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Oxygenae&l%ﬁene%ﬁ/o?%%ﬂy%ﬁleqfdd a variety of hydrocarbon feedstocks. Ethylene and propylene are

important commodity petrochemicals useful in many processes for making plastics and other

chemical compounds. Ethylene is used to make various polyethylene plastics, and in making
other chemicals such as vinyl chloride, ethylene oxide, ethylbenzene and alcohol. Propylene is
used to make various polypropylene plastics, and in making other chemicals such as acrylonitrile
and propylene oxide.

[0003] The petrochemical industry has known for some time that oxygenates, especially
alcohols, are convertible into light olefins. This process is referred to as the oxygenate-to-olefin,
or OTO, process. Typically, the preferred oxygenate for light olefin production is methanol. The
process of converting methanol to olefins is called the methanol-to-olefins, or MTO, process.
[0004] There are numerous technologies available for producing oxygenates, and particularly
methanol, including fermentation or reaction of synthesis gas derived from natural gas, petroleum
liquids, carbonaceous materials including coal, recycled plastics, municipal waste or any other
organic material. The most common process for producing methanol is a two-step process of
converting natural gas to synthesis gas. Then, synthesis gas is converted to methanol.

[0005] Generally, the production of synthesis gas involves a combustion reaction of natural
gas, mostly methane, and an oxygen source into hydrogen, carbon monoxide and/or carbon
dioxide. Synthesis gas production processes are well known, and include conventional steam
reforming, autothermal reforming or a combination thereof.

[0006] Synthesis gas is then processed into methanol. Specifically, the components of
synthesis gas (i.e., hydrogen, carbon monoxide and/or carbon dioxide) are catalytically reacted in

a methanol reactor in the presence of a heterogencous catalyst. For example, in one process,
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of the oxygenates-to-olefins reaction.

[0009] Fouling within the quench process itself results in a decrease in efficiency of the
overall oxygenates-to-olefins process and the quench process. Mitigation of the fouling would
increase the efficiency of the process, allowing greater time intervals between shut downs.
Further, partial neutralization of the organic acids and reduction of corrosion of the equipment
are desirable.

[0010] U.S. Patent Nos. 6,482,998 and 6,121,504 describe an oxygenate-to-olefin process
that includes a quench tower for removal of water produced in the oxygenate-to-olefin reactor.
Unreacted oxygenate feed (typically methanol) that is liquid under quenching conditions is
removed from the quench tower as a heavy product fraction. The unreacted oxygenate feed is
separated from water in the quench medium in a fractionation tower.

[0011] U.S. Patent No. 6,403,854 and WO 03/104170 A1 describe a two-stage solids wash
and quench for use with the oxygenate conversion process where catalyst fines are removed from
the effluent stream through a first quench stage. The bottoms of the quench device include water,
alcohols, ketones and neutralized organic acids that have a boiling point greater than water. The
quench medium is a portion of the quench bottoms that is mixed with a neutralization stream and
purified water stream. Therefore acids such as formic acid, acetic acid, butyric acid and
propanoic acid can be neutralized. The neutralization material can be caustic, amines or
ammonia.

[0012] U.S. Patent No. 6,459,009 describes a two-stage quench tower process for removing

impurities from a superheated reactor effluent stream withdrawn from an oxygenate conversion
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descri bc%%p%s%g%g%? olehlcl)sr aI{(P cataﬁyst EfunXs hiid a heavy product fraction comprising water, heavier

hydrocarbons and catalyst fines; treating the light product fraction by contacting with a liquid
substantially free of catalyst fines to provide a light product fraction having reduced catalyst fines
content and a liquid fraction of increased fines content; compressing the light product fraction
having reduced catalyst fines content; and recovering the light olefins from the compressed light
product fraction.

[0015] Notwithstanding the improvements in technology relating to the removal of impurities
from olefin streams, further improvements in separating condensed water and entrained solids
from an olefin stream are desired. In particular, such systems are sought where fouling is

significantly reduced or eliminated.

SUMMARY OF THE INVENTION

[0016] This invention provides the ability to separate condensed water and entrained solids
from an olefin stream with a significant reduction or complete elimination of fouling. In
particular, this invention provides significant fouling reduction in quench systems in oxygenate-

to-olefins reaction systems.
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[0022] In one embodiment, the quench system comprises at least one quench vessel and a

pumparound system in fluid connection with the quench vessel. In a particular embodiment, the
pumparound system comprises at least one pump and at least one cooling vessel. Preferably, the
antifouling agent is injected into the quench vessel, the pumparound system or both.

[0023] In one embodiment, the catalyst particles comprise silicoaluminophosphate molecular
sieve. In a particular embodiment, the olefin stream is provided from a unit in which oxygenate

is contacted with metalloaluminophosphate molecular sieve catalyst to form the olefin stream.
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systemin an anount to maintain a zeta potential of the entrained catal yst
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maintain a pH of the second fraction comprising condensed water and entrained catalyst of less
than 5.6. Alternatively, the antifouling agent comprises a base and is injected in an amount to
maintain a pH of the second fraction comprising condensed water and entrained catalyst of
greater than 8.5.
[0028] In another aspect of the invention the quench system is comprised of an iron oxide-
containing surface structure, an acid or base is injected into the quench system in an amount to
maintain a pH in the quench system of from 4 to 6, and at least a portion of the second fraction
comprising condensed water and entrained catalyst is separated from the first fraction comprising
olefin. Preferably, a base is injected into the quench system. The iron oxide is preferably in the
form of y-Fe,0; or Fe;04, and the quench system is preferably comprised of at least one quench
vessel and a pumparound system in fluid connection with the quench vessel. The pumparound
system preferably comprises at least one pump and at least one cooling vessel, and the

antifouling agent is preferably injected into the quench vessel, the pumparound system or both.

DETAILED DESCRIPTION OF THE INVENTION

1. Separating Condensed Water and Entrained Solids from an Olefin Stream

[0029] This invention is directed to a process for separating condensed water and entrained

solids from an olefin stream so that fouling of the separation equipment by the entrained solids is
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[ 0024] Accordi ng to anot her aspect of the invention, there is provided a
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1. Separ ati ng Condensed Water and Entrained Solids from an efin Stream

10029] 'ﬁf’}F]%Uf?etﬂve_r\t ion is directed to a process for separating condensed

et AT SO, 5L GRal SO ARGLET LSl S Ak 91 3 b
wt% of sample particles. For example, foulant suspensions were made by dispersing the foulant
removed from a filtration device. Depending on the state of the sample, dispersion aids might be
required, such as mixing or shearing, to generate a uniform and stable suspension.
[0033] Typically, measurements are taken over a wide range of pH. This technique will lead
to establishment of the isoelectric point (IEP). The pH is adjusted by either adding hydrochloric
acid to lower the pH or adding potassium hydroxide to increase the pH. Addition is carried out
by an auto-titrator that is controlled by the software of the DT-1200 instrument. The degree of
changes in pH are controlled by specifying the number of data points in the pH range of interest.
Typically, 7 to 21 points are chosen for a pH range of 2 to 12 (approximately 0.5 pH unit per data
point). During the measurement, the suspension is circulated. The circulation ensures uniform
sample dispersion and mixing.

[0034] The entrained solids and catalyst particles can be whole catalyst particles or fractions

thereof produced by attrition or other means. During the oxygenate-to-olefin reaction, organic
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nodel DT-1 % sper5|on Technol ogy, Inc., Bedford Hills, New York.

The metH6E %“ glﬁg §° in deternining zeta potentlal according to this
invention is a |s first calibrated before
rraklngI PO 1 5rat s arc carried out for

pH, congysd)i vi trms ﬁ%%ﬁtl@ a@gh@dm aJ 8¢ m%ng%léﬁlsc?hhﬁﬁﬁ&@%g;ﬁIoﬁ@iﬂs%@@ aRH
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ao0.1 MtM(l}J.nes qir@nylem alziefoaty@me rfltqnalhlglEr dmllluig amad cumpngn®0 Wt % partiowlartit 50
col | oi dal
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suspen dj e f f i n
o Ce%}%@% teh‘r%edsoﬁd %@Ql% %re i)r%f %b%( @?tﬁggt S%ar{?ﬁ'ﬂ&a “fdllaeg &gﬁ% ?tgenang Ii)sgao%led }#&%&Bl?
requireaf,a §usloh agstsiny ltmgomr ass lodefinl frgetioncargieneoadedséd watdh anth eamdmsﬂ abli¢ or
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pH. Thietalyst RHTIGITa#IPN. | ead to establishnent of the isoel ectric point
(TEP). pH t Y. hlyQr.i e
b o e A e b A DR IR R 1o P ou B, &
out by defimig obthined diyo coﬂthxamgl SXygomdte olitted ﬂnyleblhier smw watatysof Tlhaeo@'geﬂa’ieo
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Oxygenahaua@b@d atindt h@@@ﬁa!rﬂ)ﬁ linffe@apdiléwer straight- and branched chain aliphatic alcohols

and their unsaturated counterparts. Examples of suitable oxygenate compounds include, but are
not limited to: methanol; ethanol; n-propanol; isopropanol; C4-C;y alcohols; methyl ethyl ether;
dimethyl ether; diethyl ether; di-isopropyl ether; formaldehyde; dimethyl carbonate; dimethyl
ketone; acetic acid; and mixtures thercof. Preferred oxygenate compounds are methanol, ethanol,
dimethyl ether, or a mixture thereof.

[0039] Molecular sieves capable of converting an oxygenate 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 herein,
small-pore molecular sieves have a pore size of less than or equal to about 5.0 angstroms.

Generally, suitable catalysts have a pore size ranging from about 3.5 to about 5.0 angstroms,
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an olefin streamis OVI t s ole Swat er and solid,

o 11 ol bR RS DS er R Gl ety BTk P il cpoaed e
ol ef i n IRtdigAMall sn@aqioednlyrxh@t%ﬁalal@bﬂtainmgasmctﬁﬂabnﬁmﬁa EdptiohQl1Y, AithiAdlmOdtink N
fraction and a condensed water and entrained solid or catal yst particle
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[0042] According to one embodiment, substituted SAPOs can also be used in oxygenate-to-
olefin reaction processes. These compounds are generally known as MeAPSOs or metal-
containing silicoaluminophosphates. The metal can be alkali metal ions (Group IA), alkaline
carth metal ions (Group IIA), rare carth ions (Group IIIB, including the lanthanoid elements:
lanthanum, cerium, praseodymium, neodymium, samarium, europium, gadolinium, terbium,
dysprosium, holmium, erbium, thulium, ytterbium and lutetium; and scandium or yttrium) and
the additional transition cations of Groups IVB, VB, VIB, VIIB, VIIIB, and IB.

[0043] 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 framework through a [MeO;]
tetrahedral unit. The [MeO,] tetrahedral unit carries a net electric charge depending on the
valence state of the metal substituent. When the metal component has a valence state of +2, +3,
+4, +5, or +6, the net electric charge is between -2 and +2. Incorporation of the metal component
is typically accomplished by adding the metal component during synthesis of the molecular
sieve. However, post-synthesis ion exchange can also be used. In post synthesis exchange, the
metal component will introduce cations into ion-exchange positions at an open surface of the

molecular sieve, not into the framework itself.
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ot s A O S T S T APDE & SRPB A O
si | i ca SARDGL SARAH SAPOF haSARDEI2NEAROH44, SARO-WRi SAPOIS, ticlmoal @nthining

alumn ortions have.been replaced.i n whol in t, Wt e i des.
or " e dABT NeGRTAlR VAT ATt PG s Fl kb BTl T ear s Bpr e
the silin@asRPOLADMarBAUIAY RATES181 4N SRS, GRIMGIHTIRX intl@al EHU KM OMAS
and m xtures thereof can replace the alum na portion. Unless otherw se
speci f itheteof, hied mertnees theseifi s usedhbereing tici teran maxterd iabyncagmesewithepmbmatighal |
mean notdonl¥ nqie&{als contﬁiniqg shliﬁon atpns and optionab%¥, al unm num
atons Nt Re“¥PYESTEl 1% ATPETYE S sTWLET APE B ndre St , MBlTt “3I"BY Mt &7 i LS
whi ch q@%@ﬁ@nsgwgaﬁmsgomﬁirqﬁlggﬁeﬂtstaa@orrs for such silicon and al um num
atons. 10041] One type of olefin-formng catal yst capabl e of producing |arge

quant i ti0845]of Anhalimmepherphpte dpyHEENemplecyag picye 62l ks PspRelspethiretheSamdyst
| | Cove G L Lunt ‘ .

oo LR AT AR IRRARRLS & (R SSRGS 50 b ton

ri ng sthasetnrAdB0, Thageofk.nThst carchaveesldtnahdv@c@n withen agefrgnsveork] gically

rangi ng fromabout 3.5 to about 15 angstrons. Preferred arc the small pore
SAPO ngwe NPTy P@We@HWQWP%raQHm&\fé‘?%QEO‘ﬁO} angs{romsdp apeis! & angsirems-etidattct o
about S,paSdroMBikind" SELAkIN ARAUAERIET PRI LRI Bbrd IR 3RGUozén S
to about 5 angstrons, nore prefePany fromabout 3.5 to about 4.2

angst r stmectuifthgges hove bsizepored mylpdmgl zeofitenbelogicar asileyues. Hawferrgd ALPO

8- nmenbered rings. 2] Accordin 0.0Nn di S it ut OCs can
al so beYSHES; e&%@%at@%@-l?oﬁgp bnlfe&:? C mgéegii?niéegﬂgﬁggu ﬁaé
are gengrphlas known as MeAPSGs or netal -containing silicoal um nophosphates.
The netal can be alkali netal ions (Goup TA), alkaline earth netal ions

(G oup [#649], r dhe Ad&XQsrcancse ihdude petat BRYstituasitsudi thgir thraenevwenksh abisfadatdentbat s:

| ant hanum,, .cer,i raseodym um. neodyn um. sanari unm eur opiu dol.i ni. um
tor bi iy S §F GU ABREEE B BV MR TR T he SRR e BF PR
scandi uneresf. yThdst wibkeraildpichgatiyd @k hib@nalborptiam Sibih-le@¢hadad bdier etalFiOPrRsperéB,
VB, VIB, VTIB, VITIB, and TB. 100431Preferably, the Me represents atons
such asizHar fgy,alwpinogicatey aluggnophesphpte apd sitga abpmingphpsphate TRelseular §igse can
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“R” present per mole of (M,AlP.)O, and has a value of from zero to 0.3, the maximum value in

cach case depending upon the molecular dimensions of the templating agent and the available
void volume of the pore system of the particular metal aluminophosphate involved, “x,” “y,” and
“z” represent the mole fractions of the metal “M,” (i.e. magnesium, manganese, zinc and cobalt),
aluminum and phosphorus, respectively, present as tetrahedral oxides.

