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0 6 APR 2006 | A METHOD FOR PROCESSI NG AN OLEFI N- CONTAI NI NG PRODUCT STREAM -
[0001] This application clains benefit of the filing date of Gernfi§ APRt2806t
Appllcation No. 101 50 480.2, filed Cctober 16, 2001. Field of the Invention
[0002] This invention concerns a nethod fqr processing an ol efin-containing
product streamthat contains, besides etRyl’ene and propyl ene, |onger chain
ol efins and conpounds of hydrocarbons wth oxygen (oxygenates), where the
product streamis dewatered in successive process steps, optionally
conpressed in several steps and dried, and then sent to fractionation.
Background of the AMETHOD FORPROCESSINGAN QLEFINFCONTAINING -have been
considered an interesting alternP®RODUCTSEREAMI ti onal production of

ol efins frompetroleum Methanol is considered to be a readily stored and

managed i nternedi ate product faor, utjlizatjpqQn ,,0f hitherto ungsed natural
gas. T} he inc@%ﬂMCMﬂamwﬁﬁkﬁﬁm '{;FFE"FW F%et coul d

al so be serveqd b Si VELLY. i@" r I S reason, processes are
bei ng devel opéap#ﬁg °"‘3r98-dﬁjc‘e5‘gm'-@ﬁgp% 0 eFths@Fom met hanol .  Such
processes operate, for exanple, catalytically according to the overall

equati on 2CH3Plg1d of (ifd EnveptivaO Besides the desired ol efins, ethylene and

propyl ene, |ofiger-chairn olerins and, especially, undesire conpounds of
hydr oc§00%]s wi t h ah@menumymmg)m@ﬁ%ﬁymwémm,ol -SPRIAIRE] or gani c

id I f E hi I { |
eacti on pr ontpapet ipih el A, heSR) £y RAE 8Byl Ion ¥l Uleigi
taken into acgsdémpbinddicfiylidcations withdygen (oxygenates) wheredheprdaduet | i ght est

oxygenat es and behaves . .
Y9 ‘ stream is dewatered in successive process steps, optionally compressed in several

steps and dried, and then sent to fractionation.

Background of the Invention
[0003] Producing olefins from methanol have been considered an interesting
alternative to the traditional production of olefins from petroleum, Methanol is
considered to be a'read;ly stored and managed intermediate product for utilization
of hitherto unused natural gas. Thus, the increasing demands for olefins on the
world market could also be served by using very cheap methane, For this reason,
processes are being developed that produce short-chain olefins from methanol.
Such processes operate, for example, catalytically according to the overall
equation 2CH3;OH — C;H, + 2H;0. Besides the desired olefins, ethylene and
i propylene, longer-chain olefins and, especially, undesired compounds of
hydrocarbons with oxygen (oxygenstes) such as alcohols, ketones and organic
acids also form. For this reason a costly secondary purification of the reaction
product is necessary. One oxygenate that is particularly to be taken into account
is dimethyl ether (DME), since it is one of the lightest oxygenates and behaves
similarly to C; in distillation processes. Moreover, it is only slightly polar, so it
can be difficult 10 remove by absorption. Accordingly, it would be beneficial to
_find additional methods to more easily remove oxygenates from olefins,
particularly from an olefin stream synthesized from methanol




simlarly to C3 in distillation processes. Mreover, it is only slightly
polar, so it <can be difficult to renove by absorption. Accordingly i&

woul d-be beneficial to find additional nmethods to nore easily reno9é APR 2006
oxygenates fromolefins, particularly frdd-an ol efin stream synt hesi zed
fromnmethanol -1A 0 6 APR 2006 U.S. Patents Nos. 4,547,602 and 4, 560, 537

di scl ose a process for converting nethanol to heavy hydrocarbons in the
distillate range. in the firsi stage catalytic process, oxygenate is
converted to | ower 10IScPatents Nbw 4{5475602simaioh, 560537 disclose sprozessfdri n an

exchanger to condense water and a mmjor anount of cd+ hydrocarbons.
Bypr oduct wat MHWD@MQWWrmt%@q@Qﬁﬁ%M%ﬂ& the fixshr ded or

making C2 {0 EPRsIoRRRE Fropes aehih it el fo b Bt TR AR
I ng | , dl y
ether. The re%gaﬁaﬂw&vaﬁmmﬁfchmg&wd@mséwmeawsmj&mnmww gasses

and a condensed aqueous phase to a  water scrubber in a water scrubbing
col um. Eur opbydrdeatbens. Byptdduat weter hay & 18604081 fiomainosastedfepdsioelsand or

The “product  SSEaUied o5 AROTSCR FaY BEFRBIbhasos o || qui d adueous phase, a
Sueous phase  contaSHa 163, 757.26% HecIOps Y86 huiflife COW6 G4 dlifms |
aqueous phase ficin gas mixtpees containibg methanod, dimethykethier. CYheateattion gassese
andl or di et hypfeteendeniation diisgi he resctin gASes R § EoRdeared J49GPs DI D 8 ( he
i easteq” di el rberfa 4 Bl Sbibbbitg din, 17 2N {0 Cots phase it h
wat er to sel ecti velBuropean\Ratetit Agsplicetian Nex 0 060 103 discloses a process for
converting methanol and/or dimethyl ether to a product containing ethylene. The
product is condensed to form three phases-—-a liquid aqueous phase, a gaseous,
hydrocarbon phase and a liquid bydrocarbon phase. The liquid aqueous phase
contains unreacted methanol and dimethyl ether. The liquid aqueous phase is
stripped with low pressure steam to volatilize the methanol and/or dimethy] ether
to from the aqueous phase. The methano! and/or dimethy] ether are recycled back
to the reactor. Additionally, the gaseous hydrocarbon phase is contacted with
methano] to selectively sorb unreacted dimethyl ether. An alternative contacts the
gaseous phase with water to selectively remove dimethy ether.



0 6 APR 2006 .2 Sunmary of the Invention 100041 This invention provides a
process for producing ol efins from nethanol such that oxygenate 7006
cont am nants can be nore easily renoved fromthe olefin product. In og%
embodi ment, the invention conprises a mett¥®d for processing an olefin
stream cont ai ni ng oxygenates (conprising organi c conpounds that contain at

| east one oxygen) and water. The nethod conprises providing an olefin stream
cont ai ni ng oxygenates and water. The olefin streamis dewatered, and the

dewat er ed ol esbﬂ“ﬁﬁﬁammﬁﬁiﬁﬂd The conpr essed olefin streamis then

washed with 0 renove at |east a portign . of the ygente{romthe

ol ef i n [¥004bm Fol |Thus mgemmnmdqa/asnocqsh@rdz weing; ple 0 Bt ed with.

wat er, and the r contacted ol.efin styea 1 1In

anot her enbod#f 'h““ PRECRAESONATInANtS £p g? g}IRF#]EMSIS’ gg#wésha%sﬁethl’ %r %r to

fractionati Ng gy ‘Rﬂ ﬁﬁﬁ?%dﬁ%ﬁﬂ&ﬂﬁﬁhﬂ%odm %ghr eam
‘and t

with the rret he water I's carried out in a single wash co

[ 0006) The mutuﬁumaniwnmnmglaqucmesa@bmmmgtqrglnmcmpom thi\eontaind
olefin streamis conpressed to forma cond nsate cont aj ai n ol ved heavy
oxygenat es aftleastansaxygen) ax ,\Mmg%ﬁn&ﬂpg ﬂﬂﬁ'?iﬁﬁ

Desi rably, th &Lag, ' an
over head produclfl oﬁ%&aﬁgﬁocar ons an?rp ott om product of‘ﬁéC]:s+

hydr ocar bons aedatteed/ofleﬁmsgeﬁmtcemprwsed oTFhecompressedeiefimstteam isttherover head

product of I|ight drocar Is sent.to at | east. pne conpression step. In
one enbodi nen ‘E‘“Pét‘ﬁbﬂ“?’fﬁ“d%&??ﬁﬂmcﬂf E‘F‘g §‘?fﬁ nol .

;‘A\lcrcg{ ?;%uﬁl? mﬂﬁanol to pr ggﬁgce an eft{iﬁbgﬁ?gm 'I!ﬁgmﬁ%&n st : ga%

o water, and the water contacted oleﬁn stream is fractionated.

[0005] In another embodiment, the water contacted olefin stream is dried prgor to
fractionating. In yet another embodiment, the washing of the olefin stream with
the methanol and the watet is carried out in a single wash column.

|0006) The invention also provides an embodiment, wherein the dewatered olefin
streax-n is compressed to form a condensate containing dissolved heavy oxygenates
and a gaseous olefin strcam which is washed with the methanol. Desirably, the
condensate is sent to & stripping column in which an overhead product of light
hydrocarbons and a bottom product of Cs+ hydrocarbons and heavy oxygenates
re obtained. Preferably, the oveshead product of light hydrocarbons is sent 1o at
least one compression step.

