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OXYGENATES TO OLEFINS W TH DI RECT PRODUCT QUENCHI NG FOR 5 HEAT RE

Field of the Invention The present invention relates to a process for
‘increasing the efficiency of heat recovery and inproving heat integration
wi th direct product quenching in the selective conversion of oxygenates to
ol efins, 10 Background of the Invention Light olefins (defined herein as

et hyl ene, propyl ene, butenes and m xtures thereof) serve e}mlwmﬂmm m t he
production of nunerous inportant chem cals and polyners. L mm’m
traditionally are produced by cracking petrol eumfeeds. Becausgggl the
limted supply and escal ati ng cost of petroleumfeeds, the cost of 15
produci ng ol efins from petrol eum sources has increased steadily. Efforts to
devel op and i nproveTdTEEi n prRRIZCESD FORCONYERJING OKXGENATES TQ | i ght

ol efins production technol ogi @EEFDSWITH DIRECT PRODUECT QUENCGITRG RaRe

i ncreased. An inportant type BWEARIRRCOWERYe feedstocks for the production
of light I olefins ar o enal s, such as al cohols, particularly methanol
and et hanol, 20 di ; thyl ethyl ether, nethyl formate, and

di net hyl carbonate. Al cohid preseayinbentipn edusesetd abprofeas e riicadasiag theodttidignoynof
synt hesi s gas deri Vﬁd from nat ur al aj@ petrol eum | i.qui ds, carbo ac,eoFs
material s i ncl udi ng"tbFCOVEEa 'f“@&’v&g ptiTpiggratinnvigh dichct prodyet quenghypg withe iy o
products, or nost oggafivEcdmbsibn af skygdieedessteriaf. the wide variety of raw
materi al sources, alcohol, alcohol derivatives, 25 and ot her oxygenates
have promi se as l&n Bagksoyndef theluvention o) eym f eedst ock source for ol efin
production. The conver siggnodlefdX YBRAE RFeid @s &h@éreNprobAKRS bRRS An@idures
relatively high tenperature, generally higher than about 250C, preferably
hi gher than about 30@@.065@evw§e’eqdhéordgﬁm%s¢t@n of aywerophinpertantthpmicas end t he
effluent typically 3G:H I LRh g | at ure
in the reactor. Nanea?rg?ﬁ'oggﬂé% ;ﬁ (F;Sr Erg%é&%?ﬁ%% h};grgblgfééeh&%}%%g%gé ‘to
manage the heat of Becwsd @fnthgémbwbwdlyfand)mcalh@go@o;fg@fnmreleumgrfdws,sthonost of
reaction inside of : N0 fo b0 47 aYel

t enperat ure surglgs g%gu{{ﬁ%ﬁségé% lgj,ama %ﬁ)tleﬁénr (Sa%]{/cetg ohgd? gﬁcg%%edtz%% ;r'lg't eﬁgwls to

cat al yst deacti vat i develpdandethepzevet blefip poduction otechmblogies epirtiaibdrly gho didins
such as net hane, ethane... MNOXI n I : jts or coke.
It would be very usgﬁ‘ou}’c%oggfggégogga b?aé%:dg%saﬂfﬁ%t é‘%e?%?@%%feﬁ%?a? d|'zes t he
heat of reaction contai néd imporfant hpe mf atierostive efrddsionks folnaho pyogectmneof light
conversion reactor, Ioﬁti m zes he?t re overybhgnd recgjpres ogérgll u iIilty
consunption in the 86A%ePS SHEST BxyTEdnat 8510 oPEIREY "a¢t 1 ap sihaadl |
envi ronment al | y 20 ecain@thyC @tHey,, methyl etbyma@he) adethyl fammateatdnd adimethe. cdtbonarry of
the Invention to Thg]‘%‘qsent inve titﬁgy Provi des a gr ocesg f ar convgr i ng an
oxygenate to ol efin 11 MaX e PLRNGEH A ferPentalion, OF e SHuRgsis; g3 dgvived ifam

sai d process conpri giti@l gheleirslound ligaies) SdatbokaceQIPIatSidNg i Ridilg QoXIQ eevgtied
having a first heat content froma first tenperajure to a second =
tenperat ure t hr oughPiftisi BHBICHY WAYER %H?‘@Hggtpé 15h 20 Hsts RS dnajesials-

hi gher heat content gecag@nérast Wid vaddtdl of ARORLEGH s@lrcdsahiBohpE @RBRbI derivatives,
25  and other oxygenates have promise as an economical, non-petroleum feedstock
source for olefin production,
The conversion of oxygenates to olefins takes place at a relatively high
temperature, generally higher than about 250°C, preferably higher than about
300°C. Because the conversion reaction is exothermic, the effluent typically has a
30  higher temperature than the initial temperature in the reactor. Many methods
and/or process schemes have been proposed to manage the heat of reaction

generated from the oxygenate conversion reaction inside of the reactor in order to
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.15 tenperature with a catal yst conprising a nol ecul ar sieve under 1200
conditions effective to produce a deactivated catal yst having car bon%g(-p(gus2
deposits and a product conprising said ol efins) wherein said nol ecul ar
"si eve conprises pores having a dianeter smaller than about 10 Angstrons and
said product has a third tenperature which is higher than said second
t enperature; quenching said product with a 20 nediumat an initial
tenperature and in an anmount sufficient for formng a |ight product
fraction and a heavy product fraction wherei® said |ight product fraction
conprises light olefins and said heav roduct fraction has a final
t enper at ure which i &% @ﬁé’?’afuﬁ%ﬂ”&eéiaﬂf}/'f‘qqrsg?ts’taéﬁ'ﬁ'?f%t’6‘? Esdpse the rateeisataliisbut
5C, using said heavyeRfiRdus nd fedsde tRprbOABERYE GiRIeHRRE pAIduRNSUBH asRERarf
sai d stages to achieve said 25 higher heat contents, |§I‘I ef ‘description of
the draw ng Fi gure ¢thang, garboropionfixaig raadncasbonacenus fdapasisioreerkadilimaulddle very
| ncreasing heal recuafiy hile'diioRkEHENTLAKENI IR hORLR bt R SGHLRE 8D Of
the Invention 30 The present i1nvention provirdes a process Tor increasing
heat recovery ansl déerpradictsgexéing rtigpyoxygehatet ¢dniveryion eguotior, eopiimizes dlent ireagverdge
conversi on of oxygen eguto E@ %.to Cg:nST 2802.n3heoloef irns. tZl'he%eor oces(ﬂ
i nvol ves taki ng thea'f)dirg IFEY OYFAlTIY consampion RV IR A PRI Pelefing:
feed, from an oxygeBadhe ac processsisoenviremaérpallyarsdonomidatiguiand raatinetoialy i idrd he
products, directly quenching the product mxture with a suitable nmedium
preferably water. TH{&%§pe of quenching hereinafter will be referred to as
"direct 5 product ggemafry offtieifllen®@si product quench renoves heat fromthe
product mi xture, causing_hi gher boiling components, such as water and
unr eact ed oxygendte feedheRIesenBEnden BiRUidssos RIS O SPBIBRELRT ORYBeRatq tn.
The heavy product fp@gtdth ih&eaém%@&te&rﬁmhqutk%rgmn R OstHEdss &&%fsfn n
conprising gaseous hydrocarbon conponents such as ;ghi ol ef i ns) t hane,
et hane, propane, anbkatiog pitegdsieck compésipgegnid opgerttrchaving adfirptdisatnepptepefraing ded
further into severa i T, i I j ; or
all of the several ?rrsg{:e?i :ﬁ%ﬂﬁ@wrrtgya %gongng{%eéﬁggq%%%%tﬁ@%de%ﬁ% ‘gffég&é?‘“‘
met hods t o separ at ehaving syeassrivMalyrigherulreat eastantst pentactieggasshieedstock Theidheaomd
product fraction, o . : r oI .
produced from q&jenc%migré}uﬂ%&g}g%ogartgisf %ﬁ@ﬁ%?é@fcm%&hgnﬁeﬁ%ﬂg g%“%%%gﬂ\bepl y
at (east part of thw® producenedeistivated satalyst hawingorarbanaeeows deposits andca aslact he
heat content of the e f . e : . about t hree
stages, prior to befoﬁéxlgﬁg%%'guoéeg@gis‘ﬁggeﬁ ﬁ%éng%%gﬁég'gewc%%@%gipé’rrlestheaé'(':]goar for
contacti ng the oxygdimatter patizrahaniabout dAAakssims andh eddepreduay ks aghivktemperature
oxygenate feedst ock guccensiyeby, MONSL,Doat SANLEReahin? QudDtacal ot Yt S
that are used in oxy§shadt B8EGVE 831 AC90PG FUReTuE AISnPune SalY RISl WER Qves,
both zeolitic (z®ol nkdish anmnl iniiuhiehepetaturé and ywpasamobbesyffidse fidr fomvisn b ilight
shoul d achi eve many of the desired inproyengnts using' substantially, any
ol ecul ar S eve oot BPYT Fep iR RAER Y Or Y Rb TSP APHED BN P op G T
I\P/I x]E ur esdof Izeol : ti eongﬂﬁgsnmt mﬁhdl inCsarﬂ?h&Gyllpﬁd’du&i WS_Sn bSO ﬁﬂ’ﬁ)/terlﬂﬁerh’tﬁﬁtd-
referred nol ecul ar sieve catalysts for use according tq the present
i nvention conprise Wéﬁ%lslh‘ghah ar Wéﬁ‘?’ﬁl‘rﬁembﬁ?téren'ﬂl aéied‘Ftaﬁbo‘é‘i %Qieusé‘&tséldﬁef‘@’.
"Smal | pore” nol eCU#r%Hu&'fﬁHt%n%HﬁbM&é Reafhaf oRtehI HIEL ASsafPbtddeY 36 Schibviensaor €S
having a diameter of |ess than about 5.0 Angstrons. "Medi um pore" nolecul ar
si eve cat al yst s2%ar ehiglher heppgondentseat al ysts with pores having p dianeter in

the range of from aRat erthilod ofARWrawiin0 Angstroms. 30 "Large pore”
nol ecul ar si eve cata“gvsrg—%”e—cmwsgw th pores having a| di aneter | arger
t han about 10.0 Angst r orfigurGénes dowydiagram géa poeferatodnbodingnt of iewreasngtirbty st s,

. , . |
recovery in the present invention. |
i

Detailed Description of the Invention

30 The present invention provides a process for increasing heat recovery and

decreasing energy and utility requirements during the conversion of oxygenates to



.29 0Ct 2002 4 without additional appropriate nodifications and/or 79 (CT 2002
treatnents, are not preferred catalysts for converting oxygenates to |ight
olefins. i Zeolitic nolecular sieve catalysts suitable for the use in the
-present invention with varying degree of effectiveness include, but are not
necessarily i 5 limted to AEl, AFl, CHA) ERI, LOV) RHO THO Ml :, FER
and substituted exanples of these structural types, as described in W M
Meier~ and D. H QO son, Atlas of Zeolitic Strrrcirrral Types (Butterworth
Hei neman - third edition, 1997), incorporated herein by reference.
Preferred zeolite catalysts include but are not necessarily limted to
zeolite 3A, zeol it eoldfius. Adglpracess §o{vevlakiag thevrsoduct mixiurg, dngludingtapy heneedtedaf t er
as zeolite A), ZK-5 Wels\ : i ' Lte, .
silicalite, borosi I?’?é?fg?{aeﬁag$¥n§§'u? gén? e%og‘(l)e{ 5&%&2&%&& Qlyﬁoc}‘rt gagtﬁ)oﬁ‘?“%ese
zeolites may be obt e pedductspdiretipyqueshipanhe praine maxmme mdthad ssiablecasdignch as
Mobi |, AMOCO, UCI, Engel hard drich Chem cal Conpan Johnson Matt.he
Conpany, Uni on Car bﬁ’f&@f%@r‘ts%%faﬂhb*ﬁ,ypea?f&“‘c’s@ﬂ'aﬁ b?re'fga)eéi“?{q E%%?Prr‘?‘ﬁ ﬁ%ﬂh&@‘ﬁﬁ%t es
("SAPO s") are ofie GoauR qbncioN-TRAdilett Froti QLA reMmbRY Gi3att figth tAE Pradagf ul
in the present invention. Sujtable SAPO s for use in the invention include,
but are not necessaPiXyfel F3snghighsr IRABOS15oMPSARNES, 1 Bich gapwaten andapeseacted and
m xtures thereof. SgBLLnaROfEd, SOPEnderdé andSHPR ey RodRE FRBEINNT Thi Hakvy
olefins. A preferred SAPO is SAPO- 34, which may be synthesized 20 according
to US-A-4, 440,871, hradent hieetiendy separatadrfrany thedfebt pioduct TiaptipnZosiprisiag gasgons. 17,
pp. 212-222 ( 1996).4 ' r e S b

synt hesi zed accor di wgk%%%&%?%%ﬁéﬁ%ﬁesg . @str}td?gefgﬁ’l ﬁﬁ%ﬁ'}ef ?@% %%rg%}?g’s&gri d
Cat al ysi s, Procéedimgsnesf ThenfeeaTieproduct fracsion aey be dividethfusthersinte seeeedl ditagtionsiol urre
84, pp 17-31 (1994). 2 ' e Ll coal um ' ed
SAPO s) form anot herlr‘h?c %agg l?)g#du%tggrq- Q%%H’té}cﬁkbp}e%ﬁ)g?ﬁeg%gégg fr&%@@m%t'ﬂé‘&%e
"MeAPSO s, " that armbguted &bvaiohptechri@ensr mathadsytetsgparate tHeequpmobseettium from

i nvention. MeAPSO s fLe des%gni bec}hi n_US- 'Ar‘gd %ﬁ? 820% gngn USO- A-"5 flﬁ]% 308 l

i ncor porat ed her ei B $UFREPEI: o TPSRERY PrGIEh TaESl: Pt ant ¥ G MSorXe Y
after synthesis, alfsatiomyorheress p@bheed fiom geacH meditre spraesiend thd@of, nvarde on.

