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containing feedstock includes methanol. In the reactor, the methanol contacts a

catalyst, preferably a molecular sieve catalyst, under conditions effective to create
an product effluent comprising desirable light olefins.

[0004] The product effluent from an MTO reaction system is then directed
to a separation system including one or more separation devices, which are well
known in the art. The separation system separates the desirable light olefins from
other components in the product effluent such as unreacted feed and undesirable
byproducts. MTO separation systems typically include one or more compressor
units or bodies, which are adapted to compress at least a portion of the product

effluent. The compressors have the dual purpose of facilitating the movement of
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SUMMARY OF THE INVENTION

[0008] In one embodiment, the present invention is directed to a process
for removing contaminants from a compressor in a methanol to olefin (MTO)
separation system. The process includes compressing an effluent in the
compressor, the compressor having an inlet and an outlet and an inner compressor
surface. ~ The compressing occurs under conditions effective to form a
contaminant on the inner compressor surface. A contaminant-removal medium is

injected into the compressor, and the contaminant-removal medium contacts the
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effluent. The compressed effluent is cooled in a compressor intercooler having an
inner surface under conditions effective to form a contaminant on the inner
surface. A contaminant-removal medium is injected into the intercooler and
contacts the contaminant under conditions effective to remove the contaminant
from the inner surface thereby forming a mobile contaminant. The mobile
contaminant is then removed from the intercooler.
[0012] The invention is also directed to a process for removing
contaminants from a compressor in a MTO separation system. In this

embodiment, an effluent is compressed in a first compressor stage to form a

compressed effluent. The first compressor stage has a first inlet, a first outlet and
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DETAILED DESCRIPTION OF THE INVENTION

[0016] This invention provides a process for removing contaminants that
have accumulated on the internal surfaces of compressors and intercoolers in an
MTO separation system. By removing these contaminants from the internal
surfaces of one or more compressors or intercoolers in an MTO separation system,
the efficiency and run time between off line cleanings of MTO separation system
compressors can be increased and intercooler efficiency can be increased. In one
embodiment, the process includes injecting a contaminant-removal medium into
the compressor and contacting the contaminant-removal medium with the
contaminant under conditions effective to form a mobile contaminant. The mobile

contaminant is then removed from the compressor. The contaminant-removal
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multiply-alkylated benzenes and naphthalenes. Fouling also is believed to result

from the polymerization of unsaturates, the condensation of unsaturates and
oxygenates, as well as catalyst fines or salts mixed with heavy materials forming
viscous immobile materials. A non-limiting list of potential fouling precursor
compounds, which may be present in the effluent stream, includes butadiene,
pentadiene, naphthalene, cyclopentadiene, hexadiene, cyclohexadiene, C7+
dienes, styrene, C4+ styrenic compounds, and mixtures thereof. A non-limiting

list of potential fouling compounds, which also may be present in the effluent
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[0020] Additionally or alternatively, one, two, or more than two holes are
drilled in the side of the compressor inlet. In this embodiment, the contaminant-
removal medium injection nozzles preferably are inserted in the hole(s) adjacent
of the compressor inlet and secured thereto. Optionally, the contaminant-removal
medium is injected through a nozzle that is adjacent the compressor inlet directly

into the compressor inlet.
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believed that the contaminant-removal medium removes the fouling contaminants

from the inner surfaces of the compressor by friction, e.g., sufficient force of the
atomized contaminant-removal medium entering the compressor to shear the
fouling contaminants from the inner surfaces thereof. Thus, in this embodiment,
the contaminant-removal medium may be any liquid that is easily separated from
the desired product, e.g., light olefins, in downstream processing, as discussed
below, and that provides an adequate shearing force against the contaminants that

have formed on the interior surfaces of the compressors and/or intercoolers.
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e aYa s L B Rise Irgintian 10000 wpp, préfordbly ess than 100
wppm, more preferably less than 1 wppm, and most preferably an undetectable
amount of sulfur, defined herein as less than 0.01 wppm sulfur. Heavy aromatics
are preferably injected into the compressor over light aromatics, which are
vaporized by the heat of compression, thereby reducing or eliminating the ability
of the light aromatics to remove contaminants from the inner surfaces of the
compressor. However, lighter aromatics containing single and double ring

aromatics or mixtures of aromatics are used as the contaminant-removal medium

provided the conditions at the injection point allow a portion of the injected wash
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R e Ay I
arygllehted and tshoatd i ey sapasate ednld ivhgret it @®ulh@e aed for injection,
! r1]3t1'&Jérfafj)‘l%f(:"intermittent injection, into the process gas compressor or intercooler.
Alternatively, the heavy aromatic oil can be separated from the other components
in the Quench Tower bottoms stream through a well-known separation technique,
e.g., distillation, and advantageously recycled to one or more compressors or
intercoolers as the contaminant-removal medium.
[0027] The flow rate of the contaminant-removal medium into a given
compressor or intercooler may vary based on a variety of factors such as product

fraction flow rate through the compressor(s) and operating temperatures. A

portion of the contaminant-removal medium may vaporize as it is injected into the
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';] tgrc??]lgr c% Fazg é)% at &Fa one injection every two months, at least one
injection per month, at least one injection per week, at least two injections per
week, or at least one injection per day. In other embodiments, the interval
between injections is 12 hours, 6 hours, 3 hours or 1 hour. To facilitate
intermittent contaminant-removal medium injection, in one embodiment, a timer
is implemented to cause the contaminant-removal medium injection apparatus to
inject the contaminant-removal medium into the compressor or intercooler at
predetermined intervals. In a third embodiment, the injection system continuously

injects contaminant-removal medium into the one or more compressors and/or
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to' compress the effluent. Preferably, the compressing mechanism includes an
impeller rotatable about a longitudinal axis, diaphragms separating an impeller
from an adjacent impeller, and a labyrinth or channel oriented between the
impeller and the diaphragms given section. In one embodiment, the compressor
includes a plurality of impellers, each having an associated pair of diaphragms
which provide the labyrinth or channel. The compressor also includes an injection
unit having a nozzle for injecting a deposit-removal medium into the compressor
housing adjacent the labyrinth or channels of a compressor section. The present

mnvention preferably is implemented in a continuous-flow compressor, such as a

centrifugal compressor. Optionally, the present invention is implemented in an
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injection unit preferably injects the deposit-removal medium into the compressor
inlet.

