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catal yst. BACKGROUND [0002] Met hanol -to-olefins ("MIQ') processes, and nore
broadl y, oxygenate-to-olefins 10 ("OIO') processes that use nol ecul ar
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must be acconplished w thout introducing DVE to the polynerization reactor,
and unf ort unat SALK reasing the yield of propyl ene product typically
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DMVE in the propyl ene. 25 SU RY &000_4] Provi ded in one aspect 1s a nethod
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nol ecul ar si evendva, §uok B8 iANJSCl085-0 1873381 BANVIRAIPIVNS,i WiQ 2PFEORare,and Mapydogne and
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[0003] In a fully optimized production train for producing polypropylene from
oxygenates via an OTO (or MTO) reactor, it is advantageous to maximize the yield of
propylene product while minimizing investment and operating costs. This must be
accomplished without introducing DME to the polymerization reactor, and unfortunately

20 increasing the yield of propylene product typically increases the amount of DME as a side
product. Consequently, a simple combination of elements known in the art is not sufficient to
produced propylene suitable for polymerization at a reasonable cost. What is needed is a
method of further reducing investment costs in producing useful propylene, while
maintaining the desired low level of oxygenates such as DME in the propylene.

25 SUMMARY
[0004] Provided in one aspect is a method of producing polypropylene comprising
contacting an oxygenate stream with a molecular sieve to form an olcfin stream comprising
propanc, propylene and DME; introducing the olefin strcam into a propylene rectification
tower possessing, for example, from less than 200 theoretical stages; withdrawing (i) from

30 the propylenc rectification bottoms a DME strcam, (ii) from a propylene rectification
sidestream a propanc strcam, and (iii) from the propylene rectification overhead a gas strcam
comprising propane and propylene; introducing the gas stream to a condenser to accumulate a
propylene-rich strcam; passing the propylene-rich stream to a splitter to produce (i) a first

propylene stream that is introduced into a polypropylene reactor to contact a polyolefin

1



tower possessing, for exanple, fromless than 200 theoretical stages;

withdrawing (i) from 30 the propylene rectification bottons a DVE stream
ii) fromap ] ectification sidestreama propane d (iii)

§ro%1the prop&ﬁgﬁgﬁggg§ification over head a gas strean1c%ﬁ%&ﬁgﬁhﬁggropane
and propyl ene; introducing the gas streamto a condenser to accunul ate a
propyl ene-rich stream passing the propylene-rich streamto a splitter to
produce (i) a first propylene streamthat is introduced into a

pol ypropyl ene reactor tq contact a polyolefin WO _ o
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describe preferred embodiments. In this regard, the phrase “within the range from X to Y™ is

intended to include within that range the “X” and “Y” values.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 is a flow diagram of a basic chemical process of converting oxygenates
20 such as methanol and DME to olefins such as propylene, and then to production of

polypropylene.

[0009] Figure 2 is a more detailed flow diagram of the apparatus useful in producing a

desirable propylene feed for producing polypropylene, the apparatus including a propylene

rectification tower and polypropylene polymerization reactor.

DETAILED DESCRIPTION

(38
LA

[0010] The inventors have found that an intermediate-grade of propylene can be
produced from an OTO (or MTO) process, or similar process, that is refined enough to be
used to make polypropylene. In isolating the desired propylene, the OTO effluent which
contains propylene and propane can be rectified using milder and less costly treatment than
30 what is typically practiced. Thus, for example, the rectification can be accomplished using
distillation conditions suitable to isolate propylene containing an acceptable amount of
propane, while removing residual components such as DME, using a relatively short tower.

This process takes advantage of the separation of propane from propylene in a polymerization



20such as net hanol and DI V1E to ol efins such as propylene, and then to
production of pol ypropylene. [0009]Figure 2 is a nore detailed flow di agram

of the appara f4l in producing a desirable propyle

pr oduci ng polyﬁf%g@ éﬂé, t he apparatus including a propyle A%SEQQ% %lcation
tower and pol ypropyl ene pol ynerization reactor. 25 DETAILED DESCRI PTI ON
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fromthe effl u&silic@igalyperofsed i @p@dt@ dhgeprgpylene from other olefin stream components

possesses from less than 200 or 190 or 185 or 180 or 175 or 170 or 165 theoretical stages, and

possesses within the range of from 20 or 50 or 80 to 165 or 170 or 175 or 180 or 185 or 190

or 200 theoretical stages in other embodiments. The “theoretical stages,” or N,, is related to
20 the actual number of stages, trays, packing or other contacting surfaces within the

rectification tower based on the efficiency of such contacting surfaces by the following

equation (1):

N, =N/E (D)

wherein N, is the actual number of contacting surfaces and “E” is the contacting efficiency of
25 each surface or the packing. This relationship is well known in the art and described by, for

example, H.Z. Kister in DISTILLATION DESIGN (Ist Ed., McGraw-Hill, 1992) and in PERRY’S

CHEMICAL ENGINEER’S HANDBOOK (R.H. Perry and D.W. Green, eds., 6th Ed., McGraw-Hill,

1994).

[0013] A variety of designs are well known for the contacting surfaces used in industrial
30 rectification (or “distillation”) towers, including both trayed-tower designs and packed-tower

designs. In a trayed tower, the desired contacting occurs as the vapor flows upward through

openings in the trays and contacts the liquid flowing across the trays. In a packed tower, the

vapor flows upward around packing elements and contacts the liquid flowing down on the



Rectification of Propylene [0012] The propyl ene rectification tower that is
usef ul herein can be any one known in 15 the art that can effectively
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particul ar & ”b(%j' nﬁﬁ%duc&bﬂle o%ﬂe‘&éﬂlo@%ﬁf@%@ to separate (or “accumulate”) (i) a propylene-
rich stream and, optionally (ii) an ethane and ethylene-rich stream;
(5) passing the propylene-rich stream to a splitter to produce (i) a first propylene stream
that is introduced into a polypropylene reactor to contact a polyolefin catalyst, and (ii)
a second propylene stream that is re-introduced into the rectification tower, the first
30 and second propylene streams introduced at a ratio within the range from 1:2 or 1:5 or
[:8or 1:10to 1:15 or 1:20 or 1:30; and

(6) recirculating the dimethylether stream to contact the molecular sieve.



contacting an oxygenate streamw th a nolecular sieve to forman olefin
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[0019] As used herein, the “propylene-rich stream” is a gas/liquid stream of hydrocarbon

25 comprising at least 50 wt%, by weight of the stream, of propylene; and preferably comprises
at least 60 or 70 or 80 or 90 or 95 wt% propylene in certain embodiments. Desirably, the
propylene rectification tower is operated at conditions to provide a propylene-rich stream
comprising from less than 200 or 150 or 100 or 50 wppm dimethylether.

[0020] Desirably, the propylene rectification tower is operated at conditions to provide a

30  first propylene stream comprising from less than 200 or 150 or 100 or 50 wppm
dimethylether. Further, in other embodiments the propylene rectification tower is operated at
conditions to provide a first propylene stream comprising from 1 or 1.5 or 3 to 5 or 8 or 10

wt% propane, by weight of the first propylene stream. Such conditions include operation at a



20 valve allowing for controlled portions of material flow through two
exits. The "olefin stream could al so contain propyne (nethylacetyl ene)
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50 or 40 or 30a0k k&vnah t}Q aﬂrsucthQ b9rtor ela@rﬁ‘plb Qo&l%ﬂ@tr on&[’d@ﬁlﬁﬂln@'@ﬁ’ ,qolﬁln:ﬁiylw thin
the range frommesﬂls q{/hen cPswh ire t ld %{y or ting:t llFf? or 120
or 150 or 200C" M yet “Other "&b 68 n‘f’osu %(P’t" éflgl'%/l foh‘é(m@'félfgllhe gf"eam nay

be heat ed/ cool edaupath temtepyemgedtifieutiboweer, The tower itself at sonme point

may al so hayxe gobgat ﬁ@trsrogs;xcﬁcqcé?ﬁ@atno& Q&s&&mc%mc@ta%n 88, rgoawa @n&f, Q. a

portion of the tower to desirab It)t erature.
stream may be i ‘é’flgd‘pt)‘bthFéiﬁ%S}’eﬂn?é\&Pﬁtﬁ‘alrccﬁé‘t ¢ Pregmlp @td@r@lho@av@m d]i*? as i's

kn?)vvg :j n the aritlsstr@uChtaR& fbmurb@lﬁoxemmﬂwaow&md@a&aﬁllt&nmga:ﬂj@ﬂqhhBgo and/ or
sol i ryi ng nea r eat nent occur prior
to contacting f)lhg&c?f \Qpl tﬂeo‘%ﬁ g amswi ? Rt Lﬁ% Fodlby’\lf\o%e p‘l"%‘%%)’iefﬂe‘ég‘%‘i‘“éiﬂ P6her .
15100221The pr bptkmwes, the sdcprd mabzlemnstmndest ingradncgianto e recilientiof o @ myy
desirabl e | gcapdpie 19&1{? n&?éﬁagjmlgtaﬁme&i&%%?ﬁﬁeQﬂve{ﬂﬁ é\'EunQ:tl bRGed ﬁELJcb&iat' on

tower. In certain enbodi ne eS|d’estream|s roma ocat1 on
al ong the towePoRYREE STeamyi EeHntrpdpesd intethe &WRr g ppsitien atong ghetowasithag vahingQ
theoretical stagesgddagmtheldat omoab st e oPhaRycanRed @6hitfdveadh on t ower .

