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Thi s apphiccatasosuscl ai s priority to U S. Provisional PatergcT/Bpgeiazemti on
No. 60/265, 700, filed February 1, 2003. 5 Field of the Invention This
invention relates to a system of maeking olefin derivatives, nanely

hi gher ol efin, from ol efinl_-;ﬁ@ Wﬂdﬂ@?ﬁ[&?ﬂ 9@_@@ glhe higher olefin
ty o ef

may then be used to produce a varie erivative products 10
including al cohols, aldehydes, acids and esters. Background of the
I nvention A efins such as butenes and pentenes are useful in preparing a

wide variety of deThmpp\h@amc@mawp@ty tI§><%\h?pl FrgvisionaldreteAl product s

can al so be diPRBTIPP I 2R R0, MR ab 2000 g e ont o more

carbonss The hi gher ol efins may be linear or they may have one or nore
al kyl branches. The hi gher olefins can then be converted to al cohol s,
al dehydes, ackigid etidhedsvention 20 But enes used in preparing ol efl n

feedstocke, i e ppedaer b or R maem i Y ANRLECRIRRE oo 1 g1

mol ecul ar wei %emﬁgﬁéﬁbi&ﬁsfroﬁ alekih heod fedhysinaneokpge fstedstheckighean be
acconpl i shed catal'ytical non- catal ytically. Non-catalytic cracking

processes ar eol&ﬁscm&ijoﬁ‘d?n %@hsedahpr@dur%a varigly| ¢fcdetin dgrivativg produsts No.
3 407 9; W)eb at 3 Ni col antoni o, U S. Pat.
9. 055 "2ifig, lcBhgls éﬂdegﬁ'des ofieS apgstqls! 4,814, 067. Catal ytic

crackl ng processes are described, for exanple, in Cormer, Jr. et at.,
U S. Pat. No. 4,828,679; Rabo et al., U S Pat. No. 3,647, 682; Rosi nski
et al., U S PRackgmonddithg |m@mtiotartside et 30 at, U S. Pat

4,814, 067; Li et abl% %ﬁéﬁsgﬁéne@ A pddned e uggﬂ.ﬁ%’fﬁge;%nr?gja’ u.sS.

Pat. No. 5, 326, 465
wide variety of derivative end products. Examples of such end products

15 include alcohols, aldehydes acids and esters. The butenes and pentenes
can also be oligomerized to form higher olefins having eight or more
carbons. The higher olefins may be linear or they may have one or more
alkyl branches. The higher olefins can then be converted to alcohols,
aldehydes, acids and esters.

20 Butenes used in preparing olefin derivative products are typically
made by cracking hydrocarbon feedstocks, i.e., producing low molecular
weight hydrocarbons from high molecular weight hydrocarbons. Cracking

| of hydrocarbon feedstocks can be accomplished catalytically or non-
catalytically. Non-catalytic cracking processes are described, for example,

25 in Hallee et al., U.S. Pat. No. 3,407,789; Woebcke, U.S. Pat. No.
3,820,955, DiNicolantonio, U.S. Pat. No. 4,499,055 and Gartside et al.,
U.S. Pat. No. 4.814,067. Catalytic cracking processes are described, for
example, in Cormier, Jr. et al., U.S. Pat. No. 4,828,679; Rabo et al., U.S.
Pat. No. 3,647,682; Rosinski et al., U.S. Pat. No. 3,758,403; Gartside et

30 al., U.S. Pat. No. 4,814,067; Li et al., U.S. Pat. No. 4,980,053; and
Yongqing et al., U.S. Pat. No. 5,326,465.
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significant degree of al kyl branched 2ol efin. For exanple, in a butenes
stream isobutene nust first be renoved before the butenes are directed

to an ol i goneri z@ﬁ@%rmg \a,im@sp{geéﬁ 8&cariodn caingemsit toptdduceut enes
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feed will result ranched higher olfefin, which Ileads to branched
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conmpounds d e acidic catalysts“used in olefin derivative
processes, gyfdbbatent ¢f ile blicpesteed atll msultobranchas kigheBoteiing Whighs,

Patent No. 5,432,243, and Debras et al., U S t ent o 4861, 939,
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the ol efin derivati. : ' > 15 renoved by
addi t1 onal SAITELIE g R e e eI A o PR e S Fo Gur ak et

al . suggests thatagether presistrawith atefm predGzed by@hydretarbameracking to
undesi rabl e side reactions in higher efin and. ol effi n deri \rﬁé{{#ﬁn '
processes. Rnitiigithat ihenolefin §gekpids sioP 'CIEEEEP?B eSSy 206 ants be
extracted into sele )i tdi€ caifvdiklugkbdan of the
20 cl@hned. qoi”b?ﬂ%?&éo?ghg%éj??o o@ﬁ@ﬁ%ﬁ&:ﬁ%’@ggﬁg AL i y, nickel
catal ysts caflefppdufestiiepramsses; fichsas diefincdigomsrizatios. Fuiexafirpnent

ired t | fur f in | | ' i
Coal'e “and gt b ratenl Mg 5aer e, Rt Pei W S r s N o s
di ene femvg{éﬁghﬁ%@'d Nosd y:??éine A3 @EbAY md [COS)eantsl may be

required de I g upon the rocarbon source used in the cracking
unit. As an grgeblaphstic trhineboleBn esrivatieapidoesmUness Mestt BEWNFRA@KE ng uni t

N i L e e R
emoved oot AvE LI D as ot o wi (1 nethanol i n
a net hyl - t - bigt yhoxdimablg MiREEactians By highReoledGmrntRElipdernvative
processes. Purification of such olefin requires that the contaminants be
extracted into selected hydrocarbons followed by the distiliation of the
20 cleaned, lighter olefin from the hydrocarbons. Alternatively, nickel
catalysts can be used to remove the sulfur contaminants. The equipment
required to remove sulfur from an olefin is generally quite large in scale
and quite expensive 1o operate.
Additional separations, such as diene removal, iso-alkene removal,
25 and/or paraffin removal may be required depending upon the hydrocarbon
source used in the cracking unit. As an example, the butenes stream from
a hydrocarbon cracking unit contains significant amounts of butadiene and
:sobutene that must be removed. In U.S. Patent No. 6,049,017 to Vora et
al., the butadiene is removed by a controlled hydrogenation process. The
30 isobutene is removed catalytically by contacling the butenes stream with
methanol in a methyl-t-butylether (MTBE) reactor. The isobutene is
converied to MTBE and the normal butenes and butane pass through the



converted to MIBE and the normal butenes and but ane pass g@&g_&ﬁgzztgg%mzmgs
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and butanes are then directed to a bltane cracking unit to produce
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typically about @Q%ch¥Iyeh @ protirtibHictheshes tolefambiusarids dig et ed to the
~higher olefin unit at & conversion per pass of about 50%to 70%, There
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hi gh conversi¥on per pass process results in a |ower, selectivity to the
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an olefin streamw t olefin content to nmintain_the ol «?fi n
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renoval 25 process can be a difficult and expensive ta cauge of the
rel atively toltogeesbedipigdyarigaulting o ﬁée@éﬁ%r@ﬁf?@%"s ﬁ@ﬁgnbﬁ o T ous
Gor i vig i ve. HIEN BT R O B BesE R T e e O et ng. upon
the feed spegddiizb Bra-blefing halghascksins aTaetefinsrtbat conteirethe carbon-

carbon double bond between the first and second carbon.

A high recycle, low conversion per pass process may address both
of these disadvantages, however, such a process requires the availability

20 | of an olefin stream with a high olefin content to maintain the olefin
concentration in the feed at an acceptable level. A butenes stream from a
cracking unit, has a low olefin content. Consequently, a significant ponion
of the paraffins must be removed from the butenes stream if a high
recycle, low conversion per pass process is to be used. This removal

25 process can be a difficult and expensive task because of the relatively
close boiling ranges of the components.

