1 SEPARATI ON OF COVPONENTS FROM A MULTI - COVPONENT HYDROCARBON STREAM VHI CH
| NCLUDES ETHYLENE 5 THI'S I NVENTION rel ates to separation of
conponentwof2nowm4s7omul ti - conponent hydr ocar bon stream whipch/IBroab/ociess
ethylene. In particular, the invention relates to a process to separate a
mul ti - conponent hydrocarbon stream which includes 10conponents in a
plurality of phases and ethylene, and to an ethyl ene oligonerisation
process which includes this separation process. Distillation
is the nethod of choice for many processes to separate a multi-conponent
hydrocarbon streaminto different fractions. Wen the nulti-conponent 15
hydr ocar bon stream i ncl udes solids, whét her nol ten, dissolved or not

di ssol ved, such as polyners and waxes, it is undesirable to feed the

mul ti-conmponent hydrocarbon stream over distillation trays, as the solids
may bl ock the trays. One exanple of such a nmulti-conponent hydrocarbon
streamis the oligoneric ﬁroduct stream obt ai ned fromthe ollgfnerlsatlon

of an ol effERRARALENPEGOMRRNENTSFRAM A MU USHIMPONENT B¥RBOGATRB@Nepar at e

a nul ti-conponent hydr ocTHEANM WISIKN INGLUDESBYHYDENRde solids, woul d thus
be desirable. According to one aspect of the invention, there

is prdvided a process to separate a multi-conponent hydrocarbon stream
whi ch includes ethyl ene and ot her 25conponents with at | east sone of the

conmponents being present in a ﬁlurallty of phases, the process including
ina first flash stlade, INVEAJIHPNgrelates ﬁ%lstepa@éi%dﬁe?ﬂm@%ﬂ@cﬁia'ﬁoﬁ Biklimam

froman ekevpdRsht m&%ééﬂbgn (stre@8m ®hilh @She8 &thylemy. e It Baficdi8r, kAE (Rkhtighd an
el evated tenperature (i.e. a tenperature of nore thanl80C) to a pressure in

t he range®3te3{ @ PPES toa§epa@9,ad”awg1(:ﬁ@1pgn$qtMgroggmp SterB MY RENEe apour
stregm at cempéR:snea iphirdIfe of pReRsUndléihylene, and to an ethylene oligomerisation

process which includes this separation process.

Distillation is the method of choice for many processes to separate a multi-

component hydrocarbon stream into different fractions. When the multi-component

15 hydrocarbon stream includes solids, whether molten, dissolved or not dissolved, such
as polymers and waxes, it is undesirable to feed the multi-component hydrocarbon
stream over distillation trays, as the solids may block the trays. One example of such a
multi-component hydrocarbon stream is the oligomeric product stream obtained from

the oligomerisation of an olefinic feedstock. An efficient and economical process to

20 separate a multi-component hydrocarbon stream, which may include solids, would thus

be desirable.

According to one aspect of the invention, there is provided a process to

separate a multi-component hydrocarbon stream which includes ethylene and other

25 components with at least some of the components being present in a plurality of

phases, the process including

in a first flash stage, flashing the multi-component hydrocarbon stream, from an

elevated pressure (i.e. a pressure of more than 18 bar(a)) and an elevated temperature

(i.e. a temperature of more than180°C) to a pressure in the range of 10 -18 bar(a),

30 producing a first ethylene-containing vapour stream at a pressure in the range of 10 —
18 bar(a) and a multi-phase stream which includes some ethylene;

in a second flash stage, flashing the multi-phase stream to a pressure of less

than 6 bar(a), producing a second vapour stream at a pressure of less than 6 bar(a) and

a bottoms stream;



18 bar(a) and a multi-phase stream which includes sone ethyl ene; in a
second flash stage, flashing the nulti-phase streamto a pressure of |ess
than 6 baw(Qapir/@smduci ng a second vapour stream at a pr@ssaB®1ebs4ess t han
6 bar(a) and a bottons stream 2 removing the first

et hyl ene-cont ai ni ng vapour streamfromthe first flash stage and the second
vapour streamfromthe second flash stage; and renoving the bottons stream
fromthe second flash stage. 5In at | east one enbodi nent of the invention,
the process includes reheating the multi-phase streamfromthe first flash
stage before flashing the nultiphase streamin the second flash stage.
According to a second aspect of the i nfention, there is provi ded an
10et hyl ene ol i goneri sati on process, the process including _ in an

ol i gomeri sati dﬁ”@t"ﬁ@et,he 6'F§tg<°<3rﬁr\é‘?ﬂes¢%'@ﬂ919’la€% %Fﬁ?”?/\nfrf’ﬁ‘d‘ihﬁvﬂrﬁtgﬂaéh stage

nul ti - compRMatsclyl PHRIUPSeM fremthObedbnbifiaEieBlageaes whi ch i ncl udes

ol i goneri c product, polgnerlc product, and unreacted ethyl ene; heating the

nul ti - conponedEMeYRP RAPHIINSTE8ENHTID the 1eerpeflagisiads n excess of 15180C;
separating the nulti-conponent hydrocarbon streamin accordance with a

separation process as hereinbefore described producingqsaid first
et hyl®ne- cont ai ni n§" ipl§ast §P¢ e@mpodimgnt of the "inventipe #i&, Pregrsst inflgdes

et hyl ene- mbmhq:imm\ammgess&r@gmmr@rﬂ tA8 fiRdtssB Nea L BEMYRY HashirRdMeZ@pKioduci ng

an ethylene-rich stream and an et hyl ene-poor nulti-conponent hydrocarbon
phase stream in the second flash stage.

According to a second aspect of the invention, there is provided an
10 ethylene oligomerisation process, the process including
in an oligomerisation stage, oligomerising ethylene and withdrawing a multi-
component hydrocarbon stream of different phases which includes oligomeric product,
polymeric product, and unreacted ethylene;
heating the multi-component hydrocarbon stream to a temperature in excess of
15 180°C;
separating the multi-component hydrocarbon stream in accordance with a
separation process as hereinbefore described producing said first ethylene-containing
vapour stream; and
feeding the first ethylene-containing vapour stream to an ethylene recovery stage
20 producing an ethylene-rich stream and an ethylene-poor multi-component hydrocarbon

stream which includes oligomeric and/or polymeric product.

The process may include the step of recovering energy from the first

ethylene-containing vapour stream by heat exchange with a second stream, which

25 second stream may be or may include the multi-component hydrocarbon stream, a
further process stream or a utility stream. Typically, the first ethylene-containing vapour

stream is at least partially condensed during such a heat exchange step.

The multi-phase stream may be predominantly a liquid stream which

30 includes solids, and optionally entrained gas.

In this specification, the term “solids” is intended to include materials such
as polyethylene, waxes, catalysts and catalyst de-activation products, whether molten,

partially molten or dissolved at the process conditions of the multi-component



stream whi ch includes oligoneric and/or polyneric product. The
process may include the step of recovering energy fromthe first

et hyl ene-wonbaioasTg vapour stream by heat exchange w t hPaTABZOMNOS4844 eam

whi ch 25 second stream nay be or may include the nulti-conponent

hydr ocarbon stream a further process streamor a utility stream

Typically, the first ethyl ene-containing vapour streamis at | east
partially condensed during such a heat exchange step.

The nul ti-phase stream may be predom nantly a |iquid stream which
30i ncl udes solids, and optionally entrai ned gas. In this
specification, the term"solids" is i ntended to include materials such as
pol yet hyl ene, waxes, catal ysts and catal yst de-activation products whet her
nol t en, payqrpearwn BeaBnt iheaneeoin, Kip srectiicationy hedssn cemdprseoiac! wiesthe

nul ti - Conpﬁéﬁen&ha%gb)fﬁifnﬁ)@% b@ﬂlq@ﬁreﬁ@%eﬁefnﬁ heIMESs” dostridt SnchRRCA fohegd | on
the term condense i ncl'udes a phase change fromgas to liquid and the term
conpressC #H¥Es not include a phase change. 5The nulti-phase streamis
preferably flashed in the second flash stage to a pressure of between about
1 bar(a) and about 6 bar(aé@ﬁ nore preferably between about 2 bar(a) and
about® 5 bar(a), e. IimebesesHitngm 1 msgle[ad)y taredrvifte secpad {lash steae &one

enbodi nentaspr@ésuwef Ibet«omwém)uhquer) and ARPATE N&(egaHﬁ)@e @F&é@bl’ye@eme@n a
subat nospheri c pressu used in the seco st ag

Pr ef er abl §004trf ??{@)fqnf’sacbofﬂ é%r@i - &, PAMREMER QUL 2cRANS0 ﬁ‘@ﬁtabﬁytd‘f 8@%?)06?1

stream i sshhasésodimentsass eeeVriveRor qnaswer/@rttsre]egétn@t gh @RS brekBhie, iRy ef erably
an elevated tenperature of at |east 190C, nore preferably an el evated

t enper at upEPMNO herig REgssygs Bay KR dsed neihe paed fosBsa9fe of nore than 30
bar(#). The first ethylene- 15 cont ai ni ng vapour st ream is thus typically
defining a higher nass flow o %/ﬂase and is at g gher pressure than

the second vapour S$f§/8ZRY: In the ﬂrs h StageTthPc’EP'It')PO”]pﬁ”?Weh¥qr9%3crb?rl ash

st age t hestddrh iis CRIZREN &M fw\deevateboew@brae@@ bis af lashedsto, pref@apgrat ure of
at least 120C, preferably_at | east referably 20at | east 170C,

e.g. bet weE¥aGR derrarakice ghat '8%%%901@0'@,0@ preferatily an e'e"ﬂ?é tenegt e Pebssur e
may be beteagengsH) Hnd3gh bsil?dvéﬁa)d %@s@@%ﬂm&% ah (30 ,baﬂé)efﬁfeaﬂlsy ehlaneen

4 f I 4
ag??é’é gnggr&élaﬁg%ggo@gs?%éwqg thus typlz:allyr(rjlt)a?lr?lngr %lgehre?l?n ssl?l ethy e?mg%tnd |36

at a higher pressure than the second vapour stream.

Typically, in the first flash stage the multi-component hydrocarbon stream
is flashed to a temperature of at least 120°C, preferably at least 150°C, more preferably
20 at least 170°C, e.g. between about 175°C and about 190°C.

The elevated pressure may be between about 30 bar(a) and about 50
bar(a), preferably between about 40 bar(a) and about 50 bar(a), more preferably
between about 46 bar(a) and about 50 bar(a).

25
The process in accordance with the first aspect of the invention may
include separating at least a portion of the ethylene from the first ethylene-containing
vapour stream. Thus, the first ethylene-containing vapour stream may be subjected to
at least one ethylene recovery stage producing an ethylene-rich stream and an
30 ethylene-poor multi-component hydrocarbon stream.

Typically, the ethylene recovery stage employs at least one distillation
column. The ethylene recovery stage, and in particular said distillation column, may be

operated at the same pressure as the first flash stage, minus any pressure drop caused



25 The process in accordance with the first aspect of the

i nvention may include separating at |east a portion of the ethylene from

t he firstwethyl@smicont ai ni ng vapour stream Thus, the PCT4B2010/054444

et hyl ene-cont ai ni ng vapour stream nay be subjected to at |east one ethyl ene
recovery stage producing an ethylene-rich stream and an 30et hyl ene- poor

mul ti-conponent hydrocarbon stream Typically, the ethyl ene
recovery stage enploys at |east one distillation colum. The ethyl ene
recovery stage, and in particular said distillation colum, nay be operated
at the same pressure as the first flash stage, m nus any pressure drop
caused 4 by intervening process equipﬁent. The et hyl ene recovery stage,
and in particular said distillation colum, may thus operate at a pressure

in the raRY&YVeRBGRIOCEES LA4BMERL (TAF ClUpitEiestYsy ig6t andin rastigde (dd 5The

first ethyisgReios @BlANNIAY tMAPEHErats tat 8Pddstird MBhE Alng¥ of Bboute0QT g BSEHd
bef ore bei rége{lfed into the et h%l ene recovery stage, but is preferably at

| east par PieARYY @BAYelYsda PBEfbre being fed into the ethyl ene recovery
st age. The process according to the second aspect of

the invention may include 10the further step of recycling the ethylene-rich
strednto the oli gaﬁéﬁ'rﬁﬂhy&vesqoa&@'ng vapour stream is tyﬂ'f@”)éf‘ﬁweéﬂ'@p'ﬁéé‘?d

mul ti - conpepNbeiRY @ GR6 PG cHiyI@RMeBBYer) REdged BuRisSHeeMly T@lea0 paitANY ene
ol i goneri sation catal yst. process may 1 nclude conbining the ethyl ene

15The
poor nul t FRRAGRERMBRIPrERAINDEL B MN&ethyans FaCoMs™Y K98t hyl ene recovery stage
and the second vapour streamfromthe second flash stage. Typically, the
pressure of the et El_\él ene poor multi-conmponent hydrocarbon streami s thus

let down to the prd88RFerest aperidine o iy Bﬁﬁseéyqt@éme ipgention may include e

Process Mane flumiedriett sreeeRid he ciplidrRrichfdh@aimt ten & aifahieaigatinr 5 of the
et hyl ene poor nulti-conponent hydrocarbon streamfromthe ethyl ene recovery

stage and the second vapour streamfromthe second flash stage, e.g. by way
of distillation. The ethylene-poor multi-component hydrocarbon stream may include a

solvent for an ethylene oligomerisation catalyst.

15 The process may include combining the ethylene poor multi-component
hydrocarbon stream from the ethylene recovery stage and the second vapour stream
from the second flash stage. Typically, the pressure of the ethylene poor multi-
component hydrocarbon stream is thus let down to the pressure of the second vapour
stream.

20

The process may include recovering solvent from the combined streams
of the ethylene poor multi-component hydrocarbon stream from the ethylene recovery
stage and the second vapour stream from the second flash stage, e.g. by way of
distillation.

25

The process in accordance with the first aspect of the invention may
include heating the multi-component hydrocarbon stream to a desired temperature

before flashing the multi-component hydrocarbon stream in the first flash stage.

30 Heating of the multi-component hydrocarbon stream may be effected in a
heat exchanger, for example using high pressure steam or hot oil. Alternatively, or in
addition, heating of the multi-component hydrocarbon stream may be effected by direct
contact heating or mixing with a hot process stream, producing a combined stream

which is then flashed in the first flash stage.