Furt her nor e, ttJElg éfggnd igropyl ene streamis re-introduced into the
y

rectification 20 desirabl e | ocation, depending on the design
of the tower. I0ﬂ23¢ertﬁalusndéwbmdinn‘eﬁlos,putcheiss&mmmdofpmmy«ddem@mt peads.i B

re-introducgd jbigrd pl%cggovaﬁroxgéenae Qge%;nt fsoa%\ach@m %Aa . Igmroletrﬁfhﬂﬁo oY thin

the range of from5 0 or 20 or heoreti ¢ stages from
the bottom Th@“‘@’l’b apﬁdtse@@swalmozgf%%@%dlﬁ@%ﬁhﬁ AHSRIF Oreapy B ceglaingds g
subset of the hitoadeycle GknaRr BEASSwucl B a stream containing DME from the propylene

rectification tower, to form a combined oxygenate stream, and the combined oxygenate
stream is contacted with an olefin-forming catalyst in an appropriate reactor (an “OTO
30 reactor”) to form the olefin product. The oxygenate includes one or more organic
compound(s) containing at least one oxygen atom. Preferably, the oxygenate includes one or
more alcohol(s), preferably aliphatic alcohol(s) where the aliphatic moiety of the alcohol(s)

has from 1 to 4 carbon atoms. Non-limiting examples of specific types of oxygenates include

0



the OTO process, an oxygenate streamis converted to one or nore ol efins
using any desirable acidic-type catalyst. In certain enbodi nents, the
oxygenate stregay ined with a recycl e oxygenate st i as a
stream cont ai ni ng %\/‘éﬁ{bom t he propyl ene rectification tl(;)vver 201%% Brm a
conbi ned oxygenate stream and the conbi ned oxygenate stream i s cont acted
with an olefin-formng catalyst in an appropriate reactor (an "OrToO 30
reactor") to formthe oI efin product. The oxygenate incI udes one or nore
organic corrpound((%?l 'ni r)% a | east ne ox om Preferably, the
oxygenat e i ncl JHEEYng ! g *clbcﬁ’bqpﬁ%of %Fe P%lbel lﬁﬁhF Histye chiredinol (s)
where the ali phaabtoﬁyln‘ﬂhee,t yoriodlddhipde, aiirﬁkﬂhb|cé1$()naf&a$l1rﬂeﬂ@mké.toﬁd) adetic agchiporndt ons.
Non-limting exapnl %%'8‘% specific types of oxygenates include WO

2010/ 147705PCT/ 0107033332 net hanol , ethanol, n-propanol, isopropanol,

DI VIE, nethyl d#hgl etnvae emipidietehtydn adfinetreamds obitgngd bogplactang heyeenafeoritfrmindehy de,
di met hyl carponat@se mohiddBhYdveK /R Gar s@&@tdaﬁabﬁ% Eonvah ﬂ&}é&ﬁeﬁ@totan%feﬁﬁ)f
[0024] I n one enbodi ment, an olefin streamis obtaine cont acti ng

oxygenate with cneeundingipdesplios iy it i nop-zeqlisyad argsf B lﬂcér’ meligie 1 ?f%?ﬁabl e of
converting an @Xi}tgﬁﬁaﬁlﬁlltpﬁncaﬁbl@{ll@ﬁ 41@0%1@%@@ ih 0 dnmbedlzleml lotveser.ascowrd | as
g(r)TQJ |Z-e8l)lr teersml Z‘ﬂ(}g dgmgtgliwés c;[ogtammﬂ <1 ca aind rc’)retloaé’f{nalummd dmga P OI%us %\R matcrldls

Zeol it es i ncl udewhh & ibéi?asaﬂé@hmarwmongn"slnam ban acmdlchptl N(hnlaloryl mhu’rﬁhnﬁlcand/ or

phosphor ous,, amséld&atpglraxghpﬁc 'oElm\Mlhxﬁ 'BXJHhﬁn Slidd &R nﬁﬂqrcédh%af% BRELRAFpave
been replaced i n whole or part. wth other . jo oxide For examp

l e
ger mani um oxi d&°MeT nByRe Gé“k &RY WS Al iwE opide igdym exie. raé‘bf“éiﬁ‘éc‘t tﬁ%‘c@cf“? ca
portion. Boron r@ktde,beiadden imxiicen togial dhintim [Q))«lodet,lnldmdhﬂmqsz@edﬁed ﬂl@dﬂl’fﬂ Xtures
E)Pﬁre(l?\?\: sgagpggf)#ﬂ%@% ald zeoh?e maeter,l,dll eolaqu ferem &Bﬁl rtneﬁ% aC)t 01'1’5.I malgelplgl con a{’llmnoUn:jESS
herein, shal |l mHem apots a@ih Iogtlondb'efrllnalhlgn @fom ai thd qgptadling ilactt@n statcwrsthagnd, but
opt | Onal Ly, ;al uigd 'ﬂidghﬁl QiRh ICGnt&xH'QdeBMS’E[ﬁACLI‘ﬂQ@ alofh tehiC&eS Lilittat 4 GudhBRREOf
but is also materials which contain suitable replacenent atons for such
silicon and al 8 ium at oms. [0025] One type of ol efin-forning catal yst
capabl e of progwesing derge qﬂjalafﬁd ﬂbfrﬁﬁg Oitdlyﬁ hyﬂdele&fq@ﬂdum(opygeecnleminss ar

silicoal um noph hat e (" SA ) il al um nophosphat e
mol ecul ar  si evegagrce “ge ? cI assﬂqlf: Odﬁtﬁn mogﬁb]ghdte (rr%AgP?)oi)o?“c’)lecu apal

mat eri al s havi ﬁ’é}C@umlthﬂplmc lllQlecrmblnb@V@dm igpgradly rqy@tnindes beTImeme:lqppnqq

structures ganBavss @omg\éeﬁ@g& P%&nb%x‘e& %ng ARGHLAY ThELThS strichufs tah RDYSLE F oS,
Preferred are the small-pore SAPO nol ecul ar sieves having an average pore

size of |ess thARSSPYRGEE FBEES TTRSSeopdriasdryes Pisfeaed initheaimadpoisoi dOul ar

si eves havi ng fokaimdeited hiidgGs avdrid0 36} ke 6/t iam 5 @@ sMENES pors Wb&taid ut ed

SAPCs can al so, he .u genat olefin reaction processes. These
conpounds are 8’8‘5‘3%?]1%“ % Me% hdv‘“g&mﬁ%ﬁ‘l“rg ‘et al - cont ai ni ng

si licoal uni nopl@@%ﬁbhathegertmh@ml@dmmtsalssb*atumétsa’ﬂ’o@rcarrreltabe boh.in Pheemettal can
be al kal'i m?t al)leﬁnoﬂaa%tl()r%ﬁ&psel A}hes@éolﬁff)l)ﬁn'ag dl%%@ﬁehdllg?(ﬁ@&l'n Jsg‘Nﬁ\Pg@: OMQMQJA)

rare earth ions i ncl udi ng th e | ant hanoi d | enent s and
addi ti onal tra%idtﬂ%ﬁ%%ﬂﬂ%wlw agpotliss VB! 2t OvmeBl iogy) i, mefpl Fcrnsoe and
TB. I n parti cudliai eimdehi I(KﬁhﬂﬁISLA)"MahtheaZH me{vgwnMa}loLﬁmA)Naxe &l ion3Grby, Ti,

Zr, Ge, Sit, all?]% mclu IRKE %Pt?tnmdhele& nen q) and ;thte ag ongl tw%ztoonzcgteonsaﬁ ?‘%%%%I t

f r amewor k throu ha uni
carries a net ‘éﬂSéG{Hf VéTBcMHPHg@nddépénldmmglammbpﬂlmcnzal Mﬁ(r;eZnsMatMn ¢fo, ¥heanet al

substituenty, Fe Ti 7Zr Ge. Sn, and Cr. These atoms can be inserted into the tetrahedral framework
through a [MO,] tetrahedral unit. The [MO,] tetrahedral unit carries a net electric charge

depending on the valence state of the metal substituent.



WO 2010/ 147705PCT/ US2010/ 033332 [ 0027] Sui t abl e sili coal um nophosphat e

nol ecul ar sieves for OTO processes include, but are not limted to, SAPO 5,
SAPO- 8, SAPO- 16, SAPO- 17, SAPO-18, SAPO- 20, SAP 34

SAPO 35, SAPO- 36, ﬁ@/@ G 37, SAPO 40, SAPO-41, SAPO- 42, SA%?(A}I%OI%@%%

SAPO- 56, the nmetal -containing fornms thereof, and m xtur es thereof.

Preferred SAPGCs include, but are not Iimted to, SAPO 18, SAPO 34, SAPO 35,
SAPC- 44, and SAPO 47, parti cuI arly SAPO 18 and SAPO 34, incl udi ng the

met al - cont ai ni n for t her and m xtures thereof As used here t he
term"nmixture" P&kynsHied CW“t“H’Of’IPéTH‘BtF ﬁé?feF‘B?*\"“e‘é‘?ﬁéo‘|C§Toc16ﬁ“§f*6‘elfl‘éﬂi°abm
conposi tion of amaic &mitdiav, INPO-MSABO-STBABO-COIFPODEIBE SAROY N BAYONY, rapmy; ti ons,

regardiess of /S Db sabhe. <H0BAD2ELAN. 2! YR SGPORRNAL S b0

nol ecul ar sieve can al'so 'be atalyst conpositiro one or
i n conbi nat i on SAPOH4oBARP-4.\eO-Bf the anetdl-yattaningAoums thopliosgdheikterendieectil ar

sieves are cfyst@hdeiR&pOL FEAROBAUR RHAES WMABH. @a@\ﬂ%ﬁ&/@sﬂﬁo/ﬂ%%o 44,
framewor k. They can have additional elements w thin the framework,

typical |y have hPrePHY: pQ?Fteulél‘llyrr%ﬁ%Q “bhand Ay “fcf"’é’rﬁ% 3h°a‘ﬁ@%1tcf"6?’r%m$ &rmp
angstrons, and taref, Qapa:bktercoihucaﬁ AveltdgerSih, Zt(Bc $cexlne@mtme sepabdto@N§itpf

.m)l ecu! ar speci.gs onibinatio ancr'mc nbw\AKJI‘C(F?PCZO%nObSItE ! u leiltlgmeha ora\/er been cr tebQOI’t
i ncl udi ng zeolite fopo 6g1 cal ™ ana 88 0IH‘re ert e FFUFRPRLSi el ude,

but are not |i Wﬂlveepmmm(mﬁ,m@lcssm_fﬂ@ plysicllsPO- 18, ALPO 31, ALPO 34,
ALPO- 36, AL PO' WOZS]andALAIaP Q‘ n%ghosélgtg %QMWE)%P%MC@Q/L Qgtﬁ led BEL rf(!ﬁil@cdamnﬁ% al

substituent in their franmeworks. Prefera he netal can be sel ected
fromthe group “Boidi SUTMYIRF ARRneXi i C%H’@%ﬂ‘ie%‘h AheE, YeSharlt catdyig-
m xt ures ther eoflurlifpse piwat ﬁﬁlbc&laﬁ aWeSﬁleI‘c@bﬂabﬁn@&kﬁd@b&uﬁ@@d@ﬁ Kiflhlcﬁ) Ban have an

i on- exchange agﬁ{&r cat a+ pro ({]I es sim um nos | i cate,
. fi
al uni nophosphat e, ‘and. si1i coélcunnl’i‘an%al Jiomt glte]rélents lehélhtlh%r‘am? ty@%?ﬂ%c}? i ons.