[0036] Figure 1 illustrates one MTO separation system implementing
compressors in accordance with the present invention. A heated methanol-
containing feedstock 100 is directed to a reactor 102. In the reactor 102, the
methanol contacts a catalyst, preferably a molecular sieve catalyst, under
conditions effective to convert the methanol to a product effluent comprising light

olefins, which exits the reactor through oxygenate conversion product effluent line
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byproduct water. Such a quench medium is separated by a properly designed weir
system in the bottom of Quench Tower 106, or in a drum separator or other
separation device at many different points of the process in the present invention.
Further, if any heavy hydrocarbons (Cs+) are formed in the oxygenate conversion
reaction, they also may be removed from byproduct water in stream 108 or other
points in the process in substantially the same manner as or along with the
removal of the quench medium. If the quench medium is a relatively light

material, which is substantially gaseous under the quenching conditions, and



t he oxygenate conversion byproducts, particularly

heavy hydrocarbons (C5+), and wusually the bulk of the
waee@aokoaedi um [ 0037] A preferred quench nedi Ber/iUS2003/028720

water, which is for all integvs and purposes

i ndi sti ngui shabl e from byproduct water. This

elimnates the need for steps to separate the quench

medi um f rom byproduct water in the heavy product
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or other points in-t e
sgn@eq'mh eqommessor atagefg T\lhd feoinpeessibs rmiab off tHeNBne or more

Sﬁ{gres ae n. Eibsgdl umis a relatively
R8P Wéﬂ ffbifar pxane duid. Suldent No.

t5ﬂ4QQGDQB|MQecﬁ&@ddttdlortﬁ caf 4

PCT/ US2003/ 028720 - 14 heencelq%el né%l?l{ege%? prated herein by

stPeERsR i al quantities in the light product fraction,
S queqc j n eparated i.n downstream
pﬁ?9ﬁ reCOQEQVy%g%cégggtapgﬁé Q' Rf therookd; ¢lpidn product

oxtyagen aft@m c om VEITD ostpaato! s?yfstefh [ COMRPrEssBAdin one or more
purification process. [0038] Light product fracti

Sf(}nélérﬁSflischngprbﬁlrrgeg@ee@ foyr & éesowlth@@@hng:dlf‘@ﬁesﬂemal between
badi ggel :I-thter Qﬁﬁé N yiHdeih! &Q&p&r &dugélglgﬁ%gsg)tésl g}lr%tjgr&p]ézr hes a

conpressed o ssu rized pllcan
t mﬂmpféﬁm' @Qecnf Heweann@borus 1 gadrtd gBehueblly dasirably 5é't$vﬁbﬂ about

t t f t bod
S ool 406 38 e bl PrinGRn PhoTCDArEN owkp.. By
TevipressionCRMBiS H&Aht ﬁféuxlldltﬁ@of ﬁle%%lh&ufg%éé "élt t}Bt (hugllte? OF a

in the first stage of the first conpresSsor
t Een stw ofﬂhe)@m@]pressﬁcpraasylsteondn{md bpttley ﬁasoﬁmwpemsmt the inlet

f QUtHaP Fadn8 sQe?gte. a%h%heqrn Iccl;rlnlco:r%gstlonofrat?osparlr%bllggnrgrallllrgf desirable, and
obtainable in accordance with the present invention, in that they result in less
expensive compression systems, although much higher compression ratios are
generally limited by the level of fouling contaminants in the cooled olefin product
stream. Compression system inlet pressures preferably range from about 2 psig
(13.8 kPag) to about 50 psig (344.7 kPag), more preferably between about 5 psig
(34.5 kPag) to about 20 psig (137.9 kPag).

[0040] The compressed product is preferably directed to one or more

intercoolers and discharge drums (see Fig. 2) for initial product separation.



subsequent conpressor stages. The conpression ratios

of the one or nore conpressor bodies can vary w dely
w@goodioswBosed, for exanple, by U S Patent No.PCT/US2003/028720

6, 441,261 to Kuechler et al., the entirety of which is

i ncorporated herein by reference. [0039] In one

enbodi nent, at | east a portion of the cooled olefin

product streamfrom an MIO separation systemis
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de obt ai nabl e i n accaor eW|tht
e g R e R s HIE condensen

expedirt \seeQBNPABSISdaa BMSt EBovertlt AU IHMIMES rWﬁgﬁ&F% is pot a
conpression ratios are generally |imted B el
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t S inl et pressures prefera
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( 34garFtidoPaglem mlﬁemgﬁgmirythbeéwa HRAHenBinRSht
('j AﬁékPag) dﬁ ut 20 %gél?ﬂ 9 kPag). [ 0040] The

ﬁ% ssed r]:fl% dfusirates, @é’Pé Il%ﬂtﬂiﬂfrl@tﬁl é?@ledl@nomcmn system

for initial product separation.
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e \ants. fromthe co ess

o RS SO b OGSO s

b@% tnEpis bb@a ks, axiid ddsdofgir€d sirbarkril 92, EoMPRAE ddka@D32 then
ng t§22 Over head str eam 124 conprising

REPIPIEyS9s (hraugh eytles A30. Ry ‘?.ﬁerfﬁmmf lcemteifugal cdrapressors
0 B WeNRAIWh intthé 86 LA w{l]l? P&nt% cf%[; B0 §n ﬁﬁfhgp ge%a% her&,n0 du

conpressors 132, whic orm a |naI condense
s10042n ApleTthanghs fhaw sedionsovartedefibad byOaPp&IS SEF waus or

fqul
8%13 gms 525 2hd §n impeller 226, are illustrated in the single compressor body