25 The process in accordance with the first aspect of the

i nvention may include heating the nulti-conponent hydrocarbon streamto a
desired twoperiausToe before flashing the nulti-conponent PhydBmaanizesnt st ream
inthe first flash stage. 30Heating of the nmulti-conponent hydrocarbon
stream may be effected in a heat exchanger, for exanple using high pressure
steamor hot oil. Alternatively, or in addition, heating of the

mul ti - component hydrocarbon stream nay be effected by direct contact
heating or mxing with a hot process stream producing a conbined stream
which is then flashed in the first flash stage. 5 In at | east
one enbodi nent of the invention, at |le&st sone of the heat for the heati ng
of the multi-conponent hydrocarbon streamis provided by the first

et hyl ene-cont ai ni ng vapour stream 5 The et hyl ene- poor

mul ti-conponent hyg gCiRbfUheSdhBRIERAUTRORVELtN] BNBasteeMEESHhS haditromay
i ncl ude 1-hexene, 1l-octene and 1-butene. The nulti -corEBt(P)nent hydr ocar bon

st r eam majf'ed1e8§ng ALhg drlEgRmMPeNany bysirechieersstrean ispapYieecohy he Jrriefylesst vent
et hane, vesMainimglvapblr she¥mquantities of nethane, and pol ynmer(s). Mst
met hane and 10ethane in fact reports to the first ethyl ene-containing
vapou'-:r stream In the oligonerisation stage, the ethylene is

preferably ol i gonermhgethykineddof hRURdthPEREISFaffonadtirebfaRdm 8 &Ayiém and

at an elevated tenperature, typically at |east 40C. The el evated pressure
may be befGRS¥RY ¥R MY IMAY(Ea) NEXRNCaloRie AR A (oafenes 5 Thit E1U-eMTRONSSE ween

about 40 Bpdrb@arbém dirgdd whaydls® aicludk cybRy 16y-prodilies adlipaiebv@emagbebledtt
bar (a) and about 50 bal\r,\iégh. The el evat ed te%}%rg%ure of the oligoner|sation

stage i s EYAN&arsy Y A58utiea ot MAHa% ¢nes)y Mogh igtha#scand n one

enbofh menkthahe iM@ct rBYEHR toQRe filshethPleRs-e6/tainthgadapelidkizem. W t h the 20 second
aspect of the invention is a broad range ethyl ene oligonerisation process,

enpl oying a catalyst systemand yielding a Schul z Fl ory or Poi sson

di stribution of ol &f ineSoligdierigdtiehistiye! fHenathyiese RIP6RADI oIRGB §84d On as
feedstock for detergents, plasticiser alcohols, |linear alkyl benzenes and
as cononoRiEVate presshie ¢f@binaet FbRared) %Slas}éf‘ﬁ%"éﬁg.temﬁtaﬂrﬁ’i%'ﬁ%{'y& fes of
suc h c?_t ah?tﬁd 'ﬁbiésélégﬁ_iec?irkpeﬁﬁhlﬁ&ﬂl!ay F!ﬁ}sl@ﬁwlé;&rgfaﬁﬁﬁt ﬁ‘tﬁblb@@){ hiitg a%lﬂiémi&ﬂ?a)! i gagds
and activa a dia al um ni um hal i de _coca s e..g. as describe
VB 001 B0 diotte i abowaid Bodyh Sadamil Al el o g o daEtEeh as. 2-
di phenyl pbagpis () @Rd @b6utesy Bar(d). CoshdieaiiéPRnWerdtu@ dFanebygiméiRati@duci ng
agent (e.g. as described in US E&MSZSMAI 500 possible is the use of

trial kyla f&ﬁ?ﬂwwe@tbﬂ%%aqw (et SRAYE LY S e @ O‘H)tr6(9a§' range of al pha

ol efins. 30 In a further enbodi nent of the invention, the

process in accordance with the second aspect of the invention is,.
bredoni nant Ly a t r TERs STROGMESE Skl PERLIORr BIecRreoeseB acPpidansss Bt dhe of

et hy2@ne tecohdhgepRBE of $heinvie@tiinf isCaMiro&® MaMRJeC thlyleAp edligbmensation @dekdsi on to
Ipt)isylrjrz(rai 23@%@%80611 fcla(f"alfst[]esryst%%l én(} _yPe?éﬁr?g? % IS(S:hlﬁ%( t gr?'cglrell’gissuo%egis{r%ution of
olefins. The olefins from this process find application as feedstock for detergents,
plasticiser alcohols, linear alkyl benzenes and as comonomers for the production of
polyethylene. Non-limiting examples of such catalyst systems are nickel based systems
25 bearing a-diimine ligands and activated by a dialkyl aluminium halide cocatalyst (e.g. as
described in WO 0010945), or nickel based systems having chelating ligands such as 2-
diphenyl phosphine benzoic acid in combination with a borohydride reducing agent (e.g.
as described in US 3676523). Also possible is the use of trialkylaluminium catalysts for
the production of a broad range of alpha olefins.
30
In a further embodiment of the invention, the process in accordance with
the second aspect of the invention is predominantly a trimerisation of ethylene process.
The trimerisation of ethylene to 1-hexene is a significant commercial operation. In

addition to its use as a specific chemical, 1-hexene is extensively used in polymerisation



6 processes either as a nononer or co-nononer. Non-limting exanpl es of
ethylene trinerisation catalyst systens are provided in a review by D xon,
J. T., G ewn20M05701Hess, F. M, and Mdrgan, D. H ., JournalPCofiBIngesasetal | ic
Chem stry, 2004, 689, 3641- 3668. A few exanples include the Phillips
Cr/pyrollide/ TEA system the Dutch Polymer 5 Institute Ti/benzyl
substituted Cp/ MAO system the BP Cr/o-net hoxyphenyl PNP/ MAO system and t he
Sasol Cr/SNS/ MAO and Cr/o-al kyl phenyl PNP/ MAO syst ens. Exanpl es of

|l i gand-free, tantal um based catal yst systens have al so been reported by
ArteagaMul l er, R Tsurugi, H, Saito, T, Yanagawa, M COda, S. and Mashi ma
K., J.A C.S Comunications, 2009, 131, 65370-5371. 10 I n anot her
enbodi ment of the invention, the process in accordance with the second
aspect of PIasessesRIRET M 3 @%P@Gbﬁf FarmeeRPmert Nenligiting fxpoRlest ofeRthy/erthe

process. ﬁﬁnér@aﬁ&lﬁcé@ﬁy@t 8¥stdmd) @X& PPoVRRIC I @&Qv@\b%ﬁleDlx%nOQtl'enGrdeﬁ M. §50 used

as a conononer_in the production of linear |ow density polyet h%/I ene

limting ER8SI-Ms anﬂd\/'@fﬂage%ht4%@%959%@1@%%@'?%%?%51{|
systens i BedalderdnexdmhiishinkRYS tied PRINDS M%@yﬁm%m sYR®Gh 'AE Mt Pa ﬂﬁblP

| i gands contai ning no substituents on the p hen§ gr| ngs attached to t he
n

P-at otrs ( &Sfuteadiioraeyl suhshitutad ABMASD £ 8584 1) BENET eHBERONPRANYEMRMAGKy

gr oups onsyjdiem phanys sasdl@ﬁ/s(r@/gmoaﬁncﬂ@ﬁ&falkp?dempMﬂl\m@%&%%@amdl@s
addi tion to this, PNP systens containing o roups on

ro enyl
rings are©f bapndetes, .t%ﬁumrpaaséw@@ﬁmézﬁﬁms hang qiﬂ@g%%ﬂsfeé’ﬁﬁte BN AN Eﬁfgﬁ?-,‘ndant

donor at orIleN R, RuRigh, '19gesaitd, Tkevardgavwde 34! idied S. RinYMATHEBR3IN.C.S
Milti-site PNP Iigands are discussed 1 n US2008/0027188. In addition to the

Cr/ PNP sy§9€}‘i‘?§m' EHPEHARP Yt @O ¥dring NN 25 bidentate |igands (e.g.

as dgpcribed in US 2006/ 0247399) as well as systens containing PPN |igands
(e.g. as described in W2008/077911 and W2008/ 077908) can be used. PNPNH
as wel | as PNPNP | iyaRefienpmbadivent gleliei ivapionoar aoeesss. n perRifalee with

chrom um H’@CE’éM@ ésb%bem ted enVERSEH Iu@@#eddh%&@%h@%&&a&&d NDRRAGHD22770.
30 further emﬁodl ment , n”&% oce |n accordance with the
second asB@é’FS%fASt Hb”len(?%'frﬁ PhA-exens daeH ﬁ RVAL) 1°ﬁ eRetip; vged A8

process apsmendredrinimy poalisth dIniaeasisw deﬂs}gepol?etﬁylérﬁéﬁwonammﬁb Qféﬁlﬁplesf, he
process in_ac ordanc wi th the second asgect of the |nv§:nt| on is

t et r her i Sht $eFiNe &t ”Enéet&%%%oﬁ nCataly¥nYREMSod "Gk Het rqbﬂPé#'tP%%tu on
of ethyl eae/PNmmA@Ss;ystyméarUégmnrngng.m pNPYRERES s:ahtlamrthﬁo @tjﬂ%ﬁhm B A6LSS, as

descri bed 2005/ 884. The process ma tio
tetrameri§ ?riy ”%at&cﬁﬁ%@eé’nﬂtwgl(ﬁ@r ?%Q??%Hegf”a\é/ &F Q)C%L"st%a%e
descri bedwith pieeiRERPGHLBS 34, th&&&@@?h@é(?&@%sad&cm&mﬁ/blﬂﬁﬂ@(%ﬂ@ﬁ Ipr ocess

5may al so a tande | ri satl on/ neri sation S as di scussed
"n VD 2008988y 40 s, PRP Systems “qogtai] P HERHPOPN e MEBKeERI%REEDY di ng

to tie segestsibas peuBzoxfs/%imezsn NVt PIOR ,syétbmsct%bﬁhg'ﬁénda&]t dobrsehy ef the
ran n n
transiti Onltrog(tar?hnker are descri gé % %200?/0%83289 Multi-site PNP ligands are discussed

in US2008/0027188.

In addition to the Cr/PNP systems, chromium systems bearing N,N-
25 bidentate ligands (e.g. as described in US 2006/0247399) as well as systems containing
PPN ligands (e.g. as described in WO2008/077911 and WO2008/077908) can be used.
PNPNH as well as PNPNP ligands are described in WO2009/006979. Finally,
chromium/PCCP/MAO  systems are described in WO2008/088178 and
W02009/022770.
30
In a further embodiment, the process in accordance with the second
aspect of the invention is predominantly both a trimerisation process and a
tetramerisation process. In yet a further embodiment, the process in accordance with

the second aspect of the invention is a tetramerisation of ethylene process in



10 chrom um catal yst, with a heteroatom c or honpatom c, ligand, typically
used with an activator. A nunber of dissolved transition nmetal conpound
cat al yst swhava/dae®m devel oped for use to trinmerise or tecrapmmiss4el efins,
e.g. as disclosed in US 4,668,838, EP 0668105; US 5,750, 817; US 6, 031, 145;
US5, 811, 618; WD 03/ 053890; WD 2004/ 056478; W0O2004/056477; W2004/056479; WD
2004/ 056480; WO 152005/123633 and WO 2007/007272, all of which are

i ncorporated herein by reference. Sonme of these catalysts are
selective for C8 and C8 oligomeric products, e.g. 1-hexene and 1-octene,
and the Applicant believes that such catalysts will be particularly

advant ageous for use with the process 5bcording to the second aspect of

20t he invention as the selective production of 1-hexene and 1-octene from
et hyl ene FIMBIHANRSY Wit P It§mErsRYPR é)ﬁfathylene process, or broad range oligomerisation of

ethylene process, as described in WO 2005/123884. The process may be a
combination of a tetramerisation of ethylene and trimerisation of ethylene process as
described in WO 2005/123884, WO 2007/057455 and WO 2006/108803. The process

5 may also be a tandem oligomerisation/polymerisation process as discussed in WO
2004/056480.

In one embodiment of the process according to the second aspect of the
invention, the catalyst is a dissolved transition metal compound catalyst, e.g. a
10 chromium catalyst, with a heteroatomic or homoatomic, ligand, typically used with an
activator. A number of dissolved transition metal compound catalysts have been
developed for use to trimerise or tetramerise olefins, e.g. as disclosed in US 4,668,838;
EP 0668105; US 5,750,817; US 6,031,145; US 5,811,618; WO 03/053890; WO
2004/056478; WO 2004/056477; WO 2004/056479; WO 2004/056480; WO

15 2005/123633 and WO 2007/007272, all of which are incorporated herein by reference.

Some of these catalysts are selective for Cs and Cs oligomeric products,

e.g. 1-hexene and 1-octene, and the Applicant believes that such catalysts will be
particularly advantageous for use with the process according to the second aspect of

20 the invention as the selective production of 1-hexene and 1-octene from ethylene is

commercially important.

In a preferred embodiment of the process in accordance with the second
aspect of the invention the catalyst also includes one or more activators. Such an
25 activator may be a compound that generates an active catalyst when the activator is

combined with a source of transition metal and a ligating compound.

Suitable activators include aluminium compounds, organoboron
compounds, organic salts, such as methyl lithium and methyl magnesium bromide,
30 inorganic acids and salts, such as tetrafluoroboric acid etherate, silver tetrafluoroborate,

sodium hexafluoroantimonate and the like.

Suitable aluminium compounds include compounds of the formula AI(R")s

(R1 being the same or different), where each R' is independently a C4-Cq2 alkyl, an



In a preferred enbodi nent of the process in accordance with the second
aspect of the invention the catalyst al so includes one or nore activators.
Such an 28acbivasmn nay be a conpound that generates anPatiiBuao/oHal yst
when the activator is conbined with a source of transition netal and a

| i gati ng conmpound. Sui tabl e activators include al um ni um
conpounds, organoboron conpounds, organic salts, such as nethyl |ithium and
met hyl magnesi um brom de, 30i norganic acids and salts, such as

tetrafl uoroboric acid etherate, silver tetrafluoroborate, sodium

hexaf | uoroanti nonate and the |like. 8 qgxygen containing noiety or a halide,
al um noxanes, and conpounds such as Li A H4 and the like. Al uninoxanes are

wel |l known in the art as typically oligonmeric conpounds which can_be
prepar ed BYYICALREIRING MR}y é’d@l h3lgR B Miparapes @”QrpogPWPgﬁ §H§masiABnpound,

for exanphgd tHel kBt AMhAddx@héed Hﬂé\we‘ﬂ#@%mﬁqmm&s@ﬁ'balﬂ?ohgd?%rc,co%ﬁéhh@s S
cages or m xtures thereof. Exanples of suitable alum nium conpounds in the

form of oW@&Ho%%rﬁenPEﬂﬁ’?@@t Watf‘%r"sonitrﬁﬁ?%@éd'lt@” it Wﬁeaﬂan%lwadwm)um

tri et hyl absiapoindmeorT Bmplé rttimed9RMUIhRMI NSUthUSrtdduRAS .can be linear, cyclic,
tri-n-octylalum njum nethylal um niumdichloride, ethylalumnium

di chlr i dEa9&si e iiHres Hieren ukxarAples paéu'ta@iee@'erawurﬁompew%moﬁhpd@rm of

al umi ni U”big%ﬁ@él@lﬂﬁ?ﬁ!rﬁl%ctl\%ft(ﬁw'nﬂildd@tﬂln'é hiai trlethylalumlnlum (TEA),
met hyl al um ni umsesqw chl oride 10 [Ph3C]I [ AL{O 3}] ,, rret hyl| al um noxane
(MAO), et KiisapuinaiBlnve (EA@)N’ |H5619P9’|a&lrﬂiﬁi“ﬁbxaﬁ1§”b’l m nolihierls:

al kyl al unemgrsamnasiuf cictasrideD diifie@ eI hininal mmxaa@tr(yl\ém%mandcrﬂarwbur es of
t he above- nment.i oned conpounds | es of sujtable

or ganobor BN MUYHB BRI BWV@%”H%‘%WSR%{B!@'Or'd%mﬁﬁy@ﬂw{qgﬂ}sﬁ%'Ch'o”de

tris{gpent ﬁnggﬂAF{’@b@@‘B’sba}]bor aRghyldilihingkarieet 1 @M@x pere&ra,ﬂdlmrn@wyl (EADY at e,
di met hyl ani | i ni um t etraki Eg{.%ent af | uorophe borate, tri but bor at e,

n
di al kyl metSROVRHIHNNANE et $EHAQY( pérRdiiad uo?'%ﬁé'ﬂwcﬁxa%‘iﬁ afloh V\ﬁére’“%"f{‘iﬂ = Q2

to C22, t ket kilraiRBRIHUMMARDY aid mixaess of the abowrieeitioneb@baipundder e al kyl
C2 to C22 and the |ike. These boron contai ning conpounds may be used in

conjunction with the Al (Rl)3 20conpounds di scussed above. The

activator nmay al soERgmBlesCoME@iabled ofRABIIEA ddmﬁoua@é Sré HoPoXirRBUNJEH,0r
oxi dj si ng such as sodiumor zinc netal and the |ike, or hB/drogen or
Oxyg& anHe?r}yg)qrqqge trig(gentatluorophenyl)borane, trltyI tetrakis(pentafluorophenyl) borate

dimethylanilinium tetrakis(pentafluorophenyl) borate, tributyl borate,
dialkylmethylammonium tetrakis(pentafluorophenyl) borate, where alkyl = C, to Cop,
trialkylammonium tetrakis(pentafluorophenyl) borate, where alkyl = C2 to C22 and the
like. These boron containing compounds may be used in conjunction with the AI(R")

20 compounds discussed above.