Removing various chemical contaminants from an olefin stream for
producing an olefin derivative product can be a technically difficult p-a'ocess
depending upon the feed specifications for the process. Therefore, _if one

30 could minimize or avoid the paraffin and contaminant removal process by
" having available an olefin stream with low levels of paraffin, alkyl '

branching, diene, and/or contaminant levels the costs of removing these



30 could mnimze or avoid the paraffin and contam nant renoval p?rﬁoyéggws
by havj,ng.avgidsabl e an olefin streamwith low level s of perabimsonl kyl

branchi ng, "di ene, and/or contam nant Jevels the costs of renoving these 2
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or elimnated altogether. Summary of the Invention The invention

provi des a gmpipsre walldriee mitingred ootlghinated sle@ather.5 particularly a

m xture of octenes, nonenes, and dodecenes fromolefin produced from an
oxygenate to olefin process. The nethod includes contacting an oxygenate

with a nol e%ﬁjg?qrq&ioq\{ﬁgﬁg{]&hﬁ{ to produce a hydrocarbon product

cont ai ni ng sep ing a 44 fraction containing four or nore
carbons from t heThy Gheaadaomoptdedur metaod of ovaking @ hiphetelafin grodyatact i on
with an oligonerization catalyst to produce a pt{g%fj@%a (Iiont ai i ng hi gher
ol efif. Optpastiebleyly &Mperie 6hosleNeRenenfaR @04 FREE M QR not

converted to prod ' : ethb@6hdl0hBes Bri ef
Descri pti onP'@ UFﬁﬂqﬁ@%%%r%fig%eﬁ@ﬁ?F% vh\nﬂlj&bee getter tnder st ood
by refer e”CrS‘%ﬁchtH‘@aﬁQi@gbﬂdte iR e inpldonharcdieveneatbiyst o posdudsea t aken
together with the attached draw ngs, wherein: adi nent

Fig, l.is. d
for making hydigarhoropeidust centgining olefifn s eRRFANG e ?r'a?hé’%%aﬁ% g the

hi gher ol efj n product i i [ Ri A ESH S cti i | ed
Descri pti on{%‘f Of H%"ﬁen‘%/%rﬁ’gf‘%ﬁ'tqq‘ﬂ@ér hg(?l'%tcglﬁgeddﬁ}cogute Ee assoélégtt"g%“iéost s of
prodygi ng highescidrediithsan ofidraeiizatior catalyss &speoduoetd prodifcta hydr ocar bon
product from an oxygenate 25 to olefin unit tq ke a qogel fl}m{ ocar bon
C4' fracti ocontRingt@highss olefie Spjigeak.@ Pelgndt i‘HEHHHf%a‘%'é Llefin tha

met hanol -t 0- ol ef | [ [ : ty i M ieat er than
60% by wei gheS N5# gf’é&%%?%#é%?@r‘ ctc"’r?glﬁe 8‘6%‘%@}%‘83?? o o The
C44 fraction contains a relatively high olefin content, i.e., |ow

anount s of ga_r affin, very, | itbl e diene, and relatively | ow 30 degree of
branched ol BfiehDepgripHen PhEnPF 3NN/ ol efin streamwith greater

15 This invention will be better understood by reference to the Detaited
Description of the Invention when taken together with the attached
drawings, wherein:

Fig. 1 is one embodiment for making a higher olefin;
Fig. 2 is one embodiment for separating the higher olefin product

20 into various olefinic components.

Detailed Description of the invention
in order to reduce the associated costs of producing higher ofefins,

this invention uses a portion of a hydrocarbon product from an oxygenate
25 1o olefin unit 1o make a novel hydrocarbon C," fraction. Preferably, the
oxygenate to olefin unit is a methanol-to-olefin (MTO) unit. This Cq’
fraclion contains greater than 60% by weight, preferably greater than 80%
by weight, C4” olefin. The C.’ fraction contains a relatively high olefin
conient, i.e., low amounts of paraffin, very little diene, and relatively low
30 degree of branched olefin. In the invention an olefin stream with greater
than or equal to about 60% by weight olefin is referred to as an olefin

stream having a high olefin content. Conversely, an olefin stream with



than or equal to about 60% by weight olefin is referred to as arz %Mé)'ﬂWf'
st ream hayy heagfli gh ol efin content. Conversely, an ol ef i rPCIyussaneseot h 2
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olefinis referred to an olefin streamhaving a |ow olefin content.

Al'so, the C4' fract] tains. relativel y || .and
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used 1n a_hi gReLIAIPEo MR OARES ndCThirbctin enitams relalivedehie drirgher

olefin pro contal ni ng S|gn|%|cant amounts of octenes, nonenes, and
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smal ler purification uni re nee en the desired C4" fraction is
used. |n | aggRupesOROEienks soahenay, andsiamecentss ThedsghesoleingLasi §ant i cant

reduction in equi pnent costs as well as a significant _r [,on in
operation cheused tornake Sigher | hqlﬁ’é&u%WQ%Haear?esr%Fﬁgﬁ}%%ost s
ultimately proyi S ' ErOT THEGroeHEs BHEH 1HS
quality, bu{)eezgts“g‘f%gfr?}r% %%'ﬁpﬁygfé%ﬁghiéggtal B{a%ﬁ%i%irs i r]ve(r?tri on, a hydrocarbon
product fr Oﬁﬁﬁéht@ﬁﬁgﬁmhénewt*&blmexpmmi\té olefinmiurification equipsaeninesashbar at i on

its, k t t, t te _hyd b ' b
urbais.  FonobRansee, Orisaes e 1SS PEIGRE] U VB ErETrE BEAPOR pr oduct
fol l oned by, glé%{lqen o180 & 0258, %P[ér%@cé?rﬁﬁé:%’iél%&)ale pleeRspesilsene and

& at’i 0r) Hhe g

propane (C3 i on remal ni portion of the hydrocarbon
product, narsdultstihe pignificant rexhntianrin egupreedriost, eswelbes admgnifieand

carbons (C4' fraction), is directed.to  a higher ' i .
Al t er nat i vel§OUGligs iBRP&TaHeR Feﬁtscgﬂ“ﬁée%lécﬂgp%%@Uiﬁ)‘%’%{ahgah@ggﬁa&fcﬁg of the
separation %S%Glgﬁﬁuaaﬁ&mﬁbﬁ%stm@ cHABARE Withesipiddmaf she2banfe tige C2/ C3

| y as

separation un as 10%to 25% The C44 fraction contains
gr eatier thamuahth byt aksighificaptlpfessatdst. greater than 80% by wei ght, nore

2;?;3;2?' ¥h2r (é?f % g%@ﬁﬂggﬁm%ﬁﬁ&gg%rbonha/r%trj%taﬁ'@r?\rbﬁ"ﬁﬂ/ﬁ% {OUenAnd five
reaction unit is directed to separation units, known in the art, 1o separatg
hydrocarbons according to carbon numbers. For example, methane is
separated from the hydrocarbon product followed by, ethylene and ethane

20 (C2 separation), then propylene and propane (Ca separation). The
remaining portion of the hydrocarbon product, namely the portion
containing predominantly four and five carbons (C4" fraction), is directed to
a higher olefin unit. Alternatively, the C," fraction can be separated in the
beginning of the separation sequence 1o reduce the capacity requirements

25 of the C,/Cs separation unit by as much as 10% to 25%.

The C4* fraclion contains greater than 60% by weight, preferably
greater than 80% by weight, more preferably greater than 90% by weight,
hydrocarbon having four and five carbons. The C4" fraction contains
grealer than 60% by weight, preferably greater than 80% by weight, olelin

30 having four carbons (C, olefin). Examples of olefin contained in C4°
fraction are 1-butene, cis and trans 2-butene, iscbutene, and the

~ pentenes. The C,' fraction preferably contains from 60% to 97% by



greater than 60% by wei ght, preferably greater than 80% by wei g?h§ Mﬂ%l?%ulsi n

30 havi ngvd 021060824 bons (C4 ol efin). Exanples of olefin contp@rrﬂng;bﬁo@+
fraction are 1-butene, cis and trans 2 butene, isobutene, and the

pentenes. The C44 fraction preferably contains from 60%to 97% by 2 6 NAY
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wei ght, ol ef MF'9 hgr%ﬁ%ﬁ ?Qr/zgcf Bgﬁbbweg%tr a@h'o 'ngé)gfﬁﬁfq:gyand
smal | amount ﬁa@f:oﬁ%‘i’é;ﬁ@%a?é?ﬂn%@%malﬁﬁmbﬁbuﬂardiér% deglopakl e that

the C4' fraction will nore preferably have a conpositiona range as
foll ows: 70%comp@b¥ity. Wes gasiramertbathef@y” afkﬁiqnoﬁ WBilldnoe SiEfetaplyesght ,

nor mal butenes, which includes ut e and trans 2-butene; 2 to
8% by wei ght @ W%?'Q{BP@I "BEgE aﬁ#&ﬁo‘gs nﬁ@%v%&%%rg by weighlitreRes pelembiy 5%
by wei ght 6 a 0%

V\IZ‘I ghtg pre]l‘ogrga &QISZ%E??%a%mG%@{%mU%ﬁ%Q%h'gﬁ?@ﬁggés 12%&%&838 d)‘gé) by
wei ght, pref andbirayls 'éimtenrﬁari? Es%%)bw\me@”m preié}abtwlleamthmé"/@bﬂmﬁ@me It

is also desired that fraction have a ranchi ng
nunber. 1t i$0 é‘&ﬁr}%d gg}‘t gﬁt%‘”ﬁ@ﬂd@{@@ﬁ&%'ﬁﬁﬁé“%ﬁfa’ebywlg%s t han

B anchi no. NRGErEEAR G 20 P WERp R refu i lets 1R8R S0 BD deithh anch & 2 ¢
%i br anched) pénfénEst ahd@%fo n0%-by vesigitp beeferblp lelid thiaa 39%ady WeRtht,eam has

20% 1- butene, 50% 2 ut en 10% but ane, 10% i sobut ene, 5% propane, and
5% 3- 10t hy| BIRRARE, an BTORY$NRye branchi ng number is about 1.17. An ol efin

20 havi ng near Ofg&t;g@,lrgaﬂsgg]m@maﬁ'm& bierg Y ff%ﬁ@t}lhrg%veﬁg%ﬂrﬁa&h:{l one

enbodi nent, the fraction can be use fect from
t he separ at i number.t Ittis delsgabieghet tha @feragerbrancingaumabénied ]ess thhare can

be sone further proc sin f t CA+ fraction before directing it to
the hi gher of@ﬁ phefGraY (954 then {;g mﬂw@r%a@m&m 3n hfdr Gehieiage 25
process t hat gyiehth$ Rlupst @l g g nost if not all of the

but adi ene to butenes and a portion of the isobutene to isobutane. It is

al'so jgportaan Lq LI ¢ ohhgndBRitth of 2 SoRibRIoHel)Y 98 10bPblefin’ e to

m nimze the anobu

For example, if a dilute olefin stream has 20% 1-bulene, 50% 2-
butene, 10% butane, 10% isobutene, 5% propane, and 5% 3-
methylbutene, the average branching number is about 1.17. An olefin

20 having near 0% branched olefin will have a ABN of about 1.0.

