 4 ?’b

. that desired for effective operation-of rocess As a first

appr oxi medgi on, the quantity of H ed to the stripper
should permit the rejection thr%)'niﬁ'h‘%ﬁu’etg yih gsﬁngibﬁtﬁggt the quantity of
wat er produced by the conversion gf,,vgmg egag and met hyl -ether into
" hydrocarbons. Variables in the prlalaemnpe&tmh A#sct he nature. of the absorbing
l'iquid engl oyed to 55 recover ‘f heCcoli Temeppratiire;t288°6 t he stri ppi ng-of nore or
| ess of the aqueous phase. This dlpdirestoip ’GEé:P%!t" can be adjusted as
process and product_requirenents .dict af & e li qﬁfg’ﬁ T?vdroc%r%tﬂ?f *phase,
cont ai ni ng C5+hydrocgf,§g&§ od S rem)ved fﬁ-pm separatgy 538 throggh |ine 550
and is sent to downstreamunits for recovery or further processing. For
exanpl e, ®his stream can be enpl oyed as a-frm@mveseﬁu'l—-m—gml ne
bl endi ng. 60 _‘The °?7in ghase in separgfor 538 is 32 gaseous thase whi ch
contains substantial Py B8P he et hyl eRe produced™ together Wi th |i-ght
hydr ocar bons trace podaibateh CO [err]lgs[err], amgh a relatiwgly | arge
amount of ¥di net hyl- ether. This gaseous phase is wthdrawn through |ine 552,
conpressed to about 5@8eyrbetioy conpresdB? 554 and s passed tS#hrough |ine
556 to :gas abspgRigiveRitesdbitifibh rfis C438 5507 the Shofe disds ethitloyal (v&ﬂ‘%fm&m gma eQr

exanpl e Ber lterfgetidbre fise gerbedl) @ nidré\@sble idthe Rattbr d’el’f&gﬁnoe\fﬂﬁﬁfompﬁﬂﬁkt%d
| i ne 562,%i &, Bandi1prCiperturbatidns tmttlua la!b'swnq!watmonnﬂﬁtmtaﬁéshenhmsege ttoomssadirect and

countercurr fhef"d“‘!'f?ét a's"" lﬂ%’ b at 28325 -(Feren the gonvetsigmebigined, as
ef f eC-t I V.el y || h& Ia E;ér T\Eegm QET\%E&QP%?" naqs!yl
ether, diss sieﬂu ee.m pardﬁﬁ?e‘i oreddion wsrb b 146 rﬁﬂd
IS i nt r odt9c e:dtainadl in edérctnd pEthe 6ia lstagasysem wites pocessingl @ somardumdl-vmesa‘eu I’aﬁan dvban
di met hyl et Hemverspnsvé %atlvdempqrmtemofilaaquhls W@tamtsmte asqbewn frr Gigare 8.
desorption colfi ‘"éih%fa? é?'E’Ef"’c"l'fP sI“‘i"’n’ef°;3 G!é%’“? H’"h the 7°C
rat r btain un (no
absorption §£ leads 3 sem
syst em asesr Qm.-gt (m"@u.g ih eﬁ,e eroa&ih%r sfidratife i soﬁ& eg.raaa :%S&u

from desorption co um 566 t hrough I|ne 518 and is recycled to line

where it is conbined with the equilibriummxture of nethanol, dlnethyl
ether and water exiting fromdehydration reactor 512 for conversion into an
et hyl ene-rich product as described above. The partially purified ethylene
streamis wthdrawn from absorption colum 558 by neans of |ine 570