The activator may also be or contain a compound that acts as a reducing
or oxidising agent, such as sodium or zinc metal and the like, or hydrogen or oxygen
and the like.

25

In this specification the term “aluminoxanes” is used to denote a
compound represented by the general formulae (R%*-Al-O), and R°(R°-AI-O),-AIR%
wherein R?, R°, R® ,and R? are independently a C-Cs alkyl or halo-alky! radical, for
example methyl, ethyl, propyl, butyl, 2-methyl-propyl, pentyl, isopentyl, neopentyl,

30 cyclopentyl, hexyl, isohexyl, cyclohexyl, heptyl, octyl, iso-octyl, 2-ethyl-hexyl, decyl, 2-
phenyl-propyl, 2-(4-flurophenyl)-propyl, 2,3-dimethyl-butyl, 2,4,4-timethyl-pentyl and

dodecyl; and n has the value of 2 to 50. Preferably n is at least 4.



In this specification the term"al um noxanes" is used to denote a conpound
represented by the general fornulae (Ra-Al-0)n and Rb(Rc-Al-0)n-Al Rd2
wher ei n Rsip 2R1/04RW1, and Rd are i ndependently a Cl- C30 alPkyhBzmo/hser al Kyl
radi cal, for exanple nethyl, ethyl, propyl, butyl, 2-nethyl-propyl, pentyl,
i sopentyl, neopentyl, 30 cyclopentyl, hexyl, isohexyl, cyclohexyl, heptyl,
octyl, iso-octyl, 2-ethyl-hexyl, decyl, 2- phenyl-propyl,

2- (4-flurophenyl)-propyl, 2,3-di nmethyl-butyl, 2,4,4-tinmethyl-pentyl and
dodecyl; and n has the value of 2 to 50. Preferably nis at least 4. 9
The activator nmay be sel ected from al kyl al um noxanes such as

nmet hyl al um noxane (MAO), high stabilitﬁ nmet hyl al um noxane ( MAO HS),

et hyl al um noxane (EAO), i sobutyl al um noxane &éBuAO) as well as nodified

al kyl al uni noxanes 3ti8h284VaiR5diMdve dsretdisaied uliPRoelyRIymMinggesssuch  as

The traPSHét%Ilﬁfﬁﬁw@kar%OUV(mcﬁ,nd_rﬁ@ﬁ adtwmt?oxm@mymm@&&@nbi(md) I THS),
proportions to provide Al/transition netal nolar ratios fromabout 1:1 to
10 000: 1, efwisiuiaprapes rEMApoisebulylelumineEoe: 1BUAR) 3y eWBH ePSr aBPYIM9¢ om 1: 1

to 500: 1. akQhenifxaRes Sudnbsahs@ictBmedyMuniind e SRMAE). aspect of the
invention may include the step of adding to the catalyst systema

tri aI§<yI al um ni um conpound i n anounts of between 0.01 to 1000 nol per nol

of al kyl al um noxanehe transition metal source and th& MiRINEXERRIMEREHe 8dmbiked it ocess
in accordance with the second aspect 150f the invention the oligaonerisation

catal yst PIPPURES ta RIBYEE ilitiepsition metalamelsralosofromy abaiidl:ite Y 0PG4t i ng
conpound gfeférbity Froradoat { R nM00d:1(20d nire(dr@ierabRPfrath 1vhRrsBoN.

10 The process in accordance with the second aspect of the invention may
include the step of adding to the catalyst system a trialkylaluminium compound in

amounts of between 0.01 to 1000 mol per mol of alkylaluminoxane.

In one embodiment of the process in accordance with the second aspect

15 of the invention the oligomerisation catalyst includes a combination of
i) a source of Cr; and
ii) a ligating compound of the formula

(RDm X' (Y) X* (R*)n

20
wherein: X' and X? are independently selected from the group consisting of
N, P, As, Sb, Bi, O, S and Se;
Y is a linking group between X' and X,
m and n are independently 0, 1 or a larger integer; and
25 R' and R? are independently hydrogen, a hydrocarbyl group or a
heterohydrocarbyl group, and R' being the same or different when
m>1, and R2 being the same or different when n>1.
In this specification a heterohydrocarbyl group is a hydrocarbyl group
30 which includes at least one heteroatom (that is not being H or C), and which organic

compound binds with one or more other moieties through one or more carbon atoms of
the organic compound and/or one or more heteroatoms of the organic compound.
Organoheteryl groups and organyl groups (which include at least one heteroatom) are

examples of heterohydrocarbyl groups.



X1 and X2 are independently selected fromthe group consisting of N, P, As,
Sh, Bi, 0, Sand Se; Yis a linking group between X1 and X2; mand n are

i ndependewol2911®4510r a | arger integer; and Rl and R2 arPeTiiRza@esdent |y
hydr ogen, a hydrocarbyl group or a heterohydrocarbyl group, and Rl being
the sanme or different when npl, and R2 being the sanme or different when
n>1. In this specification a heterohydrocarbyl group is a hydrocar byl
group 30 which includes at | east one heteroatom (that is not being Hor O,
and whi ch organi ¢ conpound binds with one or nore other noieties through
one or nore carbon atons of the organi¢c_conmpound and/or one or nore

het eroat ons of the organi c conpound. Cﬂ%anoheteryl groups and organyl
groups (which include at | east one heteroatom are exanples of

het er ohydr ocar byl groups. 10 Preferably the ligating conpound is of the
formula 5 R RBR5 N1 p - NP/

Preferably the ligating compound is of the formula

R7
R3 | RS
\ P— N—p <
R4/ Re
with R® to R as defined above.

Preferably each of R® to R® is an alkyl (preferably methyl, ethyl or
10 isopropyl) or aromatic (preferably phenyl or substituted phenyl).

Non limiting examples of the ligating compound are:
(phenyl)2PN(methyl)P(phenyl),; (phenyl):PN(ethyl)P(phenyl),;
phenyl)>,PN(propyl)P(phenyl).; (phenyl).PN(butyl)P(phenyl),;

15 phenyl)>PN(pentyl)P(phenyl),; (phenyl)2PN(hexyl)P(phenyl);
phenyl)>PN(heptyl)P(phenyl),; (phenyl)2PN(octyl)P(phenyl),;
phenyl);PN(nonyl)P(phenyl),; (phenyl).PN(decyl)P(phenyl),;
phenyl);PN(cyclopropyl)P(phenyl),; (phenyl),PN(cyclobutyl)P(phenyl)y;
phenyl);,PN

(

(

(

(

(cyclopentyP(phenyl),; (phenyl).PN(cyclohexyl)P(phenyl)y;
phenyl);PN(cycloheptyl)P(phenyl),; (phenyl)PN(cyclooctyl)P(phenyl)y;

(

(

(

(

20
phenyl);PN(cyclodecyl)P(phenyl),; (phenyl),PN(cyclododecy)P(phenyl),;
phenyl);,PN(isopropyl)P(phenyl),; (phenyl):PN(isobutyl)P(phenyl),;
phenyl);PN(secbutyl)P(phenyl),; (phenyl),PN(tertiarybutyl)P(phenyl),;
phenyl),PN(neopentyl)P(phenyl).; (phenyl).PN(1,2-dimethyl-propyl)P(phenyl),;
phenyl);PN(allyl)P(phenyl),; (phenyl);PN(methylheptyl)P(phenyl),; (phenyl),PN(1,5-
dimethyl-heptyl)P(phenyl).; (phenyl).PN(2-ethylhexyl)P(phenyl),;

o~~~ e e e e e e e

25

(phenyl),PN(adamantyl)P(phenyl); (phenyl),PN(adamantylmethyl)P(phenyl),;
(phenyl),PN(3-trimethoxysilane-propyl)P(phenyl),; (phenyl).PN(indanyl)P(phenyl),;
(phenyl),PN(cyclohexylethyl)P(phenyl).; (phenyl):PN(2-methylcyclohexyl)P(phenyl),;
( (

30 phenyl);PN(cyclohexanemethyl)P(phenyl),; (phenyl),PN(benzyl)P(phenyl),;



RAR6G with R3 to R7 as defined above. Preferably each
of R3to R6 is an alkyl (preferably nethyl, ethyl or 10i sopropyl) or
aronmat i ¢ Wwprefiemamily phenyl or substituted phenyl). PCT/IB2010/03NaH4
limting exanples of the ligating conpound are:
(phenyl) 2PN( et hyl ) P(phenyl) 2; (phenyl) 2PN( et hyl ) P(phenyl) 2;
(phenyl) 2PN( pr opyl ) P(pheny1) 2; (Phenyl) 2PN(butyl) P(phenyl) 2;

15( phenyl) 2PN( pent ypP(pheny1l) 2; (Phenyl)2PN(hexyl) P(phenYl) 2;
(phenyl) 2PN( hept yl ) P(phenyl) 2; (Phenyl)2PN(octyl ) P(phenyl) 2;
(phenyl) 2PN( nonyl ) P(phenyl) 2; (phenyl) 2PN(decyl ) P(phenyl) 2;

(phenyl) 2PN( cycl opr opyl ) P( phenyl) 2; (pﬁ%nyl)ZPN(cycIobutyI)P(phenyl)Z

h 1) 2PN | t P( ph 1) 2; h 1) 2PN( cycl oh ) P( ph 1)2
OB phery 1 PR B TR P AR L8P ST AT PRIYOT GREEYHS P phany 1) 2:

h 1)2 1) 2PN | odod | ) P( ph 1) 2;
(pheny1) 2@“@?%"?@@3?‘?&“5’*}”%@”2’@ ) 2PN | Sobut vl ﬁ?%hénﬁ’) o)
(phenyl)ZﬁNFQ@@ hﬂgﬂyﬁpﬁﬁ@WVXW IO(hﬁf‘ﬁé}’i’iyl)2PN(tert|arybutyI)P(phenyI)Z

h 1)2 Phiesmy n
Eghgﬂylgzgmﬁﬂﬂ%pﬁgﬁggﬁ | -p Qﬁgmeﬁﬁe ; 25(pheny1 2PN( al l'yl) P(phenyl) 2;
( pheriy 1) 2FAIEREIERM Q‘iébwrr)hﬁ(‘wﬁ%ﬁ q')yi)z PWH@&N(Q pthyhP(phenyl)z;

di met hyl - ) henyl ) 2;
( nggny{) 2 ada);@&?hﬁ;)ﬁﬁ(ﬂ?l% plﬁémg{‘)(éﬂ%g%ﬁ\tg ?{g%?(n@nétngl()ﬁeteg;l g P( phenyl ) 2;
o) Sy PR N R AN BRI Bh B any L) 2.

(pheny1l) Zgi%h ok - h%m?%ﬁwmvzphe(npbﬁWibh%lﬁ’)ﬁ(mmbgﬂﬂwﬂétmmweﬂwwenyl) 2;
(pheny1)2 et h ohexyl ) P( phen
30( pheny1 pilﬂﬂk‘w&h H ?%XP e?ﬂ(yt%henyl)z (pheny1) 2PN( benzyl ) P( pheny1) 2;

11 g | | ) P( Pheny02;
(ph(e?ﬁ%@%?g Eehﬁg )g)d% b@ﬂﬂphdnphﬁgmzl?wahwéﬂ%%wn?w) (Pheny

P heny 1) 20 SR AR HRRD Y OBy 1) 2
(pheny 1) 2E3Netgi PGt ydthyipsreayih R Boemeny 1) 2;
(phenyl),PN((4-methyl)phenyl)P(phenyl),;
phenyl)>PN((2,6-dimethyl)phenyl)P(phenyl);
phenyl)>PN((2-ethyl)-phenyl)P(phenyl);
phenyl)>PN(1,2,3,4-Tetrahydronaphthyl)P(phenyl).;

15

( (
( (
( (
(phenyl)2PN((2-methyl)cyclohexyl)P(phenyl).;
(phenyl),PN((3-methyl)cyclohexyl)P(phenyl),;
(phenyl),PN((4-methyl)cyclohexyl)P(phenyl),;

20 (phenyl),PN((2-ethyl)cyclohexyl)P(phenyl),;
(phenyl),PN((2-isopropyl)cyclohexyl)P(phenyl),;
(phenyl),PN((2,6-dimethyl)cyclohexyl)P(phenyl),;
(phenyl),PN(exo-2-norbornanyl)P(phenyl),; (phenyl),PN(isopinocampheyl)P(phenyl).;
(phenyl)2PN(dimethylamino)P(phenyl).; (phenyl).PN(phthalimido)P(phenyl).;

( (
(

25 phenyl)>PN(pyrrolyl)P(phenyl)z; (phenyl)2PN(trimethylsiyl)P(phenyl).;
phenyl),PN(dimethyltertiarybutylsilyl)P(phenyl).;
[(phenyl)2P12N(1,1-bis(cyclohexyl)-4,4’-methylene))N[P(phenyl).]2;
([(phenyl)2P]2N(1,6-hexylene-)N[P(phenyl).]2;
(2,2",2”-triethylamino)[N[P(phenyl).]2]s; (4-biphenyl)PN(methyl)P(4-biphenyl),;
30 (2-naphthyl),PN(methyl)P(2-naphthyl),;
(4-methylphenyl),PN(methyl)P(4-methylphenyl),;
(3-methylphenyl),PN(methyl)P(3-methylphenyl),;
(2-naphthyl)2PN(methyl)P(phenyl),;

(

2-naphthyl)(phenyl)PN(methyl)P(2-naphthyl)(phenyl);



5(phenyl) 2PN( (4-ni tro) - phenyl ) P(phenyl) 2;