(@1

114 of Fig. 2, any number of stages or sections may be implemented in a given
compressor body. For example, an MTO compressor may include 2, 3, 4 or more
‘ stages in a given compressor body, each stage having from 1 to 7 sections.
Similarly, any number of compressor bodies, in series or in parallel, can be
implemented in accordance with the present invention. Preferably, fewer than 4

or 3 compressor bodies are implemented between the Quench Tower 106 and

separation system 118.



significant problemin these secondary conpressors,

al though the injection of a contam nant-renoval
wore@is0moBN t hese one or nore conpressors or ot PEr/ulnas/028720

separati on systen1conpressorsM%s within the scope of

the present invention. [0041]Fig. 2 illustrates a

contam nant -renoval nediuminjection system in

accordance with one enbodi nent of the present

i NiB6A3] on. LAghypigil Ocbnciminkrtacdnhéal SiysRADN ikgftEP ™ Fig. 2,

any ot her separation system is shown
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i |qogpppaEdemavalaedinmglan bealivseted sbrougbdine 2124bagk t(Fitl@pdtank
2,y . tiQns e inplenmente
R ARl 3HA%RD, B SA ANS Y U SRR o
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iven ressor. body, each_ stage having
ge‘lﬁ%ﬁ& eﬁo@ﬂm {p thgripietiom aystem iy samralieddry odlomesontrol
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,SBELER 8 MoRRECh e eI ne ORSIRNGY e 08 o
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b h h T 106 .an epar ati on system

T b AT SRt PeSI GaSoho) OF iR e Aptes and

}:_}ﬂﬂd}s@@es Geftisdd BRNthe r @MP¥SsoS ¥ad e.ﬁb(ilia}i:eé!St A?Eeg:g%d hortion of
i ,

.. 2, includes a contam nant-renoval tan
wifPBRRRAdrsernal sentkivmifroandine @08vis directedithimougtThiee Ratland is

202 el a t.lyne.204 t hrough ich the ..
et B seh i SRR s 80y Py gy, he
dicoptatrithnt-oerponad nRdbim pleedratily b Sachif the sections of the compressor

cqont ani nant -renoval nedi um t hrough pressurized |ine
28§d% *line 212. Overall flow control can be

L1000 S SRR 1E SRS IR o
i $hrquglos singleandididsipl scoreintrogurtion lidetandvalyl ty theafiteBsdation of
C)ial cosr’r?prrees%gf stggeg' Alt%r%agsécl}h, tﬁg rcggtgmirilasﬁt-lflgn?gval medium is directed
through a single individual section introduction line and only to the second section
of the compressor stage. Similarly, the contaminant-removal medium, in another
embodiment, is directed through a single individual section introduction line to
any one or more of the third through tenth (or more) sections of the compressor
stage. More preferably, however, the contaminant-removal medium is directed to
each of the sections of a given compressor stage, as shown in Fig. 2, wherein the
contaminant-removal medium is directed to each of the four sections in the

compressor stage shown in compressor body 114. If the contaminant-removal



on the discharge of the punp to trap foreign matter. A

first portion of the contam nant-renoval nedi um can
wheoodios®as ed t hrough |line 212 back to the tankPCwis2083/028720

pressure control valve 210. Tg s val ve 210 controls

t he operating pressure of tﬁl “system The second

portion of the flowis directed to |line 208 where

optionally the total flowto the injection systemis

comediat ie dirbytedtd fedver thanall O thedR@¥ii i, of A v dWMpressor stage, it

located in line 208. The flow control device in line
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through tenth (or ecti ons e co SSO
st@)g@ol Neviee, prod f shiowvil y&dmdm@veit leddnen portion of the contammant—
contanlnan% r enoval gﬁ umis, directed. to each of th

S BT BTG g Vit AbmsPaatAly it dgectech iuonghen24q do the
2, coMpeesSorinleh 854, cnﬂﬂ@mrﬁlﬁmm&ﬁqﬁl\éai%ffﬁgl 4Ry the Gdb %‘P%}?e%let

to each of the four sections in the onpressor stag
sﬁéﬂnwthmgbmb¢lé§§oshOWdy Riga2, of hn¢1é46 can feed the contamlnant-

g5 AP Ty O, 9038 T HRORR 02820,

s enttoditserf cantghiveit-re@opilessdiimSisa@fctedtintd StrdbE €2 hedr to
t hat &he conta nant-renoval nediumis directed to tphe

f IRERdUCHER iR, 1 nleiog. phEEe?4hakso trselerblyf incidesadflow control

SeroRd2ggctions, nore preferably to the first through
third sections, and so on, increnmentally to however
m-:[ﬂ@465}ect [ on%fm)hestg ¢0mpressgd Wi hompressoe ody 194 age. compressed

AR ERIIA R U TN S "
CQWaﬁﬁﬁdﬁE—r&M&a@ Ml glBo MY be directed to the compressor intercooler
234 as shown by line 248, which optionally includes a flow control device 250.
Line 248 can be directed to intercooler inlet 252 as shown in Fig. 2, or to the
interior of the intercooler 234 via a nozzle placed in a hole provided in the side of
intercooler 234. In the intercooler, compressed stream 232 is cooled by a cooling
medium. Additionally, in the intercooler the compressed stream 232 optionally
contacts the contaminant-removal medium under conditions effective to remove

fouling contaminants from the interior surfaces thereof and thereby forming a



i ncl ude one or nore conpressor bodies), it is

preferred that the contam nant- renoval nediumis
wa@lReoeo¥mad at | east to the first stage, nore pre¢EUSI903028720

at least to the first and selr%ond stages, nore

preferably at least to the fiTst through third

stages, and so on, increnentally to however nany

stages exist. [0045] Each of lines 216 preferably

| nebbite sorarhinant thaniy edsilda¥meeeLi8m 8% infessoldrtBfbugh cooled

above. 220 onal | portion of the
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The contanj nant-renoval nedi umal so may be
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byjob47e 248’A§"ﬁfs&t§s&p%&%altﬂey 81: r&lt L&g Pﬁ nt R ltrgerocess is

devicé 250. Line 248 can be ecte 0 |nterc
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o%af%éoal e Pt o (B iog o Aol S ripcfandnetuding the
I RIS OL] Oieﬁfperaﬁﬁmﬁgﬁﬂﬂ)&&r a8 décityS( WHQ'V? 4etBY afd conducive
cooling  medium Additionally, in the intefcoofl er i he
c dnpeEEEY the methenolde light olefing, by discsstdintrsort ldetail herelnafter