In one embodiment, the C,* fraction can be used as is, that is,
directly from the separalion unit to the higher olefin unit. Alternatively,
there can be some furlher processing of the C,4” fraction before directing it
to the higher olefin unit if desired. This may inciude a hydrogenation

25 process that would seleclively hydrogenate most if not all of the butadiene
1o bulenes and a portion of the isobutene to isobutane. It is also important
to limit the amount of isobutene in the olefin feed to minimize the amount
of branched higher olefin product. Preferably, the C;* fraction is directed
o the higher olefin unit wrthout butadiene or iscbutene removal.

30 In another embodtment purification of the C," fraction may require

removal of low level impurities which will interfere with higher olefin



of branched higher olefin product. Preferably, the C4' fraction 2§ MAY 2005

di rect edwd 92/bdegssi gher olefin unit w thout butadi ene or | popukeiRsoo
renoval . 30 I n another enbodi nent, purification of the C4' fraction may

require renoval of lowlevel inpurities which will interfere with higher
olefin 2 6 MAY 2005 WD 02/ 060844 PCT/ US02/ 02800 7 reaction unit
per f or mancereaatidh amitoperfgrimancef endipr axp dhydredermylationestabishance. Low

| evel i i | || ' | | |
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These conpounds. gan E&ahﬁ@yﬁém@et&g»@%%%&mé dtet, sthéenes blcasiosol i d

nmol ecul ar sieves, extraction wth various solvents, and fractional
di stillati ognd Thebddiclacids. i Bresescappourds gan be remavest with vaHe¥s such as

hyd | fide, carbonyl sulfide and arsine. As . | C4,
Y actSon comate i vt a8 ol Maleies Saven sk VAR 0 Vel b on

and purificati . : foll ow ng separation of the C44 fraction
fromthe ox%%ﬁ%?gbﬁ%ﬂ@élﬁfﬁn' hydr ocar bon product, renoval of hydrogen

sul fi de, car bonyfrheutfifeectionris tgrsallydowsnaiondaminenihsdels sariydrowsdl r abl y,
C4. fraction wll have a hydroge sul f | de con} elﬁ\t ef+1J ess I han éo parts
per m |l i onswiideesahonyp e, arlf?%‘ﬁ&"ab’h?al esuity g Ce TaGion Copp
preferably | ﬁ’é?teﬁqﬁrb ﬁi MWefinturdi Fﬁ%ﬂn#ﬁa %?a?ﬁ%@ahb@ﬁurfﬁééﬂéﬁ.am ion

8 sulfi C e n

i
have a carbony ontent o ss than 20 ppnw, preferably |ess
t hang ppmMact Metiewingeteparaliyn béthe Chamadtignpfram the eegesete tq oledin

desirably that C44 fraction have an, arsi ne co nt -1 hap 20 ppnmw,
preferably hlé@@cﬁﬁté?ﬂ Pr?féﬂﬁ)v, refﬁﬂ"@?ﬁf 6¥%P§8Pysqﬁt Ctaﬁ%%’l‘ﬁﬁ’gb&r%mgpzo Shoul d
addi tional purificahbAmhebbe ) eDRirBbRIC! ratieamibaaveesieiiogen
purification syStens such as that found i'n Kirk-Qhnmer Encycl opedi a of
Cheni cal Teebifideamntert of less thamn20 yortaper millipprty WeISHY (PRM%YNs, 1996, pg.
894 - 899, the descri

can b usedPIARIERIIEIIENGLPPFcPobs, PL g s angr BBt 1 858, T
Sorh i) o GEEEAQERILY ARG s e el lsomonaure 20
ppmw, preferably less than 5 ppmw., more preferably less than 1 ppmw.
Likewise, it is desirably that C4” fraction have an arsine content of less
than 20 ppmw, preferably less than 5 ppmw, more preferably less than 1
ppmw.
20 Should additional purification of the olefin product stream be
needed, purification systems such as that found in Kirk-Othmer
Encyclopedia of Chemical Technology, 4th edition, Volume 9, John Wiley
& Sons, 1996, pg. 894 - 899, the description of which is incorporated
herein by reference, can be used. In addition, purification systems such
25 as that found in Kirk-Othmer Encyclopedia of Chemical Technology, 4th
edition, Volume 20, John Wiiey & Sons, 1896, pg. 249 - 271, the .
description of which is also incorporated herein by reference, can be also
be used.
In another embodiment, the C4* fraction is directed to the higher
30 olefin unit without separating hydrocarbons of different carbon number,
olefin from paraffin of like carbon number, or directing the C;” fraction to

an MTBE unit to remove the isobutene or to a hydrogenation unit to
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olefin pr OCH@S,EBB@M gféfggb%ﬁ?ﬁbb%ﬁhé'Gé@ﬁfé&%‘éﬁ@if@giiéhé bPtRettigheni gher

olefin unit e rec . out significantly adding to the overall 20
| oad of t heohsfighmoduktfthe oligomesinatior calabyst, thecieactipr SORAWONE ih e

ol gomer | 2t PhgemEREalgE LRy R Ay Eo BEC R eBulY AR T and 1 ow
in hgenful g Mdipet het [*Rractidhgher ol efin unit that utilizes a high
recycle, |low conversion per pass process, the overall yield and isomer
selectivity of tFfde low paraffin and contaminant content of C4” fraction provides
the operational flexibility of running a high recycle, low conversion per
pass higher olefin process. The invention allows unreacted olefin from the
higher olefin unit to be recycled wilthout significantly adding to the overall
20 load of the higher olefin unit and recovery facilities and without significant
risk of accumulating contaminants that may deactivate the clgomerization
catalyst. By using a feed that is low in paraffin and low in harmful
contaminanis with a higher olefin unit that utilizes a high recycle, low
conversion per pass process, the overall yield and isomer selectivity of the
25 higher olefin product can be significantly increased. A high recycle, low
conversion per pass higher olefin process can convert greater than 80%,
often greater than 90%, of the olefin in the process. Also, the high recycle
provides greater operational flexibility to optimize the product selectivity to
alpha-olefins, such as 1-octene.
30 In contrast, a conventional once through, high conversion higher
olefin process will typically convert less than 80%, often less than 70%, of

the olefin in the process. Also, because the conventional higher olefin unit
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20 ratio of BOURKEE ORI PORSS HIE B Pl e B e Prpr
pref erabl y b%lb Herraie Ml rdSonTiRehé ol erélgﬁeri Wreen aort anld 70%0 rrtor £
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paraffins in the Cs fra%iion gln;o miﬁi;n?ze%st e \?Aéqt?l%"ageorf pau%grbta@ge of
needed 1o contro! the level of inerts in the hydrocarbon feed. This
minimizes the amount of olefin lost in the purge stream.
The high recycle process will have an olefin conversion per pass
20 ratio of between 30% and 70%, preferably between 40% and 70%, more
preferably between 45% and 70%. The total olefin conversion can be as
high as 80% to 98%, preferably from 90% to 98%. Another advantage of
using a high recycle, low conversion per pass process is that the product
selectivity, e.g., the isomer selectivity to 1-octene, can be optimized.
25 One e‘mbodiment of a high recycle process is shown in Fig. 1. C4"
fraction 12 produced in an oxygenate 10 olefin unit 10 is directed to a
higher olefin unit 14. The product 16 containing higher olefin and
unreacied olefin and paraffins is direcled lo a product separation unit 15.
The higher olefin product 17, namely the ocienes, nonenes and
30 dodecenes, are separated from the unreacted olefin and paraffin, and then
directed to addilional separation units. These separation units are

represenied as 15b, 15¢, 15d, and 15e in Fig. 2. The vent stream 18
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reaction unit 14 via recycle stream 26, Another enhqdi nent _incl S
rermovi ng atparedin aadpmdessablgrolete rogaing Yen rﬂﬁgéﬁl?%f’s%ﬁﬂﬁgf&n from

the vent stream 18 Mo} r hA8 indh:d6 frablanal es of
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Preferably, jthe frachi LshidiloRturfz araidnd &r @ides ftzedonalt distiltatione use
15 of a Ieaﬁr%ﬁgpst{lg’aﬁeg%%%%?.ﬁéﬂgylgﬁpllhrgﬁc(_)rrponu.n(_tlrs renmoved fromthe vent
stream 18 i pgisidproferabg, tredracicmal distillation epitis aeeiated Wiboul Hie 8% such