In one embodiment, there is 2 method for producing olefins from
methanol. According to the method, a molecular sieve eatalyst is contacted with a
first amount of methanol to produce an olefin stream. The olefin stream
comprises an oxygenate. The oxygenate comprises an organic compound that
coniains at least one oxygen. The olefin stream is dewatered. The dewatered
olefin stream is compressed. Then, the olefin stream is washed with a second

- amount of methanol to remove at least a portion of the oxygenate from the olefin
stream. The second amount is from 1% to 10% of the first amount. Next, the
methanol washed olefin stream is contacted with water. Thereafter, the water
contacted olefin stream is fractionated.

In another embodiment, the step of contacting a molecular sieve catalyst



conprises an oxygenate. The oxygenate conpri ses an organi ¢ conpound t hat
contains at |east one oxygen. The olefin streamis dewatered. The dewatered
olefin streamis conpressed. Then, the olefin streamis washed wi thf APR#Bnd
anount of nethanol to renpve at |east a pdAtion of the oxygenate fromthe
olefin stream The second amount is from1%to 10% of the first anount.
Next, the nethanol washed olefin streamis contacted with water.
Thereafter, the water contacted olefin streamis fractionated. |In another
enbodi ment, t k§thsé fift anovnnsfmtihagooctatsast dlpas soperficial eelokity préatdr thieRl 2006
-2A with a first amount of nethanol occurs at a gas superficial velocity
greater than m/s.imandthersnabodiment theorteref contacting cenvests from W wt-HytaPhvert s

ebot ment |1 MR BERAASY emahs 4t thethadill 18 bt pdtr RBodindd 3hd Hen B 1) 0
wt. % of the f 'béﬁthg?@wvcﬁ& abovd 9804 td¥eisSthai 60 WIS iof thefirst Amobhedy Ng

10007) The attach i gure shows an exanple of but one type of flow schene
of the invenmethanoh whi ch nethanol is used to renove undesirabl e oxygenates
from an olefin stream synthesized from nethanol. Detailed Description of
the Invention_10QQ8] Thi,s inventjon,provides a method for efficiently

renovi ng undesPleiHeScTipiion £ TAPME an ol efin stream particularly an

ol efi n [pbOFRM Synt i 4QEhEd Pifurd BRI exardipfe SFEBU Qe tPpo6t oW Athére 8
economical ‘way. 100091 According to the invention, oxygenates are washed out
of the gaseouthe inverition jorwhishmethansd is used 2o ramoveasiesizahle ox)ipenstesifiomst ep,

and before the o i roduct .i ied.. The oxygenates are washed out in a
wash col umm mgk%%gﬂﬁemzﬁ {501 icthahdF

Detailed Description of the Invention

[0008] This invention provides a method for efficiently removing undesirable
oxyéenates from an olefin stream, particularly an olefin stream synthesized from
methanol. The method is achieved in an economical way. ,

10009} Accordiné 1o the invention, oxygenates are washed out of the gascous
olefin product stream after at least one compression step, and before the olefin
product is dried. The oxygenates are washed out in a wash column with methanol.



-3 0 6 APR 2006 [0010) The invention is based on the fact that the drying
steps that are called for in conventional ethylene plants are not caEabIe
of handling nore than very small amounts3of oxygenates |ike al deHfi&8R 2k
ket ones. Moreover, such oxygenates can polynerize under certain conditions,
and the polynerization reactions can reduce the active surfaces of
conventional drying schenes very rapidly. At present, there are no known
dryers that are suitable for handling such conponents. For this reason, the

oxygenpjgas) have t oTheidveatue s basedoh e faroiiatthestrying stepbdiarage cdlled fonfier t he
cold part of the processing plant, which nsists of olefin drying and
fractionati oconveticnal eylenspiants assinot savﬁ%of hangdling moze fAn YRTY'S|

o 871 - syt haghmt of iéeped e lashifes bFRE Sy eI Sk ol Bl o1
bef or e the olcdhigbipeiiiiedhder cEiRMB \¢Bhditiohl) shd eI belyhnefiition Reaktienstadl | 1
adea w

synthesis being’l o h reaction pr_oduct s from the ol efin synthesis.
Thi s can | eaceducetthe activeisnifares oficariventioral idryipg schemgspierne mpidly %121 I1n this

i nvention, the olefjn stream containi the o e gontam nants_ s
quenched (d em%&k“,’"’c’ﬁﬁﬁp &9@’8 ‘%‘H’ %‘ &t %ﬁﬁﬂ@%@éﬁ?’gﬁiﬁ 5§\np?ﬂgnts _
oxygenat e re'Fb\ffi?ais%Eé‘s% ! Ec@ﬁ@ﬁéﬁ&w%%mﬂo?&d&ém%e pfeifict &Peng ONTPr essi on
step. If nmultiple com')lfesm steps are used it is desirable that the
oxygenat e r ertefode they eptebthepold partofitheqirosrssing iplant,hwhidh gansists of olefin

conpression sjep. It, js alsg desired that the oxygenate renoval step be
per formed aft ’M‘P&'m%ﬁu%d: before drying. [0013) According to the

O8I0 7, Bl oy o ey iy o o e
" all of the fresh methanol that is provided for olcfin synthesis to )
oxygenates out of the olefin product stream before the ojefin synthesis. However,
this would result in the olefin synthesis being loaded with reaction products from
the olefin synthesis. This can Jead to the accumulation of undesirable
components.

(0012} In this invention, the olefin stream containing the oxygenate cositaminants
is quenched (dewatcred), compressed and dried before fractionation. The
oxygenate removal step is desirably performed afier at least one compression step. |
If multiple compfcssion steps are used, it is desirable that the oxygenate removal
step be performed between the third and fourth compression step. It is also
desired that the oxygenate removal step be performed after compression and:
before drying. '

[0013] According to the invention, 8 wash column is provided for removing the
oxygenate contaminant. Desirably, the oxygenates are washed out of the gaseous
product stream with methanol in the wash column. Only a relatively small
amount of methanol is needed for the oxygenate removal. For example, 1% to
10%, preferably 3% of the total amount of methano] used in the olefin synthesis,
is used to wash out the oxygenates to an acceptable limit.

[0014]) In another embodiment of the invention, overhead gas accumulating in the
methanol wash is further washed with water. This removes methanol that may

. become entrained in the olefin stream as a result of evaporation in the preceding

methanol wash. The gaseous product stream that is recovered from this water



product streamw th nethanol in the wash cohunn. Only a relatively small
amount of nethanol is needed for the oxyggnate renoval. For exanpl g fiffoXes
10% preferably 3% of the total anount of nethanol used in the olefin
synthesis, is used to wash out the oxygenates to an acceptable limt.
[0014) In another enbodi ment of the invention, overhead gas accunulating in
the nmethanol wash is further washed with water. This renpves nethanol that

may becone nop Beﬁnbés e %\iéf{hsSBWoﬁom&ﬂtés aid ReéaRbRt TRE in the

precedi ng netha wash.” The gaseous product streamthat is recovered from
this water -MﬂcﬁwmmmﬂucwmmhemmtmmndlfamuMI y traces

of oxy enat es and net hano wat er shed .0l e roduct, streamis then
sent t éﬂ/l ng andnsyel apotBers WBBP@& Ipvention, | St“ﬁg'r”‘é‘ﬁgd P the

i nvention, ‘E%P aﬁ&c‘g,?gp of the
wash col um pr%wgomf ‘zn?re § Cwlmﬁh%ragem raEHy, a single wash

colum is prqyﬁit@ﬂly};l rsu-lgﬂu ﬁrashlwdlhrrﬁﬁﬂpmmmwthﬂemﬂhﬁﬂdﬁwﬁﬁ out in
e

the | ower part of colum, and the water wash in the upper part.
( 0016) Anot hé:e:medmntmdhe kmermmeqftthwaga eoluaasandhe water wash imthgr essure

of ‘least one of the conpression steps be adjusted so that, optionally
after cool i ndlppgl drocar bon- cont ai ni ng condensate in which heavy

oxygenppag) ar e di sgpbtererhBodifrehiBfithe indéitiohippivites thitahe agtetisreupsibe t

stream The condensate can be sent to a strl ppi col um |n whi ch an
over head prodmmsbﬁnelofghc compressignistaps be 11?&19 tafler capgling, a