[0048] The metal containing ALPOs are sometimes referred to by the acronym 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
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nol ecul ar si eves include SAPO- 5, SAPO- 8, SAPO 11, SAPO 16, SAPO 17,

SAPO- 18, S8OR®SAD767SAPO- 31, SAPO 34, SAPO 35, SAPO- 36, SRPDABZ00885RC 40,
SAPO 41, SAPO 42, SAPO 44, SAPO 47, SAPO-56, the netal containing fornms
thereof, and m xtures thereof. Preferred are SAPO 18, SAPO- 34, SAPO 35,
SAPO- 4£0MpReitispprhich cqnigip izdig grangansapend gobglhrospestively,  Toddandingher vrsionst al
contal r&'ttﬂgtufrﬂ rg m&&%ﬁc‘ﬂfmﬁl@g%&{ Hf 8» Mﬁg&?e%c ﬁ§SSH§ WA#@I Q'A@O,tdb%ﬁ@ Ay

m xture i s synonynous Wt Ination and 1s considered a conposition of
mat t er MaxPOg csahospocicsror assigoapamnembsr amil 1 adantifigd pioo prarhployss, ZABQaT, NLABE- of

their physical ate. [0045] An al um nophosphate (ALPO nol ecul ar sieve can
al so beﬂi’ ﬁ@@@ég‘{ ?‘Pf{estor%rt atal yst conposition. Ad um nophosphate nol ecul ar

Si eves [§0)Cr Y faddrlal PEanBLEIBRRIIOSH Tl HERculdiist ©ABrRIMEL ?s”geﬁleﬁik?f' referred

framewor k. They can have additional elements within the franmework;

t ypi caltpyasHaveulated fatatysporSeichliblendsil onasenian gam e fyaoinua oot o3casyteallynasctive
about 10 2an St rom;b a .ddare tcaglgblgtg of nmki n? Cﬁidze-sel eﬁti ve e%ai{a i oni of
ol ecul BFCUHR T a€rionn PRATTHERCHYS  JEg%nmatrPal i ads SRMSKions Syt haglinApdy,
i ncl udigigerzeild,t eartRROfRBk Cat rabatRGUestalEr afcell r &ddAL Rih&t hoELedIRe @klyst
ALPO- 5, ALPO 11, ALPO 18, ALPO 31, ALPO 34, ALPO 36, ALPO-37, and ALPO- 46.
100461 Teenanets zeahtcatatdystreomppacipt dpménhet plugeng ol fitanite| ZircpRignBReRdsa,

Pr ef - i.5:.sel f 1.Sd i f [
ranganades SR B, ik Sl MBT R SRS ISE) IR LoMRARER 4P,

exhi bi tal@dstucitd tinedudng, exenahgevardl/catalsatest,ydnd actin®ped thefsal ik tbaksistan
al um nagsilicate, alum nophosphate and silicg al um nophosphate nol ecul ar
si eve é@ﬁb@@&é}n@n@? CRESOY THHBE HRSCAPIAE Bt %ﬁnﬁﬁwagAE%b@ta gl angg Increasing catalyst

Lhr ee- diaRARI ARlhatichlARAEANDICHUPHRId: ATRNA KB LFURLMTP RlcalR 1/ URZs N

P02 tetrahédral units. ese as-nmanufactured structures (which contain
t enpl attberpral emkthave alhehinapaaty) othombdone@ Nt senbed lbsal/griCe mpire prddraklydmnsal

conposi tion n_.an hydr gus basi s , ATPs) 02, rein "R

Coph osetig! Gt o uitiy B3 RTE PG e Dl P |la Tl out SRl e
intracrggs@! | i mee RSB YShEMNitior, Mccdr@RIpEREIH SmbH@MTRI, §cfefablyReoRpERE TrorRer
nol e of ( | 313,)02 "and has a value of fromzero to 0.3, the maxi mum val ue
i n eacibensEode peaidiONtp, opan profierably femy hlaut §Pnermboun)ef andieost raserablyrfepm

agent and t vail a voi d vaol u of the pore.systemof. the. papticular
roral 2P0 MBS ARAL oo e mBlecl 8 R S aSK b Bt p g
fracti aaspekitibhehavet AlpartMc’ sigt - . froMgaRst U ni&BgaRE $BoutZ BJ000 aRftr&BDahdr} ,
al um num and phosphorus, respecti veI}/ present as tetrahedral oxides.
[ 0048] THefCrdbATORAvOHT 73 AHCrARPEsabakE2 Whmigrpie 105k Pisfarelly Hionhgbauh @S ARiE g m
Me APQ. .t@daﬁ&%tilgot[ﬂ&%gs‘cases where the netal "Me" in the conposition is
magnesi um thé acronym MAPO

[0051] A molecular sieve catalyst particularly useful in making ethylene and propylene is a

catalyst that contains a combination of SAPO-34, and SAPO-18 or ALPO-18 molecular sieve. In
a particular embodiment, the molecular sieve is a crystalline intergrowth of SAPO-34, and
SAPO-18 or ALPO-18. To convert oxygenate to olefin, conventional reactor systems can be
used, including fixed-bed, fluid-bed or moving-bed systems. Preferred reactors of one
embodiment are co-current riser reactors and short contact time, countercurrent free-fall reactors.
Desirably, the reactor is one in which an oxygenate feedstock can be contacted with a molecular
sieve catalyst at a weight hourly space velocity (WHSV) of at least about 1 hr'', preferably in the
range of from about 1 hr' to 1000 hr'', more preferably in the range of from about 20 hr' to
about 1000 hr', and most preferably in the range of from about 25 hr™' to about 500 hr'. WHSV
is defined herein as the weight of oxygenate, 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 WHSV is calculated on

-10 -



is applied to the conposition. Simlarly ZAPO, MAPO and CoAPO are applied
to the WD 2008/ 097672PCT/ US2008/ 050272 conpositions which contain zinc,
manganesewanrdosaobekt respectively. To identify the vari egs/uskeososarral

speci es whi ch nake up each of the subgeneric classes MAPO, ZAPO CoAPO and
MAPO, each species is assigned a nunber and is identifjed, for exanple, as
ZAPO- 5, the/ppiaht bastppfshe gavesmatedecd: ard Ay [eoets) velregarbanswiigh msy bﬁmﬁ@ggwabt h
the molRCH\Rlensib %R, hitt O RDIUARE olcSo AGAIEHEY vmE efigtdred to as formul ated

cat al yst. cth bl ended materials can be various 1nert or catalytically
active [0FHr i allhs poocesarchopsntriaigdre oatied ioak st alhede rangt esfi BihgerataesideAn

conposi tjons such.as kaolin and ot her .cl ays, Jous forps of rare earth
ot 8l 3, TGS ORFTHHESmBEHBNC Fitke 28 Pr f@nt a7 00 ClaahobAYL L. pisdiriply Trom
cat al ysfhoGONRPEaR tabou@MFTNARRS pREGHIBINE 0P hbodt 35870 %o aBdui 3804@, ATRENRSR
thoria, beryllia, quartz, silica or silica or silica sol, and m xtures

t her eofentiod $lee tcowpheatrangar the forowmtion o dte desirgcholeBa peadugts mat legcomie/mparkedly
overal | ,catal,yst ,cost, ,and acting as a ermal ,sink to,assist in heat
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materials that are used in the catalyst to act as a thermal sink have a
heat cadpaeie] okt theowpabens obthgsempeapse fangec fie/ RFOCSSs MiFyengsriefma raand iy m

car g, PR len®all B pudREL S RELARG N ch TREMY: ol gl ipety - ©

pr ef er delhigiconpri ses from about 1% to about 99% nore preferably from about
5% to about 90% and nost preferably from about 10%to _about 80% by wei ght
of ol d8MPr sPeeBlng prossurg plsg MAVEYBY PR8N & WAL RS, AUl iDg RUIREIASYE PISSBHChave

a part i]@ﬂf&ﬁ?% gﬁ‘q‘sgﬁes‘( IR hreafdt Ab&S gﬁ}{Ii&it@@%,'tat%apﬂﬁséﬂr&BPJ{q?as{‘P%ﬁ; T\ om

preferably out 22 mcrons to a 200 mcrons, nost prefera
about 2&ajimreombly ot Rbgutbolbd pyiaci3drida). 1 M6 Ifiécamwiseparticulady effectoat alhygter

particul arly useful in maki et hyl ene and. propyl ene i tal yst tha
Cont ai HSALPESHET LG CEABESI oL ALl AP Ug A BEFLS- T BEPa DLl
I'n a parédshrelight AR ABOUTERpsial(1€2 @Ag?ﬁfélr refr (€ al Baf ab6WUS03slal (167 kPa). For
intergrom h of SAPO 34, and SAPO 18 or ALPO 18. To convert oxygenate to

ol ef i n,pregiveledesionaiurpesgetibris siesiraie toawschaetiwad! ab fbE uptimeryf Pxegnitediced
fluid-bed or vi,ng- bed. systens.. Preferred reactors of. o nbodj C
co- cur romPoprl e MsRFO B0t o o SepoRa RabareH BB AR RarRLy

r eact orgefct®si ictirdatertthe ARACHEY pdis (2756 k), WHisEPreBRatidt i ter thee dsdu@sko can
be contacted with a nol ecul ar sieve catalyst at a weight hourly space

vel oci tBply@PFAPDf at | east about 1 hr-1, preferably in the range of from
about 1t s hef [
o1 0500 B0n e b RS HEh R by e O SO Ry BRI o
hr-1 tovchdeityt 5090 the -das VHBYfidisl delocitgdinbensisn tiks dohecrsh glidcrefseQxy@ediag e,
and reactive hydrocarbon which may optionally be in the feed, pe our per
wei ght %@e%lwépwrge&% Spabed ihﬁre_tméger KAy ods BEEHIH ‘feFPéltbfatl%_BVIé‘te o Phe
[eedst QemiY Gftithaki iRk RN B8 MO0l akhicAInd D! diehe dhid!BRs ihhe
VWHSV is cal cul ated on WD 2008/ 097672PCT/ US2008/ 050272 t he wei ght ~basi s of
t he oxybefatigofleed wadlng cnycrsieagrodretshytidedarynbn cwtss-circtivayl drea pf s ecdctiont h
the Oxyz%gg.ah%cguesg glie g‘x@%e}la g isné)oln%g#el(fi {0 aS i)reo\(/iSct %Q}nagl sri]gnqﬁéarlllt tqga?nt{tl%g%% ce)tlilylene
and propylene while flowing through the reaction zone, the gas superficial velocity may vary at
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.
[0055] In one embodiment, the gas superficial velocity is maintained at a rate of greater than
I meter per second (m/s) at at least one point in the reaction zone. In another embodiment, it is
desirable that the gas superficial velocity is greater than about 2 m/s at at least one point in the

reaction zone. More desirably, the gas superficial velocity is greater than about 2.5 m/s at at least
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10052] The process can generally be carried out at a w de range of
tenperatures. An effective operating tenperature range can be from about
200C t o awouposiO@22 preferably from about 300C to about PEDAS200806E72
preferably from about 350C to about 550C. At the | ower end of the
tenperature range, the formation of the desired ol efin products may becone
mar ked|QRCII0bY Itichrcaction zaney divgn mgyh derbbh th %gaswpg@ﬁgf sglogitipfs gieater than
by pr odu r c o]
o Pyt erboB B0 ot RdSoretboll i e QioBzB CMos RN ik B, SRCARILelatic
upper angdreafer thae abewnfemat antelensivge poinhe the cmessn mae. not form an optinmum
anount of ethylene and propyl ene product, but the conversion of oxygenate
feed WII.__ge@ani@lihyWaeerhingSolid BOo3thOoefat Progu@r essure al so may vary over a
wi de ran e i ncl udi ng aut ogenous pressures. Effective pressures include,
but ar dOBl nedbe exygangtertpralefiiprogess formesy & pubstastial praoustt ofpvafcs a8 hyppagiugt. ( 7
kPa) , Ak

par (] calGe o arpelt: DERGucpRabe RpRSLR oAyl chiin Pl kst o-olefin
pressurppoaks by coelamt thabledin p’t?ﬂdupts hiad ¢dridi8ndifajt le#yt efpertad of, the bmdhoittalforrn an