These as- manuf aefoun edrestimepsiony Iescll(g/\iwrcﬁ ewas o {@apbame, prl @ cdpable of

cal ci nati on)s Cﬁﬂklp£s1£ces91|e§§/§mpﬁguéﬂyofqﬁmwﬁl'alcsﬁtmcgh@ﬁ}cq}?:in t&@ﬁ@@;?iutul:tgl@ QN an
anhydr ous 25basi as in erern " repr dsents at

| east one orgaﬁ'iw@ WWP%{W n’g‘jCl %%eoé?é%%ﬁlcf‘lrﬁnﬁlﬁ@ei nt Wéﬁ‘f‘ﬁﬁi/é’*tLﬁpl SUHEYBOr e
system "ni' repcesenitsrd helmpldes AP0 RALPOaStPPEY, ANPOS 1| oA LAHOKA, xPE)02 and
has a val ue of %A‘i@bzz dkﬂp84§ the maxinum val ue in each case dependi ng
upon the nol ecul’ar di mensi ons of the tenpl ati ng agent and the avail abl e
voi d vol une of [0 pdihe ASYOt eamabb inchde paethlisghstitaent mretheit fradewiknophibspliat e

i nvol ved; "X", thg Yctal @ABe sdiccrell BRMGRERbupt chemﬂpg entdg@&ﬁh O e\et Dfic WBkAl "M
(e.g., My, M, Zn, and Co), al um num and E horus, respect |ver, present
as tetrahedr a| drbixrpla@ges theréof. These materials prefera ly exhlblt ddsorptlon ion-exchange and/or

catalytic properties similar to aluminosilicate, aluminophosphate, and silicoaluminophosphate
molecular sieve compositions. These as-manufactured structures (which contain template
prior to calcination) can be represented by empirical chemical composition, on an anhydrous
25 basis, as in (2):
mR:(MALP,)O, 2)
wherein “R” represents at least one organic templating agent present in the intracrystalline
pore system; “m” represents the moles of “R” present per mole of (M(Al,P,)O, and has a
value of from zero to 0.3, the maximum value in each case depending upon the molecular
30 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”, (e.g., Mg, Mn, Zn, and Co), aluminum, and phosphorus, respectively, present

as tetrahedral oxides.



WO 2010/ 147705PCT/ US2010/ 033332 [ 0030] Addi ti onal nol ecul ar sieve material s,
and conbi nations of materials, can be included as a part of the catalyst
conposition o n be used as separate nol ecul ar si & cat aI sts in
adm xture w thw({ﬂgoylég@al yst if desired. For exanple, the %Z‘fsé?l%% Hsef ul
herein may be an alum nosilicate wherein phosphorous is substantially
absent, such as described in 5 US 2003-0176757. OQther structural types of
smal | - pore nol ecul ar sieves that are suitable for use in the process
descri bed herein include AElI, AFT, APC, ATN, ATT, ATV, AWN BI K, CAS, CHA,
CHI, DAC, DDR 301 Efditionsgmolrenfar sieps/maerys. and AomimionspaiUmaipqls, cRHEE ROG
THO, and subst iiidiidedlasfagaiss th@@fa@@tf comf¥sitide bikhé calt YPREd BfsepaREI blBcPIRl Reve _
L Cy Rt A M O RS oS RE R  Sd P G PR e T 1
substituted forwmg bt hleneloiﬁlosllsptemhémm p&osalnmiues s@ﬁstamﬂl%lusbrarqum guesribddat can
be conbi ned W iy 2%0§b’7'(‘7\’3ga'0“m iﬂ% Dlglst ;FE nﬁﬁﬂaajeyr%‘ecdlﬂ%e%&%a@%uﬁa%ezt%lw 34,

erionite, and chabazite. sieve 1S 'E'FI ca m xed
wi th ot her mat é&#g 1alt@ l’“\?\?ﬁéﬁ“ﬁ‘l‘%ﬁé@@}n mlcﬁék fi\@sﬁﬁ i AN tf’iTé/nAl"\éW{%% cally

referr efl to as @s, _caIAatMBH)A@pmrD]xRSED[ oRt, Vb0, QiFICmmr[mBiTAhmPNlﬁAM}ﬁgu| ar
sieve al ong w er.s..or .ot her act i nert terjals ing
upon its desi rteRrﬁﬁOglg@g %‘ﬁgs%ld ftét?tfcgfgn‘ t’ﬁé@ﬁ%&“‘ﬁ%{?}lw ‘ﬁngtﬁléder‘c B¢t Q

vari ous forns ofcvesdraeaganitehlcrfet @b & thpptoadss dosertbes herah lretuda 81F, 2Bl i MITEW,
catal yst copponrert 12800 1R, ﬁﬁ‘(t) QAE}LSKFOROJEH%&&I&% fo%s‘{ﬂér&@ Yecifil Hﬁ}n @, sol ,

titania, zirconia, nmagnesia, thoria, beryllia, quartz, lT'ca, E Tica
sol, and m xt uPE?OFﬁ’é"r‘ 57 URH St be extiaee et aa%*‘@O%P@’GO@P‘ﬁ’éﬁ? W@Y“F Fﬂdfué‘ﬁum ng,
inter alia, ovessmliy, zs@mctat)ﬁley@ucmgm@m tion cost, acting as a thermal sink

to assist in h Shl t he catal t durijni eneration, densifying

t he catal yst aﬁ@gl ncr Eg“‘%fateéfik}éy?w yraglﬁtj‘fi‘iﬁwg] ‘fﬂmigglatﬁ‘éaﬁsfiVX]Eﬂ“é?EeP%FddE%i rabl e
that the inert lqmtn@rqoab@lttohattyrmaéy ufecd tons ¢ etalgatcahpyositio oMb sompromns tkct as a
thermal sink Navgedy1Ral aGARRG ﬁlydbwotrglhﬁs 3%%%“9& HLAMOul ggﬁl%fsg il © 0.8

or 1 callg-Cin certain enmodi nent e catalyst |on
according to afcsBHbEE NpE M ks keqliormnd ofer davsy vations foonsad e c9gn, by

wei ght of the @ekBl ysh &QRPQHet hikeolRf cidigst @DA]&ﬁthﬁrze&lkeeééﬁ-lystT fgnpeahal yst
conposition can of tre nts to._achi eve the

be su Q a variet
desired physi caflmlgﬁﬂl Eh‘@'ﬁﬁ 58@1 ’t‘"&lﬁé}l‘é&de@‘i‘%’f”fd fori Eeé 4, el €T SR Plde,  but
are not necessardthigtules thicteet! TI@sdwnhpomeheranﬁlsoterfﬁatvmnteduomgl sien alid, ongraliaci d

treatnent, Jaasgdtcﬁfsﬁg(%ggg?{ion \i‘ugg s F"ﬁlel AN 51 t(pgo’ms ler A[trlﬂleﬂﬁlu tl?e.p&lgl dr yl ng,

and conbi nations t . g ar"si‘eve cata icu arI
useful in maki figinefEsIcEHe Amaipicmdeeie snd ingreeiae spylat *tWqutb hIt osonttiairly a

conbi nati on of JoABERR4 ihe aRA mPARE A& aRlusdLiPRe 4By PLBHUi@I act as a thermal sink

have a heat capacity within the range from 0.05 or 0.1 to 0.8 or 1 cal/g-°C in certain
embodiments.

25 [0032] The catalyst composition, according to an embodiment, comprises from 1 or 5 or
10% to 80 or 99%, by weight of the catalyst composition, of the molecular sieve. The
catalyst composition can be subjected to a variety of treatments to achieve the desired
physical and chemical characteristics. Such treatments include, but are not necessarily limited
to hydrothermal treatment, calcination, acid treatment, base treatment, milling, ball milling,

30 grinding, spray drying, and combinations thereof,

[0033] A molecular sieve catalyst particularly useful in making ethylene and propylene is

a catalyst which contains a combination of SAPO-34, and SAPO-18 or ALPO-18 molecular



WO 2010/ 147705PCT/ US2010/ 033332 sieve. In a particul ar enbodi nent, the
nol ecul ar sieve is a crystalline intergromh of SAPG34, and SAPO 18 or

ALPO- 18. [003 ert oxygenate to olefin, any varie
systens can bgd uis?neﬂzlq%ncl udi ng fixed bed, fluid bed, or l?%T/&(ﬁomﬁ%ggzsystems

Preferred reactors of one enbodinent 5 are co-current riser reactors and
short contact tinme, countercurrent free-fall reactors. The reactor is
preferably one in which an oxygenate feedstock can be contacted with a

nol ecul ar si eve cont ai ni ng catal yst conposition at a weight hourly space
vel ocity (" VHSVYe &f 2 Brtiqu é%‘?boﬂmﬁi“ BAGORFHHPRVE Ih e cpaplee lfﬁﬁ@mvvih%f 0or 5 or
10 or 20 or 30 3I21rand$AP019,&QAL(HO 200 or 500 or 800 or 1000 hr-1 in parti cuI ar
enbodi nent s. s efined herein a i ght of Xyg enat e

reactive hydr\(g\l,c:,]J ; Corwelg 5Pt Bnaf i aWe‘aI%tyt?f‘“?cg‘)éd t%‘?rcahd’ﬁruqﬁg

wei ght of the nmltelmglﬁmd lE'deﬂnel hech of rnevmgwdt%memsBédauseeatthe ot ateampsdiment
conmposi tion or Jfhe & GedskQCK IRYand QREAL MOl hﬁé c%‘ie@gulréxlt%re% lﬁa@i};e?cﬁ)gs 4§ 1 nerts

or diluents, the WHSV i s cal cul ated on the Ight basis o oxygenat e
feed, and any reset s vefRmPlrase Btk Wﬁ%naﬁsafycdbtéck;fﬁ%wtawwt& hisolepripgenat e
feed, and the mb@@udaanwsatﬂyeccﬁ@a;@nmedwb.gmmb\ﬁlyrs@@@b&krcuy {035 piser abl y,

t he oxygenate f ed ac W th th ie the oxygenate
is in a vapor plﬁlasém(?N%PnettrhﬁéaP’eC% m]t‘hzor 5%365 tE’:X@r Y\g@]%ﬁ{?o ‘?‘% (i
liquid or a ni e th00 apon piriglar dnpldasets. \M@N 1$ teinpiriocess ticsveghrafiogdeout in a
l'iquid phasg, Oran@mﬁ@t%@gyd\l&%&{ \vauglufn% %@E‘a@{ odkf alglfe%ﬁlg)epﬁ)ﬂYBtgr%e?ﬂ? oy

selectivities of feed-to-product may resul endi ng upon the Tat aFyst
conposi tion andFEUEtIGR & IRdrFIBnS e @)‘83?6‘111%@‘6?%6’@% §r denfeyfsties BRY y be
carried out at céntal clerfnangels @fat lceﬁﬁplﬁér&toﬂﬂﬂiﬁnts lthe west/al eu@rkadh RNt t he