Sui t abl e substituent s% " Me l" i@cl ude Rué ar e not nec.essarLIr}éI.l imted to

2 90 CT 2002 & ni'tREto UpBp Al st mihifdRelal nefidafVaRRIize Pogtheryisdo increase
strontium nmagnesi Wkt he&rdoufeht afthe Cxlygenaten feddstotle rthredghVe A Side toi dbohituthege but
are not necessarily limted to, N SAPO,17, N SAhPO 3% Co- SAPQO 17,

Co- SAPO- 34, Sr rri otEePeliBABCP (PARED, iP) thesPxighls cUyeRBG agor for
(SrAPSO- 18), Sr nbdidnta@hgSAPQxpgenite (cSiVARRN- cath)yst. STAEEGadés, gitd theNdxypenaRs
thereof. Different substjtuents y be incorporated during or after the
synthesis of the si@?@(ﬂ’él‘ﬁff???fé’ﬁﬂggﬁ'ﬁégéaé?o’ﬁ%sti tut ed al uni nophosphat es
(ALPO) known aseAPO s M@y cahi§8s Bt ke aledm dxbgenBRtorRpdidnt procditts @6mbade
sieve catalysts for the present invention. MAPO s include,:but are not
necessarily |im tedneleculsAees, Aodpesolitiy Apsojiteningnd: epnraeRlftisr wgest hdhegiresenthese
mol ecul ar_si eves ”Bi}{\;éﬂﬁorﬁ%%lh%éﬂi&)%%aﬁgﬁ%g'déhgeé Srpkbvemerts fsifOshbstdially any
U.S. -A-4,567,029, and U.S. -A-5,126,308. Because the catalyst may be used in
a variety of oxygenaeleculssmiges eatabist, regardiesy of thnsinsrreyaeer ROTY BiPd. ehliktigps of
reaction conditi 0nSeoftc HoGIBIRL holleldelicves hibd Iy Be ully, FrbiBhed RERLIA O
provi de better cat al ytic performance, attrition | resi stance,

regener abi | i ty, 25ndsioe etalystedon ed apcavdieg té g fresentainpention corhpriset“ypal”r sect or .
When used in a fluidi ﬁEd »hed {nepctéorr Vg Qetalcqt a‘g)ﬁ%ﬁ srtgpuloge Ll?ler' fil ui dit%apl e
under the reaction CSAHT IFORSMOACALRT VST MEY B8 sEb e oG Fur'tie¥' 45" a
vari ety of treatmenirs definedChi @valystshwitld @sies edviphyisdiaratter o kbataaadboun8d
catal ytic characteristics. Such tregtnents include, but are not npecessarily
limted to cal ci natM&iroHs | Ww&,m BEF ] m%‘ew?ﬁws'r%ﬁ*}a?yg}sia ﬁa?d @&'&l}/staming,
hydr ot her mal treat Rats Bbihg a AlaRRIF incthe RANGY Bt £6n LB 8IALWHES 10:0 ARgFoabout
400C to about 800C, acid treatnent, base treatnent, and comnbi nations

t hereof . The pr #tes$-afg8rPoro MlscHiah §ews xapoaa pEescatalyst| vath prsesehinying psdigmeter
organi c starting i - f z f i Si

Cosygenat co. * Aa B Louftd PRASIGAE GinchE \REERLK R SR Gtalyt,

i nclude, but not necessarily limted to aliphatic al cohols, {ethers,

car bonyl conpounds (al dehydes, ketones, carboxylic acids, carbonates, and
the Iike)) and al so conpounds containi ng hetero-atonms, suchilas, halides,
mer capt ans, sul fides, am nes) and m xtures thereof. The aliphatic noiety
preferably should contain in the range of from about 1-10 carbon atons and
30 nore preferably in the range of from about 1-4 carbon atons,

Represent ati ve oxygenates include, but are not necessarily limted to,

| ower straight chain or



2 s ocT zoo2 G branched aliphatic al cohols, their unsaturated counteég%ﬁﬁﬁmn
and their nitrogen, hal ogen and sul fur anal ogues. Exanples of suitab
conmpounds include, but are not necessarily limted to: methanol; ethanol;
-n- propanol ; isopropanol; C4 - C,o al cohols; nethyl ethyl ether; dinethyl
ether; diethyl ether; di-isopropyl ether; 5 nmethyl mercaptan; nethyl

sul fide; nethyl am ne; ethyl nercaptan; di-ethyl sulfide; di-ethyl am ne;
ethyl chloride; nethyl formate, nethyl acetate, formnal dehyde; dinethyl
carbonate; trinethyl orthofornate, dinethyl ketone; n-alkyl ami nes) n-alKkyl
hal i des, n-al kyl sulfides, having n-al kyl groups of conprising the range of
from about 3 to aboWthothaddiiasglapaiaprate madiicaoRs AR WHREPUGY arepnqifaglereed

oxygenate to feedst Qs HicdontipingUxlgedhtes PAfhiidmssarily limted to
met hanol |, di net hyl ether, dinethyl carbonate, nethyl formate, and m xtures

thereof . As used herein,zebit h@lBMAONKECBALIKEs dRRbENAE ase Qb Yint e REQGAN C
material used as the feed. The total charge of feed to the |reaction zone
may contain additi oRgntienwHEUEENes degreeaafl effactivengss . inclgle pptt &P ok ynecessagly
oxygenat e feedstock: e ! } ni.acted in
a suitable oxygegtrjlai<l éﬁ%g;{bg?égi éﬁf’rdelg@ts%l}ﬁ%q\}h t % g@%@ﬁ%ﬁggé asbélgeldeve
cat al yst under pr oceaspleoofthese otmsctwhif tees) aselesanibgar indMc. Meeer dedsDr HIOBbeS | ns

at an acceptabl e conyersipon.leyel w th desired selectivities.~ The

emer atur o, anpl oy G ARG el e GLhERoRE FRih 5 VB eidiars
range dependi ng, atint®pshted Rerpiatly, reRfenéd) EPRIASS UEWtite EddlysteihnelGdLBlit Gad AdtY St ;
the reactor configuration, .the wei 8ht ?gurl%e space vel ogosy,, and ot her
reaction paramet er s"ecosaio ligtedrse zeplithidfe ded! peelite it Solletivgle referipdeto pest
results will beypbtiréi@@ed bs 1dd8ePARCASS, ZSMCHIEENGBEerftnitt, CEHABIZAL WStk N t he
range of from about 200C to agbout 75QC, preferabl ){\f]i,n the range of from
about 250C to aboutSitsgEedoreshgetesrad mxfuiss Breeseh pteg Meierihd Ylsoagd hese zeelisen

about 300C to aboutnf00Cebthindd BbiGRany REMPHYE GARIEMMERAE kAFKes NS Mbbil S
stored at anbient tenperatures before it is used in _the conversion process,

the feedstock has t CheRCAd Engelharti d¥rsicht Ehgraipadt Geepatys HobnsamcMatbeyher
heat content suitabpg,l.qf Iﬁﬁdﬁt(ﬂa‘?ﬁi&en@or Qe YQENR,E conversion catalyst. It
e

is preferable to increase t eat cohtent and/or 30 the tenperature of the

feedstock through from afgohiGniabieipnkil e@shpb&hMBEl ale siRgesr N@nt)%olﬁﬁ:(:h
h Many diff t 9

stage having a successively higher 'heat content’. I'fferen OCT

2002 streams in themelsgupepigres thabpreaisefilon therrsese’ nyeaionp Suitable SBPO’ ssfounsses
for providing the i pgr t NK _kgans,
el Ui ng t hose. der i fraen {adaul g RS EanaRly IEARL R0 oA i £
tower and the strea¥PO-36rHiANE44, and midbyras theregle pinadlt fongyS 4B aine pretbirmadnfdrr om
ot her conponents, : r ) L | :

poi nt ed out that aaﬂégc}%ggﬁ ﬁfll g%eAgreﬁ%?{;eﬁesg@ mgtbAggﬁ?&?llcgf" tﬁg%’éﬂwgﬁ%ed
exchange even t fougecorting isUS-A-6940,8 1 einpaperiaied bsreiprby meferehae, ardsdebliieny dl.r om
pressure changes a Qr {‘@%ﬁ ge . or.} | O A L igui d.
The pressure and/op%ﬁg'sg C anggg&a?%m é%ﬁ%dﬁ%%'}/ ?h@%@%e%ﬁ?g ggorqq\?g;{)sei on
process. to Light olysthesivepnadrddigsovi ChenfepninSadiealrt Hrofagh StiencenantSaalysiky in

opti mum anmounts - - a wde nge of pressures,, i.ngl udi ng but not
necessarily limte rpﬁeeé\‘nﬁ@-oéﬁﬁ §‘&I§éP‘95‘€W§Lﬁ%‘P‘V%S SP%@% 98@’"&@3’ 80 ddgdneous
pressures, -- in tt’(egg@,nge of fromabout 1 kPa to about 100 MPa. A
preferred pressure is in the range of from about 5 kPa to_about 50 MPa,
most preferabl y23 n the rabjitess sthgogiiminepirspepteskabstitiiadySABGIH oD appher The
f oregoi ng pressures;AL 8f fnGeddic iRdl&hlafiidvee Riownl & “RMIRPES’ PT BRERE suidhld foref er
to the partial pressure of the feedstock as it relates to oxygenate
conmpounds and/ or miuse #f eatakysie e e, preeaks gyersiono UYIsABRO 6fare [escabest mdUbdhges
may be used and are t ed <f : i ti , eady
state or semi -stead4ygbgfoa2t§ éﬁ%?% ugtl?g’gb%? %O?%ﬁﬁ&o%?lﬁ E%Jﬁ%ﬁ% sﬂr%cg/éi%ﬁ]be
attai ned and/ or susubitinedts dcempomtedaferogintbésist alremay e gadble fheuerimthegaeseyt t he

reactor type, the r.eactor gconfiquyration,,the te rature, the pressure, the
catal yst ol ect i, TRETOURETTS PSS o Xieal YLEcer B T OFarEa Y RS | ne
| evel of catalyst regeneration, the amobunt of carbonaceous materials |eft
on the regenerated or partially regenerated catalyst) the weight hourly
space velocity (WHSV), the 25 anopunt of quench medi um used, :and ot her

rel evant process design characteristics. A w de range of WHSV, defined as
wei ght of total oxygenate feedstock per hour per weight of catalyst) for
the feedstock will function in the present invention. Depending on the
reactor type, the desired conversion |evel, the feedstock conposition, and
ot her reaction paraneters, the WHSV generally should be in the 30 range of
fromabout 0.01 hr'' to about 1000 hr', preferably in the range of from

v I NN o, J—



29 0CT 2002 s hr' to about 200 hr', Since the catalyst may cont aiﬁ g]ttgghm
“materials which act as inerts, fillers, or binders; the WHSV is calc P

only on the wei ght basis of oxygenate and nol ecul ar sieve part of the
-catalyst. One or nore diluents nay be fed to the reaction zone with the
oxygenates, 5 such that the total feed m xture conprises diluent in a range
of from about 1 nol % and about 99 nol % Diluents which may be enpl oyed in
the process include, but are not necessarily linmted to, helium argon,

ni trogen, carbon nonoxi de, carbon di oxi de, hydrogen, water, parat-~ins,

ot her saturated hydrocarbons (such as net hane, ethane, propane and

mi xtures thereof), HekSheOPdt: CMBBG ShroRiay feNnFIRG (FHeiuM, ahagRssuTpbatERr ed

di luents incl ude, szer Al otp er&SHRAPL M s| ihifhde Butt fre WRH %ce@arhynruttéa%n
Oxygenat e conversion should be mai ntai ned su~ciently high to avoi dI the need

for conmercial |y undiSA8PrbhINSABOE4s CorSARLYGI CnﬁAPQeﬁtz/ Soxyedifiecsk SAPO-17
conversion is pref t s Y edst

conpletely. 15 Howe(?mpse; qe%d%@tn?ognfﬂ?ngﬁ]ﬁévﬁﬁ gdﬂgggp?gdgﬁtngﬂkﬁsedogégb\%éd
frequently when % he(SoABS(2A4), SrARSD-#4, camldamktyresreltdneuﬁolDrﬁ‘crcmwbsmnmmsInmyeHe is
about 98% or |ess. .Accordi sua c}ié f.orom abo 05 nmol % to

| h i
about 50 nol % unr eadBT%ERP" 85%@8%’*‘&%*‘ ?r{?‘te;fz"‘ﬁtstta‘tﬂ suipqalimy 8‘?? aFth the

oxygenate conversi on pr @ibginsed oimbptosghaes CALPG) knd@heds, Mamtb'@rma@tahterbe
byproducts. It is pref erabl e to recover as 20 nuch of the unreacted