T an s anche 1oampeveRsl D AR FunRAThed ndiet TS gepERLer
i 1 20 14 e e T et 16,15 ot armi nog, by { he
32'8? r 630 H c:a;piin’ds ha?./ent?:esn removed as a purge stream, the des(:i'\red separatedy
olefins can be recycled to the higher olefin unit 14 via recycle siream 26.
Once the total amount of parafiins and olefin to the higher clefin unit
20 14 is set, the mass flow of vent stream 18 is determined by the desired
extent of removal of the paraffin and olefin through olefin purge stream 22,
and the recycle ratio in the process. Ina preferred embodiment, at least
50% by weight of the paraffins in vent siream 18 are removed through
purge stream 22, more preferably at least 75% by weight, and most
25 preferably at least 90% by weight. A greater percentage of paraffins will
be removed if a separation unit is positioned in the vent stream 18.
Preferably, purge stream 22 will comprise no more than 50% by weight,
more preferably no more than 20% by weight, and most preferably no
more than 5% by weight, olefin.
30 Preferably the olefin recycle siream 26 comprises at least 50% by
weight of the olefin contained in the vent stream 18, more preferably at

least 75% by weight, and most preferably at least 90% by weight. The
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50°C 1o 80°C and about 1600 kPa to 1800 kPa in the liquid phase using a
homogeneous nickel-alkyl gluminum catalyst. Ammonia and water are
injeciéd into'the product stream to neutralize the catalyst, and the
hydrocarbon is then separated from the aqueous phase. The catalyst is

20 then recovered and recycled back to the reactor.

in another embodiment, a modified ZSM-22 catalyst can be used as

an oligomerization catalyst. U.S. Patent No. 6,013,851 to Verrelst et al,,
the disciosure of which is incorporated herein by reference, describes a
modified ZSM-22 clefin oligomerization molecular sieve catalyst wherein

25 ihe molecular sieve contains a metal-silicon core and surface layer, with,
the surface layer having a higher silicon metal ratio than that of the core.
The metal is selected from aluminum, gallium and iron. This catalyst
reduces the amount of branched higher olefin produced in the process.
Also, the presence of sorne paraffin in the olefin feed has no or little effect

30 on the catalytic efficiency of the catalyst. As a result, the relatively small
amounts of butane in C,” fraction does not have to be separated from the

feed. For example, a 1:1, preferably 2:1, ratio of butene:butane can be



hydrocarbon is then separated fromthe aqueous phase. The cat aI@@MAHUDQO
then recgypsfdoaad recycled back to the reactor. |In anot hepceipbodsmnt, a
nodi fied ZSM 22 catal yst can be used g an oligonerization catal yst.

U S. Patent No. 6,013,851 to Verrelst et al., the disclosure of which is
I ncorporated herein by reference, describes a nodified ZSM 22 olefin
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rati The B goner1 zat ake place at a tenperature [n_the range
of from 1606eieraBBOEppE diRa &bByMPe; et BYeC QlefinbodY SRACRYSIOHY ef er abl y

f 180C to 260C,_at a.1 c - Lyt 1gh f 5
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space vel ochhr %@M@s@%@rmkmmmwafwn"l hr* to 20 hr"",
preferably from0.5 hr' to 10 hr', and nost. pﬁefergl.)é 0.75 hrf'. to 3.5
hr'. In another knbodthesembadimest HerRIOPRIFiZGHORP! &r THACHEMN AR DI ef i n

descifbed | oS cabpd it i HeEPEFREE o p AL ZiR AHOICE et Cotre of
described in U.S. Patent No. 5,254,783 o Saleh et al., the disclosure of
which is incorporated herein by reference. The catalyst contains
amorphous NiO present as a disperse monolayer on the surfaces of a
silica supporl. The support also contains minor amounts of an oxide of

20 aluminum, gallium or indium such that the ratio of NiO to metal oxide
present in the catalyst is within the range of from about 4:1 to about 100:1.
The catalyst converts linear butenes 1o ociene products having on average
less than about 2.6, generally less than 2.0 10 2.4. methyl groups per
molecule.

25 The NiO catalyst is particularly effective for the dimerization of
butene 1o form a mixed polymerization product composed mainly of
oclenes. Preferably, the C,"OTO will not contain more than 5% by weight
of isobulene, because isobutene tends 1o form products with a high degree
of branching. The desired isobutene concentrations can be achieved by

30 selectivity hydrogenating Cs* OTO. The presence of paraffins in the olefin
feed is not generally detrimental, but if the proportion rises above 80% by

weight the process becomes uneconomical. -
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Ni O catalyst is carried out in eitier the liquid or gas phase.
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of the olefin. Also, the ZSM-57 catalyst exhibits a relatively higher
reactivity with pentenes that are also present in Cs OTO. As aresult, the
yield of nonenes is increased in the process. In fact, additional penienes
can be added 1o C,* OTO from an external source o boost the yields of

20 nonene in the process. The oligomerization may take place at a
temperature in the range of from 80°C to 400°C, preferably from 120°C to
300°C, and most preferably from 150°C t0280°C, at a pressure
advantageously in the range of from 2 MPa to 15 MPa, preferably from 5
MPa to 10 MPa, and at an olefin hourly space velocity advantageously in

25 the range 0.1 hr'" 10 30 hr”", preferably from 0.5 hr'" to 15 hr™*, and most
preferably 0.75 hr' to 8 hr™, '

Fig. 2 depicts separation unit 15 divided into several separation
units 15a, 15b, 15¢, 15d, and 15e. In one embodiment, separation-units
15a-15e can be designed as follows. Separation unit 15b removes the

30 pentenes and hexenes 17b from the higher olefin product 16. The _.
pentenes and hexenes 17b can be used as fuel and/or may also be

directed to the higher olefin reaction unit 14. The recycled pentenes and
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hexenes 17b can, conhj ' o ' ) aEBddifidnal nonene
and decane?ropé’g}?ecgtun?bee%/i% eégfgfqr[)ﬁsﬂwtgo%giér)emve??he hept enes 17c,
sepgg at i Ongaprinkptd catoveRinE ney drasmrigd oubndingepethedoknamnin 15e

renoves the nonene 17e. O her sefar atilf:glr‘} upi ts.caﬂgﬁ% use/d to separate 5
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desirabl e 1o senarat gt hesh apd RIRUWile9Ts Serecenes, fieom the CI10-
C20 hi gher%%?@?‘ﬁﬁbggﬁtho%}'gﬂ&g‘én‘g{’@%% cohol s.9The C10- C20" hi gher ol efin

19 can al @igci@gumgﬂvﬁﬁcmIﬁdntnrzpa!oréteddmrpiflkby sHfetRNt& commerci al val ue
oot o To o Bashche oo T ST BHE N ERRGEREIAT 10,
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dodecenes (about 17%) as well s some Nonenes (about 5%) and C+s-C20
alkenes (about 5%). These percentages will vary depending upon the
type of oligomerization catalyst used and the hydrocarbon feed
composition.
20 It may, be desirable to produce additional nonene from the higher
olefin unit. One way of accomplishing this task is to feed additional Cs .
olefin to the higher olefin unit. The source of the Cs olefin may come from
4 steam cracker, or from the small amount produced by the higher olefin
unit. Additional Cs olefin may aiso be oblained from catalytically cracking
25 the higher olefin product such as the heptane and Csp to Cyo olefin.

Following separation of the higher olefin product into the desired
higher olefin components based on carbon numbers, the respeclive
separated higher olefin can be directed to one or more hydroformylation
units. In one embodiment, the octenes and nonenes can be directed 1o

30 hydroformylation units to produce nonany! alcohol and decy! alcohol,
respectively. The remaining portion of the higher olefin product, that is,

higher olefin with ten or more carbons can be directed o a hydrogenation



di scl osure of which is incorporated herein b A

( y reference. Because ?cM‘ W
cont ai nswmalokyssbut enes, the product expected 15 from a MHGGNEE0202800i1 n
unit will contain primarily octenes (1&bout 70%, dodecenes (about 17%
as well as sone nonenes (about 5% and Cl16-C20 al kenes (about 5% . These

per cent a ]| d ' | ' |
ot al yst st aRbeqHEragRIed P B can CeotaLrs Pistidigg EpAY o
desirabl e | AcRLoduge Addl) bPBRLeranangidd ARl Aepditiahast ihelaente andt, One

way of acco task Is to feed additional C5 olefin to the

hi gher ol ef h@nete hot Bhecteduodee bididierncBaidrbnits may esede Foactes 18t eam
cracker, or fromthe small ampunt produced by the higher olefin wunit.
Addi ti onal & oydpPRNAHYN 4N80 be obtained from catal ytically cracking 25

the higher ol efi ﬁﬂg&h@ﬂg' P}d&%s?%ﬁ’éﬁﬂﬁy%@%&%@ist@mw efin.