effective oper n W|th|n nge_.f.rom 200 or 300r 350C
to 550 or 600 gr 7%6 ’}? %‘??ﬁ\% g Pre éyghorc%r A LTy éa‘ﬁf“bt B wi de
range, incl udi ngvgatutccfg:dmnduglcpm@s@urbesc colbihalbh iheecagpessur es i ncl ude, but are

not ”ecessah' l YOOl?agm tﬁ&cxlalgy tﬁ: B@taéh'atc%dﬂ% U(Sn?acgfi VVI[%Qthlrngl@(tu?dl; %%Q‘a@hun t?«{n 1

psia (7 kPaa) or si a Paa) or psia (13 Paa) or g5| a
kPaa) or 30 psP’éYgE‘? 7 Rl?a‘alymmhdbéeﬁltapﬁelér%’owwnw beperrlewlaew @id gessi gn

purposes it isn@desiviabligid phats emﬁttnaﬂodesbais ch’ﬂ@d patllﬂarlylufawg@natdem&&ﬁd
conmponent and t o .at a eat er than 500

e t react or
psi a (3445 kPaa¥ O&Pqufoﬂmes Figfc 857 ER VIR 78 bc}@?ﬁbmﬁ gfe("gf?é’?g‘{?ﬁa‘gj‘y [f"certain
enbodl ments. 306{1)@10@&]ut>mdé<s¢dt‘aa’bﬂoembqpplpmdulcedstumacnndnwnav0| ded by operating at

an appropriate@ag SuReiicalaln YSLAR Eé’wnﬁ&i L& Q%dc M r&u&ap&lm&' el ty

i ncreases, the conversi on decr eéses avol al ng undesira
used herein, t F@dlﬂ]§mh?d1“‘?jl&8th’§ Efffértnfelogq:rg}no\tﬁ@]p@aufeyqv witlgn the range from 200 or 300
or 350°C to 550 or 600 or 700°C.

[0037] Operating pressure also may vary over a wide range, including autogenous
pressures, Effective pressures include, but are not necessarily limited to, a total pressure of

25 greater than from 1 psia (7 kPaa) or 5 psia (34 kPaa) or 20 psia (138 kPaa) or 25 psia (172
kPaa) or 30 psia (207 kPaa) in certain embodiments. For practical design purposes it is
desirable to use methanol as the primary oxygenate feed component and to operate the reactor
at a pressure of not greater than 500 psia (3445 kPaa) or 400 psia (2756 kPaa) or 300 psia
(2067 kPaa) in certain embodiments.

30 [0038] Undesirable byproducts can be avoided by operating at an appropriate gas
superficial velocity. As the gas superficial velocity increases, the conversion decreases,
avoiding undesirable byproducts. As used herein, the term, “gas superficial velocity” is

defined as the combined volumetric flow rate of vaporized feedstock, which includes diluent
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defined as the conbined volunetric flow rate of vaporized feedstock, which
i ncl udes diluent WO 2010/ 147705PCT/ US2010/ 033332 when present in the
feedstock, aswell,Asesonversion products, divided by thﬁcﬁlﬁs%%/o?ﬁ?t' onal
area of the reaction zone. Because the oxygenate is conver 084 pr oduct
havi ng significant quantities of ethylene and propyl ene while flow ng

t hrough the reaction zone, the gas superficial velocity nmay vary at
different locations within the reaction zone. The degree of 5 variation
depends on the total nunber of nol es of gas present, the cross-section of a
particul ar | ocatlBATA P il fredsest %W“Eéh‘é’“‘“’ﬂﬁ‘e’ g ivdgd By the Frassppieslr e,
and ot her rel evaaaaatofﬂleaee&tioﬁmonpaBmteefesxyo[:&%%dnm@@fotaqwmmmwqrgﬂm“cﬁq,t t he
%g‘fefugg: f Isglcgl’ﬂljlyn?rr?cgtt é(thylegle nrdBl‘él %o?wlgl% Wﬁ} ﬁowulg4ﬁlrﬁu§h 911@ @acr?r]f)n zoxfe‘:né{e g%g'a;'t
one poi nt in therorfeint vélesty roneary pr dfferrlbdoptionheglin \Vlalrepeeonazppet yhe¢ degree of

substanti al |y abkatbRliclcf@Stn FQRAI ndulder LERAGLS f“&l H@;%Qt tReQLdctish Bteg‘Ctl on
zone, and even nore preferabl al] points in the reaction zone. [0040]In

certai n enbodi mEHEYer ‘E"Heor’ctﬁ‘nq}‘efcé‘f“éﬁ g, he deTpIcahEG: YheoX e e othPiorelesstinpl e,
met hanol , i s wirtdadidh phiagetti@ange of from 90 or 92 or 94 wt%to 98 or 98.2 or

99 or 99.8 or J[ g1 19, W %. V\éb(% t.pefcent conv qvc on i s cal Cgoaﬁ ed o

In' Cedigi h¢ .gas supcr ofity 1s maintaine 3 rat g
wat er-free basi's u]nl ess oﬁlle rwse spech ad: fty aricent versi’on on a

wat er - f r ee basigsaicsthealreny |l atcttpesecokOBXY) we? gitor @XSyIJe nlaf% w/sfoed ngnatat least

wat er - free Rasicge ;ﬁ@lff@'ﬂﬁth@ h@cn@@kcﬁlptpm@grab%xt}{&@QQ&C@QpW@Q%QEtQﬁQaH (gt lt:eh?9d3/r OdUCt
on a water-free baS|sgQ \A‘ﬁ%fgéltc ng genate fed on a water free basis)

wat er - free basis 6<% lig AgaEHN O 2K\ Vel BT RERSRRY Blipoipth & t\%ter
portion of the r@mwgemate in the 20 feed and pr oduct and excl udi ng wat er

formed in the uct roexa anol on an
oxygenat e-f reeq@gg S Iinscelga q{)me&t’s tle conv ?1«% ?/fl t&e prutﬁae'y \%éflg&rﬁl%eng)lr Swmtp te of
net hanol by 14hBhaoh 1°re1rfhyvéc talnec Wéltoelr‘)ocs)oﬁ%)cm)émt%d@ 9% prev8ret Hamo19.8 00U 1] The

oxygenat e-t g- ok nWanrﬁ)cC[?o?c%ntf QInlEsich ﬁ%ﬁ:ﬁl@t@& iofla RURL ®fis WALE' otRtSw e
byproduct. Mich of this water byproduct is rermved prior to separation of

the propane andPeoise CFéPbQﬁCFﬁeCObYetTWIOéNeW‘BS) fiep Sy ctlpdates) wf 1997 6tckdam f r om
t he OTO react obxytegtnag ﬁe@ﬂwer\aﬁd&lﬁlﬁ’c belsawinish@e @@igﬁk&;f&apge@ned @mpeﬁ&tnulhah@f t he

wat er vapor in the slrea referably, the atur e olefin
pr oduct Streamploguccgrb \év c1 ebdbtlr?FTpl h?%)xmgendtbed% atercge \IS ter ree

t enper at ur e of bashef ewget?at @ldibied by bubreding et rtheefvmodwl“rmmfshe QXI/genzse adeld r abl e

to cool the,predugl sId.8am Belaw, the: ﬁ%%naew%tme{nﬁﬁewh@ v;efahmwanol
30[0042] It is desirable in certarn _enbodi nents to cool ol efin stream

from the oxygefftEmebansl of srrpxyeeas-fiesbapt béé%“%dte‘it'ﬂéwhg@’p‘é%rﬂaﬁt wighh 8o 561 ed
ol efin stream bfith@hadol ©Q NAENS @Ghovivat REteGOMpaicRtion@e kh@adMm and an ol efin vapor

stream The CO[‘bggﬂl Sed['he V\(Ig'{gfggeeglétg—%[]&e mnlljr[)] sss orl r%sa T substantial amount of water as a
byproduct. Much of this water byproduct is removed prior to separation of the propane and
25 DME from the propylene by cooling the olefin stream from the OTO reactor to a temperature
below the condensation temperature of the water vapor in the olefin stream. Preferably, the
temperature of the olefin product stream is cooled to a temperature below the condensation
temperature of the oxygenate feed. Tn certain embodiments, it is desirable to cool the product
stream below the condensation temperature of methanol.
30 [0042] It is desirable in certain embodiments to cool the olefin stream from the
oxygenate-to-olefin reaction process, then separate the cooled olefin stream into a condensed,
water-containing stream and an olefin vapor stream. The condensed, water-containing stream

comprises most of the water from the olefin stream, and a significant portion of the
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conprises nost of the water fromthe olefin stream and a significant
portion of the WO 2010/147705PCT/US2010/033332 oxygenated hydrocarbons

fromthe ol efi The ol efin vapor stream conprise of the
ol efins, for Ig&amf{ﬁmt hyl ene and propyl ene. [0043]1n oﬁ%ﬁ%%%@ysgghe

olefin streamfromthe oxygenate-to-olefin reaction process is cooled so
that a vapor stream rich in olefins, can be separated fromthe condensed
water- s containing stream It is desirable that the vapor stream contain
not greater than 20 wt%or 15 w%or 12 wt%water. Preferably, this takes
pl ace prior to Ctxﬁee"?i‘fdeﬁdhocé‘f’?%afﬁﬁnbH’Fe"rl?fﬁg‘“teﬂ’é B’Fo%‘iﬁ“eﬁéorr BET fPERtTOR
tower. [0044] A mgiehgr ieaesins, fcﬁe@ﬁ@letwg&neﬂnd@wpylpﬂmnt that is effective in
cool ing the ol streamfr ate acti.on process. In
a quench t ower e[f)bﬂlque'fn Qi a8 )cthe 8lef1n g@é?m r?lamrthecﬁy?ndtgn({ olc iy raac\tl{h)li Iﬁlg(fep‘ie Sol efin
streamto cool wbled sttheamapa qtnhien delseréfzﬂin@@ﬂd@n@amt@inﬂ(tnempemaimupcéwaten-

Condensat i on; prc@ﬁthﬁgﬁ§ sthch8. G QNLENAEIE dhatvRl @aho:%@&%o%lﬂgotsﬁé‘a%ﬁ%n Mtﬁir{i al so
referred to asaheavy bott ons stream e olefin portlono olefin

product stream¥én¥di'As*'g VAol &b e it ke RECGRER Ehihe oliER sEsmaicBehead
vapor stream Theyomathigadovapear streamis rich in olefin product and can

al so_contain Sﬂgﬁéfxyg%r&g{cﬁgowc gro?lc yerO? fq&lIY[J 1I;:nottha(% I8 dtfcgﬁgi %115%(?):1 xé%ﬁ's 8&?