oxygenat e as possi bsed fa8rthg qiopeditis pleilas siqvp ‘&Ws@v@ﬁtt e (RReseRx PYRIHARe
content in waste W@M%Mn&lﬁ%%tﬁt?re%t Qe )ghrhf?edat@ ZRP0! GPARHIUAADY, and
accept abl e 1 evel before byproduct water can di scharged. Therefore, it is
desirabl e to cotksi deixturesithereqic Shese Blecyansisseraney hﬁéwv@se%rpcprﬁmehe%eﬁ:-all
heat recovery and hegd; 1At €3 ald 96y, ®0hGIR) 5148126884 M Zi ng heat 25 recovery
and heat integration, when using a fractionator to recover |unreact ed
oxygenates. If the oxyg@*&aatée dheneagalyst oy Ibewsed insa fyprigty @ﬁ@u@qnaﬁn@pmrsron
recovery of unr eaCtr%gct%yﬂgfa?ttrﬁdelrsa POk VG e?d%ﬁ%ﬁcﬁﬁon‘?cmﬁw Eontdi bmflers

envi ronment al pur poses, 1S i hvention ca utilrzing h

directly fromthe hidlewy qr othectmdteriat it oprowide areytennrealytic orﬁerfbhmm;evemmion
fractions into ich.the he A 90
C T 2002 9 Afterpcorr‘? PHSET raﬁjh%é%gna&é‘ E‘Léﬁ%tq%ée{“gg’taa‘fa“%t“y%ey grﬁreeagmf ully
or partially deact |Watre1dsediuea ﬂmdaerbbudu‘ea:torpﬂnemﬁtabarsbmndubedurﬁrzalﬂpomdet she( al so
cal l ed coke) on the catal yst. sur ace nd/

deacti vated catal yst? 8(‘/|?Y15’“t°£?b ﬁgé‘égd‘%ayg’éﬁts"é‘f%eg’eﬁ’@h%é‘ﬁst’%{teé‘/d&rlfeatﬁ‘?‘ﬁe

ot her oxygenate conwarcsnbmwtrpr@dtwtﬁmysnﬁr Hﬁﬁ'ﬂtaﬁ@maytd&htalyﬁaszhar@ct@i}l’i&si oSuchf the
deacti vated cat al yst IS se wi t hdrawn fro ena

conversi on reactor THRI&H @a‘tﬁﬂ}'t aéeeH‘Pt a%ﬁtstfﬂhd'ﬂg‘r@]m °8[r‘it"F %bd’é‘h'ﬂ}g’ ball i n

batch. Before the deamgi yaideg, @pﬁtaaldy)mg, Ih§dr’bﬁ1@r§h€h|l eftatirAk with stdam- axyganat e
conversion and used again, a urtab e regenera Qn i s~ carried out on at

| east a portion of ‘F'H%er%i‘teﬁd'r abwh 400G 59 2Pt SRty Astd TR ReE tRtmehst a
portion of 1o the c@alag,nggﬁw&hg@ppsr ts, in the range of fromabout 0.1 wt%
to about 99.9 wt% i preferably at | east about 1.0 wt%.of the car bonaceous
deposits shoul d be renpVd8.Pressiipfast enyatin eX@erass to. oleBRrpeplgysan Aigaicof
the original car bor@&nrguaat@ﬁmsatf@edaec@l Ipretratrpeoﬁtﬁaﬁtg YAl elafe@t aky dled -

al so may be carried out, but it is found that conplete regeneration has a

t endency of | eadfi nchetein, plreotducttpserpfeﬂ Wrdglned o dnstude,dfut net nenesearily bibited to
byproducts such as / y rab englayion is
carried out in the ”Eﬁah@%’co%glg atterg 9:1 ngr foﬁ)ﬁgncﬁ éﬁle%’deg h&tc{é% %)F(BI g%lc

Air and air dilut echordstdarbpnatesogeinhe Blte@:and almcb’n(ppumZomammghetbmrateds such

regenerati on gases cat al regeneration t erature s d he, in the
range of from aboutaSQE@éescd“ea%[i’t“ 7%@@5 W@r%{@n&%f’% t't?Fﬁogbo %’@b‘t‘:‘cto
about 700C. Al nost maéisty phefiatidyf shoeid@bmiin # the raﬁg@wfdﬁ'r £UE]-COBUBErSdteMSard  Of
t he oxygenates to ol efr ns. Reactor type. | ncl udes, tbﬂr S not necessarily

I

linmited to flui# zdBorpamelprably inihe apgeeefl om apeyt 1- ‘r‘n% B 28y r Bepresghtativej xed
bed reactor, conti nyopshits $idide Cehtt Aol REBERly r.mrtlea itglSioaRe seAgMI dghi @ns

t her eof . Increased héat 25 recovery and inproved heat integration in the
present invention can be achieved with nost any reactor types. A preferred
reactor systemfor the present invention is a circulating fluid bed reactor
Wi th continuous or sem -continuous catal yst regeneration, simlar to a
nodern fluid catalytic cracker. Fixed beds nmay be used) but are not
preferred. 30 Because the oxygenate conversion reaction is highly

exot herm c, the oxygenate conversion reaction product effluent generally
has a hi gher tenperature 2 9 0CT 2002 to than the feedstock tenperature
]USt bef ore cont acting the cat aI yst In one enbodr rrent of the pr esent

- VY o o, o . o, M N 1



~exchanger fluids to increase either the heat content, the tenperatur?giqumz
both, of 1o the feedstock oxygenate. After contactlng t he oxygenate

feedstock with the oxygenate conversion catal yst) the oxygenate conversion
-reaction product effluent conprising olefin products is quenched directly

by contacting a suitable quench nmediumin a quench tower w thout first

goi ng through a product fractionation step. Alternatively, the 15 product

ef fluent may be used to provide heat directly to the oxygenate feedstock.
The tenperature and the heat content of the ¢product effluent are reduced to

internediate |l evels afterwards. The product effluent at this | ower
tenmperature and | ov&é?"ch@at‘“@é‘r‘ﬁ dlpehofss thepinsatyrated eCoyierens, t BAShelr GHIO8E ect
quenchi ng. The cormoupds aﬁJ‘SLﬁm?arﬁfofgbé&erlixan%bl'é?@f@t}mblgQoxﬁﬁ&mg@ﬁ@%@ bum#%r the
20 quenching conditions are separated fromthe quench tower as a |ight
product | fraction lfO@me@B@fIIYnllrﬁiteddgcmethwb\ﬂé?ayolan@fmmlf isepropaval; CrheCloi ght
product fraction c e o] J Y,

et hane, propane, %&%lﬁ ﬁmmk/ ﬁgl%ylc%ﬁgroﬁﬁr? hgl gﬁ%ﬂ Aa'lestﬁ){/vt;;{é%}[;eerﬁ'r gﬁ%ﬁgb%r})ryeac
oxygenat e feedstsoc kmetHji eneccaptaounel byl lsmiﬁdehe\etsh&lf dmine tethyt melaapta/dmdcéthﬁrselﬁm qU| d

d hi f t
noavy product r actaIT BRI Gap FleFe Py I BoLr BN eXRE: CritdFiges 3"

several fractions anéhygepdsmitd; @xﬂn@fﬁyl bhkofeirRRS Binfeeg] ketdneThalkileamines Hi-gRy Ct
fraction conprises b odu g@ft ap ori(l on of the unreact ed oxytgenate
feedstock (except the @féle dé%“i“f%"é‘ ¥ Hars<of FPawrIsieg Bisciangrg ot from
conditions), a srraldbo‘mox Ré @BoR 10t AR EHERN A E mBAINVE SN PHRIRE UK &%)nate
particul arly 30 heavy hydrocarbons (CS+), and usually the bul k of

quench medi um 10 2 foedgtogksTinolndes bpt afeatonippsessarly difaited Ho rarthangh idinetial etherd
froma conposition mL-tﬁh L RIRME SRS Alel 3hd YidSred tHleldp qsq@&?her&lnethe
quenchi ng condi tions) %us mni'm zing the amount of the quench medium
present in the |i gHng&Bfmstepd@wumS gnhyaibe pmqmwma&mamsd aythel éaegio The togal
expensi ve gaseous p r t V,

accept abl e grades O?,Q.%E%E f&:glqgSi ;ﬁfﬁ%geguzgpinﬁgcéﬁg?ea??'ggnag(&%%ﬁh? Cﬁrﬂsl S
sel ected fromthe ghloems conS| sting of water and streans that are
substantial l'y ter. f t um .| t ream whi ch
i s substanti al Y\@S wat er an er?{_]?ste{ g’@’lgxnc?te pgdr#t% ﬁ@}?&s],g{;g?g IQ%A E%@?l? ns Pof ze\f,me
heavy product fractandncdhtaotettinea quxeibtehoxytgmta chiveikion eeauurnt\mhf thqumtncfcd
medium circul ated in thga %uenchl'ﬁg cat a arlttﬂoﬁéjl: ectw rorp% e fo p
product quenchi ng s'ﬂ%ﬁﬁu G 'r"}éiet% antd 085 HEEHE SO F §S'r§ heavy
product fraction exdléfinna atnh&eﬂuﬁll@bhvteﬂmIlevéiamhl‘@maadtsdﬁmemai ure at | east
about 5C hi gher than th f| rst erat re, of enat e feedstock from
the storage tank. 1n an ﬁgppg (571 i 8¢ 8‘?“?’82’389 Pg"%%%&agevaw URe? YKle
oxygenat e convegsi Qﬁng’eeﬁﬁdnﬂrnged‘tﬂdabtﬁmbarﬁbh et Préssurd Sl seicted Walalystdthededtfnt

exchanger fluid to provide heat t%&t he oxygen te feedstock before it enters
the oxygenate convePaiBRIoBRatEYeIght hawly state YHRAYx Sk AkETereart i chaggmsters.

cat al yst. Preferabl pMinohfenRliRReLa gaRichiREcApGRGR:, baVRkuIARAI bsohigdmeiat ur e
of the heavy product fraction effluent are nmintained at effective |evels
for recovery of theromshis grrdveted abismperytueeaip tadrigeyfdronpakopbdWP° Reanbouipr e
preferably, the di Ffseicencaahay WPaR dile BORYY JRPASoL fo Ak Bepeef LUt
pressure and the pressure at which the feedstock is vaporized is bel ow
about 345 kPa, for epreferableinethe ganpeofdiomedboult3 09t tolePaut 69P€. t enper at ure of the

mintarnod at no i es t Rkt SEORGRE AR ERERY, BURk R Rk BLAD b o

product fraction eftefaneitis uMnmu}m cmnm@sm precgertht Iﬁa’eéstdakf iasrte bk i hehted ed ween
t he heavy product fr.ahgti on efflue t an i.t's gu bl et oi ntblgr ovi des .th
hi ghest possi bl e bd¥&MhieMPERBET 2ft2e™Hth hisfer 68 oRePlothitpbIE G fomiactings e

econom cal |y pract I&%enateemrs%n%mw&efmis pREatblé toimtredde therayly caaleniatelor
fraction effluent. Preferably, the heavy product fraction effluent éheavy

product fractiolf) 3betepsiaiuie Oﬁderféwsloé'@\é}’ oygh frpre 088 1o 2BPt dhrge indemediate
providing heat ~to s@atgbseﬁwltﬁtcré@%e hhvihgdla %@esﬁ@@?)ogigﬁ@}m%ago%nﬂ%%th%XM Brgeict

fraction, or any, or all of the several



_fractions into which the heavy product fraction is divided, or streang{§ gonpQ
quench medi um separations thereof, are used directly as a heat exchanger

fluid to increase the heat content and/or tenperature of the oxygenate
-feedstock at one or nore of the stages with successively higher heat

contents. Further, any of the several 5 fractions or streans produced from

t he gquench nedi um separations thereof nay be used to increase the heat
contents of other streans within the overall oxygenate conversion reaction
and product recovery process. The cool ed quefch nediunrrecovered from such

fractions and streans ma%[Fe returned back to the quen Cbg t ower cﬂr&
preferred enbodi ment!®*BartMeUPErTAF HRERTThECERY géh Yitg WPé’FCﬁB‘hpir%‘”

conplete and the qugechc heAtCONImESAsS RESEMtenal | Thedk swedrRy indilingh@idvey
product fraction is divided into two fractions, a first fraction and a

second fraction. Théerved femybe Bepnpradeessirastion fiemthe qyenehy toer anrl Higchtrearas
second fraction depﬁgﬂ 8 g n%ere{t;ératra (rluarch%ear@rﬂtfr&nh%tthe?ec%q%oréatsb%re
renoved fromthe product eff ent ream in the quench operation

the tenperature df ddseribgdémmorerdei! betpvnil hawid belpointed ovttibatqustmarn mapheve.a The
relative quantities t t ry
and utility consurrptt' ?’E o e ﬂ&tg?t%?[éi%%g?ﬁﬁ% PQFE'H th&ll%ﬁh '{a% 184 t[er]lr;'ge?(?‘yrg’

t enperature and senprnhead;k rbmltmgefrqmemmbsur«)wmnges aad/oe cphasee chinges, goknah

may b 1educed by’ 200G Pha BB PEeHE et o R lepR A R GRS ¢

conver sion reactor @aggénaftedhvepsiehadgss.fluid to heat the oxygenate feedstock

before the feedstock enters t e oxgug nate convea[g F react or .and/ or, before
the product efl Mient~ stlr@&lfleh wpduds, il Pancn aft nofhecesBrlyni IRM on

of the heavy producimdunficlit@nwriefranp@ndf pr&si@Nincluding b3bndtr eetssamatiAited &
separate the quench medi um which consists Qs)sentr ally of water -- a part