E_ol | oW ng separa Igher olefin product into the desired
i gher ol ef jdfefreERENRNMhe haspdcess.cér enoxupheness, Bhelelys perdts yéth

separated hi gher ol efi di [
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ion units to : '

respecti vel @78 ?f?éeﬁg%a?frﬁ %@E’g}g?ﬁ%@%@%ﬂﬁgéﬁf‘m@y@@ ?gﬁ}ﬁrﬁtg?hol hat

lh& hi gher apefyidesi4 terirmal @t nvome!, Gldédioe, @ad areingernebtasdbrepched,

ydrogenation 2°6 MAY 2005 . WD, 02/ %0844 PCT] l{ 02/,0280 E; LH‘H” t. The

hydlr_d@enat e@_‘dﬁ%@etﬁh%ﬂﬁswénﬁ&ﬁ T BHHmE gSrﬁlgﬁ&‘?% F%d i ncrease the

qual ity of %Ieﬁgglpﬁgj%&\éfpgt&% ftﬁkghﬁ%ﬁf){ﬁé Svéit BRe tRetreaetiand  nonene

not directe of or myI nits may al so be directed
: ! t th
hydr ogenat i @@ndRidns. STypieallyy theohse otitatalysts p«ilécséré@bt ﬁﬁ@OWQ?SH@Qusgd [ se

Feacts it h complashoNaRREae B BgshN e scl S I BBpEREET e AR AR
P; gfnsatjirg i glfa'terﬂjg/tcifgés _%?grﬂafﬁ?fnﬁﬂgal@%}?@%flﬁﬁgs%&dmdm prsressat¢hg t wo
! : ] , aldehyde, and an internal, or
br anched, - 10niaktp tomined aivenyos iproductas nehisolaedy Raheidne #idely GSdify de
further converted to alcohols by a hydrogenation process or by an
aldolization/hydrogeneration process. Purification of higher molecular
weight alcohols usually includes low pressure distillation or separations
involving falling film evaporalors.
20 A variety of transition metals catalyze the conversion of olefin to
aldehydes, but typically only cobalt and rhodium complexes are used in
. commercial oxo plants. A commercial oxo process involving a
conventional cobalt catalyst may include at least the following steps:
hydroformylation,'that is, the formation of the aldehyde, removal and
25 recovery of catalyst, aldehyde refining, hydrogenation, and.finally alcohol
refining. In addition, commercial plants may use the
aldolization/hydrogenation process to convert the aldehydes to alcohols.
Commercial hydroformylations are carried oul continuously in either back
mixed or tubular stainless steel reactors or in combinations of the two. In
30 " the back mixed reaclor, ihe composition of the reaction mixture is consiant
and close 1o that of product. In the tubular reactor, the composition

changes continually with time because of plug flow through long narrow



depends upon the olefin, the catalyst, the solvent, and the rea@th A 2005

condi ti @p§ oz deoRgkfal 1y, the use of catalysts with strictly grgesBassmbNgI
conpl exi ng fi gands, e.g., tertiary phgsphines, results predom nately in

the formation of the normal al dehyde. In nost commercial processes the
15 initially fornmed al dehyde product is not isolated. Rather, the

al dehydes ﬁ[% frbkebncondricnedahp dapentinhorbthesolbiin feggrtanti on process
or by an a oﬁ i zati on/ hydrogenerati on process. Purification of hjgher

mol ecul ar  geRkgily alecv6067G oS0 3nd AeMitel® 3oWMiR-eJEGRECEFLIE Y396 i on or
separations involvin
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typically ol gfg?gbéeﬂﬁé’uérﬁ‘s‘)gﬁ BB UPa%eRs Ao etttk ddon elTessd al  oxo

plants. A 0X0 process 1 nvolving a conventional cobalt catalyst
may isncl udgqaid feeddénddtimicel dfavhow tetipsurs drediaphmony | ati on, that is, the

refining. hydr oGPBYGTSHN GHEUPP OB SFareR naccPPiBbee Byn.
conver t +hEELAERy S T R e B E e 6
et s b T B e back e fhastor.
the conposihydovgenations PEnEeRRAT. RiCkeh fENgsien, %@n@aﬁﬁﬁﬁ%@f@&t hat of
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W t a w through long narrow 2 6 MAY 2005 WO
02/ 060844 R(FHMSIH iAABRONvVEGtion, el oReabzit cantEdmaBtGadaySiga? ¢ dependi ng

The. pr essumsetrras Gaievsiiraeeny Froesrap) Bt eyBPre PV RkRmd 1l o
reaction tzggﬁqia%%ggﬁngiﬁh@%ls(fxi@&nﬁ,ﬁﬁtﬁy@}&,@éﬁ_ of about 0.1 %to 1 %

cobalt bas I quid residence tinmes of 1 hour to 2 hours
are cormmon. Convemeihydrogeratineofore-prioderisiers veicaly rstied oat gk conpl i shed

P actor < imic BB0H e A CRRBRRAEEIRY D 0 Gl B
used and the desired conversion. The vapor phase process is operated at
low pressures, and the liguid phase process is operated up to pressures of
35 MPa. Internal or external cooling, or both, are required to remove heat
from the reaction.

20 The use of a cobalt carbony! catalyst modified by organic phosphine
ligands can significantly improve hydroformylation selectivity to the more
desirable terminal aldehydes, which in turn will most likely lead to terminat
alcohols. Although these phosphine modified, cobalt catalysts are less
reaclive than uncomplexed coball carbonyls, they can be used at higher

25 reaction lemperatures, i.e., 150°C to 210°C, and lower pressures 2 MPato
10 MPa. These catalysts are also active hydrogenerétion catalysts. Asa
result, the hydroformylation and much of the hydrogenation steps occurs in
the same reaclor, thus producing predominately alcohols if the Hz to CO
ratio in the feed synthesis is about 2 to 1. This single step process, along

30 with a strong preference of the catalysts for ihe reaction at the terminal

position of linear olefins makes it possible to prepare alcohols with a high



hydr ogenati ons are copper, nickel, tungsten, cobalt, nolybdenum ;Lﬁ MﬂYd@[lﬂﬁ
10 and wap @uwsogsdnbi nati on of these netals. Because sul f uPqQIeiemEseg i s
not a concern in this invention, nickel or cobalt containing catal ysts
are preferred. Catalysts frequently are placed on inert supports by
reaction of the correspondi ng netal oxides wiih hggrqgeg The

hydr ogenat ilioaanto brangheddatie §oat Bixiupeeal INeEal pndiEeraunabined 100C to
250C, the s efcific conditions are dictated by the catal yst being used
and the ded'$¥P-conversion. The vapor phase process is operated at |ow

pressures, and tfegs td%tgnmqﬁ@apgmaegﬁ eperfayeddupy ligamd pexiifiess of
35 MPa. Internal or external cooling, or both, are required to renove

heat fromrhbdiuneaetbanyl ca@lyste Uypicef cemplsegatalyst GRRANMEICASy st

nodi fied by organic osphi.n l.i gan si gnj.f L Car ' e

hydr &f or wl%t%ﬁr}m ‘P‘\E}Fti?%% ppﬁéoﬁﬁﬂme@ﬁéﬁ@{@w@% Ir1:jtt)lY1dehydes,
whi ch in “trd?'nr?felré'a -prddé%bﬁs lLadsdribddahriinaDihmet, dhadyaciopédiaatgh t hese
phosphi ne nodi |ed, cobalt catalysts are |l ess reactive than onpl exed
cobal t car Rngmical Mespnomgybdrdueditions Vel dhedols Wikych iSaDs: at ur es,
I.e., 150C tg 210C, and |ower pressures 2 MPa to 10 MPa. These catal ysts
are al so ad&3¥e hydr ogeneration catal ysts. As a result, the

hydrof ornyl ati O“Tﬁ@‘t,;m@’i‘b%fccéhﬁn YSl[Hgan@ntion ishepRiceddnran in  the sane
reactor, thus producing predonm nately alcohols it the H2 to CO ratio in

the feed symuygesiate lsolefoyrogesse 1he PrygerglagPelefinprasesedises siidhg 30

ith t f f t | i
Vermi nai | Do PEHE o Taras BF orfRELME RybRptalE ERENI8 Bhvbion
al cohol s W &R ol génAe bs Y22 BIhaME), R0 AGRSIACRET LSO 80e0IRe | i near

to branched-ratio Tromm xtures of internal and termngl. linear olefins.
The for mat | wlegulan siewe aze gempiR¥sCystalingaiayBeeiicalgs MRISAETRE fi ed

Cocar R S0 S SRS R AT A RapSeRpeReTRL e ¢
commes ci al  QXGaNCEIBeeirshetrads batshded b4 the- iGtlusion, offratinsisopsdi 8 of
chem cal Teglrl](g(ljilo?% i’taIi:;)’wredeaer?lhI }nle?aq’ioxg.l In l]h% m‘]a%BPacWJrlee% sgén%(a) RolifdR, 637-
non-metallic cations, sich as tetramethylammonium (TMA) or
tetrapropylammonium (TPA), are present during synthesis.
Zeolites include materials containing silica and optionally alumina,

20 and materials in which the silica and alumina portions have been replaced
in whole or in part with other oxides. For example, germanium oxide, tin
oxide, and mixtures thereof can replace the silica portion. Boron oxide,
iron oxide, gallium oxide, indium oxide, and mixtures thereof can repléce
the alumina porlion. Unless otherwise specilied, the ierms "zeolite" and

25 "> eclite material” as used herein, shall mean not only materials containing
silicon atoms and, optionally, aluminum atoms in the crystalline lattice
structure thereof, but also materials which contain suitable replacement
atoms for such silicon and aluminum atoms.