C nant m under ondltlos effective
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Se rati on uni , SucC I scha ge
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o R RERE Bt Fash e, AR Bl Py candonyt compounts for example

aldehydes, ketones and carboxylic acids, ethers, halides, mercaptans, sulfides, and

the like, and mixtures thereof. The aliphatic moiety of the aliphatic-containing
compounds typically contains from 1 to about 50 carbon atoms, preferably from 1
to 20 carbon atoms, more preferably from 1 to 10 carbon atoms, and most
preferably from 1 to 4 carbon atoms.

[0050] Non-limiting examples of aliphatic-containing compounds include:
alcohols such as methanol and ethanol, alkyl-mercaptans such as methyl

mercaptan and ethyl mercaptan, alkyl-sulfides such as methyl sulfide, alkyl-



l'ight olefins, which optionally is directed to one or

nore additional conpressor bodies and/or intercoolers
WwW@soomeldosas to separation system 118 for furt hBCT/US2003/028720

processing as shown in Fig. 1, and a condensed stream

242 which preferably i ncl ude®-t he cont ami nant - r enoval

medi um as well as any contam nants di ssolved therein

and/ or renoved thereby. The condensed stream 242, or a
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in the formation of ethylene and _propyl ene. [0049]
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20limgihyb athar, diethyl rethres op mefostbéiiztipn fthereof] ntove pRferablyanethanol

at . st__preferably. from1l.to 4 carbon atons.
[ (fg’ggijlm%@ﬁlﬁqﬁerﬁ d O%f&%aélé' B¢thafqlohat i c- cont ai ni ng
cqopsainds i MieUeigious baiRtRks dibERe@abeRt MaRRIARYa feedstock

et hanol , al kyl - mercaptans such as met hyl mer capt an
arfOUETHYS apOKKERsetEn moag Reiticslarly jagkesdsieskhcoatniming tapl alcohol, is

syobided akikwli 0 0 PCIL/ 003/,028 -19

arriones su?h@aﬁsﬂ?ﬁ/@t’l yl%ﬁél mélﬂ gggrgl flﬁi’@?heffshes 81%’191&@ of olefin

dimexdmyer(sg phetucedlifeinh yhe dtedstock anscamgt hatleetrbivil 2 &b M carbon

al k I-ha%jdgf fucg a% met hyl chl ori de and et hyl

Cmt%‘]u?, dieterably to 8 carbon atoms, more preferably 2 to 6 carbon atoms, still
more preferably 2 to 4 carbons atoms, and most preferably ethylene an/or
propylene.
[0053] Non-limiting examples of olefin monomer(s) include ethylene,
propylene, butene-1, pentene-1, 4-methyl-pentene-1, hexene-1, octene-1 and
decene-1, preferably ethylene, propylene, butene-1, pentene-1, 4-methyl-pentene-
1, hexene-1, octene-1 and isomers thereof. Other olefin monomer(s) include

unsaturated monomers, diolefins having 4 to 18 carbon atoms, conjugated or

nonconjugated dienes, polyenes, vinyl monomers and cyclic olefins.



al kyl ketones such as di nethyl ketone, formal dehydes,

and various acids such as acetic acid. [0051] In a
w@e@heswaed enbodi ment of the process of the i nRENUSING/028720

the feedstock contains one g, nore oxygenates, nore

specifically, one or nore ofganic conpound(s)

containing at |east one oxygen atom In the nost

preferred enbodi ment of the process of invention, the

oxjogs4at e i nintthe nfosepef@reld dnshodifer! the MRStoalk %ﬁ’gf@fa()lf}) of one
preferably aliphatic al cohol (s) where the aliphatic

moPlek T PR asBatesy | 1B SRBYYriY indbe foreance oHa 200lcenldrosieve catalyst

at f. . 0 on_ato
o O B LA 3 R ol W2 oon
usaﬁmls dost peftsiisig kthe blefin(ly), A6REESGOHindthR, hid\eRAYdRA from a
]% M | oner straight and branched chain al i phati c
B

Sofaining a0y A8YgenRigr caciErbit einpatookol, most prelferably
e net hano
'\bxﬁeﬂhgﬁ'iﬂlt ﬂo"{%? g?é?e'i%lde(ﬁe %1%9@1{%]%8 lph%%&[ghyl

et han anol et her,
dl Wﬁﬁﬂyl et ’ﬁlmmosilped:fblyéd piohess is genereﬂkynéﬁwﬂ t@adgdssto-olefins

R G e i hap o ms IMT Oy RS process, typically
pfﬁi‘ By RHate® &B&Qtd&n}nosi Bﬁef&ﬁslf}sé Qx?é%hdn%l %8#%&&%2 a9k, is

one or nore of nethanol, " et hanol di net hy
di @mﬁﬁ/ﬂtedemh'féﬁ pogsencecoli muicqurlm si¢veraateflyst womposition into one or

r

b BB R RERSY oobedy ety ofihgee Bl ditmedene, often
dlﬁﬁﬂﬁé&@&aﬁb@ﬁ%leﬂ@@rtl cularly a feedstock containi ng

an oxygenate, npre particularly a feedstock containing
ad“ﬁﬁéohol The feedsiacks iteengemhedimert, containg wee or mepe diluents,

glrtggluc d edTH)e f%ilug% Lo §%nc%&tr§} o%f bf! t}fe”Pe%Ei&Scé S)Trlﬁe dl{ugnts are

romt eeds I cal ave
3(ge¢nanaﬂy) monatatize tEitief Ereddibek élr h@la&umrsma catabixs corﬂgésﬁ‘tmn