pressur s at | east about 2 . (172 kPa) fer at | east
about é’gefl %PO(rZ%Sr?aWP%B 4 QR ?3%5 al?"é’é‘? SH%%%W“E&L?)&S% a&é§91?t3ﬂ1€g fo
use netshaﬁ%a@%n{ohﬁt OF W BRE Y TRXYQ88&Ed §886h %m%qglslcargdc&%ﬁ %Bﬁ‘d bierials,
reactor at a pressure of not greater than about 500 psi‘a (3445 kPa)

pr ef er abkly an gtorganeavwide phidielcabenitainkd0nghé ale@znﬁﬁdwpa)ln pmmlstllap rtb¢ araadﬂty ofiot
greater,th ut. 300 psi 2067 kPa) . 100541Unde bl e rod cts can be
avoi dedby° b‘}?e‘?%tteflﬁlg e\ C%Gﬁgé‘éB?“gBle’ é@% bgEne GBté?'lF? ‘3 '\I')Slo “t yro Ctt et aas
super f igbdlct lealv@,cmé ¥xydeaheas dfefink euctonNpRIcedson decreases, avoi di ng

undesirabl e Er oducts. As used herein, the term Qsi% S superfl ci al
vel oci t[9057]s déhe peltl materinethaioemdersgs oo afike piclin presiuct sireamowith disorongdessed

conver St iR S oal Y eGP, SRERG o phpliE: LERRR Bl BB,

zone. BadausethaharoXygenate with aenverdeastdt Dq@d pitedct Thay icfgcts isg particglarny
quantities_of ethylene and propylene while flow n throu h.the reaction
zone, tHEUGat é%rpmm&ea}npv@pbéil@ly aﬁﬁwtxﬁérs@an@firsm £y félﬁt OyliftgaausFis WRSE AR n
the reaghi BndONGrcERS,. dGWCRAVlNAPIORAN HEPENTSION of RfntiPhe o TG Ef
nol es of gas present and the cross section of” a particular location in the
react i condeneg benpendcht systsm pr #bsureductivoh ot kéiminaloavantchi@adt bynnjecting an
par amet 10055] I.n one enbodjnment, the gas superficial velocity is
et BTk R AR Ao R AN e R AR S T L
one poigdfertial 6@%ufl§§ﬁhﬁ1ﬁrﬁ 5 OfR. zeldpRBRLNGE tlf%r@h%ln@'@ @Bhds‘ dndict c%%lsf phikiglct hat
the gas superficial velocity |s@(?reater t han about ms at at |'east one
poi nt icentafredrie gt jondenset dquilib a ﬁéslnreéﬂ@ctyve zetﬁep@aylaé apéefsidhes ofithd gednely | s

greater ygtgr%nm%ggtlé{gt w1tl§ the congense(ti hqulﬁ, where both zeta potentials are in a positive range or

both are in a negative range. The "effective zeta potential” of the equipment surface is the zeta
potential that the surface's constituents would have if they were suspended as small particles in
water and measured in accordance with conventional zeta potential measurement techniques. It
has been discovered that fouling can be reduced by regulating the pH of the condensed liquid
stream so that the zeta potential of the foulants in the condensed liquid and the effective zeta
potential of the equipment surface are simultancously either both positive or both negative.
Consequently, in one embodiment the antifouling agent is a material added to the condensed
liquid stream which is capable of regulating the pH of the condensed liquid stream.

[0058] It has also been discovered that the relationship between the zeta potential of the
foulant in the condensed liquid stream and the effective zeta potential of the equipment surface
can be controlled to be either both negative or both positive without changing pH. Consequently,

in another embodiment the antifouling agent is a material, such as a cationic polymer, that can
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WO 2008/ 097672PCT/ US2008/ 050272 one point in the reaction zone. Even nore
desirably, the gas superficial velocity is greater than about 4 nis at at

| east onewpQDesi097672t he reacti on zone. Mst desirably, tireTgmsosopertici al
velocity is greater than about 8 ms at at | east one point in the reaction
zone. |11.Renoving Water. and Solid fromthe Qefin Product [0056] The
oxygenatisr tthe ous‘éqlftﬂ%rm@sé IESr hof athsy perdensqda liagido sHeam s withewr changgng or
bypr od gWwat er byproduct can be renoved fromthe ol efin
produc#ﬁ%?mwﬁgpgggéﬁﬂ%?e to-ol efin process by cooling the ol efin product
and cor@esyi ngSartfadeeca&tgeaorpmta potenid] dfreepptioldweh bemlfeordnbyaa nohdti nf vepoy.

stream._and a conden id stream .with the condensed. str n1c nt ai ni n
of aliphiRe h gt ’

o ot He AR SR giagise L meathio Al PO IBL G 13 P Py @ dxitery
cont ai NoRMid BnFBh&eHakS The PedleRS drrh%&@ﬂb& opﬁie%tﬂatfotlﬁlﬁé ?o?nc ﬁl'a{eh@lsrl%s'tﬁl
the olefin product. In particular, the mgjority of the solids materials are
cat al ysnajplar:hangle@sn shidacehewiogee élmweaern gatraduchon loé nudtdf ¢atiops od@oionagntohbe
product ves. t he. ox nat e-to-o0 |ns reactlo

et GER ) GRS R TR S R R N S S
vat er caml@epass, thonatchesschReeRdl hgh 6GuhRMBA GRS, STEIdre @itte tyguh iofflg
of the equipnent surfaces that are in contact wth the condensed |iquid

st r eamWarpi-splelfle exgeanicgopjamaterinlsalycasipgini €2) eainnics ard Go sMittrgioatfui prﬁﬁtlomg uch
as _heat ﬁxﬁc}ﬂ$ﬁ%ﬁl§l bo\fﬁ]? gm%ﬁ'% afn8é| daﬂgnlg %H%%% uﬁdé OI?O‘?mlaf]c %ﬁ onts ré?g cules .
ef fici enc I's invention uce or I'mna

t he comdﬁtamlm@ aQuathueang hnﬁ’Mﬁilﬁm graip SS tt&dctmbnmrgroltip ehd mdaaidxghc |gﬁou@cds| mved
by injecting an antifouling agent into a water condensing or guench system
in an AWM SO8Pnaintain (i) a zeta potential of fouling liquid (i.e., the
zeta potential of the entrained solids and/or catal yst particles contained
in the Awagshsed |iquid) and (ii) an effective zeta potential of the

surfac t he S t.act t e r.
both 2 0%0 0 i eggl%%gglgte %ﬁltfqgn §unfoﬁgtg a%ﬁ ph\énsn%ﬂte QI% tﬁg ’?91?1 asl p%lelr aélrglé[gs {0\0@8 i
range. a’ﬁ[’tﬁuc gbiyeedrs. VeE)Za&ilﬂeS)Of Wd:rédo'lu‘tﬂ)é ahimﬁlcegullyﬁﬁﬁﬂhres Ltfeﬁ(&me suHatt4)ehigkt a
potential that the surface's constituents would have if they were suspended
as smalho 5@#@11 wrigat lignigaylgmates prapsuedi PER PoNdsBtebiPR dRrEion qfh%élawéwqeowéh

zeta DOl At BaSHE FPEALr L 81 Qe fa1)33aAA80 ot ﬁlﬁ%%ﬁ%lhﬂ@ b ng

can be re reg I e pH 0 e” condense strea so t
the z etlaclpdﬁ pmyacaylamﬁdd, EDé(ANAI\/HZrR serien ftoneCglen dehseas [naquWdstdattridne NJ, such

bot h po A BTGP kgl pol PR R AT R R T e AR

antifoulgsgg agent is a nmaterial added to the condensed |iquid stream which
is capable of regulating the pH of the condensed |iquid stream 100581It
has al s8,{J3ggR di scovered that the relationship between the zeta potenti al
of theig%uﬁaﬂ in the condensed liquid streamand the effective zeta

pot enti[@b6lf t Mangguiipmempblysers acodasahobthcannodgal dted dan'ymg the tatemiddtange.

t bot h t t haut ch H Co ,- th
ermbod TNh ATHE® S T A BRI Gog RERBE dre STURRT 8 P WLRFHTE B Hrer
that 2 on W.20080906FARIEEE HSREQRNORAZI Auel herird ani S GBRBEST o

("IEP") of the condensed liquid stream w thout changi'ng or substantially
changi rfguatddnary ammonium compounds, however, are not pH sensitive. Ethoxylated amines possess

properties characteristic of both cationic and non-ionic materials, depending on chain length.
Examples of water-soluble cationic polymers are: polyethyleneimine, polyacrylamide-co-
trimethylammonium ethyl methyl acrylate chloride (PTAMC), and poly(N-methyl-4-
vinylpyridinium iodide). Commercially available materials include: Cat Floc 8108 Plus, 8102
Plus, 8103 Plus, from Nalco Chemicals, Sugar Land, TX; polyamines, Superfloc C500 series
from Cytec Industries Inc., West Paterson, NJ, including C-521, C-567, C-572, C-573, C-577,
and C-578 of different molecular weights; poly diallyl, dimethyl, ammonium chloride (poly
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[ 0059] Surface charge or zeta potential of a particle can be altered by a
nunber of nmeans. The nbst commonly practiced neans of altering zeta

pot ent i alwOnotsudes7ehe addi ti on of water-sol ubl e i oni c meCEmrESades/050Bhe
presence or adsorption of the water-soluble ionic materials |eads to ngjor
changes_in surface ch However, introduction of netal cations or anions

into t HAARYEREh (s oo Ca5r$70‘ﬁé9dr’ Sceds wdrCP2aditanpes swigatpr gyeights and
al t er atdgroQfends a&d(%mafesulﬁpwgﬁﬁﬂ ilinigRE RIS henstPSsoithey are 1ess

preferre han ofganic ionic co are three types of

wat er - slg)wf\tltghgmgggani c ionic materials: (1) catl onic; (2) anionic; and (3)

ZwWitte tterionic materials contain both an anionic and a cationic

char ge [006Xr nQommhonc opdh tafonsittedordc , compoasdy ﬁ&lmnNadlmln@er&aqv@t ef Riiple

anmoni um group as the cat.i onlgl(gltrigﬁj(g@and a carboxylic group as the anionic
P

group. ¥HPYRFES sychasoylrereON B apwo prapipBisatcdd ANH-GHSSHH L2 @HA 08
the tygjoﬁ;ﬁt B Qb RhinfHe LS &@dﬁﬂ‘ésbgn&ﬂw uﬁctP&laYgﬁf%{l?esExawp' es of

wat er - '8 “ant onicc po yNers dextran su hi gh nol ecul ar wei ght
| i gni nd006Xnat As ipkeqan,etle b@pe&cumrldmrt&ﬁ’tamaquemsyswm of dispersal plehigideiswiht h

| i gni nsyl f onat and. pol yac I i de.. Conmer c I ai | bI e ani oni ¢ wat er
ol bl dbél s ABsS Hoky a(}]F%?ﬁh&éetlc RUiRs s B PsalP e ey e nish

| ndust rj,gg d M%?éraﬁ 1%5 %ﬁﬂfoul\ilﬂg aS4ft s Afectdly RIOME é%g h @st%ﬁ{ - afCam &R0,
P-94, F-100L & A— 15; CYANAFLOC 3 | CYA FLOC 165 Cati'oni cs

[ 0061] I\mrmahlnmn Ce/ec] mdstymialog tla?r cortsigated watet hed nilttafimgﬁﬂatalWEtnﬁYMIDn)ﬂndga réte
C oo Pl A ot ST B Sh R O B VG R e T o e

pr otonq}ogfﬂwgtua{g@,orbb@rlﬁfaqlregatlaeh@ygecannot be used at high pH Quaternary
ammoni um conpounds, however, arc not EH sensitive. Ethoxyl ated am nes

possesd0pedper In enpthgs smbodening: the 1B obtherfoelant iorihe cq}d@ns@érhquuiwt@ama@r@rﬁhal s,
dependijpg an¢ *E%héhth&{%%&al &;&é@&e&e efqiu%%eﬁﬁ SEhabl g a% h‘tnﬁ{%fic R{?*B(%E%%r gre.

pol yet hy enei M ne m de- cot I"anmoni

at e chlaapatdeof &Elfékﬁdﬁiu,ngaﬁﬂ cpobe yigdy; reliling cmﬁentwnlayiep]qulﬁbsl’sudﬂhs ;Qda ﬁ@}n‘ual
Comrercially avail able materjals include: Cat. Floc 8108 Pl us 8102 Pl us,
8103 PITi&suepsh g %léct@rh’éﬁ’ieéléi For sxayaple. comyentipral tsefmyanes ras be gsgkiorqbserves oo

series d

2oLe® B SEONPARLASSSl i alsty abr s Mg ) Wbl el

di al | quelldl e¢ily b, basaroh ube czhlldeat i tdet{epotl wie maivﬁ@7ﬁ7e2%p/etd&20p}ﬁﬁﬂ5©272
DADMAC) | C- 50

O SRR T s b o SR el BB

densi t YoaHAQ' blectfWMhbt&ici BBiRS is zero (within experimental error). Once the IEPs have been
determined, either (i) an acid is added to the condensed liquid stream to decrease the pH of the
condensed liquid stream to a value below the lesser of the two the measured IEPs or (ii) a base is
added to the condensed liquid stream to increase the pH of the condensed liquid stream to a value
above the greater of the two measured IEPs. This embodiment is illustrated in Figure 6, where
the solid line represents the zeta potential of the material with the lower IEP (usually but not
always the foulant in the condensed liquid stream) and the dashed line represents the zeta
potential of the material with the higher IEP (usually but not always the constituent metal or
metal oxide of the heat transfer surface). The shaded region between the higher and lower IEPs
is not a preferred region of pH. While not wishing to be bound by any theory or model, it is
believed that in the shaded region, where one zeta potential is positive and the other negative, an
electrical attraction will subsist between the foulant and the equipment surface, leading to the
undesirable deposition of foulant on or near the equipment surface. In cases where the
equipment surface comprises two or more metals and/or metal oxides with different IEPs, the