Non-zeolile, silicoaluminophosphaie molecular sieves are preferred

30 for use in connection with this invention. These sieves generally comprise
a three-dimensional microporous crystal framework structure of [Si02],

[AIOZ] and [PO2) tetrahedral units. In general, silicoaluminophosphate



653. The C44 OTO according to this invention is produced in an 1025Mﬁy 92005
oxygenate to olefin process. The oxygenate to olefin process uses snall
pore, zeolite or non-zeolite nolecul ar sieve catal yst to catal yze
conversion of an oxygenate, such as nethanol, to primarily C2 to C4'
olefin. Zeolite nolecular sieve aref8onplex crystalline alum nosilicates
which forma network of AIQ2 and SiQ2 tetrahedra |inked by shared oxygen
atons. The 15 negativity of the tetrahedra is balanced by the inclusion
of cations such as alkali or alkaline earth netal ions. In the

manuf act ure of sdnelecsarn siess comprises Bdulleimjlmdtdmork&;\iebrrﬁﬁ-sharing

t et ranet hyl i T tetrapr | anponi um (TPA), are presént
during synt ﬁ%@?@ %' %@Japﬁ’éﬁg’a&%ﬁ)@%h%e&ﬂ&%?frfrarge\ypm Ba and
optional Iy affeativein oBfiverlidg valicid olybenaiodih/bibfitpRiduc and al um na
portions have been repl ace i n whol"@ or in part V\Ft ot her oxi des. For
exanpl e, ger mani dhisielrired that thegilirealuminophasphats Mt si@anusap| ace
the sklica +d i ' g [,de,...gal | i um oxjde, indium
oxXi de,5 and m’{'i@?’tﬁ@@?@o QC%‘rf;ahrvgi Ilg\@eﬁﬁlﬁgﬂ& 3%&5558;%#3‘?{'9' Bess
ot herwi se sBédiAtadio, thenlowes thes Ci-Da saturatesasedeARity, zemicdisn ahal " as

used herein |. ot_,onl eri .contalhin sillcon atons and,
optional |y, s%llégﬁqwhu%gﬁl r3lie qfﬁ%s%%p:#f ISresirgple, 8’3‘1 &SBVAk ratieof her eof ,
but al so natergreatenthant0.40 bemigprefrieabhRd @%Wé}{fé?%rﬁf no@épé%e f: such

' 1 m nophdsphat ol ecul ar

silicon and %I um num atons. Non-zeolite, silicoalu
sieves are BréfReiPgParticiiary prefeed; ASWdomationfwot breatershan0a0 lson. These

Si eves genq-hgg{F,é;gﬁgﬂi_se a three-di nensional m croporous crystal
framework structure of Si 2], [[A102] and [P02] tetrahedral units. In

general , silicoaPilispabinioophtsiphake okl Gikves e @Qh_eﬁal?%las%if@d%
oDy e N TR SO e i B i S ks,
conver t i ng Neseoting skryghines ean havoan beéiayepad ¢ideSranking ForlaBbaf r €d t hat
et | verl S AR, BT a e ST oSeeRmlasiarsies oo,
the Iiover haeinglafaveragy poRSIZECLERSS Haln/abAA s dfgddhls) pRERRM an
average pore size ranging from about 3.5t0 5 angstroms, more preferably
from 3.5 to 4.2 angstroms. These pore sizes are typical of molecular
sieves having 8 membered rings.
Substituted SAPOs can also be used in this invention. These
20 compounds are generzlly known as MeAPSOs or metal-containing
silicoaluminophosphates. The metal can be alkali metals (Group |A),
alkaline earth metals (Group JIA), rare earth metals (Group IlIB, including
the lanthanide elements), and the transition metals of Groups IB, IiB, IVB,
VB, VIB, VIIB. and VIIIB. Incorporation of the metal component is typically
25 accomplished adding the metal component during synthesis of the
molecular sieve, However, post-synthesis lon exchange can also be used
as disclosed in U.S. Patent No. 5,962,762 to Sun et al. and U.S. Patent
No. 6,448,197 the disclosures of which are incorporated herein by
reference, _
30 Suitable silicoaluminophosphate molecular sieves include SAPO-5,
SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAFO-18, SAPO-20, SAPO-31,
SAPO-34, SAPO-35, SAPD-36, SAPD-37, SAPO-40, SAPO41, SAPO-



selectivity. ASi/Al2 ratio of less than 0.65 is desirable, withfMAiA z

rati o of wanein@seater than 0.40 being preferred, and a SVAZrasasisef not
greater than 0.32 being particularlypreferred. A Si/A 2 ratio of not

greater than 0.20 Is 10 nost preferred. Silicoal um nophosphate nol ecul ar
sieves are generally classified as ei ng m croporous materials having 8,

b
10, or 12 nﬁ%é/élaorﬁ‘ﬁgséf’ﬂﬁ?u$é§’.o’5q’h@§é"”ﬂﬂh§°§&aﬁ”d6€J@Eﬁséﬁweﬁ’é»ve an .
average por%ﬂ%gh tpg%%h%gez){ qﬂﬁe@qg& (S SAPER1N 8T O %ﬁ@%ﬁf ed are the

smal | pore ar “Sieves avi'ng an aver age po I'ze of |ess

than about SS5ARESBEOSBP(MUE] eRAITAP@M T, peetiads\WOAPB1Z7e SPQLTRIahd om
about 3.5 to 5 angstrons, nore preferably from3.5 to 4.2 angstrons.
These pore s$AES-daf einclysling theomeiq| coeitdiaing forras dergaliang @ixeneser ed
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si |'i coal um ngphpsedrlidsred Eeompbaitionant m@tie Healdg W3 at smdresBbipbAents

alkaline earth netals (Goup IIA), rare earth netals (Goup I11B,
i ncl udi ng tiheardngiaaperioaserfgadless ahdhaihphysicaistatieon netal s of Groups

componont 1 o typi baf FhcadinoRiPs ek ol Pagl PRYBH e sV RlSr b  dur i ng
synt hesi s ofhydietheiRiap enisisllisdtRiremetioniyeeneraMsknSWAM @ss sril BegXehange
can al so be used as disclosed in 762 to Sun et al.

U.S. Patent No. 5,962,
and UG, Pat@ampleeU.8, Rab Nesz 4 440,87 34 851743 510Uh6eh ane 5. 1&eB8r at ed

et ude sapcie LS of bty hih ot (B IR QEBRISE AREENTY Rildost Ve
SAPO- 31, SAR@e3diorSARMuEbis IOAREH G, mBARDIGYEthSABRc s sBABR), AlLmiBAR0O 2 6

MAY 2005 WO 02/ 060844 PCT/ US02/ 02800 19 . 42, SAPO 44, SAPO 47, SAPO 56,
the metal coAPRPERNGTYEROTRRIIIYE, alopg yvith stilerEonaiaraiple pRENETBBE are
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t hereof, andiona xérupessture of at least 100°C, preferably from 100-250°C, untit a
crystalline product is formed. Formation of the crystalline product can lake
anywhere from around 2 hours {0 as much as 2 weeks. In some cases,
stirring or seeding with crystalline material will facilitate the formation of the
product.

20 The SAPO molecular sieve structure can be effectively controlled
using combinations of templates. For example, in a parlicularly preferred
embodiment, the SAPO molecular sieve is manufactured using a template
combination of TEAOH and dipropylamine. This combinalion results in a
parlicularly desirable SAPO structure for the conversion of oxygenates,

25 paricularly methano! and dimethyl ether, to light olefins such as ethylene
and propylene.

The silicoaluminophosphate molecular sieve is typically admixed
(i.e., blended) with other materials. When blended, the resulting
composition is typically referred to as a SAPO catalyst, with the catalyst

30 comprising the SAPO molecular sieve,

Materials which can be blended with the molecular sieve can be

various inen or catalytically aclive materials, or various binder materials.