2t bon atons, still nore prefera
it 'ﬁﬁo&ﬁ@%@%@r dfpenthg@eluds dhediumn| greemhyitgen, cArbon
a%@ﬁoxﬂér Qﬁbﬂoﬁn(ﬁom[igoaﬁﬂer Nzt d?lgrege‘tg)gp%agéff(ﬁg (especially

L
ol efi n monomer (s) include eth ygz pr opy
butlleanes sychpasrimethane] ethﬁnmmremﬁ) @ﬂ@nﬂlallﬁﬂmemeﬂve aromatic

R ot LT Ll ——

hexgsgen] with vafee -Beidd Yatis OIREE Spréﬂzﬁfe& of In Gihe rerrﬁJo@frhéhts the
nononer&d% i ncl ude unsaturated nmononers, diolefins

halgedstpcl dpes nof ceptpisomyailgpst conjugated or

L T e
combination thereof. The diluent is either added directly to a feedstock entering
into a reactor or added directly into a reactor, or added with a molecular sieve
catalyst cdmposition. In one embodiment, the amount of diluent in the feedstock
is in the range of from about 1 to about 99 mole percent based on the total number
of moles of the feedstock and diluent, preferably from about 1 to 80 mole percent,
more preferably from about 5 to about 50, most preferably from about 5 to about
25. In one embodiment, other hydrocarbons are added to a feedstock either
directly or indirectly, and include olefin(s), paraffin(s), aromatic(s) (see for

example U.S. Patent No. 4,677,242, addition of aromatics) or mixtures thereof,



[00541 In the nost preferred enbodi nent, the

feedst ock, preferably of one or nore oxygenates, is
weorwnestad in the presence of a nol ecul ar si evECT/US2003/028720

catal yst conposition into oIngi n(s) having 2 to 6

carbons atons, preferably 2 0”4 carbon atons. Most

preferably, the olefin(s), alone or conbination, are

converted froma feedstock containing an oxygenate,

PreeREMY YreHylaeC 8ilenc"BSlty BAE T SlaRhY% hiBbOARAs: hdvihe 4 or

the preferred ol efin(s) ethylene and/or propyl ene.

[ ODSE]cartioa atqyas. op uk@resdlerpefocess is generally

re ed to s-to-ol efins. (GI r.alternative
maﬁoﬁgﬂol -t0-0 ee% ?Or?segs( Kfffof‘?nVFﬁmg ﬂ/ﬂ%‘i??%&‘efé?ec{ i %agF%/%ﬁOCk
anconaiges ahedr heed skpednateSa tthdpREGICBRING BoRBIIRRAe catalyst
containjng feedstock, is converted in the presence of

a FAEIROsHicRofsthe Bvension) isseareshpalsin p gRadtiondproesss dr a reactor,

l.efi I e 1:pant | et hyl ene
oA s PLPLOE R B SAOMORE g L s«
[ Oﬁlﬂﬁllen'f?_ecll fpeeudss)p pieferably l(zilﬁa)rﬁlﬂhgtdslt ﬂﬁiﬂizgd Qféﬂ:;ﬁbébﬁs,%ﬂ most
or r iluents, . typical used to reduce the
c omggfﬂ%ﬂya’l‘ POHIgPUS WSK fr‘)’ elogdy éEII@.lzefhl?éd aracesnt s are
960859 | Y Nomhd R3ELibY Prd@sdel %ﬁ%ﬁt_@?ff}ﬁ%@ i a Wi@lﬁru Sf"(r():?talytic

sieve ‘catal yst conposition. ting exanpte
di teasers su¢hnad hydeidhebdtomnthahgena denserteden fixed bbd reaction zones

nonaxi de, ~carb i oxi.de, water, senti al.l i .o
noe gt FORRATef e PRLOF s spinte oeaihemsusetinn faiized bed
MeehARs, risdrhAAetorsaAd eAARe) SuRSIERbh&rtbnal reactor types are
non-reactive aromati c conpounds, and m xtures

t Hissadred irder prrmeplprléBePrtent Mpl 4676 29G 8. SnRatent Nod 6,287,522

i i i n i cul ar | f d
o HLASEE, M Prtbilop BIPRARE b e bBLee B Eefirbaeh Roflgr B
di Kriepet Pubdiyy Chhpanly, NentyoilayN&e Yigkd 9971 Kaichi fe all herein

lifﬁﬂid or a vapor form or a conbination thereof. The
di B Heoerated Rerefergived directly to a feedstock

entiar . . >
et R 6 O DO SO e
c dttpid&iation mnd| Fludh8artivlro Sy sien, ,page 4&no Ui, A, dehwent D.F.

[ he fgeeds k,...S 1A the range r abo to
e ERLE pisting Botbatibf e Soskal RiuABbL-S.dfeent No.
Y, B, 280 (the-legdsd ®el Radodi AMEPCT PLBEHBR! Mol FD185872
about .1 to 80 nole percent, nore preferably from

aBwtipde figer senstar). sdhichhs tallélﬁ@ﬁleﬁﬁlbﬂ iy«‘;]dm@mesl thyuefednto
25. | '
Sa0en, 0%, 18 af MR, RE g B K AR REE vty or

andintlpotitide vapef foestdck, paraadehétof Systerdli® MM ithe tfpe ((F&Fom 0.1
for, exanple U S. Patent No. 4,677,242, addition of
arBigHPeTnigP ahpyt 8 weightpercest, prafgyablygn #bosd weight percent

PGd ablRd Q@%&éﬁ%}%&em, more preferably from about 5 weight percent to about
65 weight percent based on the total weight of the feedstock including any diluent
contained therein. The liquid and vapor feedstocks are preferably the same
composition, or contain varying proportions of the same or different feedstock
with the same or different diluent.