Y ght - hydr oc dPBte e e RAiEg SrnRenne 1 i i T“%weﬁ%%%??% BFep. The
bot t om pr odugbnméd mmarmsg&&aﬁ pﬁﬂﬂ:wmmmsmﬁﬁm sén@td 4 t her
Processing. stripping column, in which an overhead product of light hydrocarbons and a
bottom product of Cs+ hydrocarbons and beavy oxygenates is obtained. The.
overbead product of light hydrocarbons is desirably sent to at least one
. compression step. The bottom product of heavy hydrocarbons and oxygenates can
be sent to further processing.
[0017) The invention provides an economical method for removing oxygenates
from an olefin-containing product stream, and cnables effective oxygen separation
at very low investment cost. The invention is also advantageous in that only a
- very small amount of methanol js nceded to remove the oxygenates from the
olefin stream and that the wash stream can be used as feed to the olefin synthesis
) reactor. The olefin synthesis reaction will not be adversely affccicd by the
methanol wash comtaining absorbed oxygenate. Nearly the same amount of fresh
methanol is available for olefin synthesis. Desirably, the amount of methanol
used in the methanol wash will be 1% to 10% of the total amount of the methanol
that is used in the olefin synthesis reaction,
[6018]} In one embodiment of the invention, the olefin product is obtained by
_contacting methano! with an olefin forming catalyst in a reactor. Preferably, the
catalyst is a molecular sieve catalyst.
[0019] Although the use of methanol to produce the olefin stream is preferred,
other oxygenate components can bc used as a feed. Such oxygenates comprise at
least one organic compound which contains at least one oxygen atom, such as



[0017] The invention provides an econom cal nethod for renoving oxyge:bast es_
from an ol efin-containing product stream _and enabl es effective oxyge APR’ 2006
separation at very low investnent cost. The invention is al so advant ageous
in that only a very small anobunt of nethanol is needed to renove the
oxygenates fromthe olefin streamand that the wash stream can be used as
feed to the olefin synthesis reactor. The olefin synthesis reaction wl|l

not be adverse . b euypé ?d(\ﬁﬂﬁiaﬁ dts) ke %e.ﬂ:lw?li

oxygenat e. Nealr‘lm]ﬁt %gfégg?rel?’ g?‘rg{}g%mg?ﬂ*]r es mat%ano IS _avgiéélgabl e o? ol efin
synt hesi s. Desadidg)lcgrbonbtes,cesters and therdike)a Ndhen the oxygemateris anslcohabtherash wi | |
be 1% to 10% of the taqtal amunt ,of t.he nethanol . that i,s used in the olefin
synt hesi s r eactlcohp! ipcludes aqnﬁlmﬁcéiﬂiﬁﬂimgag?ﬂ%lﬁﬁqlﬁrﬁm%th@reol efin
product is obtgj ' a réehitdti ' ) lyst -
In a reactor. ﬁegﬁg?]gﬁq-gﬁq? h?céagg%aﬁ%{}' ?gpa mﬁggﬂrlgbﬁésllk éh\fgtﬂi;e;i%dg%é;tﬂé?omg]
Al though the uUngeséariiplifittd!to lower suhight abl dramichéd chain aliphatic alquhelsamded,

ot her oxygenate conponents can be used as a feed. Such oxygenates, conprise

at |east one theiamsaturaietheennicrparnshExamples f syilableexygensie wdsat om such

as 1 0 6 APR- 2006, al i phati c.al ol er | L O

(al dehydes, ke{'{?ﬁ&,’ W86, 89 %gwg%i@@@rm&%%ﬁyﬁ%ﬁw ke) .
When t he oxyge ' %ﬂ;yct&&? dﬁ&tﬁﬂm Giethyd ethef di-380 lethe#Di €t Y
having from1 Fgutﬁgéhzoﬁl%ﬁhgto l, nore prefer abl yu??qm 1to car bon atons.
Repr esent at i veformnbdebyde;idimethyd carbonatepdimsthylketaacsanetir peid; and mixtures| over

count or parts. BEERS LLnEPYL 6En e BipHE o A Ebb oA PeBh R o ¢ ot
limted to: rre{,ﬂﬁ}'péd feedd)anol ; n-propanol ; isopropanol; C - C2e al c_ohol S;
met hyl ethyl ether; dinethyl ether, diethyl ether, di-isopropyl ether;
[00{0] Molecular sieves capable of converting an oxygenate such as methanol to
an olefin compound include zeolites as well as non-zeolites, and are of the large,
medium or small pore type. Small pore molecular sieves are preferred in one
embodiment of this invention, however. As defined hercin, small pore molecular
sieves have a pore size of less than 50 nm (5.0 angstroms). Generally, suitable
catalysts have a pore size ranging from 35 nm (3.5 angstroms) 1050 nm (5.0
angstroms), preferably from40 nm (4.0 angétmms) to50 nm (5.0 angstroms), and
most preferably from43 nm (4.3 angstroms) to 50 nm (5.0 angstroms).
[0021]  Zeolite materials, both natural and synthetic, have been demonstrated to
have catalytic properties for various types of hydrocarbon conversion processes.
} In addition, zeolite materials have been used as adsorbents, catalyst carriers for

various types of hydrocarbon conversion processes, and other applications.
Zeolites are complex crystalline aluminosilicates which form a network of AlOy”
and SiO, tetrahedra linked by shared oxygen atoms. The negativity of the
tetrahedra is balanced by the inclusion of cations such as alkali or alkaliﬁe carth
metal ions. In the manufacture of some zeolites, non-metallic cations, such as
tetramethylammonium (TMA) or tetrapropylammonium (TPA), are present during
synthesis. The interstitial spaces or channels formed by the crystalline network
enable zeolites to be used as molccular sieves in separation processes, as catalyst.

~ for chemical reactions, and as catalyst carriers in a wide variety of hydrocarbon

conversion processes.



f or mal dehyde; di nethyl carbonate; dinethyl ketone; acetic acid; and m xtures
thereof. Dimethyl ether, or a nmixture of ginmethyl ether and nethanol(,6 APR2006
also preferred feeds. [0020] Ml ecul ar sPéves capable of converting an
oxygenate such as nethanol to an olefin conpound include zeolites as well
as non-zeolites, and are of the large, nediumor snall pore type. Snall
pore nol ecul ar sieves are preferred I n one enbodi nent of thi s |nvention,

however defi ne erei | .ppre nol.ecuk.ar i eve si ze of
less tH 0 nm (5281"rl %‘H‘b‘ffﬁ‘)’ ‘eéﬁ&ﬁm F?&B t’%ﬁ'&l’é a pore
si ze ranging ?ﬁh{f ?%}, r

preferably f r%l#&ﬁhﬁgnﬁﬂgﬁ g)neé;st roass) to 0 angst ﬁd 13'@011: %st
preferably f rﬁrpﬁ.&wmoth(braxsdcg.sl:onam)nplq g%ﬁnamm{ﬁ:udeﬂxgehﬂem;)dnﬁ:ﬁ%&]

Zeolite materials, both natural, and synthetic,, have begn d {jronstr ted to

have catal yt nbnpp‘épmtqpéas f‘-B?S‘\l‘S? PORKION; Bﬂdﬁy’dﬁ’%eﬁds hon

processes. N addi td V. bent s,
cat al yst car rW%‘P %"arr ous EW&H%F%CQ? %@%Hg%ﬁ%g?@ qglse%)cesses
and ot her appithérabisOdecifiets e teffs tiealiRd &HE CXedlity flabtérialngs ﬁcﬂfﬁeﬂﬁﬁ.' dhafjat es
which forma network of A2 and Si Q2 tetrahedra |inked by shared oxygen

atons. The nemeat wttoplnmattw@ls centainingailiconatoms and.captiopatinalumisum mma)f
cations such ,a aI ka aline earth t ns, .nuf re of
some zeol it el ‘éﬂ‘i‘aﬂ ceéh%%&ﬁﬁﬁ%f?&ﬁwﬂfﬁ% ) or
tetrapropyl a"i@iiﬁlcékm‘ﬁtTd?@&:s far fach'sAic8H and WhiniBumSatdiiesi s. The | nt er stitial
spaces or channels forned by the crystalline network enable zeolites to be

used afot@Iecul ar Enetyge ofvlehip formingcatplysicapsble of producing large quantiticheni cal
reactions, catal yst carri.er a wd e ar bon
conver si.on pr%&ﬁysl Rﬁ%nﬁ(ﬁ)%g‘l’ﬁ?ﬂ 39?‘?@? m&@éﬂ%ﬁgﬁﬁ%g

cont ai ni ng S'SﬂlE@alﬁﬁ%%hﬁHﬁé mbletulaisidves & Generally classified as being

microporous materials having 8, 10, or 12 membered ring structures. These ring

structures can have an average pore size ranging from 35 nm (3.5 angstroms) to
150 nm (15 angstroms). Preferred are the small pore SAPO molecular sieves
having an average pore size of less than50 nm (5 angstroms), preferably an
average pore size ranging from35 nm (3.5 angstroms) to 50 nm (5 angstroms),
more preferably from35 nm (3.5 angstroms) 10 42 nm (4.2 angstroms). These
pore sizes are typical of molecular sicves having 8 membered rings.