IEP of metal oxide with the highest IEP value among them is preferably used to determine the
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[ 0062] Cormon types of zwitterionic conpounds include Nalkyl derivatives of
sinple am no acids, such as glycine (NH2ZCH2COOH), am no propionic acid

( NH2CH2CHeoRH)09a672pol yer s cont ai ni ng such structure segEAISRES060272
functional groups. 100631As is known, the isoelectric point of an aqueous
system of dispersed particles is the pH at which the particles_show

el ect r d{pRer B Roupddy| afithe shrfediiegigny Hg A éhqyo?@nfquéﬂnt h%greae%ﬁhe eIEBfofzféfs 0.
Pr ef er a8liknt Wi AEGATQUIEP Dot HhelnSis! 895 Gkl §PGoAUEPANLENSASRA e an
amount to maintaln a zeta potential of t e con ense wat er” an ent al ned
cat al yshadadaegioon Natdaly,zbis aitpatoant ralersofl vehemehafoubants lzve adfighdnd E ulemcthe

systen1| c nt th the condensed wa both iti.ye range or

1 N R R AR CooBT Mocbt MU eOb TR o RO FBTHAS |
the CO"H%zeﬂEé Qg4 | 'hﬁél e F?gtuEeeéréh@@E’e fd@ank '%E’[aqjotetnlﬂﬁl %fb%éﬂtéd’% tthe”&ésﬁéd axt dese Of
t he equi'pnent surface are determ ned. Any technique capabl e of determ ning
| EP carprilerred eggion ot @dlfhgelowriheﬂllﬁ?mnavhetaa@ihmrﬁa@es arsehitivslyzaiaeged ovreaioval
measur and .e oresi s conventional techniques can
be use?}ﬂ‘aiﬁp&%mg ?CIL%M %SIEFFPyga&VG{% Eﬁgﬁr@ed particles in the presence of
an appljoeesiel et i embodih@ni, theafouRhEIRF REh@Etahge 6£Fbm Mdoids.6lto BB&E ScRAnME
added to the cell while observing the di spersed gartlcles electrophoretlc

noblI|ﬂ?enﬁﬁéovﬁﬁéﬁpﬁﬂnﬂ%éﬁﬁg% eadbprty t @9ut ¥6P | s equal to the pH at
which t art el,ec i X nt a
error). [h@g Egef'?@f:}g Irtllgevéleﬁﬁgﬂ B%icltt gﬁrrcﬁg?ﬁfé% O&Xﬁn%teztg (?Sf{nmhllogce:&d%l %%gé g}éodat
t he cortdmp&edlré baloivdthst dondenshtiord etfipaserct dfethp Hvaér vipor donbke siseth lin quied to

streamto a value below the | esser of the two the nmeasured | Pse%1n (i

base i SoAfNE thoupdrsireln dupodyctsi oy rertidarye & tramssdweafdhgpf Rrﬂ%uct
conden i r

e SRCab i dleclo ARk R BBl UE BN Ronldifon JEERG S O0r P i TRRRILE
repr esenttbe bhyenatdo-potfmnproadss.ofin thaimetmbodahen, the olefn [povdct IskRo{adsheddw y

but not, al ways the foul ant i he C densed |iguid strean) and_.the d hed
e s s RSBy P EAbAa” PO corigrelp o Biin TR A GHER
(usual lychaHty ARG thyBtodaYS Tﬂéevaﬁ&nﬁlte'aﬁl%ﬁﬂtreﬂiﬁﬁl@|fol‘13w1ﬂ§ c8hd Xt i9Fich HEolbRA
transfer surface). The shaded regi on between the hrgher and lower IEPs is

not a maeticeﬂarb'dlghégleﬁns 6f.2.pbhie ofmore Oiﬁothymng,mrn@dt:@ drd lmt)}dﬁ@)by any theory

or nDd t i bell ve a

ot ent 12p6T1g PR e mtetnlbe st SadieR ot Aot at Ea e BB pem ewi 1
subsi stolérat W@@t[bnt ehﬁl { estldeniedangtet hial aﬂtahrwmtalw ffad66n (ilecatlt BEndedsddBquid
undesi rabl e dep05|t|on of foulant on or near the equi pment surface. In

cases WHEME qomprisguilineoidensedf wgter anthgpiraaed catplysy, wbﬁr@lmﬁleawnabmdy%@mrfiét al
oxi des %&s?{}]fo% &r @ifacd Kget ﬁt heThg r%ce I{Uejturé) )éhrg%ﬁvgnry\%g eb%auhétg rb%sﬁlat!eg'ﬁs

val ue ano emis preferably used rm ne
2008/ 0%ﬁﬁi&l?&ﬁ/ﬂd%ﬁﬁ&fe@SQRZﬁphpp&tudp}daﬂmumcbatsystmfnldsheteslbaﬁh:‘kthsrwg; 80%/304L,

2P arotg: g SLGSHPS ﬁé&ﬁ%ﬂ%ﬁﬁﬁ%ﬁ&ﬁéﬁtﬁmé s Bkl
regi On-SldN%%HEﬁ' W?]soﬁﬁje%lc‘idef MRS ‘?ﬁblﬁcﬁg%%@ﬁ@?dlow\“,\ﬁfb > (9496 anbseh @Vﬁ)O@®

hi gher tal s/ met'al oxi e zet’'a poténtial oOf
tmnﬂ%@ﬁ@%%MM@@MmM@MMM@MMM%&MMMWWW@www

and th ul ant,. ze oten represented b ed .|ine,

oot or 0aRE bareST bRaRo SR Bai b RIGR Pt oy BRI iyt B M Ggm and
posi ti vghtylueal@Rd duMex RM&stshels Eehi, 2203eps0alds503: Uﬂuc%ﬁ@lyﬁ"eﬁs aaea%wel y
charged. 100651I'n an enbodi ment, the foulant IEP is in the range of from

about 06 insengboions AMEZTRH. Chemiasi aHrOdmt%eWulEmlgtgnﬂ Petanare)amgeysoicafcpaias

about 7_5 torabout 00661Pr.ef er abl ql.efl roduct f

oxygenalg é[a]ts [e(ﬁ & fproguclﬁgc% C?GngSII(E:l 1ty éﬁ% examerlhgpldlsl oxane ﬁl@fﬂgﬁ) or
octyltriethoxysilane (OTES)].
[0068] The zeta potential of dispersed particles in a fluid can be conveniently measured by

conventional acoustic and electroacoustic techniques, as illustrated schematically in Figure 5.
Referring to the figure, a piezoelectric crystal 11 is used to measure the pressure gradient created

by the ultrasound. A surface current produced due to the interaction between the ultrasound field
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tenperature bel ow the condensation tenperature of the water vapor in the
streamin order to condense the undesirable byproducts. Mre particularly,
t he t enpeweat2o08990d72t he ol ef i n product streamis cool ed POTAISR@SPSN2AL Ur e
bel ow t he condensation tenperature of the oxygenate feed used in the
oxygenate-to-ol efin process. In certain_enbodinments, the olefin product is
cool ed WateeledtacH sloyblgdayer eﬁtheéwﬁaleawfa@e SYmeashEdd1y. el @ﬁ@ﬁe&:%%ﬁbﬁt VoRe a
|'qu'dtﬁ$&%ﬁﬁkﬂﬁ formed that is rich in water byproduct. The vapor stream
t hat remnai ns Pomnng condensatlon |s rich in olefins, particularly |ight

olefins (e.g., one or nore of et -—pr pyl ene and butylene). 100671l n
one enbodi nent, the olefin proﬂﬂ’ s i|Pe¥8 ed in a quench systemto
se

forman olefin fraction and a conde swater and entrained catal yst
fracti cond ui d st anlc S e condensed wat er
and endPaftiudi sy S TRERHY e FARAR GRS < iREeq of a

surface structure. The surface St L uc >, €2 ekany of a variety of
materials suitable for heat y[aﬂFi@ﬁ_J | ude carbon steels;
stainl ess steels such as 302, 304/ 304L,\304¢,, BOAH, | 309S, 310S, 316/316L

317/ 317L, 347, 254 SMXO (avail able fromLetco Ind., Springfield, M ssourl)
ni ckel [806Yys’ iThe pefdinogsniobL2eom thande cabolatgidirectty Frgn the: dppmicnEdgoy,

G TR dW i S IR

i ncl udiR@siBbofsthaliluid aRdiubd; td N hetweagtd fiaafidbfiparasids;tantiaihd rpr@shh@yg&adlauﬂh ex
stainless steels including 2205, 2304, 2507; fluoropolyners (available, for

i nst andhg célkam i&WEérEKctGhelme@aittiﬁnodﬂth@ sﬂuidmediungtemis thpeleatugakcrmittivity of a

pol ysi |l i ca-coat e tals [e. ed 0 Ithﬂ nd cur f.
P et RS TaTor s AR R sty Sy o DR P Rt o T Rk PR B &y e siBB o] dfhe
Zet a p%ﬁﬂ&dtﬁzitnyf tRk %9&1%%11 Rad A, C1|S 518 bcﬁh@cﬁ‘iﬂw 8f GRMIRE nANMENIDRMilsYon the
nmeasured by conventional acoustic and el ectroacoustic techniques, as

i |1 ust rihest ofc mogsrewant grei availagler én Dukhir.efr hgand B he Epgar &/ltrasound for
pi ezoe'@},ctr%tgmzc n%%toﬁozc)s a;%zc't‘esﬁz%nggg%% enetzatlh e%?o S%lﬁneste%%? ﬁl@%\zl&r paled

by the rasou sur ace curr uced & nteraction

bet weer200bgppl158aoynd fiel d WO 2008/ 097672PCT/ U82008/ 050272 and the

el ectrical double | ayer of the particle surface iis neasured by el ectrodes
12 and [9870] s ﬁgr VRtsT §1§pgisilwmpées the inputs required for measuring zeta potential are the

weight fraction of the sample in the suspension and the density of the sample, since the density,
the electrical permittivity, and the viscosity of water are known and already stored in the DT1200
instrument database and since particle size is measured by the instrument. Alternatively, the
measurement can be made using predetermined particle-size information, a so-called a priori
measurement that skips the particle-size measurement function of the instrument.

[0071] The zeta potential of the foulant in the condensed liquid stream can be conveniently
measured by sampling the foulant from the oxygenate-to-olefin reactor system and then
measuring the zeta potential in the electroacoustic cell using the method described above. If
necessary the foulant can be recovered for measurement by using a filter. One type of filter that
can be used is made of polypropylene fibers (5 microns in diameter). The filter has the ability to
collect particles greater than 0.5 microns. The recovered sample is then dispersed in de-ionized
water to give a suspension of 1.5 to 10 wt% foulant for zeta potential measurement. Depending
on the state or size of the foulant sample, mixing may be applied to improve dispersion. One
type of mixing that can be used is high-shear mixing, e.g., using a Silverson high shear mixer
from Silverson Machines Inc., East Longmeadow, MA, at 3000-4000 RPM for 1 to 10 minutes.

The electroacoustic cell can then be used to measure effective zeta potential as described above.
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the dynamic nobility, pd, of the particles can be determ ned using the
relationship 8.804- (Pp -Ps)pnKs 71 _  ¢9,-PTh)PsI C _ [0069] The zeta
pot ent i alwocars/when be cal cul ated directly fromthe dynagirwsawsiosi2ry. | n

t hese equations, CVCis the colloidal vibration current, p2 is the density
of the particle;, p", is the density of the fluid medium 0 is the wejght
fracti JROEAl pafi # preéaredgmbodimeys, the secoyprad grapie éndispsisadrB adgctionad samplg of he
el ect 11 gakiRAL Rldhdrittdit do-Rhnisel Syl nlBiibilant SoluBR iBhESHEUEHooBRET i1 Y
of a vacuumi g 1s the dynam c viscosity o tﬁe medium psS 1S t|9|e density of
t he suspendi wer Kendasithere ontldet iivithey dispersipe. Sitepeasi aithe dadtidhal issmplees

conducti vi t f the fluid medium . Details on the theogry of nmeasurenent are
vai | abtiEh i Biehfeenptorsof B pling Sugsanof Nt RO TP BT Char act er 1 21 ng
Col | oi dgy7drar t Al &tcelivd P& pbRlnBalot SNERAsivNB RO QuchATBhE SalThedel KENAnGE
Press, 2002 (pp. 153-169). '100701For water suspension sanples, the inputs

r equi r el¢vicey canebes measvgedz wt @ sipotae fiashain wsing pdvedae prpldticdd romi rortciodls sinala dopl e
in the suspgnsion and the density, of the sanmple, ~Sin e density he

el ect r iR BARE R BRI (o BEFAGE B 2P ER O iRl a5
st or ed thiyugherikdidg 00a kaeple wMetcxéabiRbagaitlei NCe particle size is
nmeasured by the instrunent. Alternatively, the neasurenent can be nade

usi ng dPEUBt er Rioteablyatheizetagnosinsiel ointhe cptitinethcatelysidractipn dithg cgnf@xsisd water
ot ot 4 03] THE PO B BBPUAG R, RRRLTIRRYs HTRRABGL e o