5 thereof. As used herein, the termmxture is synonynous with

conbi natywem2edsdsi S consi dered a conposition of matter hawimgugmn?gw%gwé
conmponents in varying proportions, rmgardless of their physical state.
The silicoal um nophosphat e nol ecul ar si eves are synthesized by

hydrot hermal crys own in. the art. See, for

[ i i hods. [ ] k
10 exanpl e,Thg.SS.mtﬁi?’i'é]élg'tgélga? ﬁ&@?ﬁ'?gg%ﬁ%@&@,%PH?J;C|% .
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by reference. reaction mxture is forned by m xing together reactive
silicon, alggmposentanzeplitesiatalysiscormppendst alumana vg aluminaagol) idasis, one

tenpl ate. Generall the mxture is. sealed and heated, pr.eferably, under
aut ogenous ZHCe8y ?gﬁ%s'?m@r'@eﬁﬁ@ﬁ]@b QHergs Siiea Ioéég'tcalgpo%}cap?@f @g‘g\bl y

Cr o Cs Z3HtuBhbrcbr. SFkAdihilthdOBHE b doreauiRdn rEBLERG! RRe0f L he

crysttal I i ne" product can take rom aroun ours td as nuch as
2 weeks. | nlizparecdbestalyss tost; eotinges sdbdimg! sinkho@spist &t heak mat eri al
will facilitate the fornmption of the roduct. .20 The SAPO pol ecul ar

si eve st ruﬁmiémga&'%%at@ WéQPF‘%F%%ngII"IQSIéQ%QECQﬁ?EWﬁgngnS of

temlates. koSl R Pativst BBnBai K ﬁibﬁlaﬁ%ﬁaﬁﬂaﬁgmﬁéﬁﬁm, the SAPO

nol ecul ar act ur using a te ation of TEACH
and di pr opyhateriass thElisse aseliinaite oatahyass b Bst es adhepaet siolltevieya teal r abl e
SAPO structure for the conversion of oxygenat

s, .25 particul arl net hanol
and Hi met hydapeeieof fiogn @bght 0 H533lies (s iR ALYt i@ﬁygé’ m%‘??dp’ﬁ?‘if%lyene. The
i Lum n hat : . Ccal . .
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is typical on:h{oe%g&rﬂe@i_g(gm o@ SAPO catalyst, with the catalyst 30 _
conprising the SAPO nol ecul ar sieve. Materials which can be blended with

the nol ecul ar siBve cotalyslecompositienspraterably corwrigegtabeat 1o i abod
20 Thee A, aMCrd FIABHE L BRBUGE 14 I e0SiRI0 & RRb IO IS er ol ays.
(L RS SO oot om pane
so], titanitagtthe c'ata’lyst composition have a parlicle size of from-about 20p 10
3,000u, more preferably about 30p to 200u, most preferably about 50 to
150p.
Any standard reactor system can be used in the oxygenate to olefin
20 process including fixed bed, fluid bed or moving bed systems. Preferred
reactors are co-current riser reactors and short contact time,
countercurrent free-fall reactors. Desirably, the reactor is one in which an
oxygenate feedstock can be contacted with a molecular sieve catalyst at a
weight hourly space velocity (WHSV) of at least about 'J1 hr', preferably in
25 the range of from about 1 hr”' to about 1000 hr, more preferably in the
range of from about 20 hr” to about 1000 hr”, and most preferably in the
range of from about 20 hr” to about 500 hr'. WHSV is defined herein as
the weight of oxygenate, and hydrocarbon which may optionally be in the
feed, per hour per weight of the molecular sieve content of the catalyst.
30 Because the catalyst or the feedstock may contain other materials which

act as inerts or diluents, the WHSV is calculated on the weight basis of the



zirconia, magnesia, thoria, beryllia, quartz, silica or silica °r2§'MﬂYClﬂ05
sol, and 5 m xtures thereof. These conponents are also effective
reducing, inter alia, overall catalyst cost, acting as a thernal SI nk to
assist in heat shielding the catalyst during regeneration, densifying
the catal yst and increasing catalyst strength. It is particularly
desirable that the inert materials tha:% are used in the catalyst to act
as a thermal sink have a heat 10 capaci &/ of fromabout 0.05 cal/g-Cto
about 1 cal/g-C, nore preferably fromabout 0.1 to about 0.8 cal/g-C,

nost preferably fpomabale 0 | /g-C. Th
cat al yst conpositi g@ pr e? &bljaygg%)r{r@rxd&aéﬁbg%ut E}?Y%’%J{Jgﬁ?c& 358% nor e
preferably aﬂmmoihmﬂarcsantﬁme%mﬁmjcataw preferabl y 15 about 10%to

about 80% by wei ht of ecul ar sr s al so preferred that the
cat al yst corrposit mlé FAYSTNIE dzl?':i'i‘f"i eih Yo calalyst whes, ooop,

mor e preferam%%@hhiéf%ﬁnta&a%@@%ha@shh@ﬁﬁiéw3&% YroddimaPBet 0 150p.
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preferably in theThepﬁgﬁssfcaﬁrg@ﬂﬂevéllilﬂe@é}nbd outﬁtaﬁbﬁﬁé @Q¢ehr', and nost

pr ef e@bly i.n the rang&gof from about 20 hr' to about 500 hr". WHSV is
defi nttl her ‘(ﬁ%%%%&%fepe'awen?m%%mbemrch may

| f
optional l'y bébddﬂ 200eC th @8gut 76U ) PréfeRibly %hﬂéﬂotﬂ 3obtlﬁta?bg§§ cSi eve

content of the catalyst. 30 Becalse the cata yst or ock " may

contai n ot hdRoieREfgrably Wm@ouaaﬁoi%tq mmsﬁwrcdrﬂhﬂmmertdmd oIy i s

cal cul ated qgm ty}pég};cg S ygenate feed,
and any hydromg ?on wh eb E@%Bir’{i?feﬁt e gd?cﬁ%ﬁ.' p'%t%ggé 'ﬁg si eve
cont ai ned i rrechme-maskedly SIOPt ohktheblpper ehd obﬂmmmmmmdge ¢t act ed
W th e catalysls E§Mot form an optimum amount of product.

The pressure also may vary over a wide range, including
autogenous pressures, Effective pressures may be in, but are not
necessarily limited to, oxygenate partial pressures at least 7 kPa,
preferably at least 35 kPa. The process is particularly effective at higher

20 oxygenate partial pressures, such as an oxygenate partial pressure of
greater than 140 kPa. Preferably, the oxygenate partial pressure is at
least about 175 kPa, more preferably at least about 210 kPa. For practical
design purposes it is desirable to operate at a methanol partial pressure of
not greater than about 3500 kPa, preferably not greater than about 2800

25 kPa, most preferably not greater than about 2100 kPa.

The conversion of oxygenates to produce light olefins may be
carried out in a varety of catalytic reactors. Reactor types include
conventional reactors such as fixed bed reactors, fluid bed reactors, and
riser reactors. Preferred reactors are riser reactors.

30 According to one embodiment there is a method of making olefin
derivatives from an oxygenate comprising; contacting the oxygenate with a

molecular sieve catalyst to produce a hydrocarbon product containing



t he oxygenate is in a vapor phase. Alternately, the process may be 5
carried out in aliquid or a mxed vapor/liquid phase. Wen the prcg:ﬁms-m%
is carried out in a liquid phase or a m xed vapor/|liquid phase, Z
different conversions and selectivities of feed-to-product may result
depending wupon the catal yst and reaction conditions. The process can
generally be carried out at a w de rangg of 10 tenperatures. An

ef fective operating tenperature range n be from about 200C to about
700C, preferably from about 300C to about 600C, nore preferably from

about 350C t a'i_’éﬁ’@ + : ; gﬂ?c{ nge, the
formation of&?ﬁg%a re 8ﬁ%f ?r%e%élg%@ta @%@Lrbgggﬁ%%nar r%tdﬁ/rﬁéf]gw. At

t he upper engdedcarbentpeopastatantactirathe,C4 imclion pith cresliguayernimdtichor m an
opti mum anmount_.of, .orodyct Th ressure al so vary ove wi de range,
“hel uding  atygehiBUot BPeLORER? 2ba R s Ribaly ebaReptadngie but are
not necessgorlioh bf tHd vshtistrea@mwiie il SligbéizalioPERaRst e Shothepst 7 kPa,
preferably a( |east 35 kPa, The process is particularly effective at-

A , A Y .
hi ghe 20  oefatimentdherais amethad as setdorth wherein the kge fractiopart i al
pressure of ¢ . e i al
pressure Iscgt&Y Fﬁﬁggsftr&rﬂg%‘?ﬂg7%%&3{%%%%?;?%%&@If&%{é@% gas%@%b%}‘ut 210
kPa. For prasightdiutadesi gn purposes it is desirable to operate at a
met hanol partial (pt . . reater than Pa, pr ef erabl y
not greater than '@E@E’?’%&d@“ﬂ?}ﬁfﬂﬁ%%@@"ﬁ?é‘sgr"%?;ﬁ%i%ﬁ&%?‘9% han
about 2100 bpaveijhelduterss, sindfrooh 8004de BB DyiweighbBdegend.ght ol ef i ns nay
be rried out in varj et f catalytic reactors. Reactor types include
conveflt i onal r eadf? SPY 300 ré@%@ﬁ"ﬁﬂéﬂ@@%’@ﬁ?@"}”\‘?ﬂ? sbﬁoseﬂéﬁeéor s, and
riser react gom thHer @fo%rﬁhsisﬁﬂﬂwmckar-amw SOk A olidphodPhofie e, ng to
one enbodi nent there 1s_a _nethod of making olefin derivatives from an

oxygenat e cBIfsel-8xAE 2p8&SMB7 ng t he oxygenat e with a nolecul ar sieve
catalyst to produeeoedég&; SAAPEPEmBLAMNEL, (HaR A 4H BRAR OrfbSIFHPS 22

ol efin; separating a raction containing four. or nore carbons from
the hydr ocapmensinge 8dde Slmsiceriiyeichtoasnes 2 il D pereantibyameight

ol i gqgeri Zaﬁbﬂ@ne: and 8 to 25 percent by weight dodecene.