[0061] The conversion temperature employed in the conversion process,
specifically within the reactor system, is in the range of from about 392°F (200°C)
to about 1832°F (1000°C), preferably from about 482°F (250°C) to about 1472°F



-21 preferably propyl ene, butylene, pentylene, and

ot her hydrocarbons having 4 or nore carbon atons, or
WOorRoou/4m39 t her eof . [ 0058] The process for convECT/USIP0F028720

feedstock, especially a feedstock containing one or

nore oxygenates, in the presérce of a nol ecul ar sieve

catal yst conposition of the invention, is carried out

in a reaction process in a reactor, where the process

i S(880fC) ﬁmr@pﬁf@am?e‘ﬁﬁn aout U8R 280PM&H aBERCBSESF (750°C), yet

(includes a_ turbulent bed process), preferably a

c oROTenpisERally Jram 2bauih 2 °Br(6ee€, toabauimd 282 Fpi660 ¥i)alyktyeven

. h i luidioed had '
[ o580 pRHQHBL Ot WBLACKEX T 138057 R ARhr a5 5000 most
v aprieferably fronedtmuy 662°F (B $ECY 65 sbonuchnes (bydvc)d reactors

th@}J ?lave a gdense bed or fixed bed reaction zones
andP8?]  ast 19%icaNYEHOB RFeTSEEC EMPIPYEE N thep gphesdsion process,

t ogrbireiiy GhigH &kl Rlcht Lsgg?ﬂ.tegzgdva?f%g over &F t\?fd% rraéli Cteié?luding

[
reactors,” and the |1Kke. | e conventiona
t ypuegeares puesis.i bhel convefsion pressupd & Bds&l ofPeecptrtiAPpressure of
4,076, 796,. U. S. .Pat ent . 6,287,522 . (dual riser),
antge %elslist&f;]% g{goﬁgﬂv%ﬂg ?Weg?‘feﬁbt,heﬁm'K Wpically thegonversion pressure

: ey 2 ! Li s hi
EMBFIS P Ein. thggﬁ%g%s%'s:r in tH¥ laRGLHE 1!?4'5‘1? bott 619 l@?ﬂ‘{&?g%ut NP aa,

Yor k, New Yor whi ch are a herein

i ieicphlniom hout Sfldlaarie ebourHeMprat end ewst patirably thme about
arg ;aqgaéﬁﬁggg&ﬁ generally described in Riser
uidi

Reactor, ZatTon and Fluid-Particle Syst ens,

paj0e63]48 to Bk weidht KeRk apsteDvélocit (W@SV),SEMB&M% in a
Publ i shi ng Corporation, New York, 1960, and U S.

PATRERSS NPT comyertag stieisrf%t Cniginge Zang plethore asygenates in the
a l ' Lyl tiple riser .
e Firs ¥ RERCLAR e QIR Spor (O ity kialbn, gone. i
r efeéined eethe[t0BB OFighh oAthe dadibtickertluding ena@luvts &f the reaction
fresh feedstock fe sqfarg%eky or jointly with a

vaSBF REEWET dek, VHE a0 BIMACHIAT SYREeth the mRlechlar sigvg ecatalyst

ofcobdpaBitien In thaekLiibn PEAL ete WRISALR %aiﬁéin\é@ @ tevel stugﬁcient to

percent, preferably from about 1 weight percent
absap thesaiedysy pempesitiemin, a fimdieepstate avithtin g réactom about 5

' perc 1o aho wei ght percent j;based o .
}Aﬁg&?ﬂt al mee#ggpﬁ%aﬂgfafimggrgggeé o ﬁg?lf}gﬁ’fgl talﬂ"g??(’ut 500 b,
digreferibly Gomtaboted hi her Mot 3000enr!! | fdttpraReh ARSI about 5 hr!
feedst ocks are preferab%y the sane conpgsition, or

o

cSnehsH AP Y nndrB e prsfemblydfor wbowakfehiorto gibpetet09Athr. In
endSioties PSS L g PR LOORH
prWtieds for epeeisidncaf hyfewdstdeknconbetnihg anéthinody 8in@Mhyli dher, or
| %o%hlj % irna%ﬁgreangg o% frgrrnn a%ggt%o heﬁ %(l): algozu(t)%(c):?) hrl.
[0065] The superficial gas velocity (SGV) of the feedstock including
diluent and reaction products within the reactor system is preferably sufficient to
fluidize the molecular sieve catalyst composition within a reaction zone in the
reactor. The SGV in the process, particularly within the reactor system, more
particularly within the riser reactor(s), is at least 0.1 meter per second (m/sec),
preferably greater than 0.5 m/sec, more preferably greater than 1 m/sec, even
more preferably greater than 2 m/sec, yet even more preferably greater than 3

m/sec, and most preferably greater than 4 m/sec.