of it may origi nat eSURsandifEPsBETRSPRAIIC BT S ANGIU Q458 Bres RSt \‘IUa‘lh%Fang?Bfm t he
oxygenat e conver si ofioh @66k i1 dPa W &bt 6D MeL dAtagrddprganaisan fRSadde Jr@dat one
oxygen -- from ot her compounds, such as unreacted oxygenates or certain
heavi er hydr ocar bon#bopf o Weabéktyﬁ)elﬁgfé“Q?bhr\?@F"éWdhth"é&'@ﬂer‘tgrfm"mbéﬁbﬁkl?m t he
fraction. If 30 19! NG atdhf 9@dr§phawh99me§rr@0§re§she9%r§amuls,% o Qil@dnt c,@rm,ﬂf.g bl e
with the second fraction exist with enat e conversion and

associ at ed product pressol endrefer o @ema'@al'lpr%GQO the fredsteckas itggleles 1 pygenster eans
are conbined with t Shre@ds bNSdE OF iR Sy sent
to the fractionat or&%@ﬁgﬁqﬂ?%r ﬁl&ur&r}(qéertsxrgrare{g t Jﬁ? r ac{qrﬂo%g?g %gﬁr@%”u&

i nto conponents as sddempl iyeacsep@Wlﬁﬂom thqwomre“t'pﬁrlewmn invention, it is
preferable for the over %ggad?)g%gee&asterﬁ ée %gt%e' Qcpdu@‘pcq{ﬁ(h hthaeﬁn products ma

heavi es-containing fraction fromt Fractionator to have a. corrposrtrgn of
wat er as introdacedbd attdited andoorsdstéinedcovenn refiod Ied thwsavargely ddtacmwdr bictheon in
t he range of from aboyt 0,1 0 |.% _Dr, Ly ..f bout
25 nol % to about 90" ﬁpg?‘%'p errrel?:grtéeracgeﬁ)%%atroﬁ héte era ur? tges?'{eggrr‘? ¢ gﬂ]%
overhead fraction tsenad&dtme|anmm&acsfepédneaxalystdem&atatedr(rf‘t@srpeheateweqf caratystm)re
heat can be recovered econorq]call from,t he over hea (ﬁ acti.on of

th
fractionator to i mpie8YEMHRMING AT AT BIPOPSEOUSHRAIETA (€8 ot iggenerated or

Preferably, the reconegdeneiatraaghtadsy a8 atehf MaGcdy @pace ORloRitn FWaLS Ve as
about 90 nol % of the oxggenate contained in the second fraction of, the

heavy fraction. 2Mor @ngnkeleugishymediuficispd apd P delexrat Mecss deipn ehmacersticict i on
contains at |east about QR;idaPinke 8f Wi, Q&M%M&grﬁgﬁtto?dl B%er’ra’fb ftedstdar peecond
fraction of the heavy fraction. The overhead fraction of fracti onat or
is condensed in a hbsarr perxsighh gegatalyst, &or the féeﬂﬁ@e‘ﬁsvdrﬁme@arm@@ Pteh@t BYydienat e
feedstock at one ofp e e nat e
feedstock is given s ces%rao\%eﬁy Fe?gﬁpe%ﬁeg? @%ﬁ%bter?%ﬁqeﬁﬁmm% ‘%Je?eae %Eée{&feor

t he overhead fract i ampofitiohend ot:hertriemtiam paramuerhahe\lé{&\bgprewssshoekhhe ih ¢lzst

about 69 kPa hi her t ha he e; of .the dst ck in
condensor. This %regﬁ%ﬁ %W??@Wéﬁ §1§)UHH@§ggsé§d¥% y@b ﬁéﬂgﬁtﬁg.m
tenperature of the gyerhead tsra@&klsomm‘nanlﬂlnrwt preRtablyas théesnge br Homtabsut 0.5
overhead fraction nore econom cal. The bottons fraction of tihe fractionator
consists essentially of byproduct 25 water fromthe oxygenave conver si on
reaction. Preferably, this bottons fraction is pressurized and used to heat
t he oxygenate feedstock at one of the stages, fromone to about three,
where the oxygenate feedstock is given successively higher heat contents
prior to entering the oxygenate conversion reactor. The fractionator is
operated such that the tenperature of the bottons fraction is at | east
about 5C, 30 preferably at |east about 25C, higher than the first
tenperature of the oxygenate feed from storage. The operatrng tenperature
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favored due to the difficulty of withdrawi ng deactivated catal yst fﬁr
regeneration 30 and returning the regenerated catal yst back to the @aQ:UomDZ
The oxygenate feed is converted to a product conprising Iight olefins and
‘t he catal yst becones 29 0CT 2002 is deactivated or partially
deactivated by accunul ati ng carbonaceous deposits which are forned as
byproducts of the oxygenate conversion reaction. Oxygenate conversion
product effluent 11 flows through heat exchanger 8 and becones cool ed
oxygenat e conversion product effluent stream?12 which is sent 5 to quench
tower 13. Alternate]y, heat hanger 8 may be elim nated and, oxygenate
conversi on product L‘?ftf’ﬂ it 2§el<ﬁfs 'é’ﬁl‘heo‘iafa}é'étt'inv 954 ?ih?fﬁ“attﬁfﬁbsrw}}ll%“iﬁ?%out
i ntermedi ate cool i NRiertd, MillgEBE Binl@Wethe PBHOW Y SNl Red XY VhSth WelghP BHGE of
stream 12 contacts directly with a quench medi um consi sting essentially of
wat er at an initial e adupaieclprsievs Parkpf e caiglyssui t abl e cont acti ng
devi ces. The anpunt of t : i I : I
di ctated by a nunber of (?Igec?gfds},%pﬁ ﬁ%g@ggﬁénrg%&ﬁ@%@gi{w}%o irerrlla?ees’d to
the conposition df suck thatitheddtalfeati minture doenptieaydidueat nagangke ofjfremahourddhaeith
recycle introduced ¢ 9) . nd desired tenperature differences
and pressure differ&l caggﬁg%[]nﬁgé’ﬁ/%’%ﬁ%l‘@'cgtn}aé}ﬁr?. plfﬁeedg;g?%ﬁi RPeL glade. bty

di scussed where appirepbi atcessarlindimited e hisliyat, acioa} sitraged, sapar mbeskidkd cabod | ght
product fraction str.eagn 14., Heav r oduc fra'ﬁti on streﬁyg;[rla whi ch exits
from the bottom of FIFHIGUBYEPEERoNEFT 2 PAING PN GHYRIRH o PYFRRREPONE HShI 8es

the bul k of byprodugbthii! ethané POpineOandimikiies URErealt admany goppbimdl eatdst ock
(except those oxygenates that are gaseqous under the quenching conditions),
a small porti on‘&f mixgiresc iseRht Breédieg clldsnehinglyds dutidtesnot gieesiacily bmitsd toeavy
hydrocarbons (CS+), waBandQittspedl | y the bul k of the quench nmedium ' A
preferred quench nmediumis water, which is for all intents and purposes

i ndi sti ngui shabl e from Hypyeetsctonygtien shorldibs ragintaipeiagudiicientie highdel areid thet eps
to separate the quengh fRdidtmd&am Dﬂé@ée?%l_%t 1V &F febycifiE Neaosy. &ryg%gpt
fraction. In the event that a quench material other than water is used and
this quench 2s mat e¢dnu¢rsips issuigfareghior dielpyriose of dvioginadfeqdsionk testide cerupetelii ng
conditions, hea 4,00 r al t

Fraction into wh chigheheLigesbl i bR Beals iElobuclleg ARy Biah e
processed to separ apegtiate, greeticohrlredethanof, r convirgion oldvelt iswabastt . 986r oeXesspl e,
if the quench nedi up.i.s; i i Y., o, SHC i |. fuel, or
simlar streans, | tﬂ%égﬁjl"%lr{’]stm eE)Pgllﬁ\l/é"? %o@ya‘é?@ﬁS?ﬂg\}aﬁ@r&oﬁ% hgls/ggmﬁﬁcgergch
medi um can be separa@iygehatsyinahp podactt sireahe slogg edthvibe oxyaesdte gpnversidneprbdictsom of
guench tower 13, or_in .an S [ t her, siml. L ces _at nmany
2 90 CT 2002 1G d" é‘?i% ?@B’&ﬁ ﬁ’t‘g%;’%g‘&?rhge%‘f{?"&@eg‘é&% nn}ttlﬁérege?éél]seetﬁtre?orY\E}re'?'nsti on.
Further, if any2heawychhfdhoeaedsted oxygebaty anpessiblerforegcycle funposex yeamateeent,
conversion reacti on, tgeyéenaales% may IPne JgIoye erfrgﬂlom %X(gr %dltl)Ct \Qlatgﬂr3 in
stream 15 or ot her B%I REET (REHr Gt ¥ NEpTPAntTAl Py PP hE 8% e hetiner
as or along w th thevirenewally adcejthige lguebbefbre bypredlicuvatet dantbbdischaggeah nmedi um
is arelatively |ight eri.al .which is substant,i all aseous under fthe
quenchi ng condi ti ons, meﬁé’ﬁ%ét 'Bngt‘f@b"bPoe%O@ﬁ%erit Sé’lﬁB‘éPlgﬁthﬁe"a‘Géﬁﬂeﬁ‘%‘s in
the ight product fiha6éio98rall Hegredovaiiesidhhdae ditdpation Nschidnes 8RAbAGRIGing Meat
downstream ol efin recovery processes, enconpassi ng the entire oxygenate
conversi on and &1 effiepPveRiciidebspt Anesralign Wherarsingna diagiiquator tp gequugiapripactes, t he
exiting pressure of,Reavys PIOHEEyabiACLInGsist [6AR figh Shiigh dnd8r Jega,%# f@n
about 345x 103 pascal's (345 kPa) bel ow the pressure of liquid oxygenate
feed 1. Preferably,unrdseted oxygenge tiengievaitanted fof edeaamip qsrapdinertmentabptriposes,
stream 15 i s nai nt ai pegd. i t o ; i nt of
bypr oduct wat er inatéghr@gﬁnavlegﬁonlAﬁggg’?@ﬁ&é@%&e@éﬁ@egﬁ%% eﬁ%ﬁég%g‘gétt\%%gtﬁonheavy
15 product fracti onorshy eaal df3h¢ sevwvel frasti@s Snto edhichnibe hdaguprdbdoot igetivmt wayfleed 1
(‘hi gher pressure(i iqsﬁg.(ljess than 207 kPa. Heavy product fraction stream
(quench tower bt t o esdtrear'r) 15 may be used to provide heat to the
oxygenat e feedstock in heat exchangers 2, 4, and/or 6 to increase the heat
content of the feedstock. The oxygenate feedstock contains 20 successively
hi gher heat contents at these stages. One or nore of these stages al so may
be elimnated. Preferably, quench tower bottons stream 15 is divided into
to two fractions, recycle fraction 18 and fractionator feed-fraction 21.
Recycl e fraction 18, a quench water recycle stream is cooled in exchanger
19 and recycl ed as quenching stream 20 back to quench tower 13.
Alternatively, recycle fraction 25 18 or 20 may be split further into
several fractions and these fractions nay be cooled to different
tenperatures in different heat exchangers. These fractions, or sonme of
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a oxygenate conversion and ol efin recovery and purification process §8 QCT 2007
"provide heat | and to increase heat recovery. | Fractionator feed fraction
21, optionally mxed with other water containing streanms 22, is sent to
.fractionator 24. At |east two streans, fractionator overhead 5 stream 26
and fractionator bottons stream 33, are fractionated fromfractionator feed
fraction 21. Fractionator overhead stream 26 should contain at |east about
| S nol% preferably at |east about 25 nol % of water fromthe oxygenate
conversion reaction. Conjunctively with or afternatively to this
conposition preference, ,the t ure o overhead stream 26
Should be at 1 east anoutROETERTH B dhvae s KR dhg Gsh b PRRL AP igh  he
oxygenat e feed undefadifsted aidiotab@itiladbn sreatbopaceharIgRssits(alsSudllke caih ohaat i s
added to fractionator, 24 V|a reboil er 25, which when coupled with a
sufficient nunber O&atalyptaydrfacs ‘I’Idzi’étinﬂiif‘atﬂéﬁ PorESt ellie t deaptiyatsd oeRidlyshghaving
fractionator bo“"@ﬁrb@hic@@@d%? osi)is GEpaFRETF s B éﬁ%}&@@m@édnvm I, I%E&Qduct
water 15 and quench nmediumin roduced W th stream 2 Prefera y, t he
quench nmedi um i $ wdrderablwatlsasiatpertion of l!l\sedacasattmtalpuem@amm and]wiﬂ)dltaw«)rrs
stream 33 consi sts fssent! I
oxygenat e conver si on%rseg‘tgt ?00&?%3% tca’%?&% Cto seq{jilblfe%Btr?'éceés%l;l giay 'IUSU‘Q}"
separat e byproduct castinepudly, @mirt lrmhqummhtheediuamwated i:atalhe nqmeywdd tnieldtmmel S a
20 material other than water and ? r&ot evi.o een se ed from
bypr oduct vt er  pr TR IADIBIRCR et teeD: § RUBHE StReRTTOnaR RITRY St
material may be sepagwed gatidd NThdyitideshncleadhabted catanysbaifema& a$'ld’a§&r'ﬂo3t:ﬁ)n oar
| ater in the process as descri bed, aboye. Fur any, eg\ﬁéﬁ drocar bons