[ 0045] I n one e uenchi i's a recycl
condensed wat ertreontai he ﬂ?g/gmh@awylciﬁmtcacowsplglmemmqg@nch hereig v ewvodhitedivgl is Th| S

wat er - cont a'x(f" r&l@c&lgfrc@ﬁmtddswﬁeﬁb ﬁlﬁh Xn&-@p‘o%ol JhQ trc%ﬁlaﬂmhce dcspé/d @OHB&%IOH
exchanger, and injected back into the quench tower. It preferred 1n this

enbodi ment to ﬁ%‘fpcfaﬁfce&’n%% 1‘1“rf§’j°dr\"é‘iﬂlt%ﬁﬁ°f“i“6wa’ﬁ“°bﬁ‘%n§ﬂ‘ﬂ‘él Séfﬁ‘iﬁ‘ ceighnt 81520t he
quench tower, adftrhaugh aihbavirBytobe sieb@si Thakle@n p@tichdf 8@ olehn PHLNRI suSBPRIEhE ON
equi pment domsatvlép%lamdoe];m tpee quglg'lc% Q&v&t]ex' Elsoa\r,l@)!\‘/érhead vapor stream. The overhead vapor stream
is rich in olefin product and can also contain some oxygenated hydrocarbon byproducts, as
15 well as watcr.
[0045] In one embodiment, the quenching fluid is a recycle stream of the condensed
water-containing, heavy bottoms stream of the quench tower. This water-containing stream is
desirably cooled, for example, by a heat exchanger, and injected back into the quench tower.
It is preferred in this embodiment to not inject cooling medium from an outside source into
20 the quench tower, although it may be desirable to do so in other separation equipment
downstream of the quench tower.
[0046] Thus, a desired olefin stream is obtained. The olefin stream can contain any
number and amount of olefins, and in particular embodiments comprises propane and

propylene. In other embodiments the olefin stream also comprises ethylene and ethane.

25 The Polymerization Process

[0047] The intermediate grade propylene stream, and optionally other olefins, are
contacted with a polypropylene forming catalyst to form p;olypropy]ene. The stream leaving
the reactor will include the polypropylene, unreacted propylene, and propane and other
diluents if any are used. In one embodiment, the polypropylene forming catalyst comprises
30 one or more Ziegler-Natta catalysts, conventional-type transition metal catalysts, metallocene
catalysts, chromium catalysts, or vanadium catalysts, including one or more combinations
thereof. Non-limiting examples of Ziegler-Natta catalysts useful in the process described

herein include those Ziegler-Natta catalysts described in POLYPROPYLENE HANDBOOK (E.P.
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[ 0046] Thus, a desired olefin streamis obtained. The olefin stream can
contain any nunber and anount of olefins, and in particul ar enbodi nents

conpri ses propay propylene. In ot her enbodi nents t & ream
al so conpri ses e@ﬁﬁﬂene and et hane. 25 The Pol yneri zati 21%]%)5% 3@%3%2

[ 0047] The inter rredl ate grade propyl ene stream and optionally other
olefins, are contacted with a pol ypropylene form ng catalyst to form
pol ypropyl ene. The stream | eaving the reactor will include the

pol ypr opyl ene, unreacted pr%pglene and Eane and other diluents if any
are used. |n ondo%iisddi st TubE°TH ol %Y dr OB’W‘ 980 GFnileiey e dttryebput ciBnfY i ses

30 one or nore Zuwgd, erg NMEtTaLLanI\alaASELSPOL@vaemﬂ Sdhaiks-& ypeahimrnsid | oan et al
catal ysts, net ocene a,l chro atal ysts, Qr adi um
catal ysts, i ncla\&éﬂ n%g%]ﬁgﬁ%r Or@ AL QSR ?aﬁl okPﬁ’sLF?he %18?“%%?{1’18%’%? g{iatta{yﬁbfo’
exanpl es of Zi egtfer PNanviaatoat aloge §UU\SIG$IURFYIFW$ h&7pB ot €980)deSdei bedblhier ei n

i nclude those Zi,elgs ) d : MN?BOO(
(.E..P. WO Do ThREL B! Rk ffll R SRiRLIERL %Eiﬂd}opf igpeR bRl s,

1996) . Met al | ockplagd é{}!@’r@é‘g’@%%@g%ﬁ%%‘ﬁ&%w‘ A35-for exanple, | & 2
METALLOCENE- BAS&RSPOLYAsEFLNG Apbhcassrhemsszs&aw UK@rBllﬂSj())mﬁaﬁeratch AR Wley &

Sons, Ltd. 2000). and ego c "Het ero eneous Sin
Catalysts for OIeFiR (gﬁl g??e\%fl%uétc?’bvﬁ’lt‘pn%éy@f X?Ha%f-ﬁ%la \ Cﬁﬁ‘%ﬂ“&%\sﬁi‘é’h‘?‘“ﬁ74
(2000) . Gt her %ﬂnnpédal o cobvegliongltesesyanalivatahlys tcompauodsudelpdd pmadyk anitplié,

am ne-type and/,bx) M@t YRE GRQLEE Nafhon; C JS 2
exanpl e, US 6, §94 }Jl 3 acrid usS 7, %(gk Zg&c Q@ﬁgrl ?ngﬁj‘dgpgﬁ%ﬂﬁgf{i)l %g.dl on

2,105, 355 and U&(8C I;’%f‘ﬁbs@““f‘%d?ﬁ%‘f‘%ficeﬁdhVé-?gé‘I“ﬁ‘ By debides b, axd¥Skribes
vari ous conventw&mﬁﬁycp&cm@n%ﬂm&ﬁ satvalayHtacdy0 AR Snd Nidtodckdil abdidi@tes

exanpl es of con nt i t [ talyst co unds i ncl ude vanadyl
trihalide, to a o2§<sy9 aceitylc%sw’g‘ﬁe aqqu{élbgé%e%% Lfé?‘forgl?gp\}gc)fff'éed conventional-type
VOC12( OCH2CHICHR@HB)  entrdlys VO QTR ECHBY B YaxtadiVifth tet NVOhOR| décran®”vanadi um

al koxy hal i des h§d4&larb@§ra¥9&4pla&%l}/§é3&@%@H%%Qﬁﬁm Hﬁﬁ&%b{{"dﬁgﬂ syfrpady!

acet yI acet onat es and chl or oacet%/ acet onat es such V(acet acet onat e) 3
and VOC12( acet §hy aE‘é’t‘ﬂn‘a?péc)pyl [ é’r"Pﬁéd“‘E‘ﬁHvé?r?ﬁ‘%‘n&ﬁ‘dfyy?ﬂ@l Jlﬁﬁéd‘iyﬁlﬁl?eééh al yst
conmpounds i ncl uqﬁthm&ndve@mmaamyvmm where "R' is a |s hydrocarbon

radi cal, pref er@%y Sr.to. 31'1 qr%t ic ar aromati ro ar bop. 1 adi cal
such as et hyl dny | SO SR oﬁf(ﬁ ‘t’ﬂ“ﬁjf AR SPYPR Bu‘i“yl)le/ TS 3]th§}]|‘ s
tertiary-butyl typhe%wsts my@ﬂedhreueyln,thmlwﬂlmehWIPH pbess, indnid Cw@ﬂetdomnm&(:ﬂyyl
acetonates. chromate, chromyl chloride (CrO,CL), chromium-2-cthyl-hexanoate, chromium
acetylacetonate (Cr(acetyl acetonate)s), and the like. Non-limiting examples are disclosed in
US 3,709,853, US 3,709,954, US 3,231,550, US 3,242,099 and US 4,077,904, each of which
are incorporated herein by reference.
[0050] Any conventional reactor type may be used for the polymerization process. Non-
25 limiting examples include fluid bed reactors, shurry reactors, or linear flow reactors. The use
of a fluid bed reactor is described in US 4,482,687, the reactor and catalyst description being
incorporated by reference herein. The use of a linear flow loop type reactor is disclosed in US
5,684,097, the reactor and catalyst description being incorporated by reference herein.
[0051] In a fluid bed process, solid polymer powder is maintained in a fluidized state by
30 circulating a stream of olefin monomer from the base of a reactor, to the top of the reactor
where it is withdrawn, cooled, and then recycled back to the base of the reactor. Solid

polymer is removed as it builds up in the reactor. A high rate of reaction gas recycle is
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[ 0049] Conventi onal -type chrom um cat al yst conpounds, often referred to as

Phillips- type catalysts, suitable for use in the polynerization procefs
i nclude Cro03, ne, silyl 20 chromate, chronyl chloride 2),
chrom um 2- et hy %gggﬁoate chrom um acet yl acet onat e (C)féé@?"ﬁmanﬁ

acetonate) 3), and the like. Non-limting exanples are disclosed in US
3,709,853, US 3,709,954, US 3,231,550, US 3,242,099 and US 4, 077,904, each
of which are incorporated herein by ref erence. [0050] Any conventi onal
reactor type may be used for the p YﬂEFIZ&tIOﬂ process. Non- 25limting
exanpl es |ncIud%W?WbFHmﬁﬂﬂ)?éﬁﬁ%%¥%ﬂ‘@1d?@9ﬁ¥%%ﬁﬁ%¥§mm@ﬂ‘Fﬂhb%ﬁwWdeﬁ
reactors. The uaftee@mtathEkvuhda»taaedfﬁg@aﬁﬁlo@odu& ad@&@rpu%egmmﬂ ]EJS 4, 482h687_ t he
reactor and cat t scription being.inc e ref erence herein.
The use of a I”ﬁ%ﬁf (mfmlw'%yﬁ " %ﬂT%?81 i glﬁ?éH]Pﬁ? Y8 "ECER 1B 7,

t he reactor andﬂ@slttdtrsgéis of @ugi 4ot pomccb@l vig shonclangrofoatieg abyopr eMenence),

herein. 1005;1'0&&@%%!:1&'5%1&% p({l\%ﬁted?échar%g)cl 1'119 tlgeq!) rfﬁlﬁmf@, Vﬁ‘ﬂ}?:r IP§l Ha‘lfgﬁn%a ned in

a fluidized state by circulating a streamo mer from t he
base of a react®dihe lPpisiHRVEGPRHhc teh%mra@a&fvbfrwm%@?fbnwrtornprsand\ﬂxﬂwroawmool ed,

and then recyCHWﬂummD&mey%BG%b&&ﬁp@%o&hﬁﬂﬁ@ﬁﬁ&QBmtﬁﬂhhdm@@l%ﬁﬁﬂm&ﬁm&ennved
as it builds up the reactor. A high rate of reaction gas recycle is WO
2010/147705PCT/6§§6Tﬁfﬁ§§g§%wWVbIcaIIy required to achieve fl uidization.

