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production. Mre specifically, the invention relates
to nethods and systens for separating an
ol i goneri zati on reactor effluent conprising conpounds
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INVENTION In the field of olefin production, a process

to selectively produce high purity 1-hexene 10 from

the trimerization oFIEHMINQF&hE INVENTI@N t he separation

of an oligonerization reactor effluent into four ngjor

st r edlirs prepend dvettjonugroeaiyerdlatad te tokefin gmedjuctiec oMereegbecifically, the
sol vent, and heavies. Typically the separation of the
inlentionmetates abd incathode and oysteask fforuepirating anbdlgbmertidatibn paattoi yffluent
1- hexene can be achieved with three distillation steps
copprighgeebnipowsisichsus ethfpleneind 1tHererdei rst di still ation

colum separates the ethylene fromthe remaining

constituents in BACKGRAUNB OFTHE INSVENTEIONoecones t he
feed for a second colum, wherein the product is

st ri ppee fieldfof alkdin producion) 4 groeesofo sble@ivelypidduye High @ @-hexene
is obtai ned. The bottons becone the feed for a third

fEbin® tihe triddierioationOd fUsthylenshiatéiled he @eftemioh &/ SObNRRerigddioh treactor
is made. Multiple separation steps such as these

et Yt ol i Bidjbr stramON U MBcdndetedCetiydite] Yecovered solvent, and
Therefore, a need exists for process inprovenents to
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conpri si ng: ashing the ol i gomeri zation reactor
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then becomes the feed for a second column, wherein the product is stripped off and a distillate
of high purity 1-hexene is obtained. The bottoms become the feed for a third distillation
column, wherein the heavies/solvent split is made. Multiple separation steps such as these
involving distillation columns can be costly.  Therefore, a need exists for process
improvements to separate oligomerization reactor effluent.
SUMMARY OF THE INVENTION

Disclosed herein is a method of separating an oligomerization reactor effluent,
comprising: (a) flashing the oligomerization reactor effluent into a vapor portion and a liquid
portion, (b) distilling the portions of the oligomerization reactor effluent; and (c) recovering an
oligomerization product stream.

Further disclosed herein is a method of separating an oligomerization reactor effluent,

comprising: (a) feeding a liquid portion of the oligomerization reactor effluent to a first inlet



portion; (b) distilling the portions of the
ol i goneri zation reactor effluent; and (c) recovering
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herein is a nethod of separating an oligonerization
reactor effluent, conprising2 (a) feeding a liquid

portion of the oligonerization reactor effluent to a
dhiardsstillatioh eolomna(b)ifesding & wdpooprrial afitlre oligbanerizgiati nagrta effluent to a
vapor portion of the oligonerization reactor effl uent
st@nd idetconal distillation aolumndiosdtéd dbavé the fosd wleh dndde) eidhdrawing an
above the first inlet; and (c) w thdraw ng an
odigpraeiretidinzaddwnstueaadiont a side drawn buttenioaated biewekmathafirst and second
outlet | ocated between the first and second inlets.

iffest her di scl osed herein is a systemfor separating an

ol i goneri zation reactor effluent conprising: (a) a

vapoFhitie disclossdheret i©h sytenh Faskpatdiag ah bligomerizaioh retor effluent
reactor effluent into a vapor portion and a liquid
deabHiéif ;(a)2d afob)iquiid depRitatdr| tatfiaginthe @lligderizatidnl 1¢hdor effluent into a
comruni cation with the vapor/liquid separator, wherein

Vap& pdtthiahd alig@a peRlodhd RS distlatén ébhamh induid communication with
w t hdrawi ng an ol i gonerizati on product stream and

theeBbYRfiPpir@8s WhBRIMAPiHIRAsT iR alshR drdvel B ithdrawing an
portion fromthe vapor/liquid separator. BRIEF
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diragram of an enbodi nent of a systemto separate

frRE VS Al s@raR)r] gONer i zation reactor effl uent
stream: DETAI LED DESCRI PTI ON OF THE PREFERRED

EVMBCDI MENTS Fi gridr SESURIPFION OfFefite bRAWSYGRram for an
enbodi nent of a separation system 100 to separate