(phenyl) 2PN( 1- napht hyl ) P(phenyl) 2; (phenyl) 2PN( 2- napht hyl ) P(pheny1l) 2;
(pheny1l) 2PBdtpssiodyl ) P( phenyl) 2 PCT/IB2010/054444
(pheny1) 2PN( 3- ( N- mor phol i ne) - propyl ) P(pheny1) 2;

(phenyl) 2PN( 2- naphtyl - et hyl ) P(pheny1l) 2;

(phenyl) 2PN( 1- napht yl met hyl ) P(pheny1l) 2;

(pheny1) 2PN( di phenyl net hyl ) P(pheny1l) 2;

10( phenyl) 2PN( 1, 2- di phenyl - et hyl ) P(phenyl) 2;

(phenyl) 2PN( phenyl et hyl ) P(pheny1l) 2;

(phenyl) 2PN( ( 2- nethyl)phenyI)P(phenyl)?2

(pheny1) 2PN( ( 3- et hyl ) phe ) P(pheny )2

(pheny1) 261@91“%)@%% BRI PODREAIA )

(pheny L) 2BNkdchytEa Dok il f (iRppheny 1) 2:

15( ph 1 ZPN h he
(pﬁﬁni?)yz) @p@gt@%g@ raﬁw?% e AN oy 1) 2

heny1) 2 1) 2;
gzhgzn;ﬁ%@vﬁﬁrzwwﬂwyﬁzﬁﬂ - RARE
(pheny 1) 2 oo Y Y ot L plen L2
20( pheny1 B@(r(y%heﬁmb)u@étwl)cﬁa@&ﬁtaﬁﬂrm nyl) 2;
(pheny1) 2PN( ( 2-i sopr exyI)P(p

(pheny 1) 2B @y@han%%m%y'w G

(phenyl) 2 toRe AN @K\HrfWPM écﬁﬁ'@éwpﬂ-}r%thylphenyl)(phenyl)

heny1) 2
EBhEEH21:3%@*?%%3?2%%%%@%6“ )%; (phenyl)ZPN(pht hal i ni do) P(pheny1) 2;

25( pfeny1 gﬁmu(@wh@ﬁw(@aé?(yghﬁnyd@rgpw ?FF(bﬁéh\g,l)} 2PN(trimet hyl siyl)P(phenY02;
(phenyl) 2 édlﬂEth Itertlarybuty S| ¥%2 é&? % %
RPhenY1) 2N ety i (elhn k) 12f Ni IMke) ) N[ P( pheny1) 2] 2;

([ (Pheny 11eznallgmateraam I)E(@ﬂ‘ry))'z\l[ R(eﬂ?@Wﬂ()s%b?opyl)P methyl)y;
(2,2',2" trlet n no
( 4- bi phen §9W I}ant‘l_j)fl 'l§ ﬁ@y{ 1 yI)2 N(isopropyl)P(ethyl)(phenyl);
30(2- naphidin wmnwpwyapwxmm (ethylPN(isopropy)P(penyl):
(4 nethyl hen net hyl 4- et hyl pheny1) 2

met hyl Eeﬁ %&@ w%mﬁqm%ya%@oww pheny1) 2:
( - napht hyzl A& BN Jis(pREINP - Bio heneyl

(2 naphth %(p“eHéqnw%%@s%%wﬁi@?ﬁ‘%’ﬁp@@%éo‘%ﬂ%“y .
( 2- napht hydipdreb@mphdEMorBiehNiisoBtdB@bEh2othiaphosphonine);
(5 et hy! pREP SRR e R SoBtRy i Agagpabhosehonine)

20 (phenyl),PN(methyl)N(methyl)P(phenyl),; (phenyl)2PN(ethyl)N(ethyl)P(phenyl)y;
phenyl);PN(phenyl)N(phenyl)P(phenyl),; (phenyl).PN(isopropyl)N(isopropyl)P(phenyl),;
phenyl);PN(isopropyl)N(methyl)P(phenyl)z; (phenyl),PN(isopropyl)N(methyl)P(phenyl),;
4-methylphenyl),P-N(CH3)N(CH3)-P(4-methylphenyl);
3-methylphenyl),P-N(CH3)N(CH3)-P(3-methylphenyl)y;
2-methylphenyl)>,P-N(CH3)N(CH3)-P(2-methylphenyl);
2-ethylphenyl),P-N(CH3)N(CH3)-P(2-ethylphenyl),;
2-isopropylphenyl),P-N(CH3)N(CHs3)-P(2-isopropylphenyl)z;
2-methylphenyl),P-N(CH3)N(CH3)-P(2-methylphenyl)(phenyl);
2-methlylphenyl):P-N(CH3)N(CH3)-P(phenyl),; (ethyl)2P-N(CH3)N(CHs3)-P(ethyl)o;
methyl),P-N(CH3)N(CHs)-P(methyl),; (isopropyl)oP-N(CH3)N(CH3)-P(isopropyl)z;
ethyl),P-N(CH3)N(CH3)-P(ethyl)(phenyl);
ethyl)(phenyl)P-N(CH3)N(CHs)-P(ethyl)(phenyl);
ethyl),P-N(CH3)N(CH3)-P(phenyl),; (ethyl)(phenyl)P-N(CH3)N(CH3)-P(phenyl);
2-thiopheneyl),P-N(CH3)N(CH3)-P(2-thiopheneyl),;

25

(
(
(
(
(
(
(
(
(
30 (
(
(
(
(



5(2-isopropyl phenyl) 2PN( et hyl ) P(2-i sopr opyl pheny1l) 2;

(2- met hyl pheny1) 2PN( et hyl ) P( 2- met hyl pheny1) 2;

(2- met hylywbenyiu2mBN( et hyl ) P( 2- met hyl phenyl ) (phenyl);  PCT/IB2010/054444
(2- met hyl phenyl ) (phenyl ) PN(i sopr opyl ) P(2- et hyl phenyl ) (phenyl);

(2- met hyl pheny1) 2PN( et hyl ) P( pheny1) 2;

10( 2- met hyl phenyl ) ( phenyl ) PN(i sopropyl ) P(phenyl) 2;

(et hyl) 2PN( et hyl ) P(et hy1) 2; (et hyl) 2PN(i sopropyl ) P(et hyl) 2;
(ethyl)2PN(tertiarybutyl)P(ethyl)2; (nmethyl)2PN(isopropyl)P(nethyl)?2;
(1 sopropyl) 2PN( et hyl ) P(i sopropyl)2; (ethyl)2PN(isopropyl)P(ethyl) (phenyl);
(ethyl)(phenyI)PN(|sopropyl)P(ethyl)(pﬁ%nyl)

(et hyl) 2PN(i sopr op h@ phen 1)2 15( et hyl ) (phenyl ) PN(i sopropyl ) P(phenyl) 2;
(2-t hi oph NG ﬁ)B%S% BB-neR)Bybeeney 1) 2:

(di phenyl phgigRé&amL,»-R)&ELNOOHOM4 DidheRNENWhBRASPIOSINESIthyI-P(phenyl
(d|benzotﬁ?aghﬂgg%dﬁgne9N€ps%g%opJﬁh&??bg%zo$§|aphosg%o%lngfmyk

(d|benzoo%ﬁﬁﬁﬂ&ﬁﬁbﬁ?ﬁ@?Wﬁi@%ﬁﬁB epYlet benzooxaphosphoni ne)
20( phenyl N§ t4y! h%mm@u&pﬁgm Iggyjébl?enyl)zP C(CHa)o-P(phenyl),; (phenyl),P-

h 1)2 | )N(eth h
(pher 1) 2 ﬁ% e RPN B BB kg tese-Plohenyl):

(phenyl)2 Rih@ﬁM ZPN(M@I%%;# 3 Ridahg elq)/rc}z
(phenyl) 2 N(|so opy N( et hyl ) hen

(Pheny 1) SENretBIna Ry N B TR Bt ernynz
(4-net hyl gh )p%Bn CH3)-De A= (z4=n pergheny 1) 2;

3- th|h CI-l3NC|-|3 P( 3- th|h yl) 2
S e ot i e”é bqr;yé m)aﬁzs@w%‘e RS Sﬂen)yoz

2- efdnyl NOGhEnrefé-2 lopBRaYD,;
gz ?égzrgugﬁg%§§ﬂ1$§ (CH3)N(%A§ ﬂ%ggrﬁgggropylphenyoz
(2- nethylﬁ%@ﬁ F%P” 2Br13% ?[ﬁ%?“ ! H@W?PW(phenyl)

(2- met hl yphemily riélﬂ )H@ﬁﬂ'@-la Bhehany )@I)ZP 1,2-benzene-P(ethyl),;

et et e S oty 2
i
e phe eny
(et h{PL) 2P(ap FRBeFAs Y BrényD)
(ethyl) ( plreamy,pA; ﬂb@ﬂﬁ}lbl(%nym REBPYBHSHyI)P-1,2-benzene-P(phenyl);

e nac e S

(4-bi phenyi SPR) No&r A he P(AnbbtihgEny 1) 2;

e e M RSN by fanis? <o v

20 (4-methylphenyl),P-CH,CH2-P(4-methylphenyl),;

3-methylphenyl),P-CH>CH,-P(3-methylphenyl),;
4-methylphenyl),P-CH,CH2-P(4-methylphenyl)(phenyl);
4-methylphenyl)(phenyl)P-CH2CH,-P(4-methylphenyl)(phenyl);
4-methylphenyl),P-CH2CH2-P(phenyl),;

25 4-methylphenyl)(phenyl)P-CH2CH2-P(phenyl)y;
2-methylphenyl),P-CH>CH2-P(2-methylphenyl),;
2-isopropylphenyl),P-CH,CH.-P(2-isopropylphenyl),;
2-methylphenyl),P-CH,CH2-P(2-methylphenyl)(phenyl);

30 2-methlylphenyl),P-CH,CH2-P(phenyl),; (ethyl),P-CH,CH,-P(ethyl),;

methyl),P-CH,CH-P(methyl),; (isopropyl):P-CH2CH,-P(isopropyl)o;
ethyl),P-CH,CH,-P(ethyl)(phenyl); (ethyl)(phenyl)P-CH2CH,-P(ethyl)(phenyl);

(
(
(
(
(
(
(2-ethylphenyl),P-CH,CH»-P(2-ethylphenyl),;
(
(
(
(
(
(ethyl),P-CH,CH,-P(phenyl),; (ethyl)(phenyl)P-CH2CH2-P(phenyl),;



(PhenY1) 2P- 4, 5- phenant hr ene- P(phenyl) 2; (PhenYl) 2P- C(CH3) 2- P( Pneny1l) 2;
(phenyl) 2P- 5C(CH2) 2- P(Phenyl) 2; (phenyl)2P-1 , 2-benzene-P(phenyl) 2;
(4- met hylywbenylu2mi 1, 2- benzene- P( 4- et hyl phenyl) 2; PCT/IB2010/054444
(3-met hyl phenyl) 2P- 1, 2- benzene- P( 3- net hyl phenyl) 2;
(2-met hyl phenyl) 2P- 1, 2- benzene- P( 2- net hyl phenyl) 2;
(2- et hyl phenyl) 2P- 1, 2- benzene- P( 2- et hyl pheny1) 2;
10( 2-i sopropyl phenyl) 2P- 1, 2- benzene- P( 2-i sopr opyl phenyl) 2;
(2-met hyl phenyl) 2P- 1, 2- benzene- P( 2- et hyl phenyl ) (phenyl);
(2-met hl yl pheny1) 2P- 1, 2- benzene- P( phen%l) 2; (ethyl)2P-1
, 2-benzene- P( et hyl) 2; (rret hyI )2P— 1 ,2-benzene- P( met hyI )2 (i sopropyl)2P-1
, 2-benzene- P(i sopropegf‘) 1) 2P- 1, 2- benzene- P(h 3/ ) (phenyl ) ;
15( et hyl ) (pihappeyex sz@h%@’ﬁ% W@mﬁv' 2{ (AheRY 12 B(phenyl)P(phenyl).;

(et hyl) 2P¢dh eay| epwylgré@h@rﬁw);) Pher(ﬁ&ﬁ’@“tr%étﬁﬁﬁpgdﬁeﬁy%z benzene- P(phenY1) 2;
(2-thi opheneyl enzene-P(2-thio 1)
( 2- napht h{PDEBP fSE('WQwHé\S@PQHHépWDﬁw)Si“ iS5propy)S(pheny!);
(4-bi phenydq)eaﬁ zibN%s T hbip ﬁ@rwwﬁmasopé AY¥bhRyZH2CH2- P(pheny1) 2;
(35 el oyl 08 he”%sﬁﬁﬁfﬂg@%ﬁ%p g(:z:?ﬁ.sopmpw)p( =0)(pheny):
4- et hyl
) MRS o e
(4 et 1 [ReRy SRR sehpp B e Ao
(22(4 {Tﬁtlh‘ihmlﬂ@d;.}%g%&w CI—%Z ZPNW% ﬁJﬂﬂlﬂiﬁ)go)Z“r?ethylphenyl)z

nme en - ne en
(2 et thpﬁﬂeﬁh hjg@hermuj?t@op(opygzgw%@fgmﬁ{vhzn oo

I BPPr opyhRRYdhed in&MBkyHME geny
2- met hyl ph 2P- 3 et hyl ph |
EQ,O(rzTE ma%/hf enﬁ@?’i%@%@?&ﬁﬁwopgeﬁ(é >y i;] )2/P2 CH2CH2- P( et hy1) 2;
(methyl) 2B X P( ?I%P'Wr%b%yl)(’{iﬁrﬂ@fh@%\bﬂﬁ)zm2m2 P(i sopropyl) 2;

e

(et hyl) 2P- CHZ%—)( % F}

(et hyl ) ( pHemginorYREgH RTROYNF (BresihpyPhensRPEPYIB. CcHoCH2- P( Pheny 1) 2;

(ethyl)( pm%t%%%%ha{ﬂmﬁébrgpylw 4-methoxyphenyl)(phenyl);

15 (4-methoxyphenyl),PN(isopropyl!)P(phenyl)y;

4-methoxyphenyl)(phenyl)PN(isopropyl )P(phenyl),;
4-methoxyphenyl),P-N(CH3)N(CH3)-P(4-methoxyphenyl).;
3-methoxyphenyl),P-N(CH3)N(CH3)-P(3-methoxyphenyl),;
4-methoxyphenyl),P-N(CH3)N(CH3)-P(4-methoxyphenyl)(phenyl);

20 4-methoxyphenyl)(phenyl)P-N(CH3)N(CHs)-P(4-methoxyphenyl)(phenyl);

(

(

(
4-methoxyphenyl),P-N(CHz)N(CHa)-P(phenyl),;
4-methoxyphenyl)(phenyl)P-N(CH3)N(CHa)-P(phenyl),;
4-methoxyphenyl);P-1,2-benzene-P(4-methoxyphenyl),;

3-methoxyphenyl).P-1,2-benzene-P(3-methoxyphenyl),;

(
(
(
(
(
(
(
(
(

25 (4-methoxyphenyl),P-1,2-benzene-P(4-methoxyphenyl)(phenyl);
(4-methoxyphenyl)(phenyl)P-1,2-benzene-P(4-methoxyphenyl)(phenyl);
(4-methoxyphenyl),P-1,2-benzene-P(phenyl),;
(4-methoxyphenyl)(phenyl)P-1,2-benzene-P(phenyl),;
(3-methoxyphenyl),P(CH2CH>)P(3-methoxyphenyl),;