to about 1832F (1000C), preferably from about 482F

(250C) to about 1472F WD 2004/ 040039 PCT/ US2003/ 028720
WO 2040808C), nore preferably from about 482F (PSDTH2009028720

about 1382F (750C), yet nore_preferably from about

572F (300C) to about 1202F (@éOC), yet even nore

preferably from about 662F (350C) to about 1112F

(600C) nost preferably fromabout 662F (350C) to

aljeo6]1022F Hasdow ABOIscriigl 1he MURHEHLD R PIIESS MiReciated by

enpl oyed in the conversion process, specifically

witheserskilled in ghecarbthatihe timventiomcirebe pardornmdwiithen paviderange of

i ncl udi .aut ogenous .pressure. .The.copversion .
prractt e vt SARS slaimed SHHiaih Aensing fipa Be SPiif and scope of
f apglEiveskorexcl usi ve of any diluent therein. Typically
the conversion pressure enployed in the process is in
the range of from about 0.1 kPaa to about 5 MPaa,
preferably fromabout 5 kPaa to about 1 MPaa , and
nost preferably from about 20 kPaa to about 500 kPaa.
[ 0063] The wei ght hourly space velocity ()VHSV),
particularly in a process for converting a feedstock
cont ai ni ng one or nore oxygenates in the presence of
a nol ecul ar sieve catal yst conposition within a
reaction zone, is defined as the total weight of the
f eedst ock excluding any diluents to the reaction zone
per hour per weight of nolecular sieve in the

nol ecul ar sieve catal yst conposition in the reaction
zone. The WHSV is maintained at a |level sufficient to
keep the catal yst conposition in a fluidized state
within a reactor. [0064] Typically, the WHSV ranges
fromabout 1 hfl to about 5000 hr preferably from
about 2 hr-1 to about 3000 hr-1, nore preferably from
about 5 hr-1 to about 1500 hr-1, and nost preferably
fromabout 10 hr 1 to about 1000 hr-1. In one
preferred enbodi nent, the WHSV is greater than 20
hr-1, preferably the WHSV for conversion of a

f eedst ock contai ni ng net hanol, dinethyl ether, or

both, is in the range of from about 20 hr-1 to about
300 hf'. [0065] The superficial gas velocity (SGV) of
the feedstock including diluent and reaction products
within the reactor systemis preferably sufficient to
fluidize the nol ecul ar sieve catal yst conposition
within a reaction zone in the reactor. The SGV in the
process, particularly within the reactor system nore
particularly within the riser reactor(s), is at |east
0.1 nmeter per second (m sec),




preferably greater than 0.5 nisec, nore preferably
greater than 1 msec, even nore preferably greater

wao b@n/odosd sec, yet even nore preferably great ePCT/Is2908028720
nm sec, and nost preferably greater than 4 nisec. WO
2004/ 040039 PCT/ US2003/ 02872¢%4- 23 [0066] Havi ng now
fully described the invention, it wll be appreciated
by those skilled in the art that the invention can be
peciamvesl within a wide range of paraneters within
what— 1S ¢l aimed, without departing fromthe spirit and
scHelam: the i nvention. WD 2004/ 040039
PCT/ US2003/ 028720 -24- CLAIMS W claim 1. A process
for conpressing an effluent wthdrawn from a net hanol
to1. ol ehi pro6@RVIRF ToRAPreaAAr Al BFluci §4iBHAWNNEoR 8G8SHanol to
conprises _the steps of: a) contacting a )
net hano?lefn aerersigarbawdis: woRreid thh process conypsiseuthd steps of:
conditigns eff . m r.oduct. effl uent
conpri Si Eg I{Oé]ﬁ%hgg %fllihgtg];;g lbc)ogt ?rfl%%# ?eﬁl éto lf ngjagtcatgly“ under
por t i oncoaklitione effeciiyaé forfifd prottictledlgent esrRp@ISOlght olefins;
havi ng (% conmpressor surface; (c) conpressing the at
| east aPpor t {iEslBg at keast s pratier o&tle Rreduct efflycnbto a compressor

conpr eS}%Q/‘in%’ﬂQ&ﬁprEé%BPénﬁfaQQS effective to forma first
e

deposit on conpressor’ surface; and (d) contacting
a depos(c) - r ecomvabssingdthe rat iedsh at oatién of thel ppadsct effineetr in the
conditions effective to.renove the first deposii from

the conflUREEsSPT uadety squiitions effieetise foe £ 1rshidepasit on the

furt hercon@iiBdsbsiRfics;Rggstep of:  (e) renoving the
first deg)osit fromthe conpressor. 3. The process of

cl ai ms @ or @ntacting helepedisnayehmetiiven sitbpbe dirst deppsit under
[i . ffl '
it er oS ATsEE TS o emarS thy dieDgFts frpatte GomRIssor

condi t iswaacef fective to forma second deposit on the
intercogler surface; (g) injecting the deposit-renoval
medi um ThaRosese of ¢lpisy her:comprising the step of:

(e) removing the first deposit from the compressor.

3. The process of claims 1 or 2, further comprising the steps of:
® cooling the compressed effluent in a compressor intercooler having
an inner intercooler surface under conditions effective to form a second
deposit on the intercooler surface;
(g)  injecting the deposit-removal medium into the intercooler;
contacting the deposit-removal medium with the first deposit under
conditions effective to remove the first deposit from the intercooler
surface; and

(h)  removing the first deposit from the intercooler.

4. The process of any of the preceding claims, wherein the first deposit is a

contaminant.

5. The process of claim 3, wherein the second deposit is a contaminant.



contacting the deposit-renoval mediumw th the first
deposit under conditions effective to renove the

wo poog4meposit fromthe intercooler surface; BeMUSIY3/028720
removing the first deposit fromthe intercooler. 4.
The process of any of the pré%%ding cl ai ms, wherein
the first deposit is a contamnant. 5. The process of
claim 3, wherein the second deposit is a contani nant.
WO 2004/ 040039 PCT/ US2003/ 028720 -25 6. The process
of any of the preceding clains, wherein the
deposi t Theepipgeds ofrassti afithe pregedisge slavas,ewherdin thibdeposit-removal
process o@ any of.the preceding clains, wherein the
deposit¥$ HEVRTPIREUVEH cont ai ns substantially no
sul fur. 8. The process of any of the preceding clains,
wherei n_the deposjit-renoval nedi um conprises at | east
a port i be processQieny o theereceding slrimstwhsaein thedepasitrremoval
the Que 0 S . of hanol to olefin
separ at Ilﬂg%u&séﬁkéﬂr’% Sug.gaﬁlhaglyﬁl?)osg s of any of the
precedi ng clainms, wherein the deposit-renoval nedi um
is_contjinuously injected into_the conpressor. 10. The
prdcessi PRRSSHf anKof the pregrding elatmsrsvherpiarthe depasi-removal
deposi t; V, ' LS, L0k kit i 0]
ot v RmprSEiud it I B & B ToWef Bftins stocam,
pr ecedi whereinathesQuertvhr Eowert separoriiree swtitanok copidfie Separation
pIuraIi%¥ of stages, each stage having a respective
stage i P and a respective stage outlet. 12. The
process of any of the preceding clains, wherein the
process further conprises the step of: (i) injecting
t hd depbid proeesswif any roé dhepreceding alaoosypylessiorthe deposit-removal