(CS+) are formeld i nhe REPOGISFGRTIEPRSitEAh 8f"§‘£6ﬂ} IE 'Béle)é’é(Ht"ﬁéyo

removed from bypr ogugGérabiprhEeast fbodbl.6 WivedMhd 3arbOriacksk @Epokify sh&ﬂd BE %ﬁ)@@d in
substantially the sane manner as or along with the renoval of the quench

nmedi um Fracti onat &ompig Efﬂ%“eéatt‘P%arfF'B‘?}”“gblé)PdY‘é" ofdbRQTHENA} SERONAGSARY dPOSW) i s
at a tenperature WRhGh dfShé@liedo@sdd ARAML-. Bfso nfyefeedaplRlouptbut R3S o @R 25C,
hi gher than the first tenperature of the oxygenate feed i nt.roduced from
storage 1 to heat 3Zempiiersgryesation haypéengeney stiewding: totprrueting obfarge emauntsradt or
24 shoul d be alysl eqhedhibidBRrdh a8l LIRGNRGILARZHIE 1 heat exchanger 4
to increase heat recovery. "Strea 5 ~s is used to heat up
liquid oxygenate feedst Btﬁﬁerably,nthheagene‘xMarsgeﬁrﬂ@i oFbrin Whe tpeaserireat! regasvery,

t t 3G f f . 3 t I
C0 or Pess than abouiiE PARSEPEPAF 0GRy &L Yrofher TR fifhaf T2

i nprove heat int egraacﬂ/porC%dlrQ anefnma'dea@néwam rge@ever’liheSCatdySIomgsmratnon
fractionator overhea [ h@1
The cool ed fracti 0?1 5?&%\%3% cfa[§ h%z%%pgéfg%@%ggﬁgc %ﬂ%ﬁga‘%ﬁf ROY he |n
separator 28 irwo apoaboi ¥oMarogbogt7’0€em 29 and quui d refI ux 30 Whl ch |s
sent back to fractionatggﬁ‘m afte pressyre adi u punp ]f h
i mportant to maintain co6M¥l ¥ValPs r{afeg Vel h%gd 8193'5 02“/ Py ° the'
t enperature above toRgehaed tonglefidi NResofor type ihiludss, h&at adt ﬁecygerrlgtlmﬁ‘eeed 3to
provi de favorabl e [’HH@'%ZF‘E) qe ansfer. The invention wll be bet under st ood

I

with reference to WA e X BRI FECOh MRKNE | Bedh sTepsiPe, xB@Jt htsa$tar not
be construed as |i @bitind8usty@irred &SBFHactbrnHﬁiﬂTdk@tfHco%WdHEtHerelaﬁ Wclehddl héht

met hanol feed 1 at about 386.1 kPa pressure and 38C absorbs heat to
increase its hedt COAYERENd inHewd hesldnasalian i the Breset invaiiogan ke agigred and
1,276 kPa pressur e fiyg w#awltww ar réfﬁﬁgcfﬂeﬁ)d?@tis‘}gterg4or tRe @qgem tEntibh " St
heat ed net hanol feed stream 3 at terrper ature of about 100 a pressure
of 351.6 kPa. The fi§ pstirchatingefuideehaesiorfithl centingeun & sdmitsoatinpods Rdlys| e
heat content 20 ab a rd Gt e

t he heat exchanger$%r Féatpﬁ g'm[ rgmgtgg)g%rh ﬂE}feaa a&g}wrcrgfaﬁg%o?:ﬂgggﬁ eam%w th
a heat content of 6ut@dniktprefered. Stream 5 is heated further by steamin

heat exchanger 6 to forg\the t.hird heated net hanolt feedh s@é 7 _Whi h has
even higher heal cont enP @Hn enBXBHIAHG CHYEFIO] THRTISANIS) hig Fré'};\?n

7,390 kJ/ nol e. The okjliehsle berreRIdn TRLAMDbdICEeHuhD gerleF R RhsTa mgheheaﬁ;eehmre heat
exchanger 8 to formthe fourth heated nethanol feed stream9 with the

nmet hanol conversion product effluent 11 fromthe oxygenate conversion
reactor 10. The fourth heated nmethanol feed stream 9, having a nuch higher
heat content of 17,102 kJ/nole, is suitable for contacting a catalyst in

t he oxygenate conversion reactor 10 to form a deactivated oxygenate
conversion 30 catal yst having carbonaceous deposits and a product 11
conprising olefins, particularly light olefins. The oxygenate conversion
reactor 10 is a fluidized bed



.29 0CT 2002 19 reactor with continuous catal yst regeneration and .
recirculation (not shown). The oxygenate conversion product 11 is se%gr%Temm
from deacti vat ed oxygenate conversion catal yst having carbonaceous deposits
‘and used to heat the stream 9 and form a cool ed net hanol conversion product
stream 12, A part of the 5 deactivated catalyst is wthdrawn and renoved
for regeneration, (not shown). It is preferable to renbve at | east about
1.0 wt % of the carbonaceous deposits fromthe deactivated catal yst during
the regeneration. It is also preferred to relfove | ess than about 98.0 w %
of the carbonaceous deposits fromthe deactivated catal yst during
regeneration, The r@geribs dseddodkateapgature dust delpse cantpding” that Gtalise  dRyeenat e
1 0 conversi on react gryqlifhdnPbf HOPFEARE ih b Sre X NQRBREEm iREGora SOt % ftk: t he
met hanol in stream9 1s converted 1n the reactor 10, with the unconverted
bal ance exiting in tehperstureanhhaving Thiest bend cerdentris heated throeshvsgvasalantermreditect
stream 12 exiting the hea chan I u tower. 1
contacting directl yg%geabneneéﬁ&ﬁg%g%%olg S%%ﬁ%?%trfc}n%még}gté’%t ﬁaﬁ;l% Cgv&i}\}ﬁg g?e. The
quench tower 13 is eggefamechnwrtitn eatdlysabllieis poeféralde ita havd iine ese ionsbolle thrédst
hydr ocar bon products are ge{)arﬁt ed as a, aseous.ﬁr oduct lsh%rg‘ﬁag} 14. Heavi er
products, water, antP&hPERREt BXTN4PRS IPANBY ISt YR MCEESY Y AP et FRRtERISt ower
13 as the quench t ovwgioud @fréaa¥Hroni the @Rygkhat@ktorvelsdpescasdsit diffefent oiperalut&C and
a pressure of about 262 kPa. The ench tower bottons 20 stream 15 i s
pressurized by the wnﬁtq@'tseuwrg# bab P8 Ghat 2B WiEAEHh BB REr U Bhas dieat
stream 17 at about &3Ranferkids t0RMasSdihePIn¥onest doRRndiRSEMpdraar, BHERRNOL OVer
bottons stream 17 fornms the recycle fraction 18 and is sent through the
cool i ng exchangdt 1ihefegdfteskpxyssBatguenchi ng stream 20 at a | ower
tenperature. i The qUeNCARAGoRhRE M2 kybehateSlebtsPRA Wid thhSxFBRE Roh RIS, 13-
25 The rest of the pressurized quench tower bottons stream 1/, about 17

nol % becones t he f reatalysbrithe xysearel cprvgesidnofeactipn mrRéuct efluentopripmising ealefin

fraction 21 is comti g bh-BRANE, FLHANAME ALAHILLERATNARIN A SfRhin

stream recovered from other sources Wi overall oxygenate conversion
and product recovertpwer witka firsTheing thndighad reducefimtip@atios stepntAltematively, the

fractionator 24.. Th I tr i ut 89
mor % vat or and Mottt ML hhe iU BRRReR GRAT O OGN BRI |
pressure at 551.6 kTheatenmpesmind andothehteatheatient of the @ragudt &0@Dt ace esdobednmer 4.
The bottons fromfractionator .24 is heated wth.steam..n the heat K exchanger
25 o pr oduce the (RGEPIBEEE Dististts 1E Ptk ot ko et Bl g
kPa, which cont ai nslofei liear dohtentvigseat towhd quenshltywer facdi®ctafuemdhingr conponent s.
The fractionator bottongl_ stream 33 .i shgr Zﬁsuri zed tgl. bout 1274.8 kPﬂbeand
the 5 resul ting stream 3% ©MPIWES 1B the HFITYGRL, SN B ffge?’ezg%"“ﬂe%ﬂde’t

| i quid et hanol 2 eegledchingf Gtitigaire a¥eRaed) Gomt ihe doyih aduet avarliphwataict
stream 3G has a te er.atkjre f 46C at a pre sur.g of 83[}'- ﬁ EPa. Tahle. 1
shows the product sEICHER R AI§HnpERfuctEcQYs i RUIBREUGR G dight Profiyat dmetop of
net hanol conver si oncdugcesflight QBRI dimaxgylt doiger,r B&HdeSCONO®Y, éthandagogand, & and

Tabl e 3. The feed rates,, conpositions, pressures) and tenperatures of

vari ous streams as YBYCPINTPMPANSEEME & Wateh WIINERFCY AXTeaDA'R fepdstatke Hift i es

of key exchangers 2-:[om oudSh the Rl SERH Ghifark ﬂ%\g@%cﬁr duendfiY Sonditions, are

Conmponent Product Selectivity (W% I 3ydroCarbon npQsifion in Stream 11

mol %4 dro en0. 150. 73Eaatedfromtieainth 00v036s ©ha@sy broduct fraction for heat recovery, and

D ox1 ge 120 O3Met NaGthe B0MKoR Web BovrBl st ot ind eadiish PR QuitR el Fhe

ane0. 210. O,SBut enes &hed9)l pind Bu t feantts0 cOYDisG2Rerdde ctewate® 30p&rtifie nf alne sfreacted

040, 01Coke2. 89- ~Total ~100 0&)?71.( %4 1§ t'II;abI e 2* tSt ream No. Rat e hi

(ol | h) Met hanol (mcr%%tteet;ee stock (except those oxygenates that are gases under quenching
conditions), a small portion of the oxygenate conversion byproducts, particularly

30  heavy hydrocarbons (C5+), and usually the bulk of the quench medium.



(ol 99 Pressure (kPa) Tenperature (C)Heat Content g %CT 2007
kJ/ ni ol 110, 000. 098. 231. 77386. 135. 2582310, 000. 098, 231. 77351. 6100. 14, 722510
000.098.2 31.7 7330.9~ 98.26,521_ 10,000.0 ~_ 98.23 ~_ _ 1.77
+~317.296.97,390 2 9 0 C T 2002 21

910, 000. 098. 231. 77317. 296. 917, 1021113, 918. 90. | 472. 02275. 8407. 925, 4241213, 91
8.90. 1472 02262. 0~

124.918, 475143, 946. 70. 041. 78241. 337. 86, 8411592, 909. 40. 1899. 82262. 0115. 63, 85
6219, 972. 20. 1899. 82689. 5115. 63, 85922863. 80. 2199. 78689. 543. 41, 394261, 118.01 0
. 5489. 42551. 6151. 921, 740271, 118. 010. 5489. 42S - _ _

17. 1138. 85, S662953. 936. 406isTablyra quepghomediag gssgleeied/Gom o cpmpesitivg uthgsmans 7. 95
, 3023510, 782. 2t r ace}Q Ay %% Fdn8. vhaer3the 3Rt niAg ZoRlifidie HAR- ARGELnG the

~46. 11,476 Tabl e 3* Exchan  er No. Dut 10

kJ/ h241. 4418. 968. 63&mount of tht quash 3gdium presant ie thegightegrseoss prpdudtdragiiomviieh on

Sci ences, Inc. PRO C 1ca Si t] r ] iLli,zing the
Modi fi ed Panagi ot op@hftog-@eﬁ%dhﬁg%??pl%ﬁsz\ﬁ éﬁ%&ﬁob@gt{%eﬁ géoea\llé geeh% i'QHE V\\'Brng
equation of state. dinesecinlsedcesaldbigradehal lipht ¢lbfen progdumenatie peafervedr gieach
process, the external .heat need to bring the. ox nat e feedstoc 0

Pondi £ bns. deer r abl BB & GREET Ty ReERHR SPoshne BERPLE hf i fipb e
preferred enbodi menfubbtynttaiftwaeexC NogairefBrably,Sthe @derck dnedinaisr £stdain @hich is

i ncreased heat recovery and i nproved he integratiaqn of t O process.
Persons of ordinar ys‘g’ﬁti)‘gi“faﬂ?' ﬁ’a{‘T’Eé“da'rstseleﬁ“T fr?"é&?%ﬁ\'eiaé?rlaﬁﬁ’t"s Hgﬁ‘ﬁthﬁﬂgipl”?‘ﬁ'ﬁ'ti ons
may be nade to the RigARKom thyQRhéladwe, t hout departing fromthe spirit and

scope of the present invention. The enbodi nent described herein is neant to
be illustrativel®nly and shemeunt it ausach mediumadrcplated ¢ip e tavenghnipdet b

which is defined 15p9¥aﬁ4?@er§x€é(;£t9r\@i 138 pFdd@étErenching sAolld Be ol Adfe 1144 Mﬁm-shl S