10 gand is passed to gas plant 572. Et hyl ene of the desired purity is
rec@vered fromthe gas plant through line 574 and the heavier hydrocarbons)

suclR as propyl ené and butenes, are w t @889 om t he gas pl ant through

ling 576. The e il ant rray aI so serve to renove CO [err]. H2, CH#4 and

onVer si on ofnumbdrh:amdb of nome Gatabyfst nmssdlytsbrubtaitrshhh@peratudns yhie)prmadhmemgﬁmolaﬁmh
¥ L ke ammnll’&’%nt hesi s or. nettktl‘ano product oip as no 'gakllyerm) nar|rr1 i |
i briurf qgﬁﬂfﬁéﬁ% ‘%g\gvﬁ Pgl’rw 5131 W% MI:"I ?ﬂ g‘:ﬁfo expresﬁd{oas
- bil iR vdter Sentelingthd! defydl eqlifisiam! M
ont rol | ahbﬁpnmd tﬁﬁharﬁVOMEYanﬂWrtehuﬁnd mepﬁmt wathaamomawsns\fs{eaw rate,

| yst state, feed corrp05|t|on and inl et terrperature the tenperature

in eath bed nust b tfdtoai) % ue of %he senS|t|V|ty 20
Imeter, i.e., about T grqu:é[fgﬁ'f’%s °"°B |°2{W”s'§n of SF88%.f f ect ~ of

. all owabl e [err]/bed on

Minfom i dered is a
| e 50% overal | converﬁe éﬁt ?ﬁs-o 0 @[ﬂegt%:pol feed to
nvuld 6 an eol ]

sta
a dghydr at t%n reactor, 8 staaes of 7 e _catalyst in
a'cgnversion reactor. Corresporgli ng tenperature rise per bed is 27, 18 and
13.@[err], respectively. Enplaying the equation given above, the tot al
adi gbatic tenperature rise forgq he production®of ol efins fm this fret hanol
feefl at 508 conversion is aboug, 108[err]. Thl? means that i all of the

I

)| yst were provided in a single bed the effluent tenperature would be

abofit 401[err] for an initial 16keed inlet tenperature of 298C. A tenperature
ri sg such as thls mould be unde5|rable S|nce |t mould result in unstable
Op at I on fBr(jdui() cee S 80 t rea llaé?i‘l\g;t the
Furfher, the g sas &aﬁcﬁdﬁf 'é herud '?ae.lb%d

onpensat thc ébbv&e’ihﬁ ! ] &Te rél§live Qro brtid rslehﬁﬁr vﬂth dirgct iritdstate Gro@@ gé ﬂb | 10|0,
e | shows.21he32: \4: .780A typigal emberatereqnddile forcthis ¢ix stagmeagtostsa@;nvrﬁmabumg Note the

uent tmpeﬁggmpeeerams@e r:P ntwwn@e&%ﬁ-nmm@ @rrettﬁs?wm&tm tp[the intet

ptages) Wﬁg %g& gy A ST T o ﬁm oty ‘Eg mx m’%
Ilowmg ropomons. 1.0: 1.09. 1.20: 1.33; 1.5 ......

t enper at ur e per hsiinbrtiohétdbo Sral YBridtions(iint): std&b&:hmgy!té ﬁdss.ﬁiemaé Bllbelaw  shiffarizes

bt Tenpgy dbaredtivedB0nE®H huantch desinghiy ativariqus sYYS, ©a six stage system. For water and feed

Indrect | nt S’f"ﬂ Il@;b ejincrpase n; sbed thlckn gdﬁggsenﬂallvthe sqg\esggvgggtaﬂed above.

or ste quenc ing the tE would increase "1 r propertion. 13. 6

Corfer si on 5[err] Perturbation TABRE m _ 53

51 F[err] gert ur bat i on- . Quenching of a six Stage reactor with vanou.’fsgquenchmg agents 53 50 10C
Perg urbati on © 100 Quenchibtage, % of feed to firsPatag@®! a gi ven feed
diljution (in this case 50/50) the nore stagﬁmcmnwlaogned (vmth a .
corfespondi ng smal | er faperat QEETIRE - I e IS the
regct or performance. Tﬁ@,poi'nt (WAW) théthisnbinie ) ' steam, / and IOC