The olefin composition further comprising 2 to 10 percent by weight
olefin having sixteen to twenty carbon atoms. In another embodiment, the
olefin composition comprises a branching number less than 2.0, more
preferably less than 1.4, even more preferably less than 1.5, and most

20 preferably less than 1.8,

In another embodiment, the olefin composition comprises from-
10% to 50% by weight alpha-clefin. Alternatively, the octene comprises
from 60 % to 95% by weight 1-octene. Typically, the octene comprises
from 5% to 30% 2-octene. |

25



catal yst to produce higher olefins and a vent stream and cont aczgéngg*n@gs
portion of the vent streamw th the oligonerzation catalyst. In 5
enbodi nent there is a nethod as set forth wherein the C44 fraction
conprises from80%to 97% by wei ght butenes and from 3% to 20% by wei ght
but anes. I n another enbodi etmt, the butenes conprise from20%to 40% by
wei ght 1-butene, and from 60%to 80% by wei ght 2-butene. 10 In still
anot her enbodi ment the oligornerization2¥atalyst is selected fromthe
group consi sting of nickel-alkyl alum num solid phosphoric acid,
ni ckel - oxi de, and ZSM 57. According to another enbodi nent, there is an
ol efi n conpoGUABES: conprising: 60.to 80 percent by wei ght octene; 2 to
10 percent by weight 15 nonene; and 8 to 25 percent by wei ght dodecene.
The olefin c Lt ther conprising 2 to 10 percent by wei ght
ol efin havi n%@%?&%ﬁ%ﬂ%v\enty carbon atons. |In another enbodi nent the
ol efi n conposi ti on.comé medsochobmakiopiokefinderivativésem amoxygenateor e
preferably less than 1.4, even nore preferably less than 1.5, and nost 20
preferably | ESERANYIB-1.8. In another embodiment, the ol efin conposition
conpriges from 10% t o contadiyig\Wes oRfgeplafeaith aehblecultl sisveaidtalgitto t he
octene conprises from60 %to 95% by weight 1-octene. Typically, the
oct ene conprps%%uoerwwwfee%dﬂ%é'%el gxielnig VaY 2005 23 CLAI MS:
Wat is clainmed is: 1. «apHRIAGH €f° MEkicA Loftihing ro\T dr\Able/&abbheM an
oxygenate conprising: 5 contacting the oxygenaie with a nol ecul ar sieve
catal yst to Tremthscbydrogpthosqaetdest: product contai ning ol efin; separating
8 O eracti on cont ai nicBRd g B8 CTORECARAEN o bGRERERidH gt "

i0 produce higher olefins and a vent stream; and .

contacting a portion of the vent stream with the

oligomerzation catalyst.

2. The method of claim 1 wherein the C,* fraction comprises
15 from B0% to 87% by weight butenes and from 3% to 20% by weight
butanes.
3. The method of claim 2 wherein the butenes comprise from
20% to 40% by weight 1-butene, and from 60% to 80% by weight 2-
20 butene.
4. The methed of claim 1 wherein the olefin product comprises

Jess than 20 ppmw by weight of an individual contaminant, the individual
contaminents selected from the group consisting of hydrogen sulfide,
25 carbony! sulfide, and arsine.

S. The method of claim 1 wherein the molecular sieve catalyst
is selected from the group consisting of SAPO-17, SAPO-18, SAPO-34,
SAPO-35, SAPO-44, SAPO-47, ZS5M-5, ZSM-22, ZSM-35, the metal

30 containing forms of each thereof, and mixtures thereof.



contacting the C4' fraction with an oligonerization catalyst to é& 2005
produce higher olefins and a vent stream and. contacting a portz AX)f
the vent streamwi th the oligonmerzation catalyst. 2. The method of claim
1 wherein the Ca' fraction conprises 15 from80%to 97% by wei ght
butenes and from3%to 20% by weight butanes. 3. The nethod of claim 2
wherein the butenes conprise from 20%to 40% by wei ght 1-butene, and
from60%to 60% by wei ght 2- 20 butened44. The nmethod of claim 1 wherein
the ol efin product conprises |ess than 20 ppnw by wei ght of an

i ndi vi dual contam nan t he i ndivi dua contam nants selected fromthe
group consi sting %f h&ﬁ%@@ﬂ‘%‘ﬂ‘?ffql?f@ﬁ 2@%%{?3%9?9%?%%," ; Yst & ne. 5.
The met hod Qgj¢héd fom MsBLP doh%i i BEMIEREI-EIkA \HurhiuAl, ¥olig | S sel ected

fromthe group consisting of SAP ,_ SAPO-18." SAPO- 34, SAPO- 35,

SAPO- 44, SApbosphorsael, nickel-oxide, zed 88M-3he netal 30 containing forns of
each thereof, and m xtures thereof. 2 6 MM 2005 24 6. The nethod of
claiml1l wherein the oligonerization catalyst is selected fromthe group
consi sting of ni gkel - JHerhetiodof hrulmm ‘Bﬂjrﬁﬁr]::phtpsismydc?mi;@,a

ni ckel - oxi de, and M 7. 5 7, The thod of cl.aiml1 further conprising
contacting ROW?ﬁZ’Sﬁ Wh?'kﬂaleﬁﬁsg‘ﬁg’?' g&!ygquﬂg“w{'ﬂ" 53%Ptof or myl ati on
catalyst. 8. The nmethod of claim 1 further conprising separating octenes
fromthe higher olefins and contacting a portion of the octenes with a 10
hydr of or nyl at i on 8cat allfetmethodsH Hatarbivwiheareswosing Sepatingretanes of

2nd cont aot Pay SROAPhEP bRfnS BREcBhaEing M BRER ST PERRet Il 1 Catalyst
to fdom dechydedfommdation ¢atalyst torleemmenaoyi alcoldlai m 1 further conprising
separating
9. The method of claim 1 further comprising separating
nonenes from the higher olefins and contacting a portion of the nonenes
with a hydroformylation catalyst to form decy! alcohcls..
15
10. The method of claim 1 further comprising separating
dodecenes from the higher olefins and contacting a portion of the

dodecenes with a hydrogenation catalyst to form dodecanes.

20 11.  An olefin composition comprising:
60 to 80 percent by weight octene;
2 to 10 percent by weight nonene; and
8 to 25 percent by weight dodecene.

25 12.  The olefin composition of claim 11 further comprising 2 to 10 -
percent by weight olefin having sixteen to twenty carbon atoms. '

13.  The olefin composition of claim 11 wherein the olefin
composition comprises a branching number less than 2.0.
30
14.  The clefin composition of claim 11 wherein the octene

comprises an average branching number less than 1.4.



dodecenes fromthe higher olefins and contacting a portion of the
dodecenes with a hydrogenation catalyst to form dodecanes. 20 117 GAMAY 2005
ol efin conposition conprising: 60 to, 80 percent by weight octene; 2 to
10 percent by wei ght nonene; and 8 t®”25 percent by wei ght dodecene. 25
12. The olefin conmposition of claim1l further conprising 2 to 10
percent by wei ght ol efin having sixteen to twenty carbon atons. 13. The
ol efin compositi oggof i i i b conpri ses
a branching nurrbe?51 esgh?%%%}ﬁﬁé%h%w?ﬁ@ gf’ g}}eﬁg@gmngﬁgﬁﬁgn of claim
11 wherei n ttmmpdisesen ayerape sreeochingawanberdess taotli.fg nunber | ess than
1.4. 2 6 MAY 2005 25 15. The olefin conmposition of claim1l wherein the
nonene conprises an average branching nunber less than 1.5. 5 18. The

ol ef i ns conposi ti ongof Theiofefihlcoripssiiion bhclaitv e ahefeind@POUBESNEN aver age
branchi ng nunber less than 1.8. 17. The ol ?fi n, conposition of claim1l
wher ei n t he SIMBPI$ES BB AYBE98 JANEWRE Nusekerilessthandh8.0 50% by wei ght

al pha-olefin. 10 18. The ol efin conposition of claim1l1l wherein the
octane conprises from60 %to 95% by weight 1-octene. 19 The olefin
conposi tion of cl#.m 18hevisfipicermpasitmrt im &1 whereindes olefiom 5% to 30%

2- oct ene. composition comprises from 10% to 50% by weight alpha-olefin.
10
18. The clefin composition of claim 19 wherein the octene
comprises from 60 % to 95% by weight 1-octene.

19.  The olefin composition of claim 18 wherein the octene
15 comprnses from 5% to 30% 2-octene.