CI,ATNMED IS 1. A process r converting an oxXxygenate to olefins wt

i ncreased heat recotesfigd nprofesata hesve graduptoffactien pitingr e syench dayer kaving:a
heating a feedstock £OmRLIShiNGst Mot PE/RERA RN @I?evﬁrﬂ‘lexﬁp{{ht?r%toﬂﬁ@Bx;@%ﬁeﬁ”t
dte roug out

froma first tenperature to a secon erature th romone o a
three stages havi ngfesdstasbidrombe ytorsgghiek. heanptheroambediment, eoaiteadyt disrgssedaithe

feedstock at said s . i & 0 [ SJ ul ar
si eve under condlgjt [ %Q@ﬁ‘%@?ﬁ%}gﬁ %88% E?g“g&heg}cﬂ%rdv@?gydg;dt gﬁgg/g)icnﬁggﬁcng
car bonaceous deposi flgd amerevidsrhedutst the orrpgensst digpdstadkdbedirefif emgers thehexrygemtesai d
nol ecul ar sieve co i.Se J I I t han about

| CAngstrons and sa?ggnlb"?rgléﬁE‘%Etﬁg?mgxﬁaﬂ??%o&g%pg%%gﬁvﬁfs@ v?kﬁ%@ls’l | s higher than
sai d second tenper at ur e; Prefepblyathe pgessae ¢h deaptichavee adt the yatpefatomos ahed

product; quenching sai d product. w medi.um at .hitial. tenperature and
in an anount sufficl'8mt prf)g Cq#%?%nr?gmgﬁlalreg'ﬁ%"ﬂf)"ﬂ%aaﬁgf?ec*“r’ealg‘fe?sofﬁr%? q (ﬁ evy
product fracti onowhkpledsn qsaiiy arndgipialiggr efiprotes§ het i MireC preferdbeshd digletence

ol efins and said heay roduct fracti.on hasg, a final t erature whi S

hi gher than said figeé%e‘{?‘éﬁ%}éela@f UP@“%{P%{P“F@(%{%'{‘ PERHR and (pe Pressyis ﬂﬁé‘ihf‘fﬁq’%eai d

heavy product fract feedbtdcR iPvapwiighd iNBsddw aboud D45 RPa, MdFepreferabBi tdiost ABRE2070

achi eve sai d hi gher heat contents.&%. Ahprocess f or _conéerti ng an oxygenate
dheyheg

to olefins with incKifasdhe HMperage MY PIREUHt fragtiony PP Hroms SeqaysPdicess

conprising: heati ngiqyef F.%fé%%kmﬁaﬂmea &t 3 0esS Hafl a6 AP0 BLIBWIRYbUBGIePofnt b5t
heat content and a first pressure froma first tenperature to a second

t enper at ur e t hr @ighthe hervy oraduetdragtinmefluent: ddaipipige 8 tamnpgiatiye differeatiad berwesp
hi gher heat contentg, heavy product fraction effluent and its bubble point prox?ides the highest
possible bottoms temperature in the quench tower and the mlost economically

practical recovery of useful heat from the heavy product fraction effluent.
Preferably, the heavy product fraction effluent (heavy ;!)roduct fraction)
30  from the quench tower is pressurized and used for providing heat :to other streams,

In one embodiment, the heavy product fraction, or any, or all of the several
|

'



.contacting said feedstock at said second tenperature with a catalyst g Q¢T 200
conprising a nol ecul ar sieve under conditions effective to produce a
deactivated catal yst having carbonaceous deposits and a product conpri sing
‘said ol efins, wherein said nol ecul ar sieve conprises pores having a
di aneter smaller than about 5 Angstrons and said product has a third
tenperature which is higher than said second tenperature; 29 0CT 2002
23~ separating said deactivated fromsaid product; quenching said product
with a mixture at an initial temperature anttin an amobunt su~cient for
formng a light product fraction and a heavy product fraction, wherein said
m xture consists esﬁanmnamkywbﬁhmmﬁéwyPsduﬁfﬁP@hmséwdétcrSﬂ?%nﬂﬁqmmumwh
conprises |light olefi t i ter and
unr eact ed feedstockkgﬂ%hggﬁﬁgﬁg§®&¥op£ %y %&gplgﬁﬁ 5§agﬂklna V\'%mcmrature
whi ch is higher t hamegraatcboﬁuemsmd/betepwexammﬁ‘ tbg/owgedaeefmdsaabbut orle cﬁ.more of
di vidi ng sai d heavy product .fraction tion and agfecond

i nto first
fraction; cooling sHiecHages it fﬁ“&“c?fsl'v(fw tﬂ%ﬁeég‘ieﬁ ‘iOHiePﬁsm Wikt % Of the several
recycling said firstadioaedd @Raid pro@iced fromiHel qabnch SiEARIEp Ridng tHRARSPHEY RAT t
of said mxture for said_quenching; fractignating said second fraction into
a_third fraction andsed t9 Hisraase the heaticopterih of ethar ispms tithinghe pxgerel] ewgermml sts
essentially of wat egonaQn $alcfod S frbadlct ?&Beegﬁ (oL Iﬁ@scoaiedl Gavh npaRH 15
nmol % of water; heating and pressurizing sai P fraction to ourth
t enper at ur e and secmq@lvemdefg@nrsechvmr@smnéétrelanfsmm h‘i tedurpRsk badsrte thesqmchl east
about 10 C, higher thap said first tenperature and said second pressure is
hi gher than said flrst pressure; and using said third fraction to heat said
f eedst ock at on@oof sai dnsatmgfesed ernhdisiept, fpertinlerly whentthe axveesars n@vqsrsemnd
heat content which | rocess
of claim1 wherein si% ?eg{re{’ I\(ﬁt %Jn&rﬁtcﬁgﬁﬁ% %ﬁ%@ g‘g& @Frs % The
process of claim1l pﬁoémmfmctmnddmﬂédecmltwo frattewme adostifiractiomsand a second fraction.

silicoal um nophosph APO ess of I aim wher

nol ecul ar si eve cong §¢ Veaq‘gﬂ\%ssogq&‘?ggc PUEHE geatheding; §W‘§ d‘?
SAPO- 17, SAPO 18, SéReiidnoufi it Bedtdhat abeds 1o ké refm@sed fi@f éaf produc efBludht @réﬂmzooz
24 6. The process of cla 1 wherein, said nol ecul.ar sieve c rises

Jool L1 e 7. Tho Thr ot IB1Meh SRTRIOD JHEHE! EHiHe o i b it SEWE BGHpFTses a
zeolite sel ected fripm thBQuaihtdvee.0Mhé flatitgqhtiteShtdset HSDftiddize bR dogt
erionite, offretite, and mxtureéﬁihereof of claim!]l

wherei n sai d medi unfos B respYeLad 5"&[’1‘59"‘8'1’0%}8? ﬁ'ggfoa"ﬁ*ﬂ'é'srf%&%?sa &ired ai m

1 further conprisin@mp &ValﬁjFHjﬁrﬁi\Meﬁtgbaak Rakte @fenchatotlel@AE rdcyalb eick. Gaénh Wateraf t er
said separating from sa ving at least, 1.0 wt % of said

car bonaceous deposi T2 Yt Hrﬁg%‘ﬁ’eel ‘op?ﬁo[ ﬁnﬁrségi‘cﬁoﬂé&:f?"?}‘% @’dteédf'aé’l Rpdeduees Wor m a

regenerated cat g ySgsin Tgﬂﬁ&'pr"o@@df%hlu@rﬂ sEenfIfr RGNy BdRE oateridBleadtOl asSHest

contacting with said edst ock. 10. The process of claim 1l wherein said

oxygenate is sel ect@iﬂhﬁ‘"ﬂﬁ)rﬂf‘tdh@ hertotlp cxpssaste feedeiodt befererihn Seedstacknprtery the

ether et hanol . et e Rlduhvehlibcach MEP K GIHOARAE B Witar OHITUR,

met hyI acet ate, di e T et her, and m xtures thereof . The process of

claim1l1l wherein sai @%Wgé’ﬁrate is selected fromt he gr oup COI’ISI sting of

met hanol , di nmet hyl et her i e r, 12 The

process of claim1l V\here”li?hre]dgseg&gwgc Ké@é{gg‘?aielg g%%p@%ﬁ%"ﬁ%ﬁ%,&ggﬁtsel ected

fromthe group amnsfr&mmmgorob s&akﬁﬁﬁb Mncw\dndbiR@OMh m&m&amwmm&&&

Sr APSO- 18, Sr APSO- 17, a |ht 0 FSO 17 I\/hr,ﬁlc:;SOth dmtxtt%r es t her eof .

13. The process of afni T PBIR A3 e JePeled £psieR of rettﬁ'gob' npPfrsEEn e

di luent sel ected frewgtme gmupommum iwhen de feadseick oxggenme Ik anda orgar bon

nonoxi de, nitrogen, hydrogen, argon, | i um met han et hane, m Xt ures

t hereof. 14. The pr%&%‘b“gr "b‘PtE‘?r%PTp%‘?E SY5H a8 gadien eyasnates of QVB“"C}HPPﬂ?rl ses

SAPO-34. 15. The prme&srb@iﬁs FoARILHY &yMQ@%ﬁ\veﬁsadndewsmgeﬁ@stem inSheBAc6h.eg from

t he group consisting of nethanol, dinethyl ether m xt ures thereof and
,sai d nol ecul ar 3&i estherceieam dewingapmpaions spnilgr ¢o ErTeopatble with thegseconde

pr ocess ~~f claim2 out

25 nmol % of water. fi[%gﬁrﬁlea “5@'@32‘15 ?énlaﬁeal m gsl(?]ur ? E@%)JS%:%%Eerdﬁ}sr?dﬁlgeégwgg

W thdrawi ng a part of said deactl vated catal yst after said separating from

said product; renoving at least 1.0 w % of said carbonaceous deposits from

said part of said deactivated catalyst to forma regenerated catal yst; and



recycling said regenerated catalyst for said contacting with said
feedstock. 18. The process of claim2 wherein said fourth terrperatur@gi QCT,H002
| east about 25 C. higher than said first tenperature. 19. The process of
‘claim2 wherein said nolecular sieve is selected fromthe group consisting
of SAPO 17, SAPOL8, SAPO 34, SAPO 44, and m xtures thereof. 20. The process
of claim2 wherein a portion of said first fraction is used to provide heat
for one or nore of said stages to achieve said higher heat contents. 21.
The process of claim1 wherein said feedstockB is nmaintained at a first
pressure prior to said heatig‘g and said heayy product fraction has a second
pressure, and wher gifpcesisHchs B ndrepPeys fewbingd pithdie tered f&astian first ged the
pressure by no norecotrjgg,@dg“% lsgeﬂﬁtolqﬁ)@ﬁacagnau;he process of claim1l wherein
sai d feedstock is malntal ne first fpressure prior to said heating and
sai d heavy product fractGeO?raHbeuswaieSI@b'eﬁm rtierateir Bixtue teveaspenents as sfarplycond
pressure is |l ower than dyf out 207 KkPa.
590 CT 2002 -26 BP08 sio% In theznt‘efsgnt ?n%&!i”o% {?%{s grgfe%f’eq‘oxt @%gtveeraead ?xyétﬂtta&

ol efi ns conpri sing: frdegat aﬁtgoxattteded\atsamktamomacsom@omalhd fexyoanatio haeyiang a
first heat content and a.fir il*Eressu%de afltbfb_terrp r'at re to a
second tenperature GORPBTY P Y bg Wt § AfoaR &pclign of the, ey product
successi vel y hi ghergdhget inGhdtaagY & MEARLN Sabith @XAERNSLEmbIS:, %?étﬁﬁﬁlﬁﬂoﬁr om
the group consisting of methanol, dinethyl ether, nmethyl formate, dinethyl
carbonate, and ni xtaPE25 Meleist abouioeR mel né“é%ﬁ”ﬂ’s‘f'@éH%Wé’@kccat‘P%étoﬂl°§8@ond
tenperature with a &@th@tdvﬁtcuwmete.n&eaesmdnd@@tten@aﬂpeza@etl iddCmérRregul ar
si eve under conditions effective to produce a deactivated cat al yst having
car bonaceous dePosiaas baeroxerpd eepnemicalynfem é‘ien‘g\’e@ﬁi“ﬂfrﬁqt’gh@f(‘ﬁeeﬁ%qttlgnamm@ sai d
product has a thir tptg?‘;} i

t enperature; separ gt Fﬁ’gpgéaaﬁq {?gaa%?o\?gtele%“g t al yst abrﬁtfstgﬁ %&g@% l?(‘:lerhead
quenchi ng sai d pr oduggensiietftaciomdontains et leesh ghast P%gwo%gémewa}/geyatofcomnetmat an
initial _tenperatur elp' i r{drt‘ra%no SR Yea ra%l glptMI()jl% recﬁ%?'?tl@ &k é@éVQreBro%ingad and
separating said lig oV et 1ns Trom a eavy p & wher el

heavy product fractdx@g\eneterfpmuse@namsdttwstelvqut Be awi’e of themzlygeha;tefcbmmm&amd
converting and ync vert e te heavy product fraction has a
final tenperat ut% qn‘”ﬁ’& é’ﬁgfgi‘?ﬁ‘ }?e?t\l'ytsfaaé:fjmt enperature, and said final
tenperature is hi gher tﬁaaosahaddt‘nact&h ofdmfmctainume|slzyn¢ahselde:asheaabmhhn@rC ;

di viding said heavy, prod ct fractign into firs ract and L secon
fraction; cooling S4i ttlc‘tnl PEer P?%‘fﬁ‘ r?x¥£’t§"‘§%1re8dﬁt?1° tIg'fe fléﬁfbse?g@ff SR
recycling said coola6utf thre&t whéraahé @ﬁygﬁhaté&teﬁstbcﬂd is giberd emqaematlwlegﬁeﬂ hegcone
part of said mxture for a| db‘%‘?’ﬁcF n@e[ fr |onat|r§]gli‘ second fraction
into a third fractiGh%fd thP e 1o d ?Vc? Gpdion of ey rtcﬂf’?admf‘r" f 8n
consi sts essentjgl Iptesafre Wﬁlﬁs@t aboand9 BPd ldgtfeﬂufaﬁ thef;fra;atre oNthe @RRIeh Fadstadk ineast
about 15 nol % of vvat er, q_ﬁqc r Zooz attn and ., ~suri zing