st r eamafalc enclovysesm énthieycondased wdtcbpothdapt hmgbdohge fralut anit 1EasontiVie More

oxygenate-to-ol efin reactor systemand then nmeasuring the zeta potential in
the el d¥tieERbobe iZEtac%thntl?éiqfldﬁ? ﬁén‘??%@?f{)&’aﬁésa@ﬁi %*é@l%o%ﬁ&lyatff?%@e%s@é@et he

foul anteeeany dsif g&@%{t“r‘aﬂ?@_tﬁ%ur%@@%?ﬁ%’?ﬁﬂ%ﬁclp%r;@] gﬂthi@ cth‘lén?éSd WP bRV hn

filter that can be used is made 0 ol ypro fibers mcrons I n
di anmet ebyolufEhalifei dftaeteattasmivhendaimoktipryfetablycalléascd nparti cl es greater than 0.5

m cron e recovere anple.is then dispers in de-ionized ter to, give
7 suopdhtTin oft SHE <Fhodiuitoft B At PPTNSEE5 THoDHI 1o CHOSS G n the
Dependi iadd@iecd Rt tadll §iiPtheSdrERti®d 2&thPolcAHAIBEN the BFIFAR ofMthX igNéhdNBY s APRLT ed
to i nprove dispersion. One type of m xing that can be use((jjl i s high-shear

m xi ng,coadgnsed ustengoth I8ive werasisrofHit ddasshearV.nMese plofanablsi the eclsawtautiehofibs

o R O o O I8 TS W Y

as descjuch@syakay & the \Meh ZOO& WHEHBRGIASIS2ARB/P2ORER +3 mV, and most preferably
at least +4 mV.
[0076] In another embodiment, the zeta potential of the entrained catalyst in the condensed
water and the effective zeta potential of the surface of the quench system in the condensed water
both have a value of -2 mV or less. More preferably, the zeta potential of the entrained catalyst
in the condensed water and the effective zeta potential of the surface of the quench system in the
condensed water both have a value of -3 mV or less, and most preferably —4 mV or less.
[0077] It is not necessary that the zeta potential of both the entrained catalyst in the
condensed water and the effective zeta potential of the surface of the quench system in the
condensed water have very large absolute values to be effective. In one embodiment, at least one
of (i) the entrained catalyst in the condensed water and (ii) the surface of the quench system in
the condensed water has a zeta potential or effective zeta potential that has an absolute value of
not greater than 25 mV. In one embodiment, at least one of (i) the zeta potential of the entrained
catalyst in the condensed water and (ii) the effective zeta potential of the surface of the quench

system in the condensed water has an absolute value of not greater than 20 mV.
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[0072] In a preferred enbodi nent, the recovered sanple is dispersed in a
fractional sanple of the filtrate rather than de-ionized water to ensure

t hat any wol2oés8/®7670ni ¢ speci es recovered in the quench Prorars2asnsensate arc
included in the dispersion. The mass of the fractional sanple is such that

the concentration of the resulting suspensionis 1.5 to 10 wt % foul ant.
[ 0073] ARVEHf ecfThe antifgpling,pacahihphss “&iPCtS ISdatt:%F?@ﬂx/%cewta%fae% pisrting agengoor of

a heal SXChANS ARXICAL GRS MBFRUIEdyIind BLELIAL AESNPhHRI0dn AONTET S

pr oduce rommateria s simlar t int ensi ve surface
(e.g., tpswoersudhcd@ddidicor InFatB&4yomws, thowdeubnpegmedart be ouglergl indbfigetod a
sanpl e o[ t he E sive surface itself. %1 g?%ﬁrefer@@hé,, t he zet.g]r i

pot ent iSQIMHSR S PRE(SHER MRS @ha Besyh @ ateridlithyf afigets peo &RE@AOlAt Ry without

(togetl mﬁ&!ﬁﬂ o Qiehot RS sORAGIENSIR dsdch AYEA icHiE FRPheBNthd RentBhdRAS ihegotet a
potential of t e surface of the quench systemihn the condensed water both

have arl08HYol ulreovalcododiment, ﬂhe@gﬁntzmrﬁn aQv rog h@sef é’freﬁ@tajvly,tthe agigdt @r base is
potenti.al of tth conde seg wat er and ntraltne St fract# ﬁ%d ﬁlhe
ef fecti %C%t‘%og%? %%etnf PY% ?mt“h%n SV 8“6%“1 e ﬁﬁé’% BRI Phigss than
condensegr maiter thapBh Hraféribiy) tabaed vt Baséal uecddd o IhRaRiknch WienPROmAMEn a
preferably at least 4 nV. [0075]1n one enbodinent, (i) the zeta potenti al

of the REhi i quenchaysiematl fonad o 6n SiiH reere peierablys aragia o basgiginjeatod infpethe

ef fecti e t. C,

condensqt\glg nf %ﬁt t%ﬂznhave IiH 19?%%&%}1@1??3’ ﬁ?easfﬁog‘usen% é]l\?g%{%]i%%%ﬁgerr%tgf fron% ?16
zeta pabert.i bl a pirtichier embodimred adatalsyisfecied to heaiceindepd an thagencasgstéh ef
effective %éPPOtgn“ al f t he surf&ce of the g étench systemin the

condendgd t ﬁr%ee ot 19e0: pretgradlyenir 6. 28d mpre BisETARI¥ (T8 ef@P ablly at
| east  +fheMVarcHOQBodiRe AN @ *%Eé cmﬁ%dnﬁcpfld stBn chtn%rl L&kt 3hd ‘P(ﬁul&tﬁegu the

entrai neg catalyst in th condense and the effective zeta potenti al
of the feuﬂlaﬁacmnmises gy gpmetzeth- oée;fﬁt eaalyst fitvs, auhdentecquanent baffdvchavie abe
val ue of

. Mo bl t.h tenti al f
v Ridr & RieD e BRR e e BeRL B it Bl e 1B ppaact o TethliSat whir a
of the (g ﬁﬁaﬁogfm&ﬂ%x‘i’d@ gfdﬁ tl@é/ﬁthﬁgﬁe' dr ﬂl%uﬁ%gﬁéﬁl@g Z@@tp%[enlﬁg Qr&pé/z@3 and

val ue of -3 | ess nost preferably nv or less. 100771lt is not
necessdfyOt.hat the zeta potential of both the entrained catalyst in the

conden te nd the ffe t|v eta otenti of the surface

coonch 00sdte | FaftRink CndinEiit v BR i BRN R o ey bertolised) b EF Fuf alr¥sd pe
ef f ect igatulyst Frabrin @Watﬁ@lﬂom ik ol Fastra@ida. ahe(duindbhgsent aludedasatakd ok 1N
t he condensed water and (ii) the surface of the quench systemin the

condensadipRang thahisdnyplyed i sgprraiing Be condeasedoviteyendantigingd cathishira¢tipatirams
b f
an a Sct%é"o?ef\ﬁai}ré’c ioff] I‘tgfereg)ﬁ}gathgﬁu%rﬁ:ﬁnsﬁr [TCor e%ﬁkeg’%? e%EtP&Pe' tgh v@§s f gr?c?%

one of e ze a poten cata yst COﬂ ense
wat er ghuethpardundtsheermfif datd somnzeioa vaedt #ivtquedchofesdehe sur f ace of the quench
systemin the condensed water has an absol ute val ue of not greater than 20
mv. [0081] In one embodiment, the pumparound system comprises at least on¢ pump and at least
one cooling vessel. The cooling vessel is preferably a heat exchange system or heat exchanger
that is used to cool at least a portion of the condensed water. The cooled condensed water is
preferably recycled back to the quench vessel to aid in condensation.
[0082] The quench vessel also optionally includes a settling system for removal of either
solids or a second liquid phase or both. The settling system can be within the quench vessel itself
or it can be a separate vessel. Preferably, the settling system is located prior to the pumparound
to act in addition as a surge vessel. Additional vapor can also be removed from the settling
system, and a water fraction from the settling system is recycled through the pumparound system

back to the quench vessel. The antifouling agent can be added to the settling system or before or

after the settling system if desired.
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WD 2008/ 097672PCT/ US2008/ 050272 [0078] The antifouling agent that is
injected is preferably a catal yst-surface affecting agent or an agent that
af fects twe 2amrace of the quench system Preferably, tRreTAg0M/0502¢ udes an
acid, a base, or a surface nodifier. In other words, the antifouling agent

can be a material that affects a solution's pH (such as an acid or a base),
a mat er[P8831t hat seftfipe pxstem sen alsp Gprclydeddn bhn RpRRAPUNG YRSt Rietrsatly.dadkipy
affecti Lan el qTie jnat

Fher cor 158 1B G Re SRR int R0, e 2k R0t M hmp @R E TERIT 00 205,

t he acildcapionpagmri@ni aljeebt edmbntdofrbimethguetthg systmnaridna avatanfvactiont fiom the

mai nt ai n Hin the quench systemof |less tha or greater than 8...

P ef e 451G PRITRECIKION CoHEQUVE T, GLPERF PR B RHACGERRERS)S: Bnict S0P ai n
a pH I QeﬁB_@al%ﬁ%@fbMﬁt&%f?ﬁ tof WARWhECr&umait! | Thd BB Rngf fLabEM bR or
base is injected into the quench systemto maintain a pH in the quench

syst emthé sdtilingsBstem ob belanglomadist therseftbna@tyisient HolesiBedio 5.5. In a particul ar

Cass LRI or TnnuRo Bk GEEEs hiusl NEuB: Pablbal by o FOSe AR TPl

pref er abé irbulADwhr Fradtiod o BOGndi@hiateds @elird MeRteratly,) tht hatitrndensest is
liquid stream conprises water and foulant, (ii) the foul ant conprises

oxygenatiscted-ipoethf querahayspsel, thiermasnpagaind(sysicm enkotbquf pnelse psdfpredcthar st ehe
o ac P RERS o7 RiBa D BYSRADRRe NONLIR L BEhBr IR

contact" Wt ere anal ogous® e
of neastiinfegaretf dtdri skempky ahepoir@itdting| Wwatar eysk@2 @4dn &6 A8 Folhedshmgf the
condensation, at least a portion of .the &ondensed vvaﬁjer and entrai ned

i

cat al ystieeioepeighior pHsaphihgempupt ghihe patituipg gesnt geb derdivited a§ GaNORTIES P em
i ncl Ud‘%ﬁaiﬁﬁﬁlt‘ﬁ@%ﬁ%edgm £OHL pygg@é;lt, that is involved in separating the
ntral ne

condensed water an catalyst fraction fromthe olefin fraction.
Pr ef er 40083] t hén queenbodyshte thecaofir stsesn dtat Lse@ovidod endjsan b theegeath aystena

punpar ound syst in fluid connection with the quench vessel. 10081]1n one
Ebod ERPrSEne TSl oS et cofsi e s iinPodet RAATBumy Hhd teoFedor
one CoQ)xyPeha¥@S SRl oxybBRate@RYdrBEr¥&RS Gh ahsthBF &hesARkNt, thchfidfin SXGRAPERPSXet em
or heat éxchanger that is used to cool at |east a portion of the condensed

wat er . e aboet &Y witniderhoatl 7Ravér waterppesfanbll) fromedhput 88 Wiclo akout HE witench

| id i ion.. 100 h | al ' I
et noottef ety ProfgPRGORE PRy FENEC Gn TR VERT Ran it S TANR A 46 o

phase ahe pdiRveidiief gRtdltfimgraust em can be within the quench vessel itself
or it can be a separate vessel. Preferably, the settling systemis |ocated

prior tl808¢e plmpnatlnsmbodinesat, the olediaistean has abous drigee oelesiprefpbin abonal
vapor Gg, %k ?&fgls,br?lofesﬁspt@ffe?ﬁli oM & t ﬁ%' Wi 1§ %ﬁ&ﬁf@.s 3N, &t%@%tsﬂarﬁél&gg%sg@ ‘o

fromthe se ng s emils recyc rough t'he punparoun stem
t he quaipoh tiveeadweighhef thetolffmuticmy. agent can be added to the settling

system or bhefore or_after the settling systemif desired, WO
2%0 8/ Ogggs,a PcTAVRISBHIHE /t]@p\:)@lgtgg stream COIlltal%S 4% Wt§0 01|r more wlater, from about 50 wppm to

about 2000 wppm carbon dioxide and from about 40 wt% to about 60 wt% olefins based upon
the composition of the reactor effluent stream. There is an embodiment according to any process
disclosed herein wherein the olefin stream further comprises from about 0.05 wt% to about 5
wt%, preferably from about 0.1 wt% to about 3 wt%, more preferably from about 0.2 wt% to
about 3 wt%, even more preferably from about 1 wt% to about 2 wt%, most preferably of about
1.5 wt% alcohol, particularly methanol, based upon the total weight of the olefin stream.