[0024) According to one embodiment, substituted SAPOs can also be used in
oxygenate t0 olefin reaction processes. These compounds are generally known as
MeAPSOs or metal-containing silicoaluminophosphates. The metal can be alkali
metal ions (Group 1A), alkaline earth metal ions (Group 11A), rare earth ions -
(Group I1IB, including the lanthanoid elements: lanthanum, cerium,
praseodymium, neodymium, samarium, europium, gadolinium, terbium,
dysprosium, holmium, erbium, thulium, ytierbium and lutetium; and scandium or
yttrium) and the additional transition cations of Groups 1VB, VB, VIB, VIIB,
VIIB, and 1B,

[0025] Preferably, the Me represents atoms such as Zn, Mg, Mn, Co, Ni, Ga, Fe,
Ti, Zr, Ge, Sn, and Cr. These atoms can be inserted into the tetrahedral



materials in which the silica and alum na portions have been repl aced(ismPR 2006
whole or in part with other oxides. For;ﬁ_;arrpl e, germani um oxide, tin
oxi de, and m xtures thereof can repl ace e silica portion. Boron oxide,

gron oxide, galliumoxide, indiumoxide, and m xtures thereof can repl ace
the alum na portion. Unless otherw se specified, the terns "zeolite" and
"zeolite material" as used herein, shall nean not only materials containing

silicon at Onsﬁﬂﬁﬂwogpﬁk&fﬂid %e@mmmﬂtm The[Md®3) téthaheddal uhi caftids' C©
structure thereof, but al'so materials which contain suitable replacenent
atons for suchnetieléctrio charge depandingomthenalente salofthe meyglsubstitoenti i n f or i ng
cat al yst capabl e of producing large quantities of ethylene and propylene is
a silicoal um nophosphate (SAPO nol ecul ar sieve. Silicoal urni nophosphate
nol ecul ar sieves are generally classified as being mcroporous materials
having 8,10, or 12 nmenbered ring structures. These ring structures can have
an average pore size ranging from35 run (3.5 angstrons) to 150 nm (15
angstrons). Preferred arc the small pore SAPO nol ecul ar sieves having an
average pore size of less than 50 nm (5 angstrons), preferably an average
pore size ranging from35 nm (3.5 angstrons) to 50 non (5 angstrons), nore
preferably from35 nm (3.5 angstrons) to 42 nm (4.2 angstrons). These pore
sizes are-typical of nolecul ar sieves having 8 nmenbered rings. 10024)
Accordi ng to one enbodi nent, substituted SAPGs can al so be used in
oxygenate to olefin reaction processes. These conpounds are generally known
as MeAPS(Gs or netal -containing silicoaltminophosphates. The netal can be
al kali nmetal ions (Goup IA), alkaline earth metal ions (Goup IIlA), rare
earth ions (Goup 111B, including the | anthanoid el enments: |anthanum
cerium praseodym um neodym um samarium europium gadolinium terbium
dysprosium holmum erbium thulium ytterbiumand lutetium and scandi um
or yttriun) and the additional transition cations of Goups |VB, VB, VIB,
VI 1B, -



VI11B, and 1B. 100251 Preferably, the Me represents atons such as E@}P 2@5
M, Co, N\, Ga, Fe, Ti, Zr, Ge, Sn, and€m. These atoms can be | eaR
into the tetrahedral U 6 APR 2006 franmework through a [ MeQ2] tetrahedral
unit. The (MeQ2] tetrahedral unit carries a net electric charge depending
on the valence state of the nmetal substituent.. 0 6 APR 2006 Wen the net al
conponent has a val ence state of +2, +3, +4, +5, or +6, the net electric

charge is betyg e%éaﬂcogﬁ pofleRE REPValenosigfe JFhe, ¥, 159GPPOARE et
typically acconp I shed addi ng the netal conponent durlng syntheS|s of the

mol ecul ar si eelentnt-lohmgers,bqhwsens‘l/mm'e%J mnﬁtgem componemt issed. | n
post synthesis exchange i‘lg(ﬁ taI nent will, i.ntroduce cations into

i on- exchange typisally acsosmplis @W?mdmﬂzﬁﬂ FIEQRE  not into

Si oves i nel udeoliRe sieve ket éﬁ%ﬁﬁ“ﬁ%ﬁ%&%‘g@%ﬁé‘@@%ﬁ%
SAPO- 20, SAPQyRihesisARehangé, thEARGIompdieat #4] intoBGoatiofis Bt I6h-eFdiaogd 1.
SAPC- 42, SAPO-44, SAPO 47, SAPO- 56, the netal containing fornms thereof, and

m xt ures t herpnsiuons Bt ari opencsiirace oftranplesulagsiewe, not intpthe ramewppiGtself. and

SAPO- 4 arti cuI and, SAR | n LD cont ai ni ng
fornms ﬁ%ﬁg and ‘HR@E'U‘?AE?’#W@ §ﬂil§‘%§*8&”?’r§¥ é%ﬁ:ﬁp%lgﬁfm )’(t ure is
synonynous vsAisoopw@.tmosAwim S APOSI T SARFDA8COAPOSIC, SAPOS11BAPO-
having two or nore n&ur;ents in varyin roportlons regardl ess of their

physi cal stat¥, S[Ad’tﬂ-3]5 QI-lﬁnSﬁ’dmdé’pS -GN_WOn’dI, 6@?(&142s$é99-%m al so
be i ncl uded | t co ] at.e_nol si eves
are crystall | %%'ég %*‘ﬁ" %@rﬂ%@&"ﬁ@ﬁéﬁﬁ k They
can have ad@b&f&%'u@éﬁmiﬁ smmsx,mm,rrsmom,m Sagd¥7have uniform
ore ) )
P particularly SAPO-18 and SAPO-34, including the metal containing forms
thereof, and mixtures thereof, As used herein, the term mixture is synonymous

with combination and is considered a composition of matter having two or more
components in varying proportions, regardiess of their physical state.

[0027] An aluminophosphate (ALPO) molecular sieve can also be included in the
catalyst composition. Aluminophosphate molecular sicves are crystalline
microporous oxides which can have an AIPO, framework. They can have
additional clements within the framework, typically bave uniform pore
dimensions ranging from30 nm (3 angstroms) to 100 nm (10 angstroms), and are
capable of making size selective separations of molecular species. More than.two

j dozen structure Types have been reported, including zeolite topological analogues.
A more detailed description of the background and synthesis of
aluminophosphbates is found in U.S. Pat. No. 4,310,440, which is incorporated
herein by reference in its entirety. Preferred ALPO structures are ALPO-5,
ALPO-11, ALPO-18, ALPO-31, ALPO-34, ALPO-36, ALPO-37, and ALPO-46.

[0028) The ALPOs can also inclutie a metal substituent in its framework.
Preferably, the metal is selected from the group consisting of magnesium,
manganese, zinc, cobalt, and mixtures thereof. These materials preferably exhibit
adsorption, ion-exchange and/or catalytic properties similar to aluminosilicate,

aluminophosphate and silica aluminophosphate molecular sicve compositions.



di mensi ons ranging from80 rim (3 angstroms) to 100 nm (10 angstrons), and
are capabl e of making size selective sep&{atlons of nol ecul ar speﬂlﬁe@RZﬂﬁﬁre
than. two' dozen structure types have been reported, including zeolite

t opol ogi cal anal ogues. A nore detail ed description of the background and
synt hesi s of alum nophosphates is found in U S. Pat. No. 4,310,440, which
is incorporated herein by reference inits entirely. Preferred ALPO
structures ar exé%@@ a3 36,

ALPO- 37, and I%\L cgftl[11050281 The ALE&&%ggﬁa I so ?ﬂﬁﬁ??%ﬁﬁubstl t uent
inits frarrework Preferably, the netal is selected fromthe group .