urbati 8hs on the i=A-8t—t-enper-at-ti8—af—t-ho—fitst—stage~—Ihe—t Nt er st age
ling is indirect and 2n these indi Re&t heat exchegers t18@ cool ant is
maifnt ai ned at 288[err]. Fromthe conveir5| on obt ai ne1d5 as s[}g in Table I,
it Jis seen_that a six stage system i é’ ~18[err] ténperature rise/bed, is
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each stage | NtHeqnGse Hrdpd dfa relictirgGiuidpassirig threaght mtked béds\mal he nalelatedsieg Eigerts
per bed is equuten.ant). For the above exanple the relative proportion of six
beds with indirect interstage,cool Nhg V\QUl_d be 1158:“_1 10: 1.21: 1.32: 1.44:
1.78. A typical tenperature pipo=fil fqr_fjjiﬁns_‘j X tage_é"lieactor is shown in
Figure 845 Note the 30 unifornyt enpgreat urg rise pergphed, the interstage
cooling which returns the reaction mxture to the inlet tenperature to the
- first stageissuming ideal gasdave hehaviprfordansityyobande die toi declining prasaure, intearatiom ofths akove
 passes sequrevidesi| |y t hrough ‘the six stages. Simlarly, a ten stage system
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1.0: 1.09: 1.20: 1.33: pap; 2. A41f -3 3+93sj1zAs nenti oned
above, several variations | er sipelgy. M| | Nng ¥BP@ possi blle. Table 111
bel ow summarizes 35 the'relative anmounts of quench desirable at various
stages, fprinahhx stage system For water and feed quench cooling, the
increase I n pdc éigégrthi ckness woul d be essentially the sane as that
det ai |l ed abov 5= ystStafRtRId) didhstge i Ng t he thickness would increase in a

hi gher propor p&gas.dedstLE || 1| Quenching of a six stage reactor with various
guenchi ng, agesi~so@tmtich/ st age, % of feed to first stage quenchi ng agent
Inlet to FéT_atP"bﬁiﬁ"%l ent to 50/50 450 kPa stage "(WW
met hanol /vvat-e%:‘:";:":ggg{"%r sat'd steam 2 g 2.2

1.5 = ular weight 2.3 1.5 - . 13A 4~
2.4 T=average femperature of thg gias 5 : : 2.5 . 1.7

16.9 55 3  -R=gasconstant 5 - q 2.6 : 1.8
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al | aspects exXremédth 66 reatroid Rhé safie.metiagolvatel Begareisafoliowingmperafinaconditionsarecr
di | ut i on“@&nangd erature perturbations wwth a 67/33 (ww 60 H20/ MeOH feed .
to the dehydr MHS¥m3heddo®P The overal |l conversion is 50%with the system
under stable r;r%;mo pMditi ons. Again the tenperature rise per bed Is.
about 18C. The tenperature profiles for this systemare shown In. Figure 10.
The "x" psof i lugmg Be@bdwareqiidtion, hitcressars eropti@radixediisedirentive havingracd).§ i peckedheight is
each of theﬁaecm witedor airasiial finev reactas of eppivalens papagity errt a0-3Jp thickness thpprassuegrop 0.2
10C per tur b¥®i on Lo, the, Lil Shhel S L BrvdoRbich dFmbthdrdl in3 bREHE it Saidlns® reabion
on this fig ';'oét;:if :&%ﬁ;ﬂgﬁ%&%&%@ %irﬁ%ﬁc? %ﬁleﬁ&faﬁidnﬁﬂ!etfmﬁﬁﬁéﬂﬁi&p%a)fiﬂl‘flow '
this foumesfa@sssystemis |lower than the six stage system shown in Figure

8. 13 0 E8fhpfd Figure 10 shows that although a 10C perturbati on causes
a significantlmyeldaghomy ef fluent tenperature in the first stage as-conpared
to the base case, it is nuch lower than the fjrst. stage effl uent
_tenperatgge obtained with a [err] ﬁﬁ%"ﬁﬁ'ﬂ?%*ﬁ'ﬁ'the four stage system of
- Exanple I. [n fact, . W | i rfABiplef #Aon bNEIMsBE ether to methyl
perturbatio ;ggﬁié'ﬁ%'éﬂ cﬁt&ﬁ%ﬂﬁ{?}%@mﬁ%ﬁm& dring B0 diffenant feodsirearasiteingy
exceed the RwediRédintol thb IdBhydetion reactGiostatemperatiregefr315°0 angl atpressyre o 3100kPah ows
t hat higlggr water content nethanol feedstocks can handl e | arger
perturbations to the inlet tenperature to the first bed of a sequenti al
mul ti-bed systemwhile still avoiding the high tenperatures which pronote
undesirabl e side reactions. Exanple 1V 10 The pressure drops of a
reacting fluid passing through packed beds may be cal cul ated using Ergun's
equati on.
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r] =constcagd 1-Nd DME réc§dié 1Sl dladonaedctden [err]=viscosity Po=inlet pressure