[ .13, Th f th di
cl i e e dp RondhuSull BEF28) Bl 0260 Rhetiim mi xos w1

the product effluent after the injecting, the process
further_conprising the step of: (j) separating the
delfbsi t Theeprsgess oksay @inthe Bieredies pletiay vhesin (thedeposit-removal

medium is intermittently injected into the compressor.

11. The process of any of the preceding claims, wherein the compressor

comprises a plurality of stages, each stage having a respective stage inlet

and a respective stage outlet.

12, The process of any of the preceding claims, wherein the process further
comprises the step of:
@) injecting the deposit-removal medium into a compressor

intercooler.

13. The process of any of the preceding claims, wherein the deposit-removal
medium mixes with the product effluent after the injecting, the process
further comprising the step of:

)] separating the deposit-removal medium from the product effluent.



WO 2004/ 040039 PCT/ US2003/ 028720 -26 14. The process
of any of the preceding clains, wherein the conpressor
W@ pnI®as a conpressor inlet and a conpressorPOUUS®N3/028720
and wherein the deposit-renpval nmediumis injected
into the conpressor inlet. 1586-The process of any of
the preceding clains, wherein the deposit conprises
an aromati c conpound. 16. The process of any of the
preceding GlRbSof WAPT& el Pgc lefm théreﬂ} the compressor
conti nuous-fl ow conpressor. 17. e process o ¢l arnt
16, whegosiprisehe covmréssonigetf dndva compresssosuties and wherein the
axial flow.conpressor. 18. .The,progess of claim 16,
aher ei PR EREROAR S uny R inibeEe e Brbtesto ol o
conpressor. 19. The process of claim 16, wherein the
continuous-flow conpressor is a centrifugal
cokpr esEsrprogays off iy of the preseding elaithsn vilgreinitles dénosit hemprises
deposit-r i conprises at |east one
ar omat i%%%@u%ogs@%m The process of claim 20,
wherein the continuous flow conpressor conprises at
| east one conpression stage, the at |east one )
co]rpgr esEiegprocess 96 8Ny Ghphg Bichefling plaims | Wheyeinfthe gemprspser is a

and me&oﬁ{iﬂuéﬁﬁldw&&ﬁuﬁe%r conprises injecting the
| :

deposi t-renpval nedi into the plurality of sections

of the at | east one conpression stage. 22. The process

of . claim 19, wherein t deposi t - r enpval di um i
co]réri s PIgresp @i&al%%eﬂ%ﬁ faF CORENUAUSTHM gompressor 1s an
conponeii3 MRasRehRessbne total weight of the
deposit-renoval nedium WO 2004/ 040039

PCT/ US2003/ 028720 -27 23. The process of claim 22,
ei nt h eposd t.-renpval nmedi,um ¢ rises at |east.
ot e o SR Gt TRy Bhhefhe b ETRouS A SprS35H is o

total wetghéomptssbhe deposit-renoval nmedium 24. The

process of claim44, wherein the deposit-renoval
medi um conprises at |east 90 wei ght percent aromatic

coppoungis, &%é@sg Aeikibe IB,O ket it}%hzsontinuous-ﬂow compressor is a

centrifugal compressor.

20.  The process of claim 19, wherein the deposit-removal medium comprises

at least one aromatic compound.

21.  The process of claim 20, wherein the continuous flow compressor
comprises at least one compression stage, the at least one compression
stage comprising a plurality of sections, and wherein the injecting
comprises injecting the deposit-removal medium into the plurality of

sections of the at least one compression stage.

22.  The process of claim 19, wherein the deposit-removal medium comprises
at least 50 weight percent aromatic components based on the total weight

of the deposit-removal medium.



of the deposit-renoval nedium 25. The process of any
of the preceding clains, wherein the deposit causes a

wQ dmatioen in the conpressor, the process furtPer/US2003/028720
conprising the step of: (e) qagitoring the vi bration.
26. The process of claim 25, “nherein the injecting is
perfornmed intermttently and responsively to a
determination in the nonitoring that the vibration in

t h@s.corrpmeegﬁegrss A1 8MCEL HHRgEiR 1R &FRLIRLdhRE nedRRtbABrises

ceiling. 27. The process of any of "‘the preceding _
cl ai s, ateast &0 rweighs pefdentianomatio gpmipswsds tasér dn dlosatoted rweight

sel ecte rom the group consisting of butadiene,
pentadi%ﬂ%? q%?%ﬂ%ﬁ%ﬁ#&&%&W%, hexadi ene,

cycl ohexadi ene, C7+ di enes, styrene, C4+ styrenic
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25.  The process of any of the preceding claims, wherein the deposit causes a
vibration in the compressor, the process further comprising the step of:

(e) monitoring the vibration.

26.  The process of claim 25, wherein the injecting is performed intermittently
and responsively to a determination in the monitoring that the vibration in

the compressor has exceeding a predetermined vibration ceiling.

27.  The process of any of the preceding claims, wherein the effluent comprises
a hydrocarbon selected from the group consisting of butadiene, pentadiene,
cyclopentadiene, hexadiene, cyclohexadiene, C;+ dienes, styrene, Cs+

styrenic compounds, and mixtures thereof.

28.  The process of any of the preceding claims, wherein the deposit-removal

medium comprises a Cs+ hydrocarbon fraction.