30 (3-methoxyphenyl),P(CH2CH)P(3-methoxyphenyl)(phenyl);
(3-methoxyphenyl)(phenyl)P(CH2,CH2CH2)P(3-methoxyphenyl)(phenyl);
(3-methoxyphenyl)(phenyl)P(CH,CHz)P(3-methoxyphenyl)(phenyl);
(3-methoxyphenyl)(phenyl)P(CH2)P(3-methoxyphenyl)(phenyl);

(

3-methloxyphenyl)2P(CH2CH2)P(phenyl)s;



14 (2-thi opheneyl) 2P- CH2CH2- P( 2- t hi opheneyl) 2;
(phenyl) 2PB( phenyl ) P(phenyl) 2; (phenyl) 2PP(phenyl) P(phenyl) 2;

(pheny1l) 2P6i20nmubiel) 2P( phenyl) 2; (phenyl) 2AsN(i sopr opy| PAS(piaorg3sLL,
(phenyl ) SN(i sopropyl ) S(phenyl); (phenyl)2PN(i sopropyl) S(phenyl);

(phenyl) 2PN(i sopropyl ) As(phenyl) 2; 5(phenyl)2PN(i sopropyl ) P(=0) (phenyl) 2;
(phenyl) 2P(=0) N(i sopropyl ) P(=0) ( phenyl) 2;

(pheny1) 2PN(i sopropyl ) P(=S) (phenyl) 2;

(phenyl) 2P(=S) N(i sopropyl ) P(=S) (phenyl) 2;

(phenyl) 2P(=0) N(i sopropyl ) P(=S) (phenyl

(4- trlfluoronethylphenyl)ZPN(lsopropyI§@(4 trifluoronethyl phenyl) 2;

4- chl he 2PN P(4- chi heny1
0 e ot ORGSR RO T CHAIRPRBR B 102
4- et h 1) 2;
§3 xt h8§ géﬁggﬁﬁle?2PN?IDM@HWJ{P@(A&W@RWM%QGW )

h h h
o ho By B ) R RO DRI MHEN YD pheny! ) :

4- et h henyl
(1 S(Zemfﬁoﬁgﬁﬂﬁghydlﬁ)@gm?hww (SRITIDH.) ﬁ@%m@%ww@wﬂ%p enyl);

1 SO hen
(o e hox VR PRYR SR S BES G b - Bishg Ty Hphony)
4- et h 2,
(3 et o ‘pﬁ%ﬁ“’*? ? M@@”P@E@e@?ﬂm i
(4- nethox d%@%h% hearet hoxyphenyl ) (phenyl ) ;

20(4- et h y@h@a r%b Ay | P(4 nmet hoxyphenyl ) (phenyl ) ;
(4- nethox&ghen 1?%P & 2 ﬁ ﬁkﬁv?

( 4- met hox{ARERPXYRNSRKPRFN( @egn«kz?z?mg pmdkenyl)z

(4- reg hoxynhemukyaenih.LNiehzEme-rithoxyphbsypheny 1) 2;
(3- nethox“pheny1§¥¥@9k;»genggﬂé (3Oﬁgkh§%§ henyl) 2;

25(4- et h Vﬁﬁ@ﬁ Vaiwﬁp%%WQEH%mPﬁﬁxﬂﬁF phenyl) (phenyl);

(4- met hoxyp H@ﬂ%&;&r@ﬂ?lwmﬁeﬂmyBNb@&ﬁﬁﬁQRﬁéhé@bh@i@N)@heny| ) (phenyl);
(4- met hoxyphen 2P-1 enz

( 4- met hoxypRERPK WEW@%&1$§9E ZmS Fé%henyl)z,
( 3- et hoxyphemokypHan

OBy IReANE) 2.
R R B
(3 et hOXYJOI‘h@ﬂwL( dr@nﬂwﬁlm@éﬁﬂg )zlﬂﬁe'ih engnpirenylh) (PhenYl)
G
(2-methloxyphenyl).PN(isopropyl)P(phenyl),;
2-methoxyphenyl)(phenyl)PN(isopropyl)P(phenyl),;
20 2-methoxyphenyl),PN(methyl)P(2-methoxyphenyl)(phenyl);
2-methoxyphenyl)(phenyl)PN(methyl)P(2-methoxyphenyl)(phenyl);
2-methloxyphenyl),PN(methyl)P(phenyl),;
2-methoxyphenyl)(phenyl)PN(methyl)P(phenyl),;
2-ethoxyphenyl),PN(methyl)P(2-ethoxyphenyl);
25 2-isopropoxyphenyl),PN(methyl)P(2-isopropoxyphenyl)o;
2-hydroxyphenyl),PN(methyl)P(2-hydroxyphenyl),;
2-nitrophenyl);PN(methyl)P(2-nitrophenyl),;
2-(dimethylamino)phenyl),PN(methyl)P(2-(dimethylamino)phenyl);
2,3-dimethoxyphenyl),PN(methyl)P(2,3-dimethoxyphenyl),;
30 2,4-dimethoxyphenyl),PN(methyl)P(2,4-dimethoxyphenyl),;
2,6-dimethoxyphenyl),PN(methyl)P(2,6-dimethoxyphenyl),;
2,4,6-trimethoxyphenyl).PN(methyl)P(2,4,6-tri-methoxyphenyl),;

2-methoxyphenyl)(2-methylphenyl)PN(methyl)P(2-methylphenyl)y;

o~ e e e e o e e e e e e

2-methoxymethoxyphenyl).PN(methyl)P(2-methoxymethoxyphenyl),;



15 (3- et hoxyphenyl) (phenyl ) P(CH2CH2) P( PhenY1) 2;

(4- met hoxyphenyl) 2P( CH2CH2) P( 4- net hoxyphenyl) 2;

(4- met hoxwphenyaydP( CH2CH2) P( 4- met hoxyphenyl ) (phenyl ) ; PCT/IB2010/054444

(4- met hoxyphenyl ) (phenyl ) P(CH2CH2CH2) P( 4- et hoxypnenYl ) ( PhenYl);

5(4- met hoxyphenyl ) (phenyl ) P(CH2CH2) P( 4- met hoxyphenyl ) ( phenyl ) ;

(4- met hoxyphenyl ) (phenyl ) P(CH2) P( 4- et hoxyphenyl ) ( phenyl ) ;

(4- met hl oxyphenyl) 2P( CH2CH2) P( pheny1l) 2;

(4- met hoxyphenyl ) (phenyl ) P(CH2CH2) P( phenY1) 2;
(2-nethoxyphenyl)ZPN(nethyI)P(2-nethox¥gheny1)2; 10( 2- met hoxyphenyl) 2P N
(et hyl) P(2-nmet hoxypnenY1) 2;

(2- met hoxypheny1) 2PN( enyI 2- met hoxypnenYl
(2-nethoxé%ﬁ@ﬁ@%ﬂ§ﬁﬂ¥ PHVPI bﬁé&ﬁ?“?*ﬁﬁBHﬂI %%VBhenyl)Z

2-meth

(- ot hoxyphomy Y2 i %*?"ﬁ”p(“%ﬁ’ﬁﬁiyﬁmﬂéﬁ@fhe”y'> sheny)

15tri (2- né? Wkﬁmﬁ%ﬂ {Phenyl)z- et hoxynet hoxyphenyl ) phosphane;
(2-met hOXYPI‘ih@ﬂIbJe? w)@ﬁéw ﬁnE’(h% Bﬁwphenyl)(phenyl)

- h h I h h h I h I
(2- et i oL PRER I BoR e N'S" BI@meszI?ten‘I’xzyp e tpnenv)s

( 2- met hoxynhemskyd @ﬂg%ﬂ)ﬁ’%h%@(&%ét%@bﬁ@ﬁﬂ)z
¥l

20(2- et h h 1)2 th h 1 h I
(2(negﬁoxox%§ e?I*%ﬁ ﬁ%I?HN%ﬁﬁ?&VF%% E&%égﬂggzp%éﬁyﬁ?zp%enyl)

E g' ITE: EI oxy ﬁl@ﬂf@)l)( I IiI\(II;BI b(ﬂ?%&ﬁ)henyl phenyl);
- e OX en en
(5 ot hosy heRyp st oweq%héw ot %@Sﬁ{@ﬁ%Iwmnw) (phenyiy

el s>

(2-ni t 1 ople ﬁb@%’»ﬁID P IpR RNy (Phenyi)

(2- (di et (pzmaml bpﬁ@ny&b@PUH toneny% 2- (di met hyl am no) pheny1) 2;

50(2, 4 HFIQQ%EM%HIIM‘M ) ARt howypheny 1) 2

(2,6-di rrezh@mzes ewl)zzmqmz i(b)eoky fhahyEt hoxypheny1) 2;

(2. ﬁﬁhé;' e By e hopheny

(2- et hoxmmb@pmahmyﬁé@wmbhﬁwz arlohgpnenptBraypheny 1) 2;
(2-ethoxyphenyl)(phenyl)P(CH2CH2)P(2-ethoxyphenyl)(phenyl);
2-ethoxyphenyl)(phenyl)P(CH2)P(2-ethoxyphenyl)(phenyl);
2-ethoxyphenyl),P(CH2CHy)P(phenyl)y;

20 2-ethoxyphenyl)(phenyl)P(CH2CH2)P(phenyl),;
2-isopropoxyphenyl),P(CH,CH2)P(2-isopropoxyphenyl)y;
2-isopropoxyphenyl),P(CH;CH2)P(2-isopropoxyphenyl)(phenyl);
2-isopropoxyphenyl)(phenyl)P(CH,CH,CH;)P(2-isopropoxyphenyl)(phenyl);
2-isopropoxyphenyl)(phenyl)P(CH2CH2)P(2-isopropoxyphenyl)(phenyl);
25 2-isopropoxyphenyl)(phenyl)P(CH2)P(2-isopropoxyphenyl)(phenyl);
2-isopropoxyphenyl)(phenyl)P(CH2CH2)P(phenyl),;
phenyl);PCH,CH2NHCH2CH,P(phenyl),; (ethyl)2PCH2,CH2NHCH2CH,P(ethyl)y;
phenyl);PCH,CH,NHCH,CHP(ethyl),; (phenyl)(ethyDPCH,CH;NHCH2CH,P(phenyl),;
pheny)SCH,CH2NHCH2CH,S(phenyl); (ethyl),PCH,CH2NHCHCH,P(ethyl),;
decyl);PCH2CH,NHCH,CH2P(decyl).; (phenyl)o,PCH,CH;NHCH,CH,S(ethyl);
phenyl);PCH,CH,P(phenyl)CH,CH,P(phenyl), and
phenyl);PCH,CH>,CH;NHCHCH,P(phenyl),.
2-fluorophenyl)2PN(isopropyl)P(2-fluorophenyl),, PhoPN(Me)P (2-methoxyphenyl),,

(
(
(
(
(
(
(
(
(2-isopropoxyphenyl),P(CH2CH2)P(phenyl)z;
(
(
(
30 (
(
(
(
(



16 (2-met hoxypheny1) 2PN( net hyl ) P( 2- net hoxypheny1l) ( phenyl);

(2- met hoxyphenyl ) (phenyl ) PN( net hyl ) P( 2- met hoxyphenyl ) (phenyl);

( 2- met hl oxppherei2PN( et hyl ) P( phenyl) 2; PCT/IB2010/054444
(2- met hoxyphenyl ) (phenyl ) PN(r net hyl ) P( pheny1) 2;

5(2- met hoxypheny1) 2P- N( CH3) N( CH3) - P( 2- et hoxypheny1) 2;

(2- met hoxyphenyl) 2P- 1, 2- benzene- P( 2- met hoxyphenyl) 2;

(2- met hoxypheny1) 2P( CH2CH2) P( 2- net hoxypheny1l) 2;

(2- met hoxypheny1) 2P( CH2CH2) P( 2- met hoxyphenyl ) (phenyl ) ;

(2- met hoxyphenyl ) (phenyl ) P(CH2CH2CH2) P 2 met hoxyphenYl ) ( PhenYl) ;
10( 2- met hoxyphenyl ) (phenyl ) P( CH2CH2) P( t met hoxyphenYl) ( PhenYl) ;
(2- met hoxyphen phenyl MCHZEE%Z met hoxyphenyl ) (phenyl);
(2-methlo g?ﬁk‘&'éwr@ﬂﬂ gqgrgpy

(2-net hOXY;ﬂh'%ﬁﬂyb%@%@bgjﬁ?ﬁ@ﬁ%%%@ﬁﬁﬁ?@ﬂé%l)zPN isopropyl)P(phenyl)N(t-

(2- et hoxy henyl 2) P(2- et hox
b

1505 o1 hoRyBHRnphs D EbaRmr B! wﬁ%ﬁv&%ﬁ%mmwﬁ ;phenw)zPN CHy)(2-
(2-et hoxymé@rrbv( ?Dr(d@] Sa) b@lgl*géﬁéa%@z % hoxhﬁéﬁ@h@wwmm

(2- ethoxy heny yphenyl)(phenyl)

phenyl )
(2- ethoxy Mﬁ@ﬁ%? t@%‘&’)oh?@' bmenyl ) (phenyl ):
(2-et hoxyphenyl) 2P( CH2CH2) P( phenY1) 2 )

20( 2- et hoxyphehy)j ( phenyl ) P( CH2CH2) /-‘ﬁ 1) 2;

(2-1 sopr opgxXyyp hqnyl (CH2 (2- JoS xyphe
(2-isopr opbxy/p‘ﬁqny&) ?( CH (22,981 onoxy fHeny H4phen PP
(2-1 sopropoxyphényl/ henyl ) Pt CH2CH2 @ 2- 1 spppbropoxyphenyl )\péhPhenyI );
(2-i sopropoxy®heny$) (phenyl ) P( CH2CH2) 21 sopr opoxyphenyl ) (phenyl ) :
25(2¢g sopropoxyphenyl ) (phenyl ) P(CH2) P(2-i sopr opoxyphenyl ) (phenyl);
(2-1 sopropoxyphenyl) 2P( CH2CH2) P( phenyl) 2;

(2-1sopropo (phe)P(CHZCHZ) (Pherlyl)2;

(pheny1) 2P GHICr enqj (et ny@ en p(F;
(pheny1l) 2PCR2CH P CHRP(£1 hyd) 2 \
(phenyl ) (et hyl ) Per2CReKHCH2CH2P ﬁgr;y{) 2~

30( phenyl ) S 2NHCH2GERS( phenyl ) ;/ (et hy1 PCHZCHZNH 2CHZP( )2
(decyl) 2PCH2CH2 H2 P(degcyl) 4 henyl) CHZS(Fet
(PhenYl) 2P P(phen GH?2 CH2R
(phenyl) 2PCHZCHZCI—|2NHCHZCI—|2P( phenyl) 2.