said third fractior tocamteatﬂft h lénﬁréf’sateupge%ﬁ%?' Sé’e&ﬁ S%r‘@gsiﬂnée’\ﬁﬁe’l"el n
said fourth . tenpagmddibrel & 86 ov@R&GH ARG, rkfing hehti @b&Very fieM thaioderhdaust
tenperature and said second pressure is hlgher than said first pressure;
and using said thi feclienaBeRSFeeBIBkat sai d feedst ock at one of sai d stages,
thereby forming a strea%@@xﬁm ﬁac'ﬁ@r?@f‘d\ehﬁ@ﬁonﬁ@?tcgmstsv‘@bb&thallyso gRAhct han
said first heat content. . The process of claim 23 wherein sal fee st ock
f~ irther corrpr155es/vaaerd'wlnuétntoxmhiéet:@ﬁel‘ﬁipmrFtaC‘tOPt'e P@f@e@y,dbﬁébmmh@acwn is

ni trogen, water, ium
met hane, et hane, %589% u?,gogﬁ{zg ﬂéa?)fﬂe @qg%ﬁ{qu%gc%glgg&% %fltg‘g %ggdg &/ﬁ%re in
said fifth fracti omnenm{bbusmsae,at/helrcemsbx)gb@weaﬁtonbts g%erSucse}sldelwhngbm haattd
said fourth tenmperature i t Iea.s ( bout 2t5 %h tthafl]h gg ‘
tenperature. 26. TW@"‘B’P&@&% of" eét“éllfﬁ%g%\ﬁércé’"vers' T <Ral [ "HER ionatorls
non-zeol i ti c nol ecWparatedis@dtethhiSths edngetattle bf mmbbhangrrwmnaomsle&t latstg.t afc,
SAPO 17, SAPS-18, S APO 34, SAPO 44 aﬁd m ure?, t her eof . Z rocF ~~S
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froma first tenperature to a second rat re through fromone to about
t hree stages having successful ly higher heat contents; contacting said
feedstock at said second tenperature with a catal yst corrpri si ng SAPO- 34
under conditions effective to produce a deactivated catal yst having

car bonaceous deposits and a product conprising said light olefins, and said
product has a third tenperature which is higher than said second
tenperature; separating said deactivated catalyst fromsaid product;

wi thdrawi ng a part of said deactivated catalyst after said separating from
sald product 290C¢C T ZOOZ -Zs rermw ng at Ieast 1.0 wt %of sai d
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dividing said portion into a first fraction and a second fraction; 23'6&92002
said first fraction to said initial tenperature; recycling said cool

first fraction back to quench said product; fractionating said second
fraction into a third fraction and a fourth fraction wherein said third
fraction consists essentially of water, and said fourth fraction conprises
at | east about 15 not % of water; heating and pressurizing said third
fraction to a fourth tenperature and a second pressure wherein said fourth
tenperature is at |east about 25 C, higher than said first tenperature and
sai d second pressure is at l|least 69 kPa higher than said first pressure;

and using said t hi r deteipadibys nupbgsrabpargmetaddincluding R noF neegssarilpfimied 1@ the ages
to achieve said hig n F | Y A
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20  effluent of oxygenate conversion reactor 10, after being separated from the
deactivated oxygenate conversion catalyst which has carbonaceous deposits.
Alternatively, heat exchanger 8 may comprise of a plurality of coils inside of
oxygenate conversion reactor 10.

Fourth heated oxygenate feed stream 9 is fed to oxygenate conversion

25  reactor 10 which contains catalyst suitable for converting the oxygenate feed to
olefins. Oxygenate conversion reactor 10 may adopt various configurations --
fixed bed, fluidized bed, riser, moving bed, or a combination thereof, with or
without continuous catalyst regeneration. A fixed bed reactor normally is not
favored due to the difficulty of withdrawing deactivated catalyst for regeneration

30  and returning the regenerated catalyst back to the reactor. The oxygenate feed is

converted to a product comprising light olefins and the catalyst becomes
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9610%&' ()-s4 Oxygenate conversion product effluent 11 flows through heat exchanger 8

and becomes cooled oxygenate conversion product effluent stream 12 which is sent

5 to quench tower 13. Alternately, heat exchanger 8 may be eliminated and

oxygenate conversion product effluent 11 is sent directly to quench tower 13

without intermediate cooling. In quench tower 13 oxygenate conversion product

stream 12 contacts directly with a quench medium consisting essentially of water at

an initial temperature over a series of suitable contacting devices. The amount of

10 the quench medium needed in quench tower 13 is dictated by a number of factors,

including, but not necessarily limited to the composition of the quench medium, the

temperature of quench medium recycle introduced to quench tower 13, and desired

temperature differences and pressure differences between variou:s streams. These

differences are discussed where appropriate. The gaseous products are separated

15  as light product fraction stream 14. Heavy product fraction stream 18§, which exits

from the bottom of the quench tower at an exiting temperature, comprises the bulk

of byproduct water, a portion of the unreacted oxygenate feedstock (except those

oxygenates that are gaseous under the quenching conditions), a small portion of the

oxygenate conversion byproducts, particularly heavy hydrocarbons (C5+), and

20 usually the bulk of the quench medium. g

A preferred quench medium is water, which is for all intents and purposes
indistinguishab]e from byproduct water. This eliminates the need for steps to
separate the quench medium from byproduct water in the heavy: product fraction.
In the event that a quench material other than water is usedi and this quench
25  material is substantially in a liquid form under quenching conditiolns, heavy product
fraction 15, or any, or all of the several fraction into which ti;]e heavy product
fraction is divided may be processed to separate the quench medium from
byproduct water. For example, if the quench medium is a high bo;iling hydrocarbon
such as diesel fuel or similar streams, it is immiscible with byprodﬁct water. Such a

30 quench medium can be separated by a properly designed weir system in the bottom

of quench tower 13, or in an API separator or other similar devices at many
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different points of the process in the present invention. Further, if any heavy
hydrocarbons (CS5+) are formed in the oxygenate conversion reaction, they also
may be removed from byproduct water in stream 15 or other points in the process
in substantially the same manner as or along with the removal of the quench
5 medium. If the quench medium is a relatively light material which is substantially
gaseous under the quenching conditions, and hence being present in substantial
quantities in the light product fraction, such a quench medium can be separated in
downstream olefin recovery processes encompassing the entire oxygenate
conversion and olefin recovery and purification process.
10 Regardless, the exiting pressure of heavy product fraction stream 15 should
be less than about 345x10° pascals (345 kPa) below the pressure of liquid
oxygenate feed 1. Preferably, the exiting temperature of heavy product fraction
stream 15 is maintained at no less than about 25°C below the bubble point of
byproduct water in stream 15. A preferred pressure difference between heavy
15 product fraction stream 15 (lower pressure) and liquid oxygenate feed 1 (higher
pressure) is less than 207 kPa.
Heavy product fraction stream (quench tower bottoms stream) 15 may be
used to provide heat to the oxygenate feedstock in heat exchangers 2, 4, and/or 6
to increase the heat content of the feedstock. The oxygenate f|'eedstock contains
20  successively higher heat contents at these stages. One or more o!f thede stages also
may be eliminated. Preferably, quench tower bottoms stream 15 is divided into to
two fractions, recycle fraction 18 and fractionator feed fractlon 21. Recycle
fraction 18, a quench water recycle stream, is cooled in exchanger 19 and recycled
as quenching stream 20 back to quench tower 13. Alternatively, recycle fraction
25 18 or 20 may be split further into several fractions and these fractions may be
cooled to different temperatures in different heat exchangers. These fractions, or
some of them, at different temperatures may be introduced into quench tower 13 at
different points to better integrate heat recovery and minimize utility consumption.

The heat content of fraction 18 may be used to provide heat to the oxygenate

30 feedstock in the heat exchanger 2, 4, and/or 6, or at different locations of the entire
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Fractionator feed fraction 21, optionally mixed with othqr water containing
streams 22, is sent to fractionator 24, At least two streams, fralctionator overhead

5 stream 26 and fractionator bottoms stream 33, are fractionated from fractionator
feed fraction 21. Fractionator overhead stream 26 should contai‘n at least about 15
mol%, preferably at least about 25 mol%, of water from the oxygenate conversion
reaction. Conjunctively with or alternatively to this composition preference, the
temperature of fractionator overhead stream 26 should be at least about 10°C

10 higher than the boiling temperature of the oxygenate feed under the conditions of
heat exchanger 4.

Sufficient heat is added to fractionator 24 via reboiler 25, which when
coupled with a sufficient number of trays in fractionator 24 results in producing
fractionator bottomls stream 33 which comprises substantially all byproduct water

15 and quench medium introduced with stream 23.

Preferably, the quench medium is water. When water is used as the quench
medium, bottoms stream 33 consists essentially of the bulk of byproduct water
from the oxygenate conversion reaction and no further steps are necessary to
separate byproduct water from the quench medium. If the quench medium is a

20  material other than water and has not previously been separated from byproduct
water prior to introduction into the quench tower, this quench material may be
se.parated from byproduct water in bottoms stream 33, or later in the process as
described above. Further, if any heavy hydrocarbons (C5+) are formed in the
oxygenate conversion process, they also may be removed from byproduct water in

25  stream 33, or later in the process in substantially the same manner as or along with
the removal of the quench medium.

Fractionator bottoms stream 33, before leaving fractionator 24, is at a
temperature which is at least about 5°C, preferably at least about 25°C, higher than
the first temperature of the oxygenate feed introduced from storage 1 to heat

30  exchanger 2. The pressure at the top of fractionator 24 should be at least 69 kPa

higher than the pressure in heat exchanger 4 to increase heat recovery. Stream 35
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heat recovery, exiting stream 36 from heat exchanger 2 preferably has a
temperature equal to or less than about the temperature of stream 21.
One way to further improve heat integration and to increase heat recovery
5 is to use fractionator overhead stream 26 as the heat source for heat exchanger 4.
The cooled fractionator overhead stream 27 may be fractionated further in
separator 28 into vapor discharge stream 29 and liquid reflux 30 which is sent back
to fractionator 24 after pressure adjustment with pump 31. It is important to
maintain cooled fractionator overhead stream 27 at a temperature above the boiling
10 point of the first heated oxygenate feed 3 to provide favorable heat transfer.
The invention will be better understood with referenc:e to the following

C d
example, which illustrate, but should not be construed as limiting the present

invention.
EXAMPLE I
15 A liquid methanol feed 1 at about 386.1 kPa pressure and 38°C absorbs

heat to increase its heat content in heat exchanger 2 from stream 35, at 158°C and
1,276 kPa pressure, from methanol/water fractionator 24 to form the first heated
methanol feed stream 3 at a temperature of about 100°C and a pressure of 351.6
kPa. The first heated methanol feed stream 3 with 4,722 kJ/mole heat content
20  absorbs heat from the fractionator overhead stream 26 in the heat exchanger 4 to
form the second heated methanol feed stream 5 with a heat content of 6,521
kJ/mole. Stream S is heated further by steam in heat exchanger 6 to form the third
heated methano! feed stream 7 which has even higher heat content than the third
heated methanol feed stream 7 -- 7,390 kJ/mole. The third heated methanol feed
25  stream 7 is heated in heat exchanger 8 to form the fourth heated methanol feed
stream 9 with the methanol conversion product effluent 11 from the oxygenate
conversion reactor 10. The fourth heated methanol feed stream 9, having a much
higher heat content of 17,102 kJ/mole, is suitable for contacting a catalyst in the
oxygenate conversion reactor 10 to form a deactivated oxygenate conversion
30 catalyst having carbonaceous deposits and a product 11 comprising olefins,

particularly light olefins. The oxygenate conversion reactor 10 is a fluidized bed
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oxygenate conversion product 11 is separated from deactivated oxygenate

-5l F%
)rearculatiorg) (not shown). The

conversion catalyst having carbonaceous deposits and used to heat the stream 9
and form a cooled methanol conversion product stream 12, A part of the
5 deactivated catalyst is withdrawn and removed for regeneration. (not shown). It is
preferable to remove at least about 1.0 wt% of the carbonaceous deposits from the
deactivated catalyst during the regeneration. It is also preferred to remove less
than about 98.0 wt% of the carbonaceous deposits from the deactivated catalyst
during regeneration. The regenerated catalyst is recycled back Iinto the oxygenate

10  conversion reactor 10 for contacting the oxygenate feed. 99.8wf% of the methanol
in stream 9 is converted in the reactor 10, with the unconverted balance exiting in
the stream 11,

The cooled methanol conversion product stream 12 exiting the heat
exchanger 8 is sent to the quench tower 13, contacting directly a quench medium

15  consisting essentially of water. The quench tower 13 is equipped with suitable
contacting devices inside. Most hydrocarbon products are separated as a gaseous
product stream 14, Heavier products, water, and unreacted methanol are discharge
from the quench tower 13 as the quench tower bottoms stream 1S at a temperature
of about 116°C and a pressure of about 262 kPa. The quen:ch tower bottoms

20 stream 15 is pressurized by the pump 16 to form the pressuri;zed duench tower
bottoms stream 17 at about 689.5 kPa. About 83 mol% of the })ressurized quench
tc.>wer bottoms stream 17 forms the recycle fraction 18 and ils sent through the
cooling exchanger 19 to form the quenching stream 20 at a liower temperature.
The quenching stream 20 is returned to the quench tower 13.