[0088] The quench system in one embodiment can include single or multiple heat transfer
stages (e.g., heat exchangers), preferably two to four stages, more preferably two to three stages.
The quench vessel can be embodied as a single vessel or as multiple vessels, including vessels

such as flash drums or distillation-type columns.
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[ 0083] A settling systemcan al so be included in the punparound system
Preferably, in this enbodinent the settling systemfollows the punp portion
of the puwparsma7gystem In this |ocation, vapor can alPso/useossesved from
the settling systemand a water fraction fromthe settling systemrecycl ed
to the 8uench vessel or sent on to further treatnment such as for additiqgnal
rem)val 8991 by pib@ne tesnbedimgyi: theodygnsh eveated ringlpdes misipal olgmentst i Euumnplag of

agent n{jﬂ? eﬁﬂféﬁfé {1 %é@ﬁ@hfskﬁﬂa }ﬁ%& SR tinB Rl O1cEs Qlehal gsfﬂeg ey s &hhddmY

systemlf esire e antl Ing agent I's injected int'o any portion
of t he mulnglorsysicemed patkienae@srdime teione Ldnﬂioidhgemmc&rosicmtst inbibited ibethe

mai nt ai ned .as desi.red. Preferabl the anti.foulin ent jected i.nto
T he Gacencty SR ih Bhleast TP an Al they Soisa SY b IRy Picg o pSbll &F brfkating hat

at a pQioRbsi@AWN§i ro%@r@rﬂ;odtnﬂ@nt' "L‘]hee@ltnh%nnﬁ%rﬁl iis tah Ehabdrfal L&Eﬁ%ﬂeﬂgﬁr&ﬁt &k group
fraction be nonitored f g&) Wnﬂ nt enance. For exanple, the circulating
cgowasen

wat er @pgm@mng@haswummqlm éatntamﬁnt&i@plﬁ}wml on point for pH and

s L R S N e L U D

st r eampBboridScaprtRvidded teihd (wemdh $y8tehh® MuiaReh pES tIRMIGaR s BRumplce e
and propyl ene, C4+ ol efins, nethane, C2+ araf?l ns, water, unreacted

oxygenatel amémwb»dy demae @@th@@andbbmanmﬁ acifl onA dtyasiss W midkgh inglhdesgheir i n
stream out 30 wt% to about 70 wt % water, preferably, from
é%?&ytg)g ?%ﬁd %519{6‘@8.

about wt % wat er; nore preferablyfromabout 40 % to

about gboak]% wakenplex pfdssed imbude, per eesmplgeNaOH, HeOHO t@H(Owed, ghdO,0NH, 08,

olefin stream  [0086] ] n anot her enbodi ment, the olefin stream has_about 2
Wt % or QTEYNC aminss HCHKYRE BAs AUACTRGYABMQNELE COWB?@%W%HF? esR{-about

0 005 9
% i 0 abgut ugnél VESBICR y%(lef’e?ébl %élht% n%?ef IaarS] Stﬂb?ﬁﬂret figt Al alna bR tﬂ@t

of theoefln stre m [0087] T cal | ream contains 40 wt % or
nor e watesirgd fepamt@boaft olEﬁn vﬁpmmcbndaisdlle caﬁfpﬁnemp mlg amb oamlgtidoxérde thengudncbm
about 40 wt % to about 60 %% ol efi ns base upon the caonp 3 ion of the

r eact orVo&t [IdRtiNEIFR A2 PGB (EMRHAEIDBHITREhE %}Ecb%OdFré t %9%}?01085%

di scl b
G scl ongy ot G MIFYELR AR A0S |- ARSI SR AR AT
pr ef er ajukeyc medivabald, QicAdckdoytio mbdivih 13p1\M o eéafuchtl ecgeelpfiepaidrybli rfasi

about 1 wt%to about 2 wt% rmst%fr eferably of about 1.5 w % al cohol,
parti cuibart §0Fetlfahblo abmy e?@Odi)é paenlptﬁ aiefeeblyHror fabpeS G Fef7HC s tar abot

100881T t nb t | ud

neat 1 raer G 6t agbe tgaeh o Bt PararEger il diardrdsipAtnfofupyLl BiE
st ages, (IU?kPag)rt@fa%lﬁ@b}bsfg\’Y]‘MB QPhN %r@ﬁ@ﬂa@@oly Tiaen mmbpylgﬁ@j ke&) td8bout
enbodi ed as a single vessel or as nmultiple vessels, inc i ng vessels such

as fl astd mta@go&Pagh stillation-type col umms.

[0093] In one embodiment, catalyst particles are included in the provided olefin stream, and a
majority of the catalyst particles that are included in the olefin product stream are condensed out
of the olefin stream along with the liquid fraction formed in the quench system. The term
“majority” means more than 50%. According to one embodiment, the weight of the catalyst
particles in the liquid fraction is about 5 wt% or less, preferably about 2 wt% or less, more
preferably about 0.1 wt% or less based on the total weight of the liquid fraction. According to
one embodiment, the weight of catalyst particles in the liquid fraction is about 10 wppm or
greater based upon the total weight of the liquid fraction.

[0094] A vapor stream is removed or recovered from the quench system and this quenched
vapor or cffluent stream typically comprises light olefins including ethylene, propylene and
butylene, dimethyl ether, methane, carbon monoxide, ethane, propane, and any water and
unreacted oxygenate(s) such as alcohol (including methanol) that are not condensed during the

operation of the quench system.
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WD 2008/ 097672PCT/ US2008/ 050272 [ 0089] I n one enbodi nent, the quench vessel
i ncludes internal elenments. Exanples of internal elenents include |iquid
di st ri butwoo@m7eent acti ng devi ces such as baffles, tra&gg/usSe@sasorpacki ng
or structured packing. According to one enbodinent, corrosion is inhibited
in the quench systemin at | east portions of the systemwth a |ining

mat eri dV- L §eeC Y gating corrosion. In one enbodi nent, the |ining

mat er i hS A ical | i.SJ
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i .e., asipdsermblytfutbert@beesestetoasolawraad qariiy theatapives bledin domypenearits,| pasdulahe
added to, the quen stemto maintain pH in the dgsire
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[ 0091] Exanpl es of bases include, for exanple, OH, KOH, (OH)2, CaO
NHAOH, Toeayari eyHemnasnéraldy waimpyisdh &g corquare ona yomhmohdml comoos sdparatzond

m xt ur her eof 0921 guench vessel | ref erably maintained a

Fenper ATGPET oo L RS VR TR R bEudh AR el RUFRS 4t ofher
condensgaflceatePERORB&t Sfor kXarple, wifidas téomidhserd, m@atcﬁxeﬁuil@el\é?&ﬁ@éer&tfonr?isﬂémioﬁied
at a bottons tenperature of from about 180F (82C) to about 300F (149C);

pr ef er &bl traingracamsERsOrESIPCk SRS @ibrAlis, PREDS, nbtheyike TRNOntlapyiae sxamplcs f

th ) e . \ :
vessel o QBRI 1P reNEREHIERNR R o BRERE o sBkR s MR by o
pr ef er dlighténipemtaleal¢ine8hize 2 ddecthaniabio vide frdPinit o Ol mbildnes, gtshal (Sysdpdinet, S
pref erably ope teq at a pégéé%re t hat F;r rom about 15 psig (103 kPag) to

about FHBOI@Q?P@? spligtpn yiten pritisr esnghihg li f-om about 1S psig (103 kPag) to
about  4@o¢sii 9 G%Z@rafﬂ? a%g%joné]%%??%] dsO ?&o@%ﬁﬁog’sm_t is ARt ﬁll ﬁétio‘ﬁ?rgteh&Jaﬁén '

i ncluded in the provi stream d’a majority of the catalyst
pat - t i desurhhlatiorané aiddicbuad goodurts, hgpwidetts mnpfoo dustansdmeaaoag evidothdegstededut

of the olefin streamalong.with the liquid fraction formed in the quenpch
oyt PRI e AR i RSty et R0 R bl iy 118 e DY ERe
embodi nRflor ButPeN®! MilchOhrobiti@s Ga %&p@éllf%ﬁﬁ'ﬁ&i #5r e iMQlchivadnah@GEuARg | S

about 5 wt%or” | ess, preferably about W % or |ess, nore preferably about
0.1 wt recessas suclbaspelymarizdiontsecsssapeilyhtprefrred embpdjnicdt of the trewveryAvsiondi ng
to one enbhodi

R LTI AN K BT R AR S A T

fracti qurtidu@@BAIrAaN ap@Eerfitd-RASTif Préfmy etk PhsseeabrRERt HuAMtdDdE FURRAC Mhat

syst emrnglcoiVéshliO\SV lg\lfjeelg gP 1te)3clip1roducts or contaminants. Non-limiting examples of contaminants and
byproducts include generally polar compounds such as water, alcohols, aldehydes, ketones,
carboxylic acids, ethers, carbon oxides, ammonia and other nitrogen compounds, arsine,
phosphine and chlorides. Other contaminants or byproducts include hydrogen and hydrocarbons
such as acetylene, methyl acetylene, propadiene, butadiene and butyne.
[0097] Typically, in converting one or more oxygenates to olefins having 2 or 3 carbon
atoms, an amount of hydrocarbons, particularly olefins, especially olefins having 4 or more
carbon atoms, and other byproducts are formed or produced. Included in the recovery systems of
the invention are reaction systems for converting the products contained within the olefin product
stream withdrawn from the reactor or converting those products produced as a result of the
recovery system utilized.
[0098] In one embodiment, the olefin product stream is passed through a recovery system
producing one or more hydrocarbon containing streams, in particular, a three or more carbon

atom (C;;) hydrocarbon containing stream. In this embodiment, the C;. hydrocarbon containing

stream is passed through a first fractionation zone producing a crude C; hydrocarbon and a Cy
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vapor or effluent streamtypically conprises |light ol efins including

et hyl ene, propyl ene and butyl ene, dinethyl ether, nethane, carbon nonoxi de,
et hane, pwoparsa97@ad any wat er and unreacted oxygenat e( 2L TAIsetv8as02at cohol

(i ncluding nethanol) that arc not condensed during the operation of the
guench system WO 2008/ 097672PCT/ US2008/ 050272 |V. Product Recover

100951 THEIQSRON nCApiIBInE sttica@mtht S+ Dy drosprRpa L ORtaHIng Streyn is RAsHRsy é’ﬂo%ho?n
the qu S § f - S .ty the
vari ous ot RETuch ARE ROARIY LT BURRSRIRI IR A Pl Qifitie
vari et stedmr edevVienyrosystecmsbort kpdrocabes iacldds bauesscash asbufsec-dsad Hugene-2,
separate the desjred glefin conponents that are recovered fromthe quench

syst emPUEiignes savaird, bugugse P%P1y conprise one or nore or a

conbi ngppey) Of THATIIONS FERRE Alc: rdniAeH! RBAL b OBbRIBAHAN pfices! | JaitiduPily an
towers, colums, sglltters, or trains, reaction systens and other
associ axgderatpiiopptenn préasss, éxpinglye containg dydrocahdenbevisg Jhemmoex cirhog @tams.

refrigeration e or chill trains, coppressor.s, knock-out dru 0

ot o, plfurtohep P bidee bt gsing 4 B PR SRR ERES SvelBRF dhdfemiiub bRy
recovery) §xiheeicosd Yedeabl REs Mhe2 D ivearhd §FRIchE Nind &host irefcfib@plids ahan 20
hi gh-t enperat ure denet hani zer, a deet hani zer, a depropani zer, nenbranes,

) : p :
et hyl erfecigltoperegnti.thased oprthpyiptehaveigts)ofstheialefer prasiyete plecapraithd v fiom amnd
the |i 961 r a Vi t rY:qSYS I
pr oduct% ?igﬁ%n%gee%e&gﬁ?o@’h%%s’aggcglﬁnaﬁﬁgt‘%’%% g?ﬁ a !(!II%? ﬁ%\éﬁa 1t%%oé§@§%l&b§%r?cgésu&f S
and/ or oxgptrdsnand ®ldinongilisrigha trhelcpulef sicvedafalydduoinposifxanipd esubing olefin
preferred products include |jght olefing, such a& et hyl ene, @ropylene
and/ or M5edyst effeam &RalycoapEsS apeIarifpP a'ihwt;mﬁap /PT BEPPYISPC GRe 2ilpSSefet N i ve