consi sting of nmagnesi um * manganese, zinc, cobalt, and m xtures thereof.
These naterials preferably exhibit adsorption,. ion-exchange and/or

catal ytic properties simlar to alumnosilicate, alum nophosphate and
silica al um nophosphate nol ecul ar sieve conpositions. 0 6 APR 2006 Menbers
of this class and their preparation are described in US. Pat. No. : 8 06
APR 2006 4,567,029. 100291 The netal containing ALPGs have a

t hr ee- di nensi onal m croporous crystal framework structure of M2, ALQ2 and
P02 tetrahedral units. These as manufactured structures (which contain
tenplate prior to calcination) can be represented by enpirical chem cal
conposition, on an anhydrous basis, as: nmR (MAlyP2)02 wherein "R’
represents at | east one organic tenplating agent present in the
intracrystalline pore system "nf represents the noles of "R' present per
nole of (MAl yPa®2 and has a value of fromzero to 0.3, the maxi num val ue
in each case depending upon the nol ecul ar dinmensions of the tenplating
agenty and the



avai l abl e void volune of the pore systemof the particular netal

al um nophosphate involved, N', "y", and :g". represent the nole fractjfpARR i
the netal "M, (i.e. magnesium nanganese, zinc and cobalt), al um num and
phosphorus, respectively, present as tetrahedral oxides. [06301 The net al
containing ALPCs are sonetines referred to by the acronymas MAPO Also in
those cases where the netal "Me" in the conposition is nagnesium the
acronym MAPO 456209 ed to the conposition. Simlarly ZAPO ~ MAPO and CoAPO
are applied to the conpositions, which contain zinc, manganese and cobalt
respect{Pd28)y. To i dbemetsl qontainingi ALEOS haved threa-dinpsasionsl migIPPEroNSke up each

ssi gned o muEel ERBEREY Hekhr SMOp R ARG, MiahedaBEBN. SRS, ©
CoAPO- 34 and ganifatiubed stAitadrks (Which dohftPiepipldle pHesR i €inBBON)Sande Sieve is

typically adm xe I.e., blended) with othér materials. Wen bl ended, the
resul ting conyepséstited byempiyipalochemical ebmposition,concen anhGdrsusdasis, g6t , with the

catal yst conprising the SAPO nol ecul (@WOOSM Mat erial s which can be
bl ended with the nol ecul ar sieve carinﬁe inert or catalytically

active materi . ,v?ergirggéﬁ | | s | Lncl ude
conposi tions ghéﬁmg?‘ka I'n gr?ciqg?ﬁlgr C@Ey@%‘}?ﬁ%&%ﬁ%@# ﬁirtz]i.*:e earth
netal s, netal intscgemlling pare spstemy Eni”irtpreseatsaby sioleofitRieptesentpeoindieof
cat al yst con&o’nent s, alumna or alumna sol, titania, zirconi,a, magnesia,

thoria, beryl : ,Pﬁ@a,apé,hagpwpbg of fram pere 0 B3, $he maximum dneach cases

th f. Th SURVW ing, int
bl Cover ar 1 SepURg HpR3nE bty difesioH f O chigiBing Ygort iod 8T "D | M1
shi el di ng t heavailabley\®id dohinsgiof the poss Gistenriof e paiticulargnéthe cat al yst  and

i ncreasi ng catal yst strength. It_ is. particularly desirable that the inert
mat eri al Sg alum):{nt:phosphatg involved, “x”,g‘y”,mdu‘z‘@rep%cscntme mole fractions of the

metal “M”, (i.e. magnesium, manganese, zinc and cobalt), aluninum and

phosphorus, respectively, present as tetrabedral oxides.

(0030} The metal containing ALPOs are sometimes referred 1o by the acronym as
MeAPO. Also in those cases where the metal “Me” in the composition is -
magnesium, the acronym MAPO is applied to the composition. Similarly ZAPO,
MnAPO and CoAPO are applied to the compositions which contain zinc,
manganese and cobalt respectively. To identify the various structural species
which make up each of the subgeneric classes MAPO, ZAPO, CoAPO and
MnAPO, each specics is assigned a number and is identified, for example, as

) ZAPO-5, MAPO-11, CoAPO-34 and so forth.

{0031) The silicoaluminophosphate molecular sieve is typically admixed (i.e.,
blended) with other materials. When blended, the resulting compositidn is -
typically referred to as a SAPQ catalyst, with the catalyst comprising the SAPO
molecular sieve.

[0032) Matenals which can be blended with the molecular sicve can be various
inert or catalytically active materials, or various binder materials. These materials
include compositions such as kaolin and other clays, various forms of rare earth
metals, metal oxides, other non-zeolite catalyst components, zeolite catalyst
components, alumina or alumina sol, titania, zirconia, magnesig, thoria, beryllia,

quartz, silica or silica or silica sol, and mixtures thereof. These components are



that are used in the catalyst to act as a thermal sink have a heat capacit
of from 0.05to 1 cal/g 'C, nore preferably from0.1 to 0.8 cal/g-& A’rﬁis?ﬁ[?é
preferably from 0.1 to 0.5 cal/g--C. [00331 Additional nolecular sieve
materials can be included as a part of the SAPO catalyst conposition or
they can be used as separate nolecular sieve catalysts in adm xture with
the SAPO catalyst if desired. Structural types of small pore nol ecul ar

AT AT AR eV T i e RS A af Eherhlel gk
LEV, LOV, LTAt highls irPhbit sRIASnEYIR ci09st dibBg repeherations dersifysh thercamlysier eof .

Structural types of nedium pore nol ecul ar sieves that are suitable for use

in this i nvenmndindreasingicataliyst strempth. Nis/papicylaniy desisable tharthrinestmatexials TON,
d substituted f t.h f.. Th N nedi | i

1 Gesor | bec At 2 rAdR DuceatilySt 5 o6 85 BiterBalHiE Beyd § e epARY A OB, pec.

WM Mei  H. , t i .

et ai 1ot deoc D10N P CARETL, sHife e RBMNY S5 0TTB0.8 Sl R, mostitetératty from

reference. Prefeig@dcapgecul ar sieves which can be conmbined with a .

si | i coal um nophosphate Catal yst include ZSMS. ZSM 34, erionite, and

chabazi [30331 0034] TAddidenslysleculanyievs matenalsxandednclydedasapantof therent |
preferably caonmprises from1%.to 99 % nore preferably fr mgﬁié%to 90 % and
nmost  pref er asAP F%‘Hﬂlﬁb%‘!‘@%@%%&heﬂéﬁﬁiﬁuﬁfm ogqc Sievg s al so

(20 anget r oms {21y i ik SARRE SAPO caldiys:  dBaicd. Bifchiedfypes of B 2"
angstrons) t o péreimolecilar sieyes thatae, suitable for wdecinahis inventiof) isclpde ARD, AFT,
foa vari bty dPGARANTs ALY o W BIK, CAY, CHAERLHER, R oL, ol
characteri sti groo Ket, LEVALER]LTA, MON PAGUPHI IBHOCROG, THO, and

substituted foims thereof. Structural types of medium pore molecular sieves that

are suitable for use in this invention include MF1, MEL, MTW, EUO, MTT, HEU,

FER, AFQ, AEL, TON, and substituted forms thereof. These small and medium

pore molecular sieves are described in greater detail in the Atlas of Zeolite

Structural Types, W.M. Mcier and D.H. Olsen, Butterworth Heineman, 3rd ed.,

1997, the detailed description of which is explicitly incorporated herein by

reference. Preferred molecular sieves which can be combined with a

‘silicoalmninophcsphate catalyst include ZSM-5, ZSM-34, erionite, and chabazite.

[0034] The catalyst composition, according to an embodiment, preferably
comprises from 1% to 99 %, more preferably from 5 % to 90 %, and most
preferably from 10% to 80%, by weight of molecular sieve. It is also preferred

that the catalyst composition have a particle size of from 0.2um (20 angstroms) to
30 pm (3,000 angstroms), more preferably from0.3 pm (30 angstroms) to 2 um
(200 angstroms), most preferably from0.5 um (50 angstroms) to 1.5 pm (150
angstroms).