25 The rest of the pressurized quench tower bottoms stream 17, about 17
mol% becomes the fractionator feed fraction 21. The fractionator feed fraction 21
is combined with another methanol/water stream 22, a small stream recovered from
other sources within the overall oxygenate conversion and product recovery
process. The combined stream 23 is sent to the fractionator 24. The fractionator

30 overhead stream 26 containing about 89 mol% water and about 10.5 mol% of

methanol at a temperature of 152°C and a pressure at 551.6 kPa is sent to the heat
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exchanger 4. The bottoms from fractionator 24 is heated with steam in the heat
exchanger 25 to produce the fractionator bottoms stream 33 at 158°C and about
585.4 kPa, which contains primarily water with only traces of other components.
The fractionator bottoms stream 33 is pressurized to about 1274,8 kPa and the
resulting stream 35 is used for the heat exchanger 2 to heat the liquid methanol
feed 1.
temperature of 46°C at a pressure of 861.2 kPa.

After heat exchange, the byproduct warm water stream 36 has a

Table 1 shows the product selectivity and the composition of product
stream 11 of methano! conversion used for obtaining the results shown in Table 2
and Table 3. The feed rates, compositions, pressures, and temperatures of various

streams as described in Example I are shown in Table 2. The duties of key
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exchangers 2, 4, and 25 are tabulated in Table 3.

Table 1
Component Product Selectivity (wt%) | Hydrocarbon Compaosition
in Stream 11 (mol%)
Hydrogen 0.15 0.73
Carbon Monoxide 0.03 0.01
Carbon Dioxide 0.12 0.03
Methane 1.00 0.61
Ethylene 40.90 14.40
Ethane 0.83 0.27
Propylene 40.90 9.60
Propane 0.21 0.05
Butenes 8.89 1.56
Butanes 0.09 0.02
Pentenes 3.95 0.56
Pentanes 004 0.01
Coke 2.89 -
Total 100.00 27.84
Table 2*

Stream Rate Methanol | Water | Pressure | Temperature Heat
No. (mol/h) | (mol%) | (mol%) (kPa) (°C) Content
(k¥/mol)
1 10,000.0 98.23 1.77 386.1 35.2 582
3 10,000.0 98.23 1.77 351.6 100.1 4,722
5 10,000.0 98.23 1.77 330.9 98.2 6,521
7 10,000.0 98.23 1.77 317.2 96.9 7,390
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9 10,000.0 98.23 1.77 317.2 96.9 17,102
11 13,9189 0.14 72.02 275.8 407.9 25,424
12 13,918.9 0.14 72 02 262.0 124.9 18,475
14 3,946.7 0.04 1.78 2413 37.8 6,841
15 92,909.4 0.18 99.82 262.0 115.6 3,856
21 9,972.2 0.18 99.82 689.5 115.6 3,859
22 863.8 0.21 99,78 689.5 43.4 1,394
26 1,118.0 10.54 89.42 551.6 151.9 21,740
27 1,118.0 10.54 89.42 517.1 138.8 5,566
29 53.9 36.42 62.75 517.1 138.8 886
33 10,782.2 trace | 100.00 585.4 157.9 5,302
35 10,782.2 trace 100.00 1,274.8 158.1 5,310
36 10,782.2 trace | 100.00 861.2 46.1 1,476
Table 3*
Exchanger No. Duty (10°kJ/h)

2 41.4

4 18.9

6 8.6

8 97.1

19 191.7

25 38.1

* As compiled using the Simulation Sciences, Inc. PRO/II chemical process

simulation program, utilizing the Modified Panagiotopoulos-Reid modifications to
5 the Soave-Redlich-Kwong equation of state.

These results show that in the oxygenate conversion process, the external
heat needed to bring the oxygenate feedstock to conditions desirable for contacting
the catalyst, represented in the preferred embodiment by healt exchanger 6, is
reduced as a result of increased heat recovery and improved heat integration of the

10  process. |

Persons of ordinary skill in the art will recognize that many modifications

may be made to the present invention without departing from thle spirit and scope
The embodiment described herein is meant to be

of the present invention.

illustrative only and should not be taken as limiting the invention, which is defined

15 by the following claims.
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1. A process for converting an oxygenate to olefins with

increased heat recovery and heat integration, said process
comprising:
heating a feedstock comprising said oxygenate having a

first heat content from a first temperature to a second
temperature through from one to about three stages
having successively higher heat contents;

contacting said feedstock at said second temperature with

a catalyst comprising a molecular sieve under condi-
tions effective to produce a deactivated catalyst having
carbonaceous deposits and a product comprising said
olefins, wherein said molecular sieve comprises pores
having a diameter smaller than about 10 Angstroms and
said product has a third temperature which is higher
than said second temperature;

separating said deactivated catalyst from said product;
quenching said product with a medium at an initial

temperature and in an amount sufficient for forming a
light product fraction and a heavy product fraction
wherein said light product fraction comprises light
olefins and said heavy product fraction has a final
temperature which is higher than said first temperature
by at least about 5° C.; and

using said heavy product fraction to provide heat at one or

more of said stages to achieve said higher heat contents.

2. A process for converting an oxygenate to olefins with
increased heat recovery and heat integration, said process
comprising:

heating a feedstock comprising said oxygenate having a

first heat content and a first pressure from a first
temperature to a second temperature through from one
to about three stages having successively higher heat
contents;

contacting said feedstock at said second temperature with

a catalyst comprising a molecular sieve under condi-
tions effective to produce a deactivated catalyst having
carbonaceous deposits and a product comprising said
olefins, wherein said molecular sieve comprises pores
having a diameter smaller than about 5 Angstroms and
said product has a third temperature which is higher
than said second temperature;



109 ()-! 10% ()-UQErsS4 ! ! 10 10%B& ()- FS109B& ()- 29 0CT 2002

F109B& ()--, 109B& ()- 109B& ()-yl09B& ()-507<rS4 | 11P$ 109& ()- !'$
1098B& ()- !'$ 109BB& () - | "1098& ()-  1098B& ()-, YL09B& ()--1 xmbC !
[1Y(Y10% U& ()- 10B 10B 10B , 8109B& ()-6 109B& () -

LO109B& ()-.1098& ()-!p\%IBnbC ! 111108 U U& ()-210% U& ()-zSF10% U& () - 10%
U& ()-  10% U& ()- &@L0% U& ()-ZaBmbC ! !1010%

separating said deactivated from said product;

quenching said product with a mixture at an initial tem-
perature and in an amount sufficient for forming a light
product fraction and a heavy product fraction, wherein
said mixture consists essentially of water, said light
product fraction comprises light olefins, said heavy
product fraction comprises water and unreacted feed-
stock and said heavy product fraction has a final
temperature which is higher than said first temperature
by at least about 5° C,;

dividing said heavy product fraction into a first fraction
and a second fraction;

cooling said first fraction to said initial temperature;

recycling said first fraction at said initial temperature to
become part of said mixture for said quenching;

fractionating said second fraction into a.third fraction and
a fourth fraction wherein said third fraction consists
essentially of water, and said fourth fraction comprises
at least about 15 mol % of water;

heating and pressurizing said third fraction to a fourth
temperature and second pressure wherein said fourth
temperature is at least about 10° C, higher than said first
temperature and said second pressure is higher than
said first pressure; and

using said third fraction to heat said feedstock at one of
said stages, thereby forming a stream having a second
heat content which is higher than said first heat content.

3. The process of claim 1 wherein said diameter is smaller
than about 5 Angstroms.

4. The process of claim 1 wherein said molecular sieve
comprises a silicoaluminophosphate (SAPO).

5. The process of claim 1 wherein said molecular sieve
comprises a SAPO selected from the group consisting of
SAPO-17, SAPO-18, SAPO-34, SAPO-44, and mixtures
thereof.
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7. The process of claim 1 wherein said molecular sieve
comprises a zeolite selected from the group consisting of
ZSM-5, ZSM-34, chabazite, erionite, offretite, and mixtures

thereof.

8. The process of claim 1 wherein said medium consists

essentially of water.
9. The process of claim 1 further comprising:

withdrawing a part of said deactivated catalyst after said

separating from said product;

removing at least 1.0 wt % of said carbonaceous deposits
from said part of said deactivated catalyst to form a

regenerated catalyst; and

recycling said regenerated catalyst for said contacting

with said feedstock.

10. The process of claim 1 wherein said oxygenate is
selected from the group consisting of methanol, dimethyl
ether, ethanol, methyl ethyl ether, dimethyl carbonate,
methyl formate, methyl acetate, diethyl ether, and mixtures

thereof,

11. The process of claim 1 wherein said oxygenate is
selected from the group consisting of methanol, dimethyl

ether, dimethyl carbonate, and mixtures thereof,

12. The process of claim 1 wherein said molecular sieve
comprises a Me APSO selected from the group consisting of
SrAPS0O-34, NiAPS0-34, CoAPSO-34, MnAPSO-34,
SrAPSO-18, SrAPSO-17, NiAPSO-17, CoAPSO-17,

MnAPSO-17 and mixtures thereof.

13. The process of claim 1 wherein said feedstock further
comprises a diluent selected from the group consisting of
water, carbon dioxide, carbon monoxide, nitrogen,
hydrogen, argon, helium, methane, ethane, and mixtures

thereof.

14. The process of claim 1 wherein said molecular sieve

comprises SAPO-34.

15. The process of claim 1 wherein said oxygenate is
selected from the group consisting of methanol, dimethyl
ether, and mixtures thereof and said molecular sieve com-

prises SAPO-34.
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22. The process of claim 1 wherein said feedstock is
maintained at a first pressure prior to said heating and said
heavy product fraction has a second pressure, and wherein
said second pressure is lower than said first pressure by no

more than about 207 kPa.
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heating a feedstock comprising said oxygenate having a

first heat content and a first pressure from a first
temperature to a second temperature through from one
to about three stages having successively higher heat
contents wherein said oxygenate is selected from the
group consisting of methanol, dimethyl ether, methyl
formate, dimethyl carbonate, and mixtures thereof;

contacting said feedstock at said second temperature with

a catalyst comprising a small pore non-zeolitic molecu-
lar sieve under conditions effective to produce a deac-
tivated catalyst having carbonaceous deposits and a
product comprising said light olefins, and said product
has a third temperature which is higher than said
second temperature;

separating said deactivated catalyst from said product;
quenching said product with a mixture consisting essen-

tially of water at an initial temperature and in an
amount sufficient for cooling said product and separat-
ing said light olefins from a heavy product fraction
wherein said heavy product fraction comprises said
water, heavier products from said converting and
unconverted oxygenate, said heavy product fraction has
a final temperature higher than said initial temperature,
and said final temperature is higher than said first
temperature by at least about 5° C,;

dividing said heavy product fraction into a first fraction

and a second fraction;

cooling said first fraction to said initial temperature;
recycling said cooled first fraction at said initial tempera-

ture to become part of said mixture for said quenching;

fractionating said second fraction into a third fraction and

a fourth fraction wherein said third fraction consists
essentially of water, and said fourth fraction comprises
at least about 15 mol % of water,
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heating and pressurizing said third fraction to a fourth
temperature and a second pressure wherein said fourth
temperature is at least about 10° C. higher than said first
temperature and said second pressure is higher than
said first pressure; and

using said third fraction to heat said feedstock at one of
said stages, thereby forming a stream having a second
heat content which is higher than said first heat content.

24, The process of claim 23 wherein said feedstock
further comprises a diluent selected from the group consist-
ing of nitrogen, water, hydrogen, carbon dioxide, carbon
monoxide, argon, helium, methane, ethane, and mixtures
thereof,

25. The process of claim 23 wherein said fifth fraction
comprises at least about 25 mol % of said water and said
fourth temperature is at least about 25° C. higher than said
first temperature,

26. The process of claim 23 wherein said small pore
non-zeolitic molecular sieve is selected from the group
consisting of SAPO-17, SAPO-18, SAPO-34, SAPO-44,
and mixtures thereof.

27. A process for converting methanol to light olefins
comprising;

heating a feedstock comprising said methanol having a
first pressure and a first heat content from a first
temperature to a second temperature through from one
to about three stages having successfully higher heat
contents;

contacting said feedstock at said second temperature with
a catalyst comprising SAPO-34 under conditions effec-
tive to produce a deactivated catalyst having carbon-
aceous deposits and a product comprising said light
olefins, and said product has a third temperature which
is higher than said second temperature;

separating said deactivated catalyst from said product;

withdrawing a part of said deactivated catalyst after said
separating from said product;
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sufficient for cooling said product thereby separating
said light olefins from a heavy product fraction wherein
said heavy product fraction comprises water, heavier
products from said converting, and unconverted
oxygenates, and said heavy product fraction has a final
temperature which is higher than said first temperature
by at least about 5° C,;

separating a portion of said heavy product fraction after

said quenching;

dividing said portion into a first fraction and a second

fraction;

cooling said first fraction to said initial temperature;
recycling said cooled first fraction back to quench said

product;

fractionating said second fraction into a third fraction and

he

a fourth fraction wherein said third fraction consists
essentially of water, and said fourth fraction comprises
at least about 15 mol % of water;

ating and pressurizing said third fraction to a fourth
temperature and a second pressure wherein said fourth
temperature is at least about 25° C. higher than said first
temperature and said second pressure is at least 69 kPa
higher than said first pressure; and

using said third fraction to provide heat at one or more of

said stages to achieve said higher heat contents.