(2-fl uorophenyl) 2PN(i sopr opyl ) P(2-fl uorophenyl) 2,
Ph2PN( Me) P( 2- et ho}é%ﬁe%efe yl:llg?an

mentioned ligands.

d systems may also include mixtures of the above-

15
The ligating compound may include a polymeric moiety to render the
reaction product of the source of transition metal and said ligating compound to be
soluble at higher temperatures and insoluble at lower temperatures e.g. 25°C. This
approach may enable the recovery of the complex from the reaction mixture for reuse
20 and has been used for other catalyst as described by D.E. Bergbreiter et al., J. Am.
Chem. Soc., 1987, 109, 177-179. In a similar vein these transition metal catalysts can
also be immobilised by binding the ligating compound to silica, silica gel, polysiloxane or
alumina backbone as, for example, demonstrated by C. Yuanyin et al., Chinese J.
React. Pol., 1992, 1(2), 152-159 for immobilising platinum complexes.
25
The ligating compound may include multiple ligating units or derivatives
thereof. Non-limiting examples of such ligands include dendrimeric ligands as well as
ligands where the individual ligating units are coupled either via one or more of the R

groups or via the linking group Y. More specific, but not limiting, examples of such



17 (phenyl) 2PN(i sopr opyOP( phenyl ) N1- 1(i sopropyl),

(phenyl) 2PN(i sopropyl ) P(phenyl ) N( phenyl ) H,

(pheny1) 2PBi2osiapsmpy| ) P(phenyl ) N(t but yl ) H, PCT/IB2010/054444
(pheny1) 2PN(i sopr opyOP( phenyl ) N( CH( CH3) (PhenYWH, ( Pheny02PN( CH2) ( 2-

met hoxyphenyl ) P(phenyl) 2, (phenyl) 2PN(CH2) 2( 2- met hoxyphenyl ) P(pheny1) 2,
5(phenyl) 2PN( CH2) 3( 2- et hoxyphenyl ) P(pheny1l) 2, Sui t abl e

| i gand systens nmay al so include m xtures of the above-nentioned |igands. 15
The ligating conpound may include a polyneric noiety to render the reaction
product of the source of transition netal and said |igating conpound to be
sol ubl e at hi gher tenperatures and insbPubl e at | ower tenperatures e.g.

25C. Thi s approach may enabl e the recqvery of t | ex fromthe reaction

mi xture fbgandgusay steluded gz %@éhh%”gedz)ftt?ﬁz@i%eﬂéh(@?%ﬁ”&@ﬁ@@&%ﬁ”ﬁed by
D. E. Ber gR{@HIEH,Neb( pabnyl)l)Z? Am 1 @aﬁm PIREHA)N( r‘ﬂ}@tﬁ?l%P EaQ&ayl)})YtYeT&(Z.Qe | A 2agisi m | ar

vei n these transition netal catal sts can |l i sed by blndlng

the |igat(M§ /&Wﬁ’wmhetnd%t)rheeaen%l li ca Totsi- "BBW@PY“@%M@”W%%%%&
backbone N%GHICQ#ZN?W?JWHH% 3&%69%552 At geld by, £di- (ﬁepmmb@bh@f{ylm@hétﬂﬂmp-l

React. Pol ., 1992 or |nnDb|I|S|ng pl ati num conpl exes.

The 13 gat m&% d bﬁﬁ%e']encl ude multiple ligating units or derivati ves
thereof. Non-limting exanples of such | | gands | ncl ude dendrineric |igands
as well as ligands_where the individual gating units are coupled either

via one or nore of RUIHINGrOHROUBES ey b@r%erpqrﬁwﬁgg BFASEAUes kNBWR s pRgi fi c,
but not | kkiidd iRGhe &% aRPpRTeires ithin gl&rﬂdf%ﬁlﬁéte@%é A€l ude

1, 2-di - (N(P(phenyl) 2) 2) - benzene, (N(P(phenyl) 2) 2) - benzene,
10 The invention will now be described, by way of non-limiting examples, with
reference to the accompanying diagrammatic drawings in which
Figure 1 shows one embodiment of a process in accordance with the
invention to separate a multi-component hydrocarbon stream which includes ethylene
and other components with at least some of the components being present in a plurality
15 of phases; and
Figure 2 shows another embodiment of a process in accordance with the
invention to separate a multi-component hydrocarbon stream which includes ethylene
and other components with at least some of the components being present in a plurality
of phases.
20
Referring to Figure 1 of the drawings, reference numeral 8 generally
indicates a process in accordance with the invention to separate a multi-component
hydrocarbon stream which includes ethylene and other components with at least some
of the components being present in a plurality of phases. Such a process 8 can be
25 incorporated into an ethylene oligomerisation process (not shown), which would include
an oligomerisation stage in which a multi-component hydrocarbon stream is produced,
the separation process 8 in which components of the multi-component stream are
separated and in which ethylene is recovered, and further process stages, which may
be entirely conventional and known to those skilled in the art.
30
The separation process 8 includes a first flash drum 16, a second flash
drum 20 and a devolatiliser system 22. The separation process 8 further includes an

ethylene recovery section 26.



N( CH2CH2N( P( pheny1) 2) 2) 3, 1, 4-di - (P(phenyl ) N( et hyl ) P( pheny1) 2) - benzene, 1, 2-
di -

(N(P( p- mavbaryplaetey 1) 2) 2) - benzene, 1, 4- di - ( N( P( p- met hoxy poenpao@ysi4denzene,
N( CH2CH2N( P( p- net hoxypheny1) 2) 2) 3 and

1, 4-di - (P(p- met hoxyphenyl ) N( et hyl ) P(P- 5net hoxypheny1l) 2) - benzene.

The ligating conpounds nay be prepared using procedures known to one
skilled in the art and procedures formng part of the state of the art.
10The invention will now be described, by way of non-limting exanples,
with reference to the acconpanying diagrannatic drawi ngs i n which

Figure 1 shows one enbodi nent of a pro ®ss in accordance with the invention

to separate a multi-conponent hydrocarbon stream which includes ethyl ene

and ot her conponentsdigidedtatalyd systedrpcldgding Rransiipd mail sopengringlent in
a pluralibyighting doR®d8Rd, 8Nsbivent and optionallfiad@a@Iydt SEMMRoraROLERY ienfodi ment
of a process in accordance with the invention to separate a nmulti-conponent
hydr ocar beiposgrisaliRn#aesOf thaeﬁarée@e@d'aw@rﬂf@t'amr%@% QEW%WH%ﬁ%ﬂe\WPt i at

| east sonmpa@tulbNens QERBRERYSeMehAddY, &5 eMterisBtich Bf Wtdtindriéa®in Bita§sSas 20
Referring to Figure 1 of the draw ngs, reference nuneral 8 generally

i ndi ct es 985HPEE 8einn 2B cABPalin SelVaIt ANd 1 PIIMPEBR dhvalephasatescybed
mul ti - compement hydrocarbon stream which i ncludes ethyl ene and ot her
conponents with at |east sone of the conponents being present in a
plurality of phases. Such a process 8 can be 25 incorporated into an

et hyl ene ol i goneri gagiofgoriéaessstage bf feiene/dligemenitiof pravelss dith At
ol i goneri sation stage in which a multi-conponent hydrocarbon streamis

g Ich &
produced, Perieuliegrpl%tt SYRtept BBy qudHC%ﬂ'_@ﬁX%’m 'r‘i’PEe”Sffroﬂh%thy'e”e- In
nul t{g conpmaeMords, bAMAEHRItEMERNAY ahe detrittbrisihgVT cthyieidydfeh the regéer ex ed,
and further Grocess stages, which may be entirel %éconventl onal and known to

t hose ski MUBEPhaser haudir@Empggent hydrocarbon  sggams oBgluding o nl-¢fieRE s SN udes

a first fhagtundl UuBitéhe, a1-AekPRd HybRgBn dEdiHs28hARdIvantday Obéit bk i FRéaciadt em
22. The separation rI!?r ocess 8 further includes an ethylene recovery_ section
26. ethylene is removed from the ethylene oligomerisation stage and flows through a’ flow

line 10.1 to the separation process 8. The multi-phase, multi-component hydrocarbon

15 stream is typically at a temperature of about 60 °C and a pressure of about 48 bar(a).

In the separation process 8, the multi-phase, multi-component
hydrocarbon stream in the flow line 10.1 is heated in a heat exchanger 12 and then fed
by means of a flow line 12.1 to a high pressure steam heater 14 where the multi-phase,

20 multi-component hydrocarbon stream is heated to a temperature of about 220°C (using
42 bar steam or high pressure steam). The heated multi-phase, multi-component
hydrocarbon stream is flashed through a valve (not shown) to a pressure typically
between about 10 bar(a) and about 18 bar(a), more typically between about 10 bar(a)
and about 16 bar(a) and fed through a flow line 14.1 to the first flash drum 16 where the

25 multi-phase, multi-component hydrocarbon stream is separated.

The first flash drum 16 separates the multi-phase, multi-component
hydrocarbon stream into a first ethylene-containing vapour stream (which thus includes
most of the unreacted ethylene from the oligomerisation stage) withdrawn by means of

30 a flow line 16.1 and a multi-phase stream which is predominantly liquid but which
includes solids and gaseous components. The multi-phase stream is withdrawn from

the first flash drum 16 by means of a flow line 16.2.



19 A dissol ved catal yst systemincluding a transition neta
source, optionally a ligating conpound, a solvent and optionally a catal yst
acti vat orwpougea7oin t he ol i goneri sati on stage of the ePlYIIBIE0/054444

ol i goneri sation process together with ethylene. In particular, the catalyst
systemincludes, a trinmerisation or tetranerisation catalyst as 5

descri bed herein, an aliphatic solvent and an al um noxane activator as
descri bed herein. The ol igonerisation stage of the ethyl ene

ol i gonerisation process with the particular catalyst systemprimarily
produces 1-hexene and 1-octene fromethylene. In 10 other words, primarily
trimerising and tetranerising of ethyl%%e occur in the reactor. A

mul ti - phase, nulti-conmponent h¥drocarbon stream i ncl udi ng 1-octene, _ethane,
met hane, 1-butene, TIeh&%&sa¥e WY diNEgdASh sBUMisIGna §8teBiAed aBY wepqnoguc

unr eact edceidiidrats] StakifgOWRE BEQInt heth@bhy | RRE Rl itBO MRUItSeHdsen ssbage and
flows through a flowline 10.1 to the separation process 8. The

mul t i - pha&OMRIRSEIONCOFHOIERPVERTH FHYRP BotAPIBPPEAMIUTS ang ePerRfing cast. and

t enper at uggitpftedperaturé cdns@aiftsawith aespce t8f bAbapt o Botisthd @F -the ethylene I'n
the separation proces the nulti-phase, |- codnl*ﬁjgnent hydr ocar bon

s 8 mul t

stream i nTQR¥EV| SRFIPT R e Arepsure ghihg dlash, dainy 46 in 1Bg Haed etpogdient REn f ed
by means efguse { lstWwevBe14Barla)t 0 @ hi gh pressure steam heater 14 where the
mul ti-phase, 20 multi-conponent hydrocarbon streamis heated to a
tenperature of about 220C (using 42 bar steamor high pressure stean). The
heat ed mul ti - phase corvrtionsigmenariarhysdeRcas kpd Stikighaseé, s niditashiagoriddt ough a
val ve (not shovvn% to a Fressur_e t%/_pi cal I(}é@bet ween, about 10 baréa and about
18 bar (a) NY¢rBraEben pream ISflashedieh SHBI6 IrOCESS S4P( ANis £haurep SiAt NEPREretdS and

fed 1dr ougdtoferel QitviddsRvare donldRioh&leHdweévet, the astFoddeton dbtheheb elabn@rums
25mul ti - phase, multj-conponent hydrocarbon streamis sefar at

ed.
The first 1f1 AShNgsaiies1 8 eegpsraficaswith deriiventiqnn fasuresm fhaf theofisb fitwtene-
hydr ocar besntshingampbit irednt iréré tth iy famedra@M e sWing th eSlotvamg 1ewhi ch
t hus i ncl udes rrpﬁt of the unrefag)t ed ell&%yl ene fromthe oligonerisation
stage) wi tShdlraRgNBYPIFESIHE B0 14Bagat NasEhegdveniaggous Gl gl gagmalst r eam
whi ch is pongeetioantliy id irsdliddbint ordbi e rédjeleUdRs eB9lehdSapadr Bagedishe
conponents, The nulti-phase streamis withdrawn fromthe first flash drum
16 biP rreaﬁ@omerﬁatl‘qrbﬂﬁg‘?-ne 16.2. 20 The pressure of the flash
drum 16 is determ ned by econom c considerations, taking into account
ethylene lost tot nmul ti - phase stream reconpression cost of recovered
et hyl ene, capit al QEBéTHEﬂdP& B ofribe %i‘}‘éﬁ%ﬁh ﬁ@p@on@y,s % REPY ﬁﬁ ¢tyieRainebet ur e
constrai nteseywed ih 4 esfpeaéctive niwnner.up of bottons of the ethyl ene 5recovery

section 26. The pressure of the flash drum 16 in the illustrated enbodi nent
of Figure 1 is however 14 bar(a).
20 The multi-phase stream in the flow line 16.2 is heated again in a heat

exchanger 18 to a temperature range of about 220 to 300°C (typically using steam or
hot oil) and flashed to a pressure of about 2 bar(a) in the second flash drum 20 which
separates the multi-phase stream into a second vapour stream withdrawn by means of
a flow line 20.1 and a bottoms stream containing predominantly solids and gases which

25 is withdrawn by means of a flow line 20.2.

It is important to note that the heat exchanger 14 may utilise hot oil instead

of steam. In such a case, the temperature of the multi-phase stream in the flow line 16.2

could be high enough (preferably at least 220 °C and even as high as 285 °C) for

30 purposes of the second flash step such that the second heat exchanger 18 is not

required.