0 O 0 B5 n lmEr S5R A e compones
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 shows a process flow diagram for an embodiment of a separation system 100 to
separate oligomerization reactor effluent, the separation system comprising a vapor/liquid
separator 110 to flash the oligomerization reactor effluent into a vapor portion and a liquid
portion, and a distillation column 120 in fluid communication with the vapor/liquid separator
110. The distillation column 120 has a side draw outlet 125 for withdrawing the
oligomerization product stream and depending on the solvent used, possibly solvent, and
receives as feed the separated vapor portion and liquid portion from the vapor/liquid separator
110. The liquid portion is fed to the distillation column 120 at a location, liquid feed inlet 122,

below the side draw outlet 125 and the vapor portion is fed to the distillation column 120 at a

location, vapor feed inlet 121, above the side draw outlet 125. The separation system 100



portion, and a distillation colum 120 in fluid
communi cation with the vapor/liquid separator 110. The
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wi t hdrawi ng the ol i gonerization product stream and
dependi ng on the sol vent used, possibly solvent, and
recei ves as feed the separated vapor portion and
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The liquidportion is fed to the distillation colum
rd20r afflent, odwtdinthe dligymiedzatiow deactor a¢ im ARid grahrowmi¢atien with the
side draw outlet 125 and the vapor portion is fed to
viapy/liduig segdatagdrildéd col uim 120 at a | ocation, vapor feed
inlet 121, above the side draw outlet 125. The
sepaimFigoh digstenizaliQp faactdhefluano ispniratasedato the vapor/liquid separator
ol i goneri zati on reactor (not shown) for providing the
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ol i gonerization reactor is in fluid conmunication with
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4. Any suitable oligonerization reaction can provide
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effluent stream4 of Fig. 1. In a enbodi nent, the
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cie&!?igili_&i ﬁ@ﬁs’e%ﬁﬁrhé}ﬂy 6h sifeh&h emBodimért WaekeN -Hetkde il focovePRiBrom the
by

I ncor porate reference herein inits entirety. The
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primarily on such an enbodi nent wherein 1-hexene is
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rinerization reactor, but 1t shoul e under st oo

h .scope of the present invention is defined by
%ﬁ%hgégfﬁg and not limted to a particul ar enbodi nent

desc r"Ilnkr)neeldiza %E,ezltsnused herein, is defined as the combination of three olefins, wherein

15
the number of olefins, ie., carbon-carbon double bonds, is reduced by two. Reactants
applicable for use in the trimerization process of this disclosure are olefinic compounds which
can self react, i.e., trimerize, to give useful products such as, for example, the self reaction of
ethylene to give 1-hexene. Additionally, ethylene trimerization may result in a higher yield of

20  1-hexene with a desirable purity when trimerized in the presence of a chromium-based catalyst
system.

As used in this disclosure, “reactor effluent” refers to all components that can be

present in and can be removed from an oligomerization reactor, including, but not limited to,

trimerization product(s) such as 1-hexene, unreacted olefin such as ethylene, solvent, catalyst
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Trinmerization, as used herein, is defined as the
conbi nation of three olefins, wherein the nunmber of

wO obsfg47v32 i .e., carbon-carbon doubl e bonds, iBCT®S2OSM6732

by two. Reactants applicable for use in the

trimerization process of thi4 disclosure are olefinic
conpounds which can self react, i.e., trinerize, to

sgitan® carsgmenits, patalyst Gysens tesiduessandfoo reacticarpipeqdut s, aselréferred to as
reacti on of ethylene to give 1l-hexene. Additionally,

redcliol ep@rdduct(sprinchated dn lightg andshdaties. n “S8olhengheeferyi tel  dddent or
1-hexene with a desirable purity when trinerized in
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used in this disclosure, "reactor effluent” refers to
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renoved from an oligonerization reactor, including,
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1 hexene, unreacted ol efin such as ethyl ene, solvent,
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reaction co-produces), also referred to as
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Solvent" refers to a diluent or medi um such as an
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conbi nations thereo having fromabout 3 to 9 carbon