ManuUf acieysd NG Ry %%ﬁ%\'% ?%&%E@ ﬁﬁ’mQ&JI%f q drZHd &Her@yé/g&%lﬁét@, xciu'a_ir% Wief erred

enbodi nent of the rec stem recovery stemal so I ncludes a
purifi dao1ad sibe emfedrat ligktaoipfies ptodgédd by efiy mac pf able pedemas tdesouibad lapoven an

oxygenat e-to-ol efin.process arc passed. thr.ough urification systemthat
Femovedrr Bt sRi BPETSacrs gk gt BrHANEE: PRIHE T PRE TR S of
cont amadhéia xa9d nudeP Rt Std NGh Ud %nﬁ)%ﬁ@%r%ﬁt'eﬁ/thﬁf? 88wt o0 PRAUALE SR8 @A8n 90
wat er, al cohol s, al dehydes, ketones, carboxylic acids, ethers, carbon

oxi des,wiipmmaicaprafedatdy tgegateri thaw §é rwdenpiumast, prafesitie noplasss fhiah rdowin®® wt%,

chlorides., O her cont.am t r byproducts include hydrogen and
hydrocg?ﬁ%ng@ﬁgﬁaggmgggg3ﬂ%§%ﬁnnethyI acetyl ene, propadi ene, butadi ene and

but yne. 1009£1§éEiCEIIé, in converting one or nore oxygenates to ol efins
havi ng -2 < “at8ms, an anount of hydrocarbons, particularly

ol ef i ngoofRPec O Bt REIASTIRRNG VY sPRER ERHEAPMOUTT vaRBy FWBSs. For
byproducts arc fornmed or produced. Included in the recovéery systens of the

i nvent iegamalee theeGochydracashansebutelot andbuene2rage ubasl torrodectl sohobmbayiingedl tavl 3 hi n
the ol efi.n product stream wthdrawn fromthe reactor, or converti.n ose

pr oductcgrbﬁpoam%&mgghgr PRI Cg‘FmECr?}es c%?)’é‘%ﬁ}e‘éeylétuéﬁq et ez%%?‘”[%%@%?‘i%e’one
enmbodi MR&hyl-theylethef, iafd MNoBeytne Slas®aivrd. S passed through a recovery system
produchﬁg one or nore hydrocarbon containing streanms, in particular, a

three dPOHBle Enpmsdheranhedmat recorpmdodafitioric doretad i aiRe @t mekeriolymerizetign
embodi rﬁ&ge’ssetshi%r ﬁoﬂ%ﬂ{gogﬁf&lgrbo%méﬂsm @glymerization processes include solution, gas
phase, slurry phase and high pressure, or a combination thereof. Particularly preferred is a gas-
phase or a slurry-phase polymerization of one or more olefins at least one of which is ethylene or
propylene.
[00103] Examples of polymerization catalysts include Ziegler-Natta, Phillips-type,
metallocene, metallocene-type polymerization catalysts, and mixtures thereof.
[00104] In one embodiment, the present invention comprises a polymerizing process of one or
more olefins in the presence of a polymerization catalyst system in a polymerization reactor to
produce one or more polymer products, wherein the one or more olefins have been made by

converting an alcohol, particularly methanol, using a zeolite or zeolite-type molecular sieve
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streamis passed through a first fractionati on zone producing a crude C3
hydr ocarbon and a C4+ WD 2008/ 097672PCT/ US2008/ 050272 hydr ocar bon

cont ai ni yoxwesamng72t he CA41 hydr ocar bon cont ai ni ng st reamCiraispasssat72 hr ough
a second fractionation zone producing a crude C4 hydrocarbon and a C5+

hydr ocar bon containing stream The four-or-nore-carbon hydrocarbons include
but enesCakilish CAEPRNIfAheA Prafftch DPYAKTIZAtQN Rrgefse Hed Lasshltas? AP EcHAI a0 d

| sobut anas, 14,00 @%]Jiﬁﬁe Blcfihl s BIRAYE Erle’ﬁ% o‘??fﬂrﬁy‘f‘éﬁ‘éveﬁﬁ ey gﬁ’}iﬁrﬁé%non

process, particu an oxygenate-to-ol e process, typitc cont al ns
hydr oc auamdm;ss s ng azt;uppomsxirraetaﬁmdma caabyyssystdne dmthisnembbddimyeat, dbasiygosted
havi ng 4 nor e cGr bon atons i.s |caI lp% i n.an anount {less t han 30 weig

per cent™ t@#‘é’?@? SHRYYS| Pstent ﬁ%lﬁprﬁs prctalipceng of hefa O%Psﬁmﬁaﬁﬂmuaés

t han 20&n¥i’eh19 %UQQLBP ePeforatl@sed Qéilvtaﬂ)? fsoﬁ ahontEd Bihag taRfnO bﬁfdlﬁ}n@iéﬁgu%}
stream wi t hdrawn from an oxygenate-to-ol efin process,” excluding water. In

parti culombimgtioh theredfnarer mpsmreferablyshe mtlwtwgedamesanent oolefins utilizing a

m)leculﬁ()m? ?@atal tst co sition th re ul tin ,&Jefln roduct stream
typi cal PP B mpf PYBETZRY ofSENBP St R 1 SFREERE/ o plSpyiCOHECHRHOY PEASEY
armount pa,fl rﬁ@wan@lar banysndy EtbﬂlhafndCahé)_?’hﬁbIWBEEr ﬂfd@détpt S Bfpicapt b@fditions of
byproducts excl uding water. 1001001 referred |ight ol efins produced
by any Rehensizatige ppstee seBs figes ehaubd 0 @5@@90 pPeg koagicyter dranetrborbh000 psig

bnor o nogt EPRr HRRt B R OF BB MG Rig CRlrBIRTi0 oy P

pr ef er aBU4R WPAL @1d rhbi@prof@rablyan tho ihgp rof fiena bbout gse@‘slgr(ltllnalaP@ tcwal%ut a50l
nost preferabl no | ess ttﬁn about 99 wﬂ@b based on the totﬁ? ght _of the
ol ef i n.ps%¢ @ éf‘.lﬂ’ag»} oduetealusenditiqng 19 1o neizatien rempatEd Vo mr@opb@o@é?y

Syst em 48k ffp° ES?Qféré'o@'i%nY b 30°Clto WBNR 3509, rﬁ&% Et%ra O)hﬁl fird rang of from

hydr ocar bons, ene-1"and butene-2 are used to hol s ha to
13 car boutab@asto 2H08C paﬂdemosigﬁcﬁeaibiwlmﬂhe maregl of fecmul absuibl@t’gl Ite rabomtsl 5@§@d Iho

make a asol i ne d| ti.v nmet h -t but her i sobut yl ene, el ast oners.
[00102]t HS' Aretsit Oﬂ@mce EP@W}% Sg pa?fusgfﬁ B R dh8regier

nore pahmres '()@@tlbsQl'ﬁr Hrloﬁ)@%gﬂﬁr)f Blfef&ﬁlq lg}ba{i& Wah 1 3BUHOPBL MLl B, 900 kg/hr), more
Pol ynmeri zation processes include solution, gas phase, siurry phase and high

pr essurneeferbla geeetenithen PBAY Heyerof22, 104r kd/bu| @dl Mogirtisrablyl cretes thes 7pREG e

or a sl yneri zation of one or nore olefins at | east one of
whi ch |1§ /é{@?{b@ﬁ%g@% propyl ene [ 00103] Exanpl es of pol ynerization catal ysts

i ncl udgodiosy! eThdglolyanerPrddichs -Hyy R, pdiRhaliz8iee NEocdiBdsalidseheste abyReinclude
pol yrrerl zation catalysts, and m xtures thereof 1001041 In one enbodi nent,

the prdEwat lovndemity pRlyedmyics elgstamets plesiomers digh- dusiy pekyctiiengy lopprensity
ol efi ”fp Z;Fkt ﬁﬁ&lef é)aﬁfpﬁl&p%lé?{ &dpgl)lﬁﬂi%hglzeﬂé 'c(rc}golgﬁlte?% y%thesﬁéﬁg;ggﬁé BasBd polymers ‘he

pol ymeri 1"on to produc yner uct s, ereln
one or prodecodbefhaysolraviezdnes provaskes mehelemvetit Ipﬁlypﬁﬂ)y&lne olbcsxhcthqaﬂypropmamd y
el hanosglndlgtsalcgc po yél%?);feglee a%ﬁ p%oepcy)lllelnte?a& oir)ne b?o%lkeo% lierlggct glogo\i;)mers
[00107] Typical ethylene-based polymers have a density in the range of from 0.86g/cc to
0.97 g/cc, a weight-average molecular weight to number-average molecular weight ratio
(Mw/Mn) of greater than 1.5 to about 10 as measured by gel permeation chromatography, a melt
index (I2) as measured by ASTM D-1238-E in the range from 0.01 dg/min to 1000 dg/min, a
melt index ratio (I21/12) (I21 is measured by ASTM-D-1238-F) of from 10 to less than 25,
alternatively a 121/12 of from greater than 25, more preferably greater than 40.
[00108] Polymers produced by the polymerization process are useful in such forming
operations as film, sheet, and fiber extrusion and co-extrusion as well as blow molding, injection
molding and rotary molding; films include blown or cast films formed by coextrusion or by

lamination useful as shrink film, cling film, stretch film, sealing films, oriented films, snack

packaging, heavy duty bags, grocery sacks, baked and frozen food packaging, medical
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WD 2008/ 097672PCT/ US2008/ 050272 cat al yst conposition. A preferred

pol yneri zati on process is a gas-phase pol ynerization process and at | east
one of thwoabeiiIne2i s either ethylene or propyl ene, andPprafSesslosoz72 he

pol ymeri zation catal yst systemis a supported netall ocene catal yst system

In this enbodi nent, the supported netall ocene catal yst system conprises a
suppor tPackagiig, AnJuskriah ners, MSMEraNGs e 11 JRRA-8xAss aRd narrdoathcondadt gaplisations;
pref er v, i

Corbi ot h? St @ifind 3oRB0 BiERRE AR RR AR BherMATIANG in Hoven
[ 00105]or I?m)hymmrelnz[htm ago neada dilterg risapea fqb@e,peaﬂicaiggaunentmegqocdxwmr etz aextnmled

process, riza cat al st S m and t he | efin prod
A R AN S e ot et T P AR R S PO
kPag) tRolgdb@atiflest 1|ﬂ@1_'ﬁd@l§ le é&pgluﬂl@laglefeadf&ﬁs%@ﬂﬁls i &5rAbLY bbtied, hs%sie@@@]e

of from about 200 psig (1379 kPag) to about 500 psig (3448 kPag), and nor e
pr ef er dhigg hoHow hgidenygiddbod porhiatrand 256, %Slg (1724 kPag) to about 350

P om aogiivshe it EoolSREntoiuRy PR PERbEE OEETRE ok Ml T, o

pr ef er aht yldfids rb@®veRAAR @ dncdN B PdccORE deseridod @bodd) harfstarlr it @oaldryioh N
the range of from about 70C to about 150C. In the preferred pol ynerization

pr ocesPre¢rsscanbipng particplarlynthe GEOnryopss duicdd Cherochtsur Theseginekuder bythgra not

25, 000 || ps/h k § 3 o 900
kg/ hr), I%ggrdert%ﬁegi %F 9{0:&%‘%& Rodfie ot O%Bg%e%ﬁ 1&?{4@: $'dg>qu eﬁ%’ & gﬂeﬁ%st
pr Cefer ammo@ateeatdesrmylhmmw eﬁsalbb@&haretmﬂem@ﬁdéggmeme i§pBdR6 hIcThe, pablsirer s

produced by the pol ynerizatjion pr. ocesse scrlb d above include lipear
| ow der?(sijliy t yhigersePmpYlehe OX@Fagw raﬁl ﬁﬁ%{ 1%9@/ eI ¢ipsiQassi pgrylonitrile, and

pol yet hyleney;h Q- e atnYer g@lyldﬁg 'oYBﬁt? %&%&@&e?@ﬂe}%@py' ene

copol ymers. ~ The propyl ene- ase S produce y the polynerization
processgs | qg&/ %matactlc polypropylene i sotactic polypropyl ene,

syndi ot opyl ene, and propyl ene random bl ock or i npact

copol yneasipld 00107] Typi cal ethylene based polyners have a density in the
range of fromQ.86g/cc to 0.97 a wei ght -average. nol ecul ar weight to

nunber -0 g e Arsrarlg) ofr f %ﬁn@mb?%l%ﬁdl EOM/W) eé?ha@%fatl‘era qusaph fyeemot)%%ut

10 as
voacer TR ATh AR AR CALOIR ARG @ A v

mel t i rofebe foatano Seﬂrﬁﬁl/:ﬂdt)Fe(zﬂ)Zl‘)Q &%Tﬁramu%lddchMAﬁIMeB WABBdHye:0f (99. 9 filco t o
| ess th Iterna 12 of fromgreater_than 25,

br o or ARyl TRaI SR Sste St Tbmtediy MERE BrBaG e Ly HRPUSOReS’ 5k i on
process@de wREkMryl \K}assﬁﬁ{bdf @Mg Q%l%ﬁBﬁ‘t(S%scﬁlsMabhlﬁbs ﬁf&eeﬁast 2BAgheRRLY,
extrusi on and co-extrusion as bl ow mol di ng, injection nDIdlng and

rotary v duglgshefarlmer Bt I3Q|@4QDQVRPMr faras tmiufoys Fbwqe@nbf;s verx selegedns or

by | f h k | i
P o Bl e SR at ke, SO RE O L SRS, b LS Ty fee

baked apdiphicdz @Rogdae wﬁ@@é@egmaed thaeeiheAm MR Z086QPJEdSReIhUEe Q%éﬁiﬁm’le

packagi ng, industrial liners, nmenbranes, etc. in food-contact and
non- fodﬁﬁbﬁwbﬁéﬁr8§§WP@%&$%ﬁﬁﬂmﬂﬂ%ers i nclude melt spinning, solution

spi nni e ra N1 9N aTe) orm
D! I T2 LM L BORGE Bl 1 RO 9y Lo RRAE
extr udeEieafdabmlses Spa¢ttamigemnioinddispdrsibh Mgchmilog Riog Bbd&lré HitlgtNevwgY,ork. The
geonenbranes ﬂgfond |iners; and nolded articles include_ single and

mul ti-| aylé%ﬁu% # gartmgd] ph8 2hethe 5??930?1“%?%4 astartipnggdbpk ) 8y apdybe sy Pow
I
artic é%?u Shgd Q sft %%ﬂn 189 @er& ﬁr\g ta’%ﬁ%d teGeh E@%qg]rggh?rg Btifer O%(}t?rll;%al

pol yol nuner ou er ol e erlve prod
ol ef i nsures aué tled EPp. thﬁmmbsméghhelmFQ§eb%e§3deédC|bed above, particularly

Those MBI Clte. Pl Acravndiet I oBBa! b o drerstayroR el b ot et 6e Fepsy

l'i near @ln@g@weiyecmafg(ea)a pw uﬂgheretﬁ@ﬂ 9%@%&&@1@%@@%%@ E)Hdﬁ‘el@«ﬂ@ sw Phre 1B

chl oride, ethyl'benzene, | ene oxide, cunené, isopropyl alcohol

acr ol e|Showa|tl1legt Itha:ﬁ¢26}3|sttefy lpfrscﬁpyllsefﬁectm( ipdiat (8D If i769; dleitds, the ﬁy:l%rrertml@p%rb ene
el astoners | onjtri trlne t.et (57
propyler?éative ¥ atphqh xg%re ﬁﬁ&ﬂ%@F“@ C%&%ﬁ%?égiégF %b%?O]