[0035) The catalyst can be subjected to a variety of treatments to achicve the
desired physical and chemical characteristics, Such treatments include, but are not



- Wv U 6 APR 2006 necessarily limted to hydrothermal treatnent,

calcination, acid treatnment, base treatnegt,_nmlling, ball nllllng lﬂh&?%amﬁ
spi ny drying, and conbi nati ons thereof 100 A nol ecul ar sieve catal yst
particularly useful in making ethylene and 0 6 APR 2006 propylene is a

catal yst which contains a conbination of SAPO 34, and SAPO- 18 or ALPO 18

nol ecul ar sieve. In a particular enbodi nent, the nolecular sieve is a
crystalline i nuﬁewsm;yhueﬁeﬁe RguAthernel tﬁ%&ﬂbﬂ@cﬂéwﬁ&paéd%eaﬁﬁgﬁfﬁas@
convert nethanol or her oxygénate to ol efin, conventional reactor  systens
can be used, i n:elanﬂcmgmillmg,obalﬂemlhﬂg lgnhdmgl spnyrdrymggaﬂlb@ml;mﬁm théreefer red .
reactors_of one enbo nt .are co- rrent ris ors,and, short _contact
time, cm}current‘gmﬁﬁ‘ﬁquﬁ fbﬁ?‘?’ﬂ hyjeneand e in

whi ch an oxygenate feedstock can be contacted with a nol ecul ar sieve
catalyst at a weight hourly space velocity (WHSV) of at ]Jcast | hi',
preferably in the range of froml hi' to 1000 hf 1, nore preferably in the
range of from20 hi' to 1000 hi ', and nost preferably in the range of from
50 hi! to 500 hi'. WHSV is defined herein as the weight of oxygenate, and
reactive hydrocarbon which may optionally be in the feed, per hour per

wei ght of the nolecular sieve in the reactor. Because the catalyst or the
feedstock nay contain other nmaterials which act as inerts or diluents, the
VWHSV i s cal cul ated on the wei ght basis of the oxygenate feed, and any
reactive hydrocarbon which may be present with the oxygenate feed, and the
mol ecul ar sieve contained in the reactor. 100381 Preferably, the oxygenate
feed is contacted with the catal yst when the



oxygenate is in a vapor phase. Alternatel the process may be carried out
ina. liquid or a m xed vapor/liquid b"ﬁ%ﬁgﬁ* Wien the process is carri 84 ARR 2006
inaliquid phase or a m xed vapor/liquid phase, different conversions and
selectivities of feed-to-product may result dependi ng upon the catal yst and
reaction conditions. [00391 The process can generally be carried out at a

T om 2000 t o, ploBtIent 18 cayst WRich e@%ﬁf?f@f%@%@%$?§%?@%ﬁ@%§ﬂmcégo€e
to 550C. At theaf Qﬁisﬁﬂe&flats’i% LT3 tﬂ'&r%tﬁb’ﬁlﬁlﬁen {2 rheleBdlei Sieveis 4 he

desired ol efin products may becone rked slowvmt a relatively high
content of oxmmliirfednmlrgbmhbiswﬁhaé,tmd W@gl&mml;l?ﬁ)ﬂl& he ol efin product.

However, the selecfivity to ethylene and at reduce enper at ures
may be [P93Heased. AP con¥er LB’%‘I“"’EW @ r° H’r&@vzﬁ‘i‘&@nﬂt'ﬁ@“q& ocess

Comversi on of Sp (iR IR S Ringed SHE BRfbedbPREVERDelREEE: | P 1

[0040] Oper at PRéerpédreactons 6ff 6iit drbbmenN!t m%—mmﬂémmmrsWEm ng
aut ogenous pressures. Effective pressures include,  but are not necessarily

linmited to, acontectitimeceynteraurnent fee-falhrsactors, Pesitably, g reagiorisonedny at

Lotal pressar BRICHaRYEeTge EiSToER cpp Be Baplcil vaih f pRlechi e Beallaf o)
Preferably, t hwﬂ%buﬂy %ﬁﬁd&ﬁlé&tggtwus&k)tof%ﬁlcﬁﬁl (| préféckbly, in thofaige

preferably at | east 30 'S For practical design purposes it is
desirabl e t o offromek hantollmhr empramfe,mblxygmms# elfiomolfolsn datl 008

or of ar abl y. ot 388kt BrefeiaBly RO Frads ot Brug S AL to SOEH S WHEV B ditgs T
greater than BEQindsitRe Wekihi of Bﬁ’i‘écnuc and reactive hydrocarbon which may optionally
" be in the feed, per hour per weight of the molecular sieve in the reactor. Because
the catalyst or the feedstock may contain other materials which act as inerts or
diluents, the WHSYV is calculated on the weight basis of the oxygenate feed, and
any reactive bydrocarbon which may be present with the oxygenate feed, and the
molecular sieve contained in the reactor.
[0038) Preferably, the oxygenate feed is contacted with the catalyst when the
oxygenate is in a vapor phase. Alternately, the process may be carried outin a
_ liquid or a mixed vapor/liquid phase. When the process is carried out in a liquid
phase or a mixed vapor/liquid phase, different conversions and selectivities of
j feed-to-product may resujt de;;ending upon the catalyst and reaction conditions.
[0039) The process can generally be carried out at a wide range of temperatures,
An effective operating temperature range can be from 200°C 10 700°C, preferably
from 300°C 10 600°C, more preferably from 350°C to 550°C. At the Jower end of
the temperature range, the formation of the desired olefin products may become
markedly slow with a relatively high content of oxygensted olefin by-products
being found in the olefin product. However, the selectivity to ethylene and
propylene at reduced temperatures may be increased. At the upper end of the
temperature range, the process may not form an optimum amount of ethylene and

propylene product, but the conversion of



100411 Undesirabl e by-products can be avoi ded by operating at an appropriate
gas superficial velocity. As the gas supgefficial velocity increases
conversi on decreases avoi di ng undesirablgfby-products. As used hereip?F@ﬂ%ﬂms
term "gas superficial velocity" is defined as the conbined volunetric flow
rate of vaporized feedstock, which includes diluent when present in the
feedstock, as well as conversion products, divided by the cross-sectional

area of the rg,?f%é'nmﬁe@%ug@ﬁgyge oxygenate is converted to a product
havi ng significaht quantiti€s of ° ethyl ene and propyl ene while flow ng

t hr ougii004@] r eact i @perating, pressorepalso mayyary dveral wide range; incheding aptpgasous
depends on ¢ naresaies. At RiFsshiss daciife, S30 5 ot BrresSlY fimited Boa 8L o
ot hor "rel evanpiepadé B ACTRa BeCTIN) BTk fEIf e s T GRE M KPP TR OGess 2N
etond (m's) et et o vone T Aot e o Per
erbod ment | lastHlopsi (LR KFA) BreSeumblyythe 10t Brosra &t BUIEHS 2D BPA O T3 HBa cr
Superficiar  orcarrerapy 4 el 10 Puih CFurss; FoFpheitn diigh ApRsePR | 0° 9%

reacti on zonegdedi¢Bl t6Rise melliiol abthe prishiery ©xygéniseelced Comiponentoand u?arsugr eat er
y

than 4 ms at least one point in the reaction zone. Mst desirab t he gas
superficial viiegesatyr st pressareef natgresten than §00 psin (3445 kPa)opraferablymiot

reacti on zone, [ 0043 or. dj et _ano | he. | tion,
t he gas superﬂ%‘%ﬁ‘éﬁwps’ﬁt@gg%%m?véww%M%ggp%él(g vel y
constant in thpa)[eaction zone such that the gas superficial velocity is
mai ntained at a rate greater than | m's at all points in the reaction zone.

It is §004])desi r ablndesizable hy-praducts aapbe aveided\by| operatingins ag epprapriategas 2

s 2t 2l POhReindi JdiGeih 3 ek Saper S Gesdf oBhlaes thiEofEtsRHPCr 1 o1 @
decreases avoiding undesirable by-products. As used herein, the term, "gas
superficial velocity" is defined as the combined volumetric flow rate of vaporized
feedstock, which includes diluent when present in the feedstock, as wellas
conversion products, divided by the cross-sectional area of the reaction zone.
Because the oxygenate is converted to a product having significant quantitics of
ethylene and propylene while flowing through the reaction zone, the gas
superficial velocity may vary st different locations within the reaction zone. The
degree of variation depends on the total number of moles of gas present and the

) _ cross section of a particular location in the reaction zone, temperature, pressure
_ and other relevant reaction parameters. :

(0042} In one embodiment, the gas superficial velocity is maintained at a rate of
greater than 1 meter per second (m/s) at least one point in the reaction zone. In
another embodiment, it is desirable that the gas superficial velocity is greater than

2 ms at least one point in the reaction zone. More desirably, the gas superficial
velocity is greater than 2.5 m/s at jeast one point in the reaction zone. Even more
desirably, the gés superficial velocity is greater than 4 m/s at least one point in the
reaction zone. Most desirably, the gas superficial velocity is greater than 8 m/s at
ieast one point in the reaction zone.