The new ol ef i n B8] st Paampyisnd guoduat tthe fcawer that palyprapydene quabtot acobdids

wi thdrawal of pohyehahl & PG ARG, %ld&&%mgwcﬁémuuéc%ﬁc%l& br Qq%né eact or

is a preferred formof a linear flow reactor reactor,

st rai ght Iengtﬁ%jBPmﬁ?ﬁ?W@I%ﬂ@“@@ﬁﬁé@?@@d@Pém§ﬁ6W¥Wb@ﬁﬁsfﬁbﬁﬁﬁﬁg“@deop
Monorer (s), 5 ﬂe@toaqu Stthe widdted @ppyme al plraferabmleabemd A0 Bsc@ Ia@rlg@xélelt&a% thdhe 1 oop
formng a slurry, romthe reactor

along with unréa ?mgwxmﬁ(ﬁ%F(g§H“HPFH5WfMBFP?HFV@EW“mwﬁf?aﬂ?@”@ﬁops may be
used with portilt9ad oflntOhﬁecn@bmmmy dontamingitenrd iemsited freacicolymwiopiche amrucatyd added

to a second,l 0QRy ro@a&tpgloc skr QaQr5:i1]s1 Q'%ch?rﬂ%&leb‘cﬁyr}?&%bl? OB hsggteri’lqe%%?ngt QF
pol ypropyl ene reactor contai ns 10pol ypropyl ene as we
conponent s. Su&%mﬁﬁﬁﬁ%ﬂéﬁw@gﬂﬁ%¥ﬁﬂbmﬂﬂ?%%@ﬂdﬁqubﬁyméﬁépwﬁﬂﬂ@mﬁﬁaﬁéﬂlas

well as i nconpbeﬁ(ﬁbryplfsmei’dr[@iﬂg pey Ndﬂfeé’nﬁorﬁn Fro&!. Wﬂ-ﬂlﬁntmg fcxa?@le‘«( itiRle AL indS ed in

[ referably recovered and used as a
the process. The % un{l%a(c:(;[ Sensﬂlor%pglsﬁﬂgon §bs£)1pt?on or combinations of these, depending on
recycle feed t

whcthel the effluent from the polymerization reactor is in the liquid phase or the gas phase,

20 and on what other components are present. Physical phase separation of powder or particle
streams from gas streams, or of liquid streams from gas streams, can be carried out, for
example, using gravity separators or cyclone separators.

10055] From the purge stream propylene is recovered and sent as recycle feed to the
polymerization process. In gencral, propane and propylene will be recovered by way of the

25 purge stream and, preferably, a substantial portion of the propane is separated from the
unreacted propylene to reduce the amount of propane that is recycled to the reaction process.
Such separation of propane from the purge stream can be accomplished by conventional
means, including distillation or separation using molecular sieves or membranes. In certain
embodiments, at least a portion of the unreacted propylene, and propane from the

30 polypropylene reactor is circulated back to the olefin stream, preferably all of the unreacted
propylene and propane is circulated back in another embodiment.

[0056] Thus made, polypropylene is isolated from the polymerization reactor in the form

of a homopolymer, random copolymer (when ethylene or additional monomers are added to
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pol yneri zati on process. O her contam nants are renoved and di scarded as
appropriate. 10054]1n one enbodi nent, contam nants are renoved fromthe

pol ypr opyl ene by 15 way of a purge streamusin vent | onal

pol ymer separ gﬁz@ﬁﬁgbg% ens. Purging of contam nants, | ngﬁctcf i ﬁﬂO/tﬁﬁf’gact ed
propyl ene and propane, from pol ypropyl ene product can be acconplished using
any conventional process. Non-limting exanples include flashing, cooling
(i.e., condensation), distillation, absorption or conbinations of these,
dependi ng on whether the effluent fromthe pol(}/rreri zation reactor is in the
li qui d phase orhd Ktyaslophsppalymern gnnge oy igh 484 hgi @rory'eippgtd mokmgys end
present. Physic %&kto@&?&@viﬁgﬂ@&ﬁs&?@ % ﬂf)pymwﬂ@fvedlfnitp@r\{/dg@k eftsettmegf{a;@ni‘ef)o ][n gas
streams, or o jquid,strea r as strea .can be carri out, for
exanmpl e, using [Jg):]drsgti tgn s%%%@%rognadg RRALA &b b MBS é’?ﬁy{”@@%‘f FFem’t he

pur ge stream prdgpybedmethirsfercee ov Bigod 2antbrgent 048 (sred @) eactedd it @otided in

pol ymeri zat i 0n OGRS SHon! B ogglal%f)ﬂlme RLARRDE (ARA 1 PLARY! £0F pbht oh 9€afLgovered
by way of the 25 purge stream and, preferably, a substantial portion of
the propane is Pe&upostasd 3y r BinrecHEcLigPEY Ates 42 s rBpSRER Bonplplepistinown frhide anpunt
of propane thatarti & HREYSIgROthitPolshe tic@RGHH BN PPABASS betRbs D TSLRAALI QRy Of

propane fromthe purge streamcan b ccompl i shed b onvent i onal ns,
Pncl udi ng di st TN B Sapirar] by s ot el “ dreVeE B b anes.
I n certain enbbireermbs, to dtlivireastond stpam tof opfiefin ited 2 unthe actetd. iepykene, and

propane fromt mﬁghéqap@{)m][ops%y%@M&%ttwoléfﬁl sﬁfal;n%@&g@mara&i&n?ah@&s ol efin

stream preferably a of theé unreacted propylene and propane 1s circul ated
back in anot hefMMbHERe HEHeCAbPBOSHPTHLn Fradia coprsinggsiso Hyt i ulpsebdimgeted f rom
the pol yneri zakin@8ns ©agGht Cind Rghdr ALd@iboR NPRRRE! Wiak, oldiaRGm SPQ yer
(when ethylene or.additi

nal nononers are added to. WO L

2010/ 147705PCT I8 185/ %%ﬁ%‘ﬁ“ {RE™ Fﬁ“a“&t’@?’)%a‘ “B‘Iq%fcer?‘%&}%‘ﬁﬁﬂt’ﬂ@?a,‘“ fonigagte ¢4
copol yner and etdhéeghepiydpydraneisbasdc! foothy dierxtylathe sedaagtione reiréikavmg nghat
| east 50 W % ppepyl.enerderived units by weight of the total polyner).
100571 An enbodi nent of the apparatus useful in making pol ypropyl ene may be
descri bed wi t h[W&ler dhcey coyopcgificeion owee &b i dndoroegion NMPOodBeEtIdr 11 s
provided in Spikfetibl 1@ANNEDkLOMNtGIRRNGoRHIRAY @B NELithd E@dd 0ondeRder7 13
having a top p%rt}leinogﬂlﬁa anq. a_ bot ﬁ{om orﬁl_onﬂlgb. The ‘r,ect!(&l cat | on t oner
may have any cOnvVEAL "BRAPIEEOR §h? BHEHA i WiTHE TP £OrgP OB e PN GRS hat
possess t he degrtfeatioNltoweOpt andnitgl polymethatisweredstotlD A& Bact3oy prividedrid recycle of
rectificalinn Loueta ddniche hREADRHR LIRSS HR0 AL IAh el ATPYAL ALyl SRST @
portion of the 'S h _ér%ﬁcaﬁﬁons%t dnge?(i%ver aese"cuocn stream or&(%g%ee?t}’ﬁ% in
line 12 to thefeedwbrinet33 amj Reowillcatenthe reciifgatingpres seppaichcad BoinBixefagriob
present in thee@higfindwsks eam fromthe OTO reaction, a neans to renove these
hydrocar bons i ovided in certain enbodinents. In articular
enbodi nent, a @8%515 f%”ﬂ%wﬁw él%%ﬁ’éfc%? '@“ﬁ‘kﬁoﬁ’l ?%%%P@@E@Yfegﬂmwna%& f or
the ol efin strEauwe priaoralst be dntdiril mgth tréference ad Figine &t | e, o wergenatenstraanoisher
particul ar £rbodi.ORNby 4 ARADA: it SHRNR: AufboRbANGE MYHACAIPIRR) S
provi ded f(;r t edgi&pne%%yl ether stream prror d?o roeg(lgrcﬁllatd?ng tg) t he )SOTO
reactor 11. reactor 11 under OTO-type reactor conditions known in the art to form an olefin stream

carried in line {2 comprising at least ethane, ethylene, propane, propylene and DME. This

olefin stream 12 that contains DME is introduced into a propylene rectification tower 13 at

any desirable location, preferably towards the tower bottom 13b, most preferably within 50 or

30 40 or 30 theoretical stages from the bottom 13b. From the rectification tower bottoms is
withdrawn a DME stream 16 which can be recycled back to OTO reactor 11. A means of

removing C4 and higher hydrocarbons may also be provided in certain embodiments, as

stream 16 may comprise such. In one embodiment, the stream in line 16 passes through a
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[0058] I n any case, rectification tower 13 is in fluid connection to a
condenser 17, preferably the fluid connection derives fromthe top portion
13a of the to enser 17 is then in fluid connecti splitter

19, wherein f%‘f& gg%gectl ons are made back to the rectll%)&é'gas??l(g/rq“t‘%v\er 13
and the polynerization reactor 22. Aline 23 is provided for recycle of 20
unreact ed propyl ene and/ or propane back to the olefin stream 12. |In other
enbodi nents, the feeds of lines 23 and 12 will enter the rectification
tower separately and not mxed prior to entering the tower. [0059] An

embodi ment of t‘%@olﬁi‘f%‘ffe%'é‘dh‘@@&l”t“@mbF66‘tf'chéchﬁﬁé(dl}9€ﬂ‘%f dpgradiseembedingpt 0 ned i n
Figure 1, can al<ia %t%mdleﬁrfél’mbﬁﬂstms'&dd tHr&f@ﬁeMﬁn&@bﬁbﬁuﬁtal@ tovdel®, an

t t t t .
cararyet compoalthn (AR eRE TR ey e dH oo R et ) B Penct or

condi t i ons k nownthillawt, head afronn th@ td’)\mr mverthead |aegas ntretr e nergasng ed ldan dropas, 12
conprising af f% lteneeznﬂ%gﬁondl%zt Jﬂ%h@ﬁﬁ ’eth?l'él%paﬂ@ @ther%gﬁgxll]ﬁﬂgma nlqle Wﬁmc T'El!: S

olefin stream hat contains DMVE is introduced |ntoapro
rectification tB%WErcalBe smmoxshiiopaiyrdshable losationiabng ﬂ’[Sr“é’YCela%l@fF‘V‘bF‘bb\Sﬁ?“éisnt he