The bottoms stream in the flow line 20.2 is fed to the devolatiliser system

22 which produces a solids stream which is withdrawn by means of a flow line 22.2 and



Conventionally, a stream such as the multi-phase, multi-conponent

hydr ocarbon streamis flashed in a single process step. This ensures that
t he prodwwO 2061/043®1r ecovered at | ess severe conditi ons. PHIMB2G6/)54tdie

i ntroduction of the two flash drunms 16, 20, in series, in accordance with
the invention, ensures that the first ethyl ene-containing vapour stream
fromthe first flash drum 16 flowing through the flowline 16.1 is at a

hi gher pressure, e.g. 14 bar(a). This has the advantageous effect that a
smal| conpression ratio is required in order to recycle the ethyl ene vapour
back to the 15oligonerisation stage. The introduction of the
first flash step is thus to enable theZEtherne to be recycled in a cost
effective manner. 20The nulti-phase streamin the flow |ine 16.2 is heated
again in &VARA Sé'ﬁ?@'?’\‘é’mj@ 'Si’Bthij?"‘ﬁ‘ t?ye'ﬁﬁ%rl‘sa?f&fe)"‘f H}?g@ bf Th®¥@RoUs 1638 I00C

(typi cal | yhelwheSE2 RGP be lﬂgﬁedow zjbmea%thltlaé B&%nmaao@rs%aw.ﬁ ted AGpae 2
bar(a) in_the second flash drum separates the nulti-phase stream

into a seéBddobapsed 'theeRHhGPIAcEFRART BPONYEA SeRAalkl TBRSPlidscCap®eserhd a

bottoms stg @@Bﬁd?s%rﬂbgﬁlb&ﬂloﬁrﬁdwmcﬂaﬁé}} Jor eRhinge @Woﬂéﬁ@ﬁdé\’@ﬁafé’ﬂ péhdtier
wi t hdrawn by nmeans of a flow line 20 is inportant to

not e ¥ hat ta PRiefRReSRPanger 14 may ut| lise hot oil |nstead of steam In
such a case, the tenperature of the nulti-phase streamin the flowllne
16.2 coul d be high enouqh (preferably at |east 220 C and even as hig

285 C) for 30purpo§@§ qhﬂ?@%ﬁ%ﬁﬁpm$é%ﬂ“%ﬁ@ﬁa@dﬁﬁhQﬂ@W“P%é6§e@%ﬂéh%eat

exchanger fikk8flash 8@ newbémduy édnd@nyatPPUthe Hebe 8xanaR&h12 sY WehheicAuRgdy
means of a flow line 22.1. The vapour streamin the flowline 22.1 can be

flared, oW rdh%@w'mm ReHIseerpReNarA pydocaPB AtERR hiber fauing A8-12809 to be

usedid urt ben dnterthiee PHYRAE TedbveFy §&¢i@NQBQﬁi; 5 epABR eénden'srétﬁsﬁédm g/ o be
sent to a_ solids_workup section 24, whic %;aélfor

under wat ef"§dl't etTf‘ge‘?thﬁ?rEF peFaved §‘e°t'PHe2§6YFi' y employs d'St"'n?fP‘P\é:ON”P%t

et hyl ene- gpatafidbNg predaRkd oS hb@aMa 0 1ighigar{d) oprekdratsly bodt m am3 Ber(d) ket
flash drum 16 IS@P artiall condense% in the heat exchﬁ @ 12 by heat
exchange #P%2eh FivEnep Pfébéap%l"f'i E?eﬁﬂoe}ﬁé?ﬁa”ﬁ rdcAP¥diestG LA A t he

fl ow | i neethlehe 3o8r mLfli- édwbnemt W@odaﬁ%ﬂtl’%hﬁﬂﬂhdr@ﬁﬁ\wrrﬁeéh%cdﬂaombv2ﬁne’;lS a
partl ally gg gensed streamyvia flowline 17. The

% Iene recgve% section
26 t1pi caf A% MRS PYPETS Of 1P SR PR BRRiPAEPHE a8Ve 2 eddednedt about
10 - 18 badquied effiyrdrRr .aat@bVergib@mecglcae babk (BpMmiebns dfothg&mdar Aiee 281) &b hiyd ene
rich vapouE wi t hdr awn %egg/bmeans of a flow I Ine 26.1 and an et hyl ene poor

mul ti-conp risRiRIY on stream wi thdrawn by means of a flowline 15
26.2. The main purpose of the ethylene recovery section 26 is to give a

pr edet er m ned requ ed et hyl ene recover recycl e back. (b ans of the
Pl ow 1 i ne 26 1) o TheoBiomboRBrat ot o e guens Técovery’ 36cicn”%6 6! e
20 ethylene poor multi-component hydrocarbon stream) includes oligomeric product, by-
products and solvent and it is necessary to separate the solvent from the oligomeric
product and by-products. Conventional separation techniques known to those skilled in

the art may be employed to effect such separation.

25 The process 8, as illustrated, economically removes solids such as
polyethylene, waxes, catalyst and catalyst deactivation products, from a multi-
component multi-phase hydrocarbon stream which includes ethylene and desirable
oligomeric products. This allows the multi-component multi-phase hydrocarbon stream
to be subjected to distillation to recover unreacted ethylene (thereby improving the

30 economics of the ethylene oligomerisation process) and to separate the oligomeric

products into desirable fractions.

Referring to Figure 2 of the drawings, another embodiment of a process in

accordance with the invention to separate a multi-component hydrocarbon stream which



The bottonms streamfromthe ethyl ene recovery section 26 (i.e. the 20

et hyl ene poor nulti-conponent hydrocarbon strean) includes oligoneric
product, Wopondysts and solvent and it is necessary to PEpaABA@0idAel SOl vent
fromthe oligomeric product and by-products. Conventional separation

techni ques known to those skilled in the art nmay be enployed to effect such
separation. 25The process 8, as illustrated, economcally renoves solids
such as pol yet hyl ene, waxes, catal yst and catal yst deactivation products,
froma multi-conponent nulti-phase hydrocarbon stream which incl udes

et hyl ene and desirable oligoneric products. This allows the nulti-conponent
mul ti - phase hydrocarbon streamto be s%%jected to distillation to recover
unreacted et hyl ene (thereb |nprovinghthe 30econom cs of the ethyl ene

ol i gonrer | BAIU0E cBpIRIESAY! aifier SETRRISARAVE Ehisas) SRBHEE INe SRTRARSDS BIRG

desi r abl epfdsastih @pturality 8f Ma%bsld§§h&myﬂ1&melca@d tgtrbrérerféermméeéltma%ttﬂib at
| east sone of the conponents elng present in a pluralit phases, is

shown andPiogasT HH%ef Fd?‘”?@f Hiectaee rirrercs ”l{ﬁ‘ﬁfa'slaﬁe pped E’r'B%é%% the)BABE OFi gur e

2, the sagkilbPbRIBES BT 8! fre AUsBd US SShuUr® 11 MdleRAbS t e PAITBSHB, GhIBEY ar
process features as are used in Figure 1 in relation to the process 8,

unl ess 5oPtherpe Bdicatide at ed. Unli ke the process 8, the process
108 includes a further punp 110 in the flow line 16.2 and the flow |ine
16. 2 downstream from the punp 110 branches off to j 0|n the flow line 10. 1.

Furt her dlfferenceékﬁ?%ﬂPHﬁPaﬁﬁ@ Hgégoé%%hﬂﬁﬁégu@%S?ﬁ”#ﬁ%pHW@6@§§”ﬂ@B 10

i's not | ogal @he H8.2tdna the AYW lihé186.2QolnsPéin 1fr’6fh th@@hrr@mbmﬁﬂjhe%ﬁlté Jdurocat ed
inthe flowline 16 2 downstream fromthe p rocess

108 is opHediodding th é:ﬁjlrti?e'i‘éjﬁ?rﬁﬁc‘?ﬁ%%%aét@ h%tteﬁcré?”ﬂé(/\ﬂ%ﬁ‘éﬁ%@éoce??lw e

process 1{i&hdt eatedl |hlthd3ﬂta/$ﬁn§fl(0 & aan e e euchbih g 1NE Iddatesttin thefdv tidim 15
16 by neans _of the flow | jne 16. 2 is first routed to the punp 110 where the

mul ti - phad@ @W@é‘iﬁ‘?qr‘%frﬁm%ﬁuﬁ‘ﬁ t!8- a pressure sufficient to overcone any
pressure drop in the flow line 16.2 and in the heat exchanger 14 to bring
the pressure in the flowlin to the pressure in the flow line 10.1
(e.g. 48 bar(a)) s% Fh%f?c‘%ﬁ?e?% t'ﬁé’pleF%G\fﬁ"H@é’?’ﬂ? ey pepoess B jWiha a1
pressur es cidriyes URh@ pidcasd yo&m%&hultl-%ﬂase stream withdralvh flofethBeiedt flaxe banger 14,
t he nultl- hase st | ow |ine 16. mthe first flash drun116 is

h
hoat HR1 t 018 by s A1ed oy ns 16:0 &8 Tt 1Rl toahgyputad 1yunges g MBI Rssur o
steam andst@ed?ﬁisl mﬁ\oéufupswaipﬂ@eatr@@uﬁubuéaatmvardoh% dryqeddune dibp.id thesflowobi ned

with the [me %é 2 an% In the heeftle;(gr?am%gp 4 to By %aprrggsrlljresltnrtﬁamowqmt h1% LSV\CI) line
the pressure in the flow line 10.1 (e.g. 48 bar(a)) so that where the flow lines 10.1 and
16.2 join, the pressures are substantially equal.
20
In the heat exchanger 14, the multi-phase stream in flow line 16.2 from the
first flash drum 16 is heated to a temperature in excess of 190°C (e.g. 199 °C) using
high pressure steam and a portion of said heated stream in the flow line 16.2 is
combined with the multi-phase, multi-component hydrocarbon stream in the flow line
25 10.1 coming from an ethylene oligomerisation stage (not shown). The mass flow rate
through the flow line 16.2 joining the flow line 10.1 is about ten times the mass flow rate
through flow line 10.1. The flow rate and the temperature of the heated stream in flow
line 16.2 are sufficiently high so that when the heated stream in flow line 16.2 is mixed
with the multi-component hydrocarbon stream in the flow line 10.1 coming from an
30 ethylene oligomerisation stage it results in a combined stream temperature typically
between 180 and 220 °C, e.g. 190 °C. The heated combined multi-phase, multi-
component hydrocarbon stream at about 190 °C is flashed through a valve (not shown)

to a pressure typically between about 10 bar(a) and about 16 bar(a), e.g. 15.5 bar(a)



25 10.1 coming froman ethylene oligonerisation stage (not shown). The nmass
flowrate through the flowline 16.2 joining the flowline 10.1 is about
ten ti neswoheiwas®ifl ow rate through flow line 10.1. ThecfriiBwie/eise44and t he
tenperature of the heated streamin flow line 16.2 are sufficiently high so
t hat when the heated streamin flowline 16.2 is mxed with the

mul ti-conponent hydrocarbon streamin the flowline 10.1 comng froman 30
et hyl ene oligonerisation stage it results in a conbined streamtenperature
typically between 180 and 220 C, e.g. 190 C. The heated conbi ned

mul ti - phase, nulti-conponent hydrocarbon stream at about 190 Cis flashed

t hrough a val ve (not shown) to a press%:f’e typi cally between about 10 bar(a)

and about 16 bar( cg 5 bar(a) 23 and a tenperature of about 186 C
and t hen ?@‘i‘jatt@mlpﬁ@t‘frﬁ tabPPtaEEf@ dr grtl feennisdrie thedrshilpeh dptade where the

nul ti - conpRrepasBYAUBCRMPRAeHtHyBRIEh DN $GBaMNas S6barated. The
remai ni ng portion of the nulti-phase streamexiting the heat 5exchanger 14

and not recycled to the flash drum 16 is passed through the flow |line 16.2

to be further heatggei anﬁé]ﬁn@eéém@ﬁﬂcdsfa'ﬂgﬁrm@ﬁqpha%'§rebh13 Samg ey Hdae
process 8. ycle flowrate of the nmulti-phase streamto

the 2 ashe¥i@RIaE! 4ans 'ﬂcﬁée%{ep'é? thetAs8IdaTrE 1HPasske tieugh Hb‘?cﬂ%’n'tj‘@r 6% may

be nani putaberlirther vt ihige AitRNBIRIMEHT® Rfis iheeabefiretk sRoBisEd
mul ti - phase, nulti-conponent hydrocarbon streamin the flowline 10.1 to

the first flash drum 16. The first flash drum 16 separates the

mul ti - phase, multi TaerpgRRMow s OF HebANItihaS@RBIrédth Go hd fidshtdreinme gne-ri ch
vapour stream (which thus includes nost 15 of the unreacted ethylene from

the ol i goffér PYililBMPErlge) Ovie NRFAVIICHI dRE s M3Y bh&naNRINAIET e VB, "%nd t he

mul t4g phaﬁ#npﬁaﬁ'ét@ﬂa%f\ftﬁé ﬁBatb& c@m@ﬁh@mmﬂﬂmha’sd nfliti-6brintnewhiheoddisdristrRsans ol i ds
and gaseous,K cQ phase streamis wthdrawn fromthe first

fl ash drumt%ﬂg@ “H‘ééﬂé tBFhecfﬁétf{qSB\ﬁ”fmﬂ@ 16. 2, as described hereinbefore.
20As for the process 8, the pressure of the flash drum 16 is determ ned by
econon ¢ consi dera |on t aki n mtg account et h%l e,n&lal ost to the

S Hiy

mul ti - phase stream/Nfe 8%’6‘?%@5 4R dBsterratpe e RS Snet-cmpenest

expendi t Uh@draMb@perr@ém Mo GOREt etBEnditibh Vapour &FBSNHAWHICE tRENRELabdhfos t h
up . of the ethylene recov section 26 boéwoms The

respect to
preskure 8f! ?‘FH@F? %GW@WI‘C@”? He W@OEWHBQ%‘?E?{?Q‘?)IW' Hdrawt By meengiddhe 2
25i s howengk lihe. f6.Paindathe multi-phase stream which is predominantly liquid but WhICh

includes solids and gaseous components. The multi-phase stream is withdrawn from
the first flash drum 16 by means of the flow line 16.2, as described hereinbefore.

20 As for the process 8, the pressure of the flash drum 16 is determined by
economic considerations, taking into account ethylene lost to the multi-phase stream,
recompression cost of recovered ethylene, capital expenditure and operating cost, and
utility temperature constraints with respect to boil up of the ethylene recovery section
26 bottoms. The pressure of the flash drum 16 in the embodiment illustrated in Figure 2

25 is however 15.5 bar(a).

Conventionally, as mentioned hereinbefore, a stream such as the multi-
phase, multi-component hydrocarbon stream is flashed in a single process step. This
ensures that the product is recovered at less severe conditions. However, the

30 introduction of the two flash drums 16, 20, in series, in accordance with the invention,
ensures that the first ethylene-containing vapour stream from the first flash drum 16
flowing through the flow line 16.1 advantageously has a pressure of 15.5 bar(a), which
means that only a small compression ratio is required in order to recycle the ethylene

vapour back to the oligomerisation stage.