{0043] According to yet another embodiment of the invention, the gas superficial



Is greater than 2.5 m's at all points in the reaction zone. Even nore
desirably, the gas superficial velocity §. greater than 4 m's at’ all UﬁoAPrRtlﬂUﬁ
in the reaction zone. Mbst desirably, the gas superficial velocity is
greater than 8 tn/s at all points in the reaction zone. (0044] The anount

of ethyl ene and propyl ene produced in the oxygenate to olefin process can

be increased by reducing the conversion of the oxygenates in the oxygenate
to ol efins rexiddiyis mdnmired relatisiclyi cogstantainthe reacsorozonef such thit thegaenat es in
t he oxygenate conversion,reaction tends to increase the a

¢ . unt af
oxygenat ed hysuperfisial yglocityds m $LA FRAE BEReiS than Lays pt ali paapts ipthe or e

present in the,olefin (T RS to
Phe: oxygenat FotIRenEr FI3 A0 desiHHb gt R B suBrichf sERENTIER Epell %)
embodi ment, thif ¢ Qe anthefreidtioniont® More dgsieably,dhe gas uperfictalhaedadity i s
from90 wt % o0 98 wt % According to another enbodi nent the conversion of

met hanol s fis greag than 3¢5tm/sas alipoints i e seassion zopenEven moredesirgbbg the o
08 vt % Lo |88 SupRERIAT eIy ot ke 450 AR LR e R o>
conversion OfMoSFlesgRAly, (e gas Silbeificibl Wlothy  gréfer il 8 m/AGe W plintB ipier ab! Y

from98.2 wt %to I ng to anot her enbodi nent,
conver si on ofresctionaone. is from 98.2 wt %to less than 99.5 wt ; preferably

from98. 2 %to 99 wt % (0047] In this jnventjon,, weight percent :
conver Wﬂy\'it s cal clPaapauetPirtydens and Rropy PE"JHF‘EE‘SV&E%HXG taplefips  ed.
Wei ght perce | b‘é)@% : b Sianl ,-@&1']: 100 x
(wei ght oxygggr{g?e}'g}é%%%&ﬁ/ae?e %ﬁ%@giéﬁﬁﬁpﬁﬁwﬁﬁed ydr ocar bon
i n theé producixygense watlefin reagtibns Hopwevet, ceduging the conversiapiof farid oxygenate i s

foed and- pr oIS BSTARRITRE ORUBSRILS CREBIESIOS FRERGTh DAL o) Pershen e Abount of -
oxygenated hydrocarbons, particularly including dimethyl ether, that are present in
the olefin product. Thus, control of the conversion of feed to the oxygenate
reaction process can be important. |

[0045]) According to one embodiment, the conversion of the primary oxygenate,
e.g., methanol, is from 90 wt % 10 98 wt %. According to another embodiment
the conversion of methanol is from 92 wi % to 98 wt %, preferably from 94 vt %
to 98 wt %. ‘

[0046) According to another embodiment, the conversion of methanol is above 98
wt % to less than 100 wt %. According to another embodiment, the conversion of

/ methanol is from 98.1 wt % o less than 100 wt %; preferably from 98.2 wt % to
09.8 wt %. According to another embodiment, the conversion of methanol is from
98.2 wt % 10 less than 99.5 wt ; preferably from 98.2 wt % to 99 wt %.

[0047] In this invention, weight percent conversion is calculated on a water free
basis unless otherwise specified. Weight percent conversion on a water free basis
is calculated as: 100 x (weight oxygenate fed on a water free basis — weight -
oxygenated hydrocarbon in the product on a water free basis). The water free
basis of oxygenate is calculated by subtracting out the water portion of the
oxygenate in the feed and product, and excluding water formed in the product.

For example, the weight flow rate of methanol on an oxygena{e free basis 1s
calculated by multiplying the weight flow rate of methanol by 14/32 to remove the



For exanple, the weight flow rate of nethanol on an oxygenate free b?&iA?Rizﬁ%
cal cul ated by nultiplying the weight flow rate of nethanol by 14/32 t0
renove t hewdofsAR8 2006 WO 03/ 033438 PCT/ EP02/ 11407 - 13 watcavEmsanprent of
‘the nethanol. As another exanple, the rate flowrate of dinethyl ether on
an oxygenate free basis is calculated by3multiplying the weight flow rate
of dinethylether by 28/46 to renove the water conponent of the dinethyl
ether. If there is a m xture of oxygenates in the feed or product, trace
oxygenat es f , i her is used as
the feed, g‘%?tf'pgrré Q’?\J&l‘lggﬁ‘a%ﬁf‘@?ﬁ%‘?@%ﬁﬂ%ﬂ%@%@& conver si on
on a water dinfthylathes on[aRG4Pdenhie fdd lasisiy ealchiated lfy%ﬁﬁpl'tyi‘rlgﬂ‘xeivﬁeig“ﬂtso
calculated on a water free basis unless otherw se specified. Selectivity is

cal cul at ed aflow rae of dimetbylethepbin28id6 to rarove thawatencamponent of the met hanol - wt
% di met hyl et.her en hanol and/or. dinmethyl ether is used as the feed.
[0049] An ex@f 15thery, ?ﬁéﬁﬁ‘i”BP”ﬁ%%f%‘& “ﬁ‘fﬁﬁﬁe%m@fﬁ’%}&e‘ct{?ﬁ? ng to the
Figure, an oh8kkfaibs 8dy4et inthuded "WaRn AR anli/Br aHAkthy] Rthel % ©el s ¢ie and

propyl ene, longer chain olefins and oxygenates, is sent froma reactor for
producti on deed,indy insthaholanddimethybethénare vserbtoncalculaty corfvierpiomdn ai a a pi pe 1
to a gas-liquid .separation device 2. Condensate, which accunmulates in the

gas-1iquid oEPSEHe$ B#IS device 2, and contains small amounts of hydrocar bons,

;gcﬁe I g\tsil:ai (rjll Ito Ihgﬁ ttﬁjrSteig‘-’%Hgg’g &ggggf ﬁﬁ%g@%toﬂga@&t%adgﬁggﬂn%sﬂggm S
vi a pi pes 6 cihmiwise shetifiedie Sejectivitytiy caliculategoasy 10k x ga¥atespoment/ €08 ved in t he
remai ning h%r%cv%ttépg %&%Bﬁ%{h%&q wt % dimethy! ether) when methanol and/or

! dimethy] ether is used as the feed.

[0049] An example of the invention is shown in the Figure. According to the
Figure, an olefin product stream containing, in addition to ethylene and propylene,
longer chain olefins and oxygenates, is sent from a reactor for production of
olefins from methanol (not shown in the figure) via a pipe 1 to a gas-liquid
separation device 2, Condensate, which accumuiates in the gas-liquid separation
device 2, and contains small amounts of hydrocarbons, is sent via a pipe 3 to a
three-phase separator 4. Gas and water that accumulate in the three-phase
separator are sent back to gas compressors via piﬁes 6 ;md 7. A large quantity of
heavy oxygenates is dissolved in the remaining hydrocarbon-containing
condensate. This condensate is sent to a stripping column 5.

[’0050] Overhead gas that forms in the stripping column 5 is sent to gas
compressors via a pipe 8. Heavy Cs+ hydrocarboris in which heavy oxygenates
are dissolved are removed as bottom product via a pipe 9. This bottom by-product
stream can be sent to further processing,.

[0051] The olefin product stream in the gas-liquid separation device 2 is sent viaa
pipe 10 to the bottom portion of a wash column 12, after slight heating by means
of heat exchanger 11. The oxygenates are washed out of the olefin product stream
in a lower part 13 of the wash column 12 using fresh methanol. The fresh
methanol is sent to the wash column 12 via a pipe 15.

[0052] Overhead gas from the methanol wash is sent to an additional wash, for

which an upper part 14 of the wash column is provided. There, the overhead gas,



condensate. This condensate is sent to a stripping colum 5. [0050] Overhead
gas that forns in the stripping columm 5 is sent to gas conpressor g pVj 6
pi pe. 8. Heavy C5+ hydrocarbons in which -hBavy oxygenates are di ssoﬁ\ﬁema@%
renoved as bottom product via a pipe 9. This bottom by-product stream can
be sent to further processing. [0051] The olefin product streamin the
gas-liquid separation device 2 is sent via a pipe 10 to the bottom portion

f h I 12, aft | i ght, heati b heat h 11.
The' oxygenat cCUMERESAAETEE SAPOGIA THEBIPGE B IE diand] PasHS CORBIGRINER par
13 of the wa [ I . ' ent to
the wash col Eﬁn%ﬁ‘l &\gﬂa‘siéc%ﬁﬁgﬂlté. f%% P]%ggeagé;ég?goﬁg Hgé}?r’é?‘?]gﬂ%l wash
i's sent to aneddfg iteQipper pat of Gie wavlh ciluiii 1200ataidinly iferablelti@eyash

colum is provided. There, the overhead gas, -14 0 6 APR Wwhi ch can contain
evapor at ed neexygenates and miethangdt hanol wash is contacted with fresh water,