A sanplsaon tﬁdﬁlﬂlheamg(})l@maﬂyﬂﬁi@ ahrlguel@mepdme@ehpagea ibat &, Gieams fomasﬁ&é@ £t an
oxygenat es-to-ol efins process was diluted i n de-ionized water to make a
slurry containing 5 wt% of the foul ant. 4§anples of Fe203 (99.8 % from

Al drich, MIwaukee, W) and Fe304 (99.9% from Al drich, M| waukee, W) were
each dispersed in water to nmake a 5 wt % aqueous slurry of each oxide. The
slurry was nlxed u5|ng a S|Iverson (Silverson Machi nes Inc East

NN PN PN APNINSS IR A r = a o ——



[00111] Zeta potential was neasured as a function of pH using a DT 1200
Acoustic and El ectroacoustic Spectroneter from D spersion Technol ogy Inc.,
Bedf ord HwDI28¢8/08eem2Yor k. The foul ant slurry had a start iPag/uyskbosios®@726, the
Fe203 slurry had a starting pH of 9.8, and the Fe; 04 slurry had a starting
pH of 9.6. Acid was added . to each slurry to generate the zeta potenti al

cur ves Neagtiehe charped atmpfd highep thag &7 @ndipoaitively abpiged af RH bghow Sy frcall three

[ 00112] Ej.g. y ' jnt (1EP) of
5o e A e b L e e o 5 8 g
posi ti 80113 hairgeddcattopshobe ttoy the 8neaSiigurcet bf Beshposntidiadf theefoe@03ng| ther y

has an isoelectric point . (1EP) of 7.9; t is,,the Fe203 particles

negat | ViR ar bt BRaD R HiccmbeT svifiecrecylGhe b 4 PR NG geding, o el ow
7. 9. Figuns tiu&dowk ]g'i!%tf thd'8oddRAQA IRfud Si¥edh2Df @R A3 aREHOLAIEFP Aatiol WEF)

of 8.2, that is, the Fel 04 particles are WD 2008/ 097672PCT/ US2008/ 050272
negat i wegwlatctham gt sungplafihi gh®p fethancBod 4 avatkpodi cold dinger had festamiespskicbkl ow

8.2. In all,.three cases,. the furfther t His v.fromthe | EP. .t he
b oher PRl NS AR at bR OF R O, REh ke RiE e 8 ThhdBnc Bt "o
zeta pouemhiddeOprobés chbaditiany atand stahterrahé aGhdckepezioll 2andol/ Bt it dlas dEmbial foet al
surface could be used to predict where fouling could be greatly reduced,

t he pH abpervpiéorcynibie sepelusionaf this peednibivas foundytgdnse aotseeiafieant roulagction
was re ' : ' I j.nger
o 216 Wbl dn Hy BRI RER e B it LSyt RACRT AglBEH S B 5By
(320), teadefimsectiondor fidud wWdaks, bandéhs@hH rapuiaios! MbamveragepHptudiag s 4-week
conditions at the start of the 4-week period, and whep it was renmpved for
obser vaRfI8A Vs MHEUCHAR PESPOH Tof Q\f’@r rq5ets Gerditions pese e et Ay HH the

si gni ficagh offgilﬂ ﬂegﬁllati&%_ Wlféﬁrfﬂél%lﬁ]ﬁﬁrgela@/aé Aeiivedal teolddchukidd & tﬂ!?%ru!r-][&?e%kt ed

into the condense Iquid streamo n oxygento-ol efin reaction our
weeks, meuabdyhicaty nofaekl fowdoigl vatsiabservdhe average pH during the 4-week period
was neasured to be about 7. Other process conditions were held the sane as
during Exagpperi od of pH regul ation. Wien the cold finger was renoved at the
concl usi on of the four-week 2é())eri od, heavy surface fouling was observed.

Exanpl 4091141 oo fsiyrrncatgiping 19 it Phie Soulaef uieddnoExamde £ gyasarade hyehiufing
Exanpl &nd fsh Mg slpxggfaglagimgféiﬂ@ ah @Rk @ Mce t;f&?onsckftﬁggédg%%n%n%&éd Ssiddaand

a surface tension o yne/ cm nmeasured using a 0545 Tensi oneter

from CICSGEID4t Ténsporeer, frémmi C3@BcicutifigiGoi,Faifive Vitgink. tThe = of the shasy was
| owered b ding. a concentrated. nitric aci.d splution i.n _order to mai ntain
the. sollPaUed iy ertinaPRs Rl aHe fo iTuls 1 SGE Hhrar e ATt ap sttt
sampl egop@sntMe8aHERAtAbibR o feRE fbfﬁ‘dhj&%&%%rple@%&!e BltasIRES WFEMBAILS ad) Ligche

Nouy (also cited occasionally as DiNouy or du Nouy) platinumiridiumring
f r om t Héctweersingararamentia shdodotighy (dlset tedmerassenally tab DN duyrir dedNewa elatingm-

gauge t.he.slurry’' s dispersion rate. The.sanple W thout. pH adj ust ment
i sper JBdd Hak Py M REHSh e b2 e l® TR BR S kB iR CHRHE I DN e
when t heurpPs dispbRRnStatdl, I Yhovesmple Gt bHoM Bthbnt3dishersbl&ldveigUihtveat@t €There
provided in Fig. 2. [00115] The point at ich a fast dispersion is

achi evetascovuddgpeiasc trodispstien ete whomthepH ofttha suryovasgadpsed fighed 5380 Tae
nmet al ile-net wishing to be bound, it is believed that this is
t he po?g%lflt\?w%gergg\? dggggflg' %\'Aotenti al of the foulant in the condensed liquid
stream[0011)e Oky gointta-whieh ianfaseddpeémwionainthchiwwedfcbaespords zehastgotianthiah of
the equi pment surface in contact with the condensed |iquid stream are such

that tHeURBUIaonEssadhsgtes 49 grinstplcuriprg Wthiledof sashing tonke epidpienbeliayed s by
el ect r gnisqg tﬁ% Bt Wrdkd frdSiove {, hi&8rafe \mﬂm. iRt @%%&&s&?}i&ﬁaas lehBNEARBY
significant electric charge df erences, chenical potential "gradients,
concentaxggémovo-gehdirantion amhitie effectivicketa mit¢ntiel ofathe rguipmestctuirfage inrcontact with
conmbi nation. As iS. knopwn, surface tensjon asurenent i.s one t

eval uathe (RBIZRPS G SFearRaise ek dBtlstnoTRUTY dhdidk  niBernpstttasted dp e
occur s @hipitat R0/ 3ARY 2RCIEdHIABRLI0SP3rées he RBRII dtBEWiSORR BstRBatd vel y
charged surface to a positively charged surface, as reflected in the zeta
pot ent issgnifieeas aleetme rrhargerdofieeigss, chemigal patenbel gediants heancetrmtion grageenty and
surf acq, SIAL 4y gOnE eSRONARE 1 & RiENANS | B DG SHEFRC Rl SRTLON AR R YRS
adj uste%. tIH% P FUHORET €8 1POM 8. 2° P8V WSt r 308 YERYON

i ncreasges) teldlgatémxd Bhgll ofmtsa opflef Phe Haddidn UQISE dispelidhi GWdutsnat the
surface tension was seen as the pH was | owered below 5. Therefore, a fast
di spersion rate of the foul ant sl urry_izrg water was achieved at a pH of
around 5. Exanple 3



[00116] Met hanol vapor was fed to a fluidized bed reactor containing a
fluidized SAPO 34 catal yst under conditions to convert 95% of the nethanol
to a conpweiésa7e&enpri sing ol efins, water, coke, organiPCTASRES/05@mn

catal yst fines. The conversion process is schematically shown in Fig. 3, in
which reactor effluent is fed in line 110 to a quench system 108, where
super héﬁﬁr@awv dpson ainggetbpleahaigef swtase @ &pﬁ?ﬁlﬁé{ﬁ]d dnrasd uBacees Hahstedangthe
condenseg, pdibifURERG AL S Prdfrionel YOG B LGN B MES Shlngt 18- wRle gﬁagpl e
a pack um for direct contac eat transfer, a surge-vesse

centri faogakpomdect td atchempepimntpe k2Gaccawdsian ke @H WAL hdyluged WXAthe it lwaadowered

vvater-c d he exchanger he condensed ui d, ch_ js.predom nantly
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further processing. Caustic soda in line 130 is injected into the quench medium 132 after the heat
exchanger 124 in order to control the pH of the recirculated quench medium. The pH of the
recirculated quench medium 132 is measured at 134.

[00117] Instrumentation on the pilot plant equipment allows monitoring of the flow rate and
temperatures of the quench medium in and out of the shell side of the heat exchanger 124, as well
as the inlet and outlet temperatures of the cooling water on the tube side of the heat exchanger
124. Using these data, calculation of the heat duty and log-mean temperature difference of the

heat exchanger 124 can be performed by those skilled in the art. The surface area of the
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where Uf(t) is the heat transfer coefficient over time, U, is the initial (clean) heat transfer
coefficient, a is the fouling rate, and ¢ is the time since the exchanger was cleaned.

[00119] Fig. 4 represents the heat transfer coefficient versus run time since exchanger
cleaning. Example A was operated with a pH of 7-7.5, and Example B was operated with a pH
of 5-5.5.

[00120] In Example A, caustic soda was injected at a rate sufficient to neutralize all of the
organic acids, resulting in a pH of the cooled quench medium that ranged between 7 and 7.5.
The heat transfer data for Example A is represented by the squares in Fig. 4. A regression of the
fouling Equation (2) is represented by the solid line in Fig. 4. The best fit of the data was
obtained with a fouling rate “a” of 0.000473 ft*-°F/Btu (about 0.232 cm? °C/kJ).

[00121] In Example B, the exchanger was disassembled and thoroughly cleaned. The pilot
plant was re-started, and caustic soda was injected at a rate that did not neutralize all of the
organic acids but did control the pH of the cooled quench medium in the range of 5 to 5.5. The
heat transfer data for Example B is represented by the triangles in Fig. 4. A regression of the
fouling Equation (2) is represented by the dashed line in Fig. 4. The best fit of the data was
obtained with a fouling rate “a” of 0.000033 ft*°F/Btu (about 0.016 cm” °C/kJ). This is a
decrease in the fouling rate of more than 10-fold compared with the fouling rate observed in

Example A.
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CLAIM5S 1. A nethod for form ng and separating an olefin fraction which
conprises the following steps: i) contacting oxygenate with

nmet al | oalwoi2nespiroephat e nol ecul ar si eve catal yst to for rCarusedosism7st ream
ii) cooling the olefin streamin a quench systemto forma first fraction
conprising olefin and a second fraction conprising .condensed water and

ent r ai 188TZZ allhe pringiplss snd rerdes of ORertiey of s ilaveRbam hpee Ber dassribgdogbove
oxi de- cont aini ' i) i i 0o . -
he. quengh eyere SANGae ShENES HAE prert oo AR I fohy FRSCor i
ent r ai nedthcagrdl ytst overall hmveemondsf defotedoby ahd dmnmsf feachmpassase behepgirefetricd |
of the surface of the. u? ch system cantacting the condensed water both in
a posi t9 dpgﬁﬁ%mgﬁpﬁﬁﬁﬁlgﬁmﬁ §ﬁ§f$ﬁgnrange with an absol ute val ue of 2
nVv; and iv) separating at |least a portion of the second fraction fromthe
olefin fraction. 2. The nethod of claim1l1l, wherein a base is injected into
t he quench system 3.The nethod of claiml1l, wherein the iron oxide is

y- Fe203. 4. The nethod of claim 1, wherein the iron oxide is Fe304. 5. The
met hod of claim 1, wherein the quench system conprises at |east one quench
vessel and a punparound systemin fluid connection with the quench vessel.
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6. The nmethod of claim5, wherein the punparound system conprises at

| east one punp and at | east one cooling vessel. 7.The nmethod of- claim
5, wherein the antifouling agent is injected into the quench vessel,

t he punparound system or both.

CLAIMS

L. A method for forming and separating an olefin fraction which comprises the
following steps:
1) contacting oxygenate with metalloaluminophosphate molecular sieve catalyst to
form an olefin stream;
ii) cooling the olefin stream in a quench system to form a first fraction comprising
olefin and a second fraction comprising condensed water and entrained catalyst,
wherein the quench system is comprised of an iron oxide-containing surface
structure;
iii} injecting an acid or base into the quench system in an amount to maintain a zeta
potential of the entrained catalyst in the second fraction and an effective zeta potential
of the surface of the quench system contacting the condensed water both in a positive
range or both in a negative range with an absolute value of 2 mV; and

iv) separating at least a portion of the second fraction from the olefin fraction.

2. The method of claim 1, wherein a base is injected into the quench system.

3. The method of claim 1, wherein the iron oxide is y-Fe,Os.

4, The method of claim 1, wherein the iron oxide is Fe;0s.

5. The method of claim 1, wherein the quench system comprises at least one quench

vessel and a pumparound system in fluid connection with the quench vessel.

6. The method of claim 5, wherein the pumparound system comprises at least one

pump and at least one cooling vessel.

7. The method of claim 5, wherein the antifouling agent is injected into the quench

vessel, the pumparound system or both.
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