Conventional ly, as mentioned hereinbefore, a stream such as the nultiphase,
mul ti-conponent hydrocarbon streamis flashed in a single process step.
Thi s ensuwe=otias7oihe product is recovered at | ess sevePeTABd/DI4OAIS.
However, the 30 introduction of the two flash druns 16, 20, in series, in
accordance with the invention, ensures that the first ethyl ene-containing
vapour streamfromthe first flash drum 16 fl ow ng through the flow |ine
16. 1 advant ageously has a pressure of 15.5 bar(a), which neans that only a
smal | conpression ratio is required in order to recycle the ethylene vapour
back to the oligonerisation stage. 24 As is the case for the
process 8, the introduction of the firét flash step is thus to enable the
ethylene to be recycled in a cost effective manner. 5The nulti-phase stream
inthe flowline 16.2 is further heated in the heat exchanger 18 to a

tenperature of aboug 2@ éésfetfﬁptffé%rb&’eéése NBe fHdlod@étioh dinkk fitstahgrstep i
pressure of about 4 bar( in the second flash drum 20 whi ch separates the

mul ti - pha%’sé‘? P@%m‘? FW%hﬁée'%eet@d)ﬁde@é’ﬂ%UF‘ asqopkeffaciira mare&in by neans of the

flowline 20.1 and a bottons stream cont ai ni ng predom nantly solids and
gases_which is withdrawn by 10means of the flow |in

is imortant to not/8etPal-PhERe $iEeam BXERRYeinellp- %I‘%@'”Hﬁ"yh%ﬁﬁ Bythedeab; |

i nst ead Ofax&iaﬂ%éﬂ BStod féﬁﬁierétﬂ@r‘tﬁfa%buml mtydléaugu@.hg ot aPendtiasnhdLmper at ure
of the nulti-phase streamin the flow lines downstream of the heat

exchanger prP&S‘érSlﬂféb% Hlegiieg i BREGEI S Tshivp g9euiet senreate® MsBUFPREHE st ep

such t hat sfréten heata SxcoRan@pburlsirdaim WAkdrb®A Wyl @lans of the flow line 20CM&naad t oms
streamin the flowline 20.2 of the process 108 is treated in the sane

fashi on aBOYHes @Hﬁﬁfangorg@m'@an@rﬁﬂommnw §Qidsi fd Bgses yhigmis Wibdaws & 20
The {o r st nebhybetRefie@nihakoiong vapour streamin the flowline 16.1 fromthe
first flash drum 16 is partially condensed in the heat exchanger 12 by heat
exchange with | ow pressure steam condensate, producing |ow pressure steam

and then enters the ieimydrRRetd RO IRIt YheSBEdtieRbhatfyen$4 alsBaniy émply Gengiensed
streamvia flow line 17. The 25eth | ene rfcov(ghé sectjon 26 of th rocess
Ty

108 oper al§&adPliiear ve? hadnirast %{sm?(ﬂéme C@é%o@%r@m%@fqr%r? & of the

process 8multi-phase stream in fﬂefTId\AﬁlrneE;QGth'tﬁ)v@fsﬁéﬁﬁsof the Hdé@eﬂﬂ@ﬁ@é&ﬂ&ﬁlld 5
illustrated economcall rempves solids such as et hyl ene, wa>1<§IS

cat a 5yst Q'ﬁh e@gygd {pb:tpu €3 iofy ﬁgond flash step such t att e heat exchanger
not required.

The bottoms stream in the flow line 20.2 of the process 108 is treated in
the same fashion as the bottoms stream in the flow line 20.2 of the process 8.
20
The first ethylene-containing vapour stream in the flow line 16.1 from the
first flash drum 16 is partially condensed in the heat exchanger 12 by heat exchange
with low pressure steam condensate, producing low pressure steam, and then enters
the ethylene recovery section 26 as a partially condensed stream via flow line 17. The
25 ethylene recovery section 26 of the process 108 operates in the same fashion as the

ethylene recovery section 26 of the process 8.

Similar to the process 8, the process 108, as illustrated, economically

removes solids such as polyethylene, waxes, catalyst and catalyst deactivation

30 products, from a multi-component multi-phase hydrocarbon stream which includes
ethylene and desirable oligomeric products. This allows the multi-component multi-

phase hydrocarbon stream to be subjected to distillation to recover unreacted ethylene
(thereby improving the economics of the ethylene oligomerisation process) and to

separate the oligomeric products into desirable fractions.



30 products, froma multi-conponent nulti-phase hydrocarbon stream which

i ncl udes et hyl ene and desirable oligoneric products. This allows the

mul ti - corporrento4switt i phase hydrocarbon streamto be subjpeTiBD10/054444
distillation to recover unreacted ethylene (thereby inproving the econoni cs
of the ethylene oligonerisation process) and to separate the oligoneric
products into desirable fractions. 25 The process 8, 108 of
the invention, as illustrated, ensures the recovery of ethylene at a
relatively high internmediary pressure which is cost effective. The

t hernodynami cally optimumroute would be to take the mnulti-conponent

mul ti-phase 5 hydrocarbon stream fronf@n et hyl ene ol i goneri sati on stage
and flash it in one single separation step by flashing the streamdown to 1
to 2 bar(a). In this way, the reactor products can be recovered at |ess

severe condi tions. THeWR¥REs 8! 188 Gtthy IRBRtONDHS flubipited tedshiRs ATRICB R §@f Up t O
the pressure of the oligonerisation stage again at a high conpression ratio

which is B%YERsi dlea TRIABREr bighe IMiBMEedANH IR UrANVIIAT &F neRst SF1ECHYeashne 10 i s
i nt r oduceehetto@ynafli@Hp ikl Rutd okl 68 td BekeMubt hol6RBRPBAS Hutilphaghase

hydr ocarbon streamis flashed at a nedi um pressure so that nost of the
et hyl®ne NrpearBoesleraToN AP Givfens digomessafionagtagegad flagh Hdr cag singly.

about 14 basdraton std® bharaERihg mﬁ@sﬁeérﬁ\&%nqempfoe%bqa) n@tthWa§ trRefeaEtor €
required to ensure that recycled ethylene is f into the oligonerisation

stage at PW@U%&GP P@de‘m”ééeg&téesslsﬁﬁrﬁé’to”d'f'% b'rotﬁ’éé%"sth@ etﬁﬂ@“%‘%‘é‘ﬂ@@?‘é‘a 15heat

which is ebenicaprédsed upt® tﬁdﬁgrd%é%eﬁfstheﬂﬂ gjnfeuééthﬂrst@@é idgbmest hhegh
operatl ng costs of the I}érocess ,. 108. AlMS: 51. A process tgo separate

a mul ti - cEAPBIFENEN FRfteryich 60‘?¥p§ﬁ$'\éearﬁ%\ﬂ’ﬁe&?m%@f%68§'e@t RO IRAENGRYY Jasfer

conpanent & .M\arédmcaa ilee@géh &@FE18fin WH@;hqmrmmedUm?pda@hﬂQumrpﬂa@é\h drBcabon
plurality of ases thedgrocess inclu first flash stage,

f1 ashing B¥e? fc"‘?ShESr?f)é ‘?ﬁ'“’ﬁﬁ?%?é‘éer B%H‘agm%éﬁ{ thPredrr‘Ml%ﬂ? sIrecveEd rf‘)traessur e

and tenpenghbr BrebSurd ¢IrfSisaste10 Padde el@ndeudi4 Harl8 tabedd) addpredeei ng a
first ethylene-contajnjin pour stream at gheﬁressure in the range of 10 -

18 bar (a) CHRBressIAnIFo. 'Bﬁ'g%ré‘%éﬁ FROBIEMR ERSUTR ANl deeyCegningens isdre into the

oligomerisation stage at the required pressure. Further, the process 8, 108 recovers
15 heat which is re-integrated into the process. This further optimises the operating costs

of the process 8, 108.



in a second flash stage, flashing the nulti-phase streamto a pressure of

| ess than 6 bar(a), producing a second vapour stream at a pressure of |ess
than 6 bawQapiiaagroa bottons stream 15renovi ng the firsPCT/IB2010/054444

et hyl ene-cont ai ni ng vapour streamfromthe first flash stage and the second
vapour stream fromthe second flash stage; and renoving the bottons stream
fromthe second flash stage. 2. The process as clained in claiml, in
which the multi-phase streamis 20flashed in the second flash stage to a
pressure of between 1 bar(a) and 6 bar(a). 3. The process as clainmed in
claim1 or claim2, in which, in the first flash stage, the nulti-conponent
hydr ocarbon streamis flashed from an &% evat ed tenperature of at |east 185C
and an el evated pressure of nore than 30 bar(a), the first

25et hyl ene- cont ai ni ng vapour stream defining a higher mass flow of ethylene
and bei ngcaipimshi gher pressure than the second vapour stream 4. The
process as clal med according to any of claims 1 to 3 inclusive, which

i ncl udes separating at |east a portion of the ethylene fromthe first

et hyl ene-contai ning 30 vapour stream by subjecting the first

et hyl ene-cont ai ni ng vapour streamto at | east one ethyl ene recovery stage
prodwti nglan ethylgh@“F?%%t%t%%@ﬁ*%ﬁhr@ﬁ“@?ﬂ?@%ﬂ%JBHHFaﬂﬁPt?U%%%ﬁﬂﬂght

hydr ocar beRiugibs @&eneZahd StherTbEmpUrREBSHItRSt Rladi 6k b tHel @rMpdhentsbeiy ch t he
et hyl ene recovery st npl oys at | east one distillation colum operated

age e !
at a pr esgms@ntg'ﬂ_atpﬂwa'ﬁ&ﬁbréh%fa&fbe proggsHBEANg with the first |
et hyl ene- cont ah i fitgt WRAQgeS FBSANY et mbmidoehpoRsRMYHREaRSNRRkame frori 19 fed
into the ethyl ene recovery stage, but being at | east npartl ally condensed
bef or e elevated pressure and” temperature to a pressure in the range of 10 =18 bar(a),
10 producing a first ethylene-containing vapour stream at a pressure in the range of 10 —
18 bar(a) and a multi-phase stream which includes some ethylene;
in a second flash stage, flashing the multi-phase stream to a pressure of less
than 6 bar(a), producing a second vapour stream at a pressure of less than 6 bar(a) and
a bottoms stream;
15 removing the first ethylene-containing vapour stream from the first flash stage
and the second vapour stream from the second flash stage; and

removing the bottoms stream from the second flash stage.

2. The process as claimed in claim 1, in which the multi-phase stream is
20 flashed in the second flash stage to a pressure of between 1 bar(a) and 6 bar(a).
3. The process as claimed in claim 1 or claim 2, in which, in the first flash

stage, the multi-component hydrocarbon stream is flashed from an elevated
temperature of at least 185°C and an elevated pressure of more than 30 bar(a), the first
25 ethylene-containing vapour stream defining a higher mass flow of ethylene and being at

a higher pressure than the second vapour stream.

4. The process as claimed according to any of claims 1 to 3 inclusive, which
includes separating at least a portion of the ethylene from the first ethylene-containing
30 vapour stream by subjecting the first ethylene-containing vapour stream to at least one
ethylene recovery stage producing an ethylene-rich stream and an ethylene-poor multi-

component hydrocarbon stream.



5being fed into the ethylene recovery stage. 6. The process as clained in
claim4 or claimb5, in which the ethylene-poor nulti-conponent hydrocarbon
stream i meDrdam4a7030l vent for an et hyl ene ol i goneri sat i @aTaBR20/93H44 t he
process further including conbining the ethylene poor nulti-conponent 10
hydr ocarbon stream fromthe ethyl ene recovery stage and the second vapour
stream fromthe second flash stage and recovering solvent fromthe conbi ned
streans by way of distillation. 7. The process as clainmed in claim®6, in
whi ch the pressure of the ethylene 15poor nulti-conponent hydrocarbon
streamis let down to the pressure of fhe second vapour stream 8. The
process as clainmed in claim1l or cl ai n£2, which incl udes heating the

mul ti - component hydrocarbon streamto a tenperature of at |least 180 C
before fldshing 26“?%09?8?@ﬁ-%’ﬂ?ﬁ%r‘féﬁ"@'”ﬁﬂd%‘@%ﬂ%(ﬁ? gihyleasreGPvVENEeSAYG st

flash st aggplops hicakt brRAGELIRASE cOlmhtHehad af ®brdsBereNpankd RGgefortibe 18
mul ti-conponent _hydrocarbon stream being provided by the first

et hyl ene- E8@)aivih i ahsifiyleascariningovarphiestiane BRISOEARI ECamRERFSEHh befos m 8,

in which bhiggRepihiotte @thyidn@ rBstvety stagd O BRIAG aNleasySirRMRichbRdensbd 8afd S by
means_of [ndirect heat exchange with a heating nedium or hot process

stream oPeiBg ofl ipodthe elpieneretyani $i@0%r ni xing with a hot process stream
10. An ethylene oligonerisation process, the process including 30in an
ol i goneri gsation stage, oligonerising ethylene and withdrawing a nmulti-

conponent Chydr ocar HBR Pegess s SHaimed freflaim 4 sh&kads Swin E’Hicf‘_ﬂ'&? GHYENEIRCgbNer i ¢
product, RRItYEBRRHpSheR! BEM6darb@Nélrdaft Ratesla @bR¥htEBEan BBlch8dligdierisation
mul ti - component hg/dr ocarhon streamto a tenperature in excess of 180C,
catalyst, the process further including combining the ethylene poor multi-component
10 hydrocarbon stream from the ethylene recovery stage and the second vapour stream
from the second flash stage and recovering solvent from the combined streams by way

of distillation.

7. The process as claimed in claim 6, in which the pressure of the ethylene
15 poor multi-component hydrocarbon stream is let down to the pressure of the second

vapour stream.

8. The process as claimed in claim 1 or claim 2, which includes heating the
multi-component hydrocarbon stream to a temperature of at least 180 °C before flashing
20 the multi-component hydrocarbon stream in the first flash stage, with at least some of
the heat for the heating of the multi-component hydrocarbon stream being provided by

the first ethylene-containing vapour stream.

9. The process as claimed in claim 8, in which the heating of the multi-
25 component hydrocarbon stream is by means of indirect heat exchange with a heating
medium or hot process stream, or by direct contact heating or mixing with a hot process

stream.

10. An ethylene oligomerisation process, the process including
30 in an oligomerisation stage, oligomerising ethylene and withdrawing a multi-
component hydrocarbon stream of different phases which includes oligomeric product,
polymeric product, and unreacted ethylene;
heating the multi-component hydrocarbon stream to a temperature in excess of
180°C;



28 separating the nmulti-conponent hydrocarbon streamin accordance
Wth a separation process as clained in any of clains 4 to 7 inclusive,
produci ngwveand/dsT0st et hyl ene-cont ai ni ng vapour strean PamAB2010/054444
feeding the first ethylene-containing vapour streamto said ethylene
recovery 5stage producing said ethylene-rich stream and sai d et hyl ene-poor
mul ti-conponent hydrocarbon stream whi ch i ncludes oligoneric and/or

pol ymeric product. 11. The process as clainmed in claim10, in which the
mul ti - component hydrocarbon streamis heated to a tenperature of at | east
180C before flashing the 10 nulti-conponent hydrocarbon streamin the
first flash stage, with at |east sone # the heat for the heating of the

mul ti - component hydr ocarbon stream bei ng provi ded by the first ,
et hyl ene- cont ai%RPIAYNY app§umulirGamepanent ydrprarbep odleasdn 48 BFcRTdAREe| Witk 1&i m 10

or clai m idparidtinChrobésl Belemirh&f WChhnar dhime 4ebhy iRnenel phdstingaaid frst he
ol igonerisation stage. 13. The process as clained in any of clains 10 to

ge .
12 i ncl usPllengRoniRInklg, vaPaUL ${Eeagl @§8mer i sati on stage, the ethylene is

ol i goneri sed abedifg %@Vi?ételﬂhﬂérfésédiﬂﬁniﬁg vaibolie 3%dand Qo ard éfny%ﬂg rabovaify
el evated tenperature of at |east 40C. 20 , ,
5 stage producing said ethylene-rich stream and said ethylene-poor multi-component

hydrocarbon stream which includes oligomeric and/or polymeric product.

11. The process as claimed in claim 10, in which the multi-component
hydrocarbon stream is heated to a temperature of at least 180°C before flashing the
10 multi-component hydrocarbon stream in the first flash stage, with at least some of the
heat for the heating of the multi-component hydrocarbon stream being provided by the

first ethylene-containing vapour stream.

12. The process as claimed in claim 10 or claim 11, which includes recycling
15 the ethylene-rich stream to the oligomerisation stage.
13. The process as claimed in any of claims 10 to 12 inclusive, in which, in the

oligomerisation stage, the ethylene is oligomerised at an elevated pressure of at least
30 bar(a) and at an elevated temperature of at least 40°C.
20