whi ch | nt tot we*, coJum 12 via a_pipe . Ile.overhe S exiting
t he up@ﬁgan 14 oﬁ?ﬂ?@ﬂ?%ﬁﬁﬁiﬂg'@%&&mngﬂla&%fﬂ ?ﬁ'écgé’é of
oxygenates a #‘agﬁg{@ ﬂu@gm " @P nb isf2s, t upper part 14
IS sent via }‘%ir%teﬁi}g?&T 'S gégoa}?an e sent, c?r&g?ghsﬁe,@g an alkali wnb
and to a dryifesetiinepon dfha oldfinaobi shoewn inthefFigire) islcafried qutot shown in the
Figure) Js.carried_out. 100541 The bottom product of  the ter wash is sent
partlyimbugh theTﬁ'bE\%?mB&FPdl“E@fgm‘t‘M\Hgﬂ’Em}Za“@x&'Sﬁﬂ?‘f’?l?%“a Bash

m 20 5% 00 o, B RO W Yl 0 2

cont ai ns predom nantly ené an opy

prawn via t heTlwogasrseoamalating @pBash dram 20 eontinsaredomihmitlynghylené ks h dnun 20
I s nmet hanol -wat er. sol ut,i,on that contains: the ..
’ propylene, and is sent back to the prookss via the compression sieps. The liquid

accumulating in flash drum 20 w&m-watcr solution that contains the
oxygenates in a high concentration. ‘Hli.liiqmd is removed via a pipe 22, and can
be sent to incineration or otherwise m Altematively, this solution can be
sent to a methanol-water distillation séparation, where the oxygenates remain in
the distillate, The solution can also be returned 1o the process together with the
methanol. Through other sepauiion.igpi. it is also possible to obtain clean
methanol and to discard the oxygenﬁz. In the case of a light waste gas, it may be
meaningful to éhoose the presswe‘in':'ﬁpe 1 after the compression steps so that no
hydrocarbon condensate accumulates. In this case, the three-phase separator 4 and
the stripping column 5 can be omitted.




oxygenates in a high concentration IUIliquid is renoved via a pipe 22, and
can be saw to incineration or otherw se g dbM. Al ternatively, this 99'&?’“'2%3
can be sent to a methanol -water distilIFd®iron- apparayi, where the oxygenates
remain in the distillate. Ile solution can al so be returned to the process
together with the nethanol. Through other separation steps O'Ki it is also
possible to obtain clean nethanol and to discard the oxygenates. In the

case of a fi yvas e it may be Meaningful to choose the pressure In
pipe | after ﬁﬁ—lﬁ&h&n steps so that no hydrocarbon condensate
accunul ates. 1 1S CanGnehBe fof|roesiitfan IEmRRRLA contdifithe éXyaehhicl PPi NG

colum 5 can be omtte 0 6 APR 2006 is clained is: t hod for

processi ng amdhﬂierpmummmﬁganmmmpxyWQMScompdumthat comt@inat n t he
I se organi ¢ cqnpounds that contain at |east one oxygen,

oxygenates c
conpri si ng: g@é'/%ﬁ PXYESR, EPIBPIIFNEL r eam cont ai ni ng oxygenat es and wat er;

dewat ering the ol e fin stream
washi ng the ol efi N?Wﬁﬁﬁm%ﬁggﬁﬁgﬁﬁeﬁk&a portion of the
oxygenate fromt hele%eémrgméro@am steeim;act i ng the nmethanol washed ol efin
streamw th water, and ractionatin the water contacted olefin stream 2.

The net hod of cl arqmpressmatherdew SWedMhg the water contacted olefin
streamprior to fractio e. c| Lt washi ng
the olefin st reammn@st‘)ﬂ%‘%f V&MB%? Q1% M%&eﬁﬁ?@ﬁ&o ‘Hﬁh‘
oxygenate fr QW i&fedfrein the HlefBPEeanild

contacting the methanol washed olefin stream with water; and

fractionating the water contacted olefin stream.

2, The method of claim 1, further comprising drying the water
contacted olefin stream prior to fractionating.

3. The method of claim 1, wherein the washing the olefin stream with
methanol to remove at least a portion of the oxygenate from the olefin stream; and
the contacting the methanol washed olefin streamn-with water is carried out in a
single wash column.

4, The method of claim 1, wherein the dewatered olefin stream is
compressed to form a condensate containing dissolved heavy oxygenates and a
gaseous olefin stream which is washed with the methanol.

S. The method of claim 4, further comprising sending the condensate
to a stripping column in which an overhead product of light hydrocarbons and 2
bottom product of Cs+ hydrocarbons and heavy oxygenates are obtained.

6. The method of claim 5, wherein the overhead product of light
hydrocarbons is sent to at least one compression step.



t he contacting the nethanol washed olefin streamw th water is Ca”iﬁ$ mt
in a single wash colum. 4, The nethod of claim1l, wherein the dewater 2006
olcfn streamis conpressed to forma e&gﬂensate cont ai ni ng di ssol ved heavy
,oxygenates and a gaseous olefin streamwhich is washed with the nethanol.

5. The method of claim4, further conprising sending the condensate to a
stripping colum in which an overhead product of |ight hydrocarbons and a

bott om product of _C5+ hydraqc ons and h xygenat e re optained. 6. The

met hod of clai m 57+ whe F‘??%?‘ﬁia‘b%‘? H’(B"@W?% € t‘gelﬂﬂﬁ%‘gar bons is

sent to at | . sion step. 0 6 APR 1006 BA=. 7. A nethod for
S I AR 88

pr oduci ng ol rom nol, the nethod conprises the steps of:

‘contacting a nol genthéringsa Modecuddraicwa catalyshwaithfa first armomntruf mdthamiihenol to
produce an ol efin stream conprising an oxygenate wherein the oxygenate

conpri ses arprodyemanoleSimstigam, comprising anonygenaty wheseinghe os¥genate  dewat eri ng
the olefin strea cgorérgressi&% thde dewat er ed lo!fgfi n_stream washing the
ol efin stredf S A0 QIENE CAmMBOYRd that By IcRBOPR ARYEFMt | east a portion
of the oxygenate > bR sibagam Wherein the second amount is from
1 %to 10% of theﬁé‘?ﬁg?@nt%&uﬁicﬁﬁcont acting the nmethanol washed ol efin stream
with water; and tomptessingthedewsteredadefin streatgct ed ol efin stream 8. The
met hod of claim7, further ¢ rising drying,the water _contacted olefin
least a portion of the oxygenate from the olefin stream, wherein the second
amount is from 1% to 10% of the first amount;

contacting the methanol washed olefin stream with water; and

fractionating the water contacted olefin stream,

8. The method of claim 7, further comprising drying the water
contacted clefin stream prior to fractionating.

9. The method of claim 7, wherein the washing the olefin stream with
methanol to remove at least a portion of the oxygenate from the olefin stream; and
the contacting the methanol washed olefin stream with water is carried outina -
single wash column.

10.  The method of claim 7, wherein the dewatered olefin stream is
compressed to form a condensate containing dissolved beavy oxygenates and a
gaseous olefin stream which is washed with the methanol.

11.  The method of claim 10, further comprising sending the condensate
1o a stripping column in which an overhead product of light hydrocarbons and a
bottom product of Cs+ hydrocarbons and heavy oxygenates are obtained.

12.  The method of claim 11, wherein the overhead product of light

hydrocarbons is sent to at least one compression step.




9. The method of claim7, wherein the washing the olefin streamw tpﬁ APR 7006
net hanol to renove at | east a portion QFSBhe oxygenate fromthe ol efin
stream and the contacting the nethanol washed olefin streamw th water is
~carried out in a single wash colum. 10. The nethod of claim?7, wherein the
dewatered olefin streamis conpressed to forma condensate contai ning

di ssol ved heavy oxygenates and a gaseous olefin streamwhich is washed with
the nmethanol. 11.13he e pastess oftidl@imi 7 Whedeitt the §tepofitehtattifig tfeendi ng t he
condensate to a stripping colum in whi ch an over head product of I|ight

hydr ocar bonsmelegular sisve catalypt enturs: ataf gassuperfidiab velobisy greater thaml m/sxygenat es
are obtained. 12. The nethod of claim 11, wherein the overhead product of
light hydrocarbons is sent to at |east one conpression step. -1St 13. The
process of claim wh ?ﬂ, Jde f i I ha@gh ar sieve
catal yst occurs atﬁ'a ggg‘e upe%gi’e?%lgene’e oge?f/ﬁgrs{ebgt er tnan ?mrgis 0 6 APR
2006 14. Thempleonhs sicoé cathlystoonvemé fom 90 W e td 8 wa e of thedirst aagouitdf

nol ecul ar sieve catal yst converts from90 w.%to 98 wt.% of the first

anount of reethapel . 15. The process of claim?7, wherein the step of
contacting converts above 98 wt.%to less than 100 wt.% of the first anount
of nethanol . |

_ 15.  The process of claim 7, wherein the step of contacting converts
above 98 wi.% to less than 100 wt.%6 of the first amount of methanol.
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