ol ecul ar wei ght T=average tenperature of the gas 35 R=gas const ant
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: - whi "8 ctor_ of eqw val ent capacity and a 0.3 m
ckness t%@ E'é@gu?%"'%l?" %éhy‘gr "ﬁa"g is clear fromthe above that

nducting the conversion of nedeganol i nmgegli.ef | Mroles Butr adi al fl ow reactors
n reduce the pressure dr op~—by—as—reh—as—anr—erder—ef—nagni t ude from t hat
t ai ned®in axial flow 50 reaMe@s25gExanpl&8y The 9#action, 55

rr] is an equilibriumlimt ction om Le gpteller s Principle,
dition of dinmethyl ether to&grret%? al cohd(; wi Il reduce the conversion.

is effect is shown by consiuerisag two diffger ent seedstreans being

it rodu@d into the dehydration reactor at. a tenperature of 315[err] and a
essure of 3 P 14 0 088 49@-- Case |-No DVE recycle to

hydr ati on rég%“tlérgﬁnlfw‘cfga Mol ed "@_ Mol es out 5

OH- 50g. 1.56 0.45 DVE-Qg. ™ 0.0 . 0. 56

]
AN

oo —'_—|m'—'ooo~*>\—-c'-*o-h'-*N

'O 509.25 2.78 3.33 Case II 4QI\/E recycle to dehydration
actor Feed case I= Mol'es .in Mol es 40Ut 154 9q,
OH 25g. 0.78 0. 47 DVE- 25@s 0. 54 0. 70
0-50[err]. 2.78 2.94 20 [err] Conversion of MOCH=
- 25 Q045 Case | = - 047  1- -71. 2%
Case li= 1- —=39.7%
. 0.78

This example shows that the addition of dimethyl ether to the feedstream entering the dehydration
35 reactor reduces the methyl alcohol conversion effected in that reactor.

Claims

1A procesé for converting methanol into an olefinic hydrocarbon product which comprises the steps

contacting a feed comprising methanol at an elevated temperature wuth a dehydration catalyst to
obtain an ether-rich product, and
contacting the ether-rich product at an elevated temperature with a catalyst comprising a crystalline
aluminosilicats zeolite having either (i) a pore size greater than 5 Angstroms, a silica to alumina mole ratio
of at least 12 and a constraint index from 1 to 12 or (ii) pores the ma;or dimension of which is less than 6
Angstroms and pore windows of a size- prowded by 8-membered rings of oxygen atoms, to achieve a
predetermined degree of conversion into olefinic hydrocarbon products, by passing the ether-rich product
through a plurality of aiternate beds of zeolite catalyst and cooling zones, the reduction in temperature of
the reaction mixture by passage through each cooling zone being substantially equal to the increase in
temperature in the immediately preceding catalyst bed, the increase in temperature of the reaction mixture
by passage through each catalyst bed being no greater than the sensitivity parameter for the conversion of
methanol into ethylene and the number of catalyst beds'being at least equal to the ratio of the total
_adiabatic temperature increase at the predetermined conversion to the sensitivity parameter.
2. A process according to claim 1, wherem the reaction mlxture passes axially through each zeolite
catalyst bed.
3. A process according to clalm 1, wherem the reaction mixture passes radially through each zeolite
" catalyst bed.
' 4. A process according to any one of claims 1 to 3, wherein each zeolite catalyst bed is a fixed bed.
5. A process according to any one of claims.1 to 3, wherein each zeolite catalyst bed is a moving bed.
. 6. A process according to claim 5, wherein the flow of reaction mixture is cocurrent to the flow of
catalyst.
7. A process according to claim 5 wherein the flow of reaction mixture is countercurrent to the flow of
catalyst.
8. A process according to any one of claims 1to 7, wherein the olefinic hydrocarbon product is separate
into its components, unreacted methanol is recycled to the dehydration catalyst and unreacted ether is
recycled to the zeolite catalyst beds.
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. _adiabatic temperature increase at the predetermmed conversuon to the sensitivity parameter.
2. A process according to claim 1, wherem the reaction mlxture passes axially through each zeolite
catalyst bed. .
3. A process according to claim 1, wherein the reaction mixture passes radially through each zeolite
" catalyst bed.
4. A process according to any one of claims 1 to 3, wherein each zeclite catalyst bed is a fixed bed.
5. A process according to any one of claims 1 to 3, wherein each zeolite catalyst bed is a moving bed.
8. A process according to claim 5, wherem the flow of reaction mixture is cocurrent to the flow of
catalyst.
7. A pracess according to claim 5, wherein the flow of reaction mixture is countercurrent to the flow of
catalyst.
8. A process according to any one of claims 1 to 7, wherein the olefinic hydrocarbon product is separate
into its components, unreacted methanol is recycled to the dehydration catalyst and unreacted ether is
recycled to the zeolite catalyst beds.
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-.f I Nl que, CIL“ conpr end | ea 6t apes COﬂSl St ant a: nettre une alinentati on,