t ower bottom 13bg cfﬁmﬁitmeﬁf ﬁhf(ﬁglamd);ﬁwﬂ\lliyhlb&tca()it e dedRd 4&aQdn. 3ﬂlctﬁ@m5a@tda§a|
stages fromt he bot 13b COlﬁcm%{qgtrect| | catio
i'c

wi thdr awn a DVESE S TEUR Ll s e o resror PRI . A
means of r ennvwl*rg\l@foaﬂhﬁnhlcglhbnc dnyf dwyodtlar g gaserety batvslolrdse tppgiadettlylim-

certain enmbodi neintiRs > P S ; n hept, the
streamin |i neni?th&argng%%{ﬁgﬂl%&@aw c.ﬁP'iTé)f /p%C?Cgt(%})%ia n%lsd;%}%o}fg&g&k gﬁp

depr opani zer, \ﬂfﬁlb(’i‘ﬁo fiefyee afirshpRgtieae @EFa‘éﬁél “H f §iedtssdinBaaoseyccHeastbt her
enbodi nent, thexd &)fnla& aSﬂdIy@&fﬂl lc:ﬂdlirslt I’hﬂd 4 2ccbfd frbgySdie R@Sﬁ@d tﬁa'ﬂ EQQ%ﬂoé’uced

deet hani zer bef or rg.e gieca g %q% Cﬁ%‘ Fr om t 1p ene
rectification tower 3 O 83“% S5 PSR Tnf éea l21 *dEE%RA A n, and
fromthe tower radyentheaddt lan@a@mslt?r eamo,l@ ag A irabdl migge dlterd leastn. pruophamese, 5
propyl ene, @nd tlfBQEdo%ﬁlaéchngtt@B%O%Q b@“ﬁ%b&@cﬁat%ﬁ'}ddcgfrﬂ%r]oéah%gﬁl GRITRY nts.

The propane side streamcan be renoved from any desirab cati1on al ong
the tower as déS&#9cHRYECherein, in one enbodi ment through a draw tray

| ocat ed at thejmeqi r ad rd0cabl 6&1prJ@&l@MQfobﬂféﬂzaﬁ&ﬁcﬁcﬂﬁﬁﬁm a11§ Jier dishr@gd ed to
condenser 17 to accumil ate a pr gyg ich s Jea qgtl onaIIy

al l owing for ePHAREZ O HATRRE et and d rh&”(‘m?pl ghtY a‘°§ Cof‘Bd #4 wEFawn

t hrough an et hydn@me&nt* vl lmp‘elh insthe @amT%CdtJFhelsp:lompxyddemek pro@iens entgamtiB | S
passed to aZOSpledét&q{) Fl%gucgfthe%x%)l%gﬂyn%n n%gaéd tg/gl%'v netﬁﬂle )) %ﬁ@d Cpf %)au% 22 to

propyl ene stream 2 isin uced into a polyprop e rea
contact a pol ybP‘éffa"i Hregmp) dloypsthe PYyipprigation cueter %’r’r‘@WF diistedt foeanple. hivagh i s

re-introduced iift2, h@erﬁ&l@ﬂiﬂz@ﬂdﬁabﬂ &féctﬂéﬁ%ﬂﬁ@éjmlnTelﬂﬁodlhlélﬁ‘I R GrpRGRTor
propyl ene streans.are introdu

D0y or Sany aberidh s Rioe tharE udk holh Siokh oDl oo 058 etk dish g’
propyl ene streamig@r nﬁynebié i Intan@lghu embbdatena e wiesétedabitgial Goatpplgmeiizatidtnoner 13

as described hgreins 1s[v9chQi]dnJeal rﬂﬁ@lfgkﬂﬁe 2732to HUYRY, h%%x 1@' ?fnidlﬂl P&}[X%fehgﬁt I on
catal yst and any ot her desi rabl e
18 1solated from the polyplopylene reactor 22 in the form of, for example, granules, a shurry,

or a solution.

[0062] In a particular embodiment, the ethane and ethylene-rich stream 25 is refined

further in a demethanizer and/or a deethanizer. Any propane and/or propylene recovered can
30 be sent back to the propylene rectification tower or the condenser. In yet another

embodiment, the purge stream in line 23 is directed to a demethanizer and/or a deethanizer.

Any propane and/or propylene recovered can be sent back to the propylene rectification

tower 13.
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pol ymeri zati on conponents such as, for exanple, hydrogen, cocatal yst, and
ot her conponents well known in the art. The catalyst is contacted with

propyl ene entgrd gy tbhgs 20 reactor to produce t he ponpr(ﬁyfspeﬂiﬁggeacted
hydr ogen, et hane, propylene and propane ("purge streant &ne

pol yneri zation reactor 22 can be directed, for exanple, through line 23, to
a denet hani zer and/ or a deethanizer in certain enbodi nents. Any propane
and/ or propyl ene recovered can be sent back to the olefin stream 12 or
tower 13 through the remainder of line 23. In another enpbodi ment, the
unreact ed mat erlPdB! £ r BBOIeyHBeY haRpest andie proaiaiuppnd s vatiouy Eppisy defribsdt | y

t hrough |ine 23mkm1hmnﬂm&26mwmhmmsm 13. FlnaIIy ponproperne 24 is

isolated fromthe p I ene reactor ) anpl e,
oranul o, a 51 urry® RGeSl SRp Bl el bRy BT Bl o Che

et hane and ethylene@richmeﬁh@amwQ@%ﬂpwneémme@hhun@hshrﬁmwamdpne@manfzer

and/or a deefhani zer. Aly.RCORANRGe IO (gggpyggpﬁw&ggpyered can 30 be
sent back to the propylene rectifica |on tower or the condenser. In yet

anot her enbodi ment , ®f he ByaTIGEE dierelit sfrepn nfer PePYlce Frifatudoyy passessing
denet hani zer and/ or a deehhanhze0o thdnryticprsepane and/ or propylene recovered

can be sent back to pyl ene r tlflcatlon
2010/ 147705PCT/ US20" % ii’ggfg%x‘fpgﬁ)ﬁj WiPRg s Esécrci”{‘)c"‘%mt ﬁ%wcbr o\c%lé?tsf%m alf§*? he
apparatus and its vari oemnfieag dimedylctiesesiidedmivenpismeipropmenierae dverhead

enbodi ments js: |.A netnpgmg&n@gggthﬁgwppkxpﬁppyIene conprising (or
consi sting essentlally (a) contacting an oxy Qenate streamw th a

nol ecul ar sieve to ﬂbrnP&WMSP%ﬁwnogﬁFﬂbéh?é@ﬁ%??&‘h&xpWHpénepmpﬂﬁpy¥%ne and
di et hyl et her; (b) intragwai ng the oIefln streanrlnto a propylene

oSt eatt on < oner Posgesal IO LRI, A0 ATERNS!LERoRY MRSk
stream that is introduced into a polypropylonc reactor to contact a polyolefin

15 catalyst, and (ii) a sccond propylenc stream that is re-introduced into the

rectification tower, the first and second propylene streams introduced at a ratio
within the range from 1:2 to 1:30; and
) recirculating the dimethylether stream to contact the molecular sieve.

2. The method of numbered embodiment 1, wherein the olefin stream and overhead

20 stream also comprises ethylene and ethane; and further comprising separating an
cthane and ethylene-rich stream from the condenser.

3. The method of numbered embodiments 1 and 2, further comprising introducing the
olefin stream into a deethanizer to produce a second olefin stream which is then
introduced into the propylene rectification tower.

25 4, The method of any one of the previously numbered embodiments, wherein the
propylene rectification tower is operated at conditions to provide a first propylene
stream comprising from less than 200 wppm dimethylether.

5. The method of any one of the previously numbered embodiments, wherein the
propylene rectification tower is operated at conditions to provide a first propylene

30 stream comprising from 1 to 10 wt% propane, by weight of the first propylene stream.

6. The method of any one of the previously numbered embodiments, wherein the

molecular sieve is selected from aluminosilicates or silicoaluminophosphates.
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conprising dinethylether, a sidestream conprising propane, and an overhead
10stream conpri si ng propane and propyl ene; (d) introdycing t he oxerhead to
a condenser tq, mY.,ate a propylene-rich stream (e) p & e

propyl ene- rlch(?%rean1to a splitter to produce (i) a f|r9$§%§g8 PEe stream
that is introduced into a pol ypropyl ene reactor to contact a pol yolefm 15
catalyst, and (ii) a second propylene streamthat is re-introduced into the
rectification tower, the first and second propylene streans introduced at a
ratio within the range from11:2 to 1:30; and (f) recircul ating the

di met hyl et her streafi% BCGEhPREY PHeotnBt SEtrwly aieheed enbodpmentypthein de
nunbered enbodi ment pridssurahahi@itie phdpelond edtifivatish o8Nt dngin eeehfie adma0sd rwam al so
conprises ethylene gnd ethane; and further conprising separating an ethane
and et hyl ene-rich sP¥%am from the condenser. 3. The nethod of nunbered
embodi ments 1 dhd 2Thefrentitodef anyompeti thd meyidusty modessidrgibbdigentd, ehérein gepeém i nt o

a deethani zer to prQduE g RoSRGANGMLHI N stream which is then introduced
into the propylene rectlflcatlon tower. 4. The nmethod of any one of the

previously nunber ed EmBeidhenty, onGHArBG ARG pPEyIce rEbpdiments vt t ower
is operated at COndM&$mﬁﬁ1§©nmﬁﬂwid@na;%Mﬂ&iﬂ&@ﬂﬂ&hﬁﬂﬁkﬁ&&ﬁﬁﬁhﬁ@ﬂﬂ?M@Lng
fromless than 200 E The met y one of the
previ ousl y nunber ed' prgSM(%f%m%ﬁﬁgF@}%%P (mﬁ$%p?¥@ﬁﬁo?@8?rflcatlon t ower
is operated at 8ondihcingtind tbanyrooy pittee jarevigusly toupbaplydndném3d0s tvheaimaciomsps i Si ng
from1l to 1Q, wt % propane.r MY Weloh h%rﬁ%necthdrrcstpmlapgwla&f'%\rﬁg&{&ﬁml ‘ﬁ The

met hod of any one of the previously ered enbodi nents erein
mol ecul ar sieve is %@W@EP&H’Wﬂ@ﬁﬂhpﬁﬁpﬂéﬁﬁF%%%W@§m@W and wherein any propanc

si | i coal um nophosphat/espropylene recovered is directed to the olefin stream or propylene rectification
tower.

11.  The method of any onc of the previously numbered cmbodiments, wherein a means to

15 remove C4 and higher hydrocarbons is provided for the olefin stream prior to entering
the rectification tower.

12, The method of any one of the previously numbered embodiments, wherein a means to
remove C4 and higher hydrocarbons is provided for the dimethylether stream prior to
recirculating to contact the molecular sieve.