prenant du nbt hanol, an-contact a une tenperature el evde avec un

al yseut® de ddshydratation. pour obtenir un produit riche on 6ther, et 46
ettre le produit riche en 6ther, A une tenperature U evee, on contact

C un catal yseur conprenarnt un alun1n05|llcate zeolitique cristallin

nt (i) une teille des pores sup6rieure a 5 Angstréns, un rapport nolaire
la siltsce a |"alumne au noins 6gal A 12 et un indice de contrainte de 1
2, ou (ii) des pores dont la plus grande dinension est inf6rieure a 6
strons et des fenetres de pores d une taille fournie par des cycles
ogonaux d'atones d' oxygbne, pour r6aliser un degr6 predetermne de
ver si om en des co produits hydrocarbon6s ol 6fini ques, .en fai sant passer
produit riche an ether par plusieurs lits de catal yseur z6olitique

rnant avec des zones de refroidissenent, |a dimnution de tenperature
n6l ange r6acti onnel par son passage a travers chaqus zone de

roi di sgenent etant se' nsiblenment 6gale a.. |'elevation de tenperature

s le lit de catal yseur i mbdi atenent pr6c6dent, |’ 6l 6vation de-

perature du n6l ange reacti onnal par son passage dans chaque lit de

al yseur n' 6tant pas plus granda qua | e 55 paranetre de sensibilite pour
conver gj on du nmethanol en 6thylene et |e nonbre de lits de catal yseur

nt au nmoins 6gal au rapport entre |'augnentation de tenperature
gabatique totale du taux prédeterm n6 de conversion et |e paranetre.de
sibilite. 2. Procede selon | a revendication 1, dans |equel |e nBl ange-
icti onngy traverse axial enent chaque |it de catal yseur z6olitique. 60
Proced6 selon | a revendication 1, dans |equel |s nelange r6actionnel
verse radial enent chaque |it de catal yseur zeolitique. 4..Proc6de selon
ne quel conque des revendications 1 A 3, dans |iquel chaque lit de

al yseur,,z6olitique est un lit fixe. 5. Proc6d6 selon |- une quel conque
revendi cations 1 A 3, dans |laquel chaque |it de catal yseur 65

litique est un Iit mobile. . O 088 494 6. Proc6d6 selon |a _

lendi cation 5, dans |equel |'ecoul ement du nel ange reactionnel est

ourant avec |'ecoul ement du catal yseur. 7. Proc6d6 selon |la

endi catfon 5, dins | equel |'ecoul enent du n6l ange r6actionnel east a

it re-courant de |'6coul enent du catal yseur. s - 8. Proc6d6 selon |'une
| conque des revendications 1 a 7, dans | equel |e produit hydrocarbone
finique est separ6 en sea constituants, |le mthanol inalter6 est recycl6
s e c&fal yseur de déshydratation et |'6ther inalter6 est recycl6 vera
leg$ lits de catalyseur z6olitique. to 20 25 30 36 40 50 55 60 66
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