20 13 The method of any one of the previously numbered embodiments, wherein the
process further comprises isolating polypropylene from the polypropylene reactor.

[0064] By “consisting essentially of” in embodiment 1, what is meant is that no other

rectification or condensation steps take place with respect to the propylene throughout the

claimed process (from OTO reactor to polymerization reactor). There may be ancillary steps

that take place with respect to ethylene, DME, and other components, and also additional

39
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minor components and steps such as compressors, vents, coolers, heaters, etc.

[0065] Also described is the use of an apparatus to produce polypropylene comprising

(or, alternately, consisting essentially of) an OTO (or MTO) reactor in fluid connection to one

propylene rectification tower having a top portion and a bottom portion, and possessing from
30 less than 200 theoretical stages to allow oxygenates such as DME to be separated from

propylene and propane in an olefin stream in contact with the rectification tower, the

rectification tower further being in fluid connection to a condenser, preferably the fluid

connection derives from the top portion of the tower, the condenser being in fluid connection

I8



WO 2010/ 147705PCT/ US2010/ 033332 7. The nethod of any one of the previously
nunber ed enbodi nents, wherein the pressure within the propyl ene
rectification_tower is_ within the range from50 to 1000 psig. 8 The nethod
of any one of“%ﬁ%ﬁ%?éé?ously number ed enbodi nent s, mheré&ﬁy YOBI%Ti n
5stream has not been hydrotreated. 9. The nmethod of any one of the

previ ously nunbered enbodi nents, wherein the sidestreamis withdrawn from a
position along the tower located at from1 to 40 theoretical stages from
the bottom of the propylene rectification tower. 10. The nmethod of any one
of the previoud?y WitbHeVisericAne domseioss aigherdeirckate the destifiggtignoromvenpdot  t he
unr eact ed hydr ggemeriAtidhansorPiRRYA QNRiiEBShnREOP ANGofidl@Mot ReydROLY WBLLE@t i on
reactor is directed toda,sggargg%on mea s;.and_l ere'n.aq¥ ropane andl or
propyl ene recofSreds WG PRt & PR&E! BirA 5 Sk 8§y?@ﬁ@mmmﬂ
rectification tabweativeldla m3ne taretioed Cofandhighed nigdrofarbbineis pr@udeo dsl e nafiber ed
enbO_C“ ment s, 5 W@@éa%' ;@io?‘torg?ﬁnr?g &Ql'egéf{cgﬁm\{&ve%or %I?eqna*{ibﬁ? %rmeQXs.dtr (?é:n%rveb%ﬁsal& S
provided for the olefin streamprior to entering thé rectifticatton tower.
12. The met hod higherdigrogwnnfs nrovidep favihodisr)ylpbersaeaadpiinto dimpitisg towher ei n a
means to renoveTGicaned hi gher hydrocarbons is provided for the

di met hyl ether streamprior to recirculating to contact the nol ecul ar sieve.
2013. The net hod of any one of the previously nunbered enbodi nents, wherein
t he process further conprises isolating polypropylene fromthe

pol ypropyl ene reactor. [0064] By "consisting essentially of' in enbodi nent

1, what is neant is that no other rectification or condensation steps take
pl ace with respect to the propyl ene throughout the clainmed process (from
OTO reactor to polynerization reactor). There may be ancillary steps that
take place with respect to ethylene, DVE, and other conponents, and al so
addi ti onal m nor conponents and steps such as conpressors, vents, coolers,
heaters, etc.
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[ 0065] Al so described is the use of an apparatus to produce pol ypropyl ene
conprising (or, alternately, consisting essentially of) an OTO (or MIO
reactor in fluid connection to one propylene rectification tower having a
top portion and a boftom portion, and possessing from 30 |ess than 200

t heoretical stages to all ow oxygenates such as DVE to be separated from
propyl ene LIdAWBpane in an olefin streamin contact with the rectification
tower, the rectification tower further being in fluid connection to a
condenser, preferably the fluid connection derives fromthe top portion of
the tower, phe;congepser being in fluid connection to a splitter, wherein
fluid connections are made back to the rectification tower and a

pol ymeri zation reactor, wherein a fluid connection is provided for recycle
of unreacted prqgp oF pr ne k to.the olefin streamor the
rectificat?bn tgw%?ﬁ&gﬁﬁﬂ%ﬁgFgﬁﬁgggﬂpégﬁ%9?9@?¢% a neans to renove C4 and
hi gher hydrocar @ns kentprtiay iadedyjcantetshrearnlvath aambdlestilnesienepioiform b okdfiner i ng
the rectification tower, or alternatively, a neans to renove C4 and higher
hydrocarbons is provi&& $O5Prisiig PHRaRe- TP aRe ARG iME M shaor t o

recircul ating t @)t heifdbQudigacherolefiCLeleMd Wiat a i Srofylaiemeettifisatioch. Aowaet hod of
produci ng pol ypropyl ene conpri sj ng; (%% contacting an oxygenate streamw th
a mol ecul ar si eve toPPEFsHNgAroat kess thas(0ehearetisabytas®sng pr opane, propyl ene
and di methyl et heyy; (RihdRMRAH6MNehet Pl%p?lleﬁé( R OHBEARAMIWE O BotdSRRYesHe
rectification tower possessing fromless than 200 theoretical stages; (c)

wi t hdrawi ng from t hecpp@pjige dengtedethen datsidesircapmepmprisied tpovnase.r ezrman

conpri sing dinmethyle j S| ane, and an over head
stream conpri si ng pr%%%%gdggﬁhg§§®%ﬁ§%3?&%@§hﬁ%ﬁgg@éggng the overhead to a
condenser to acGUnul atredecing theydverhead iocch cetdeasmio peunpidss b pgorykeac-rich

propyl ene-rich streamto.a splitter to produce (i) a first propylene stream
that is introduced i ntd a pol ypropyl ene reactor to contact a polyolefin
catal yst, and ((c)) apssiagnie praydnenhsdtfeadamot Badplitts toepriduediged firddt 0 t he
rectification tower, the first and.second propyl ene streans introduced at a
ratio within the rangf@PyFetFas t 36lsl%rﬁucaﬁaﬂ%PwrPeﬂFrzftlﬁ%r@orttﬂeontact

di met hyl et her stream tRIyeRMnacdtalyfe af®I(BLYl @ofd B¥Pylene stream that is re-

introduced into the rectification tower, the first and second propylene
streams introduced at a ratio within the range from 1:2 to 1:30; and

® recirculating the dimethylether stream to contact the molecular sieve.

2. The method of claim 1, wherein the olefin stream and overhead stream also
comprises ethylene and ethane; and further comprising separating an ethane and

ethylene-rich stream from the condenser.

3. The method of claim 1, further comprising introducing the olefin stream into a
deethanizer to produce a second olefin stream which is then introduced into the

propylene rectification tower.

4. The method of claim 1, wherein the propylene rectification tower is operated at
conditions to provide a first propylene stream comprising from less than 200

wppm dimethylether.
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2. The nmethod of claim1, wherein the olefin stream and overhead stream al so
conpri ses ethylene and ethane; and further conprising separating an ethane
and et hyl ene-rich streamfromthe condenser. 3. The nmethod of claiml,
further conprising introducing the olefin streaminto a deethanizer to
produce a second ol efin streamwhich is then introduced into the propyl ene
rectificatison t hemetkbdldfelaimt hocheadin dicapropylgnewh@ifeatiort MepﬁwwkMat
rectification towe ) er t conditjions to provi first pyl ene
eream conpr i T BRI e A e et Py Rt e s ol adbd 4 o
claim1, whereinm I(h@t%'bﬂ?}ﬁlleeﬂﬁwre%t bifthe Bifst propyleNSdtreh®. Oper at ed at
conditions to provide a first propylene stream conprising within the range

from1l to 10 wt % propane, by weight of the first propylene stream 6. The

met hod of gl ai mri, MB@LE! & (hEmNo! e\%‘:‘ré}ﬁ Bl eURIdcHlaP Bli&et &d sfelre&gél from
al um nosilicates or silicoalum nophosp ates. 7. The nethod of claim1,

wher ei n the preskmirosilicetes or silicoalyrimphespbateect i fication tower is wit hin the
range from50 to 1000 psig. 8. The nethod of claim1l, wherein the olefin
stream has not been hydrotreated. 9. The nethod of claim 1, wherein the
si destrean’i s wilhdidreghwd ofi didimnl, twiler¢ianigepfessom withio the ptapglenetdcdfitat®hages

fromthe bottomof the yl en e ficati.on tower. 10. The nethod of
claim1, wherei Owelr'sl‘@é@?agrwgfo g(i)%‘o ltoﬁgpﬂﬁ'r eact ed hydrogen,

8. The method of claim 1, wherein the olefin stream has not been hydrotreated.

9. The method of claim 1, wherein the sidestream is withdrawn within the range
from 1 to 40 theoretical stages from the bottom of the propylene rectification

tower.

10. The method of claim 1, wherein at least a portion of the unreacted hydrogen,
ethane, propylene and propane from the polymerization reactor is directed to at
least one separation means; and wherein any propane and/or propylene recovered

is directed to the olefin stream or propylene rectification tower.

11. The method of claim 1, wherein a means to remove C4 and higher hydrocarbons

is provided for the olefin stream prior to entering the rectification tower.

12. The method of claim 1, wherein a means to remove C4 and higher hydrocarbons
is provided for the dimethylether stream prior to recirculating to contact the

molecular sieve.

13. The method of claim 1, wherein the propylene rectification tower possessing from

less than 165 theoretical stages.

14. The method of claim 1, wherein the propylene rectification tower possessing
within the range from 20 to 200 theoretical stages.
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et hane, propyl ene and propane fromthe polynerization reactor is directed
to at | east one separation neans; and wherein any propane and/or propyl ene
recovered is directed to the olefin stream or propylene rectification
tower. 11. The nethod of claim11, wherein a nmeans to renove C4 and hi gher
hydrocarbons is provided for the olefin streamprior to entering the
rectification tower. 12. The net hod of clain11, wherein a nmeans to renove

C4 and hig h rocarb ns. i Vi ded. f t he di hyl et her stream pri or
Co reci roalti gt oREBRS ath B bl Oetite i TEMet EEhes e o m 1.
wher ei n the propylysieykeefrbhiteaidl@ropyddiRreassessi ng fromless than 165
theoretical stages. 14. The nethod of claim1l, wherein the propyl ene
rectification tower possessing within the range from20 to 200 theoreti cal

stages. 21 15.The nethod of claim1, wherein the process further conprises
i sol ati ng pol ypropyl ene fromthe pol ypropyl ene reactor.
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