13h3BEoud Rrintiatont Bﬁa&s&@g@emzlasy B8 RERCRRDIORE BYFohexane. In an
Exenpl ary sol vents include, but are not limted to,

fﬁﬁﬁhﬁﬁﬁ%Ebggygﬁgh¥agmghghexane hexane, 1-hexene, C

rocar n- hept ane), i sobutane, propane,
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ettlby enEer imrcrielrnlc ugt | onherr en%%-thyarocarbon compounds including hydrogen, nitrogen,

oxygen, carbon monoxide, carbon dioxide, and water. “Heavies” refers to reaction co-
product(s) comprising hydrocarbon compounds having from about 7 to about 100 carbon
atoms per molecule, excluding solvent. Heavies may also include higher olefinic products,
such as, for example decenes and tetradecenes, as well as polymeric products, catalyst,
deactivated catalyst, and catalyst kill agent.

In an embodiment, catalyst system deactivation, i.e., "kill", components, can be fed via
inlet stream 2 into reactor effluent stream 5. “Catalyst kill” refers to those compounds that can
deactivate, either partially or completely, a catalyst system used in the trimerization process.

In an embodiment, the catalyst system may be killed with an amine, an alcohol having from
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to accelerate the reaction and/or increase catalyst
systemactivity and nmay al so be an unreacted conponent

WO 2ovstoge7r eact or effluent. "Lights" refers to PERUB2005006732

co- product (s) conprising hydrocarbon conpounds havi ng

| ess than about 5 carbon atofs per nol ecul e, excl uding
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kilb corgment ds Ce alootmdiu dre ) emlpariimeéns,i they Ch pldelwd & bethyl-1-hexanol. The
conpounds having fromabout 7 to about 100 carbon
catatystsygpan nmag be dedctvateebactandingig thaxhetbott and lpgavatessin thieyUnited States
al so i nclude higher olefinic products, such as, for
Faeangetial ndefa80e2s, antilled ERmedenRegslate @iefindirbduasopint Gaveyst System
products, catalyst, deactivated catal yst, and catalyst
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deactivation, i.e., "kill", conponents, can be fed via
sutH &i erfbdd@adht, Zeichdr @ffiRAcst@im &f Fbuld addisdnalatorbprise kill component
"Catalyst kill" refers to those conpounds that can

AB@CH Ak copdrats pRaichilRhdentioned 6edRelbeing lintrodacedatta vigsdr/liquid
systemused in the trinerization process. In an

sepipgh 1ment , the catal yst systemmay be killed with an
am ne, an al cohol having froneight to twelve carbon

at 0§y PREMBBAR&GH | (Ro re@dtorC@MRhi ek BSndyt@mPAle: idmadbout 5 to about
enbodi nent, the kill conponent is C8 alcohol. In an

S0 f'ﬁ&teme bikendaval GROIbohtS 040 S5duY 4o vt BEXABRe, a];ﬁ' %lternatlvely

cat al yst system may be deactivated according to

#52h RBGkht ARG 2RRAT 83 YR & %Q&ny%éﬁ%ﬁtaﬁ & alfoat @Otwt % ethylene,

serial no. 5689028, entitl ed "Process to Regul ate
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ef uen StTeam tionally conprise
SO PSR pRETRRIFTAE SR AR g 0 v
cycf(;'tall rX%Jtleo rfrom out 1 to about 40 wt. % lights, alternatively from about 3 to about 30 wt.
% lights, and alternatively from about 5 to about 20 wt. % lights; and from about less than 15
wt. % heavies, alternatively from less than about 10 wt. % heavies, and alternatively from
about O to about 3 wt. % heavies. In an embodiment, the reactor effluent stream 4 may be at a
pressure of about 650 to about 1000 psig and a temperature of about 220 to about 260°F.

In Fig. 1, the reactor effluent is introduced into the vapor/liquid separator 110 via
reactor effluent stream 5 where the pressure is reduced and at least a portion of reactor effluent
may be flashed to a vapor portion. Vapor/liquid separator 110 used for separating the reactor

effluent into a vapor portion and a liquid portion should be designed in such a way as to

minimize liquid carry-over with the vapor stream and minimize liquid holdup within the
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In an enbodi ment, the reactor effluent stream 4 may
conprise: fromabout 5 to about 60 wt. % 1-hexene,

woabws®s4rati vely from about 10 to about 40 wt. PET/US2005/006732

1- hexene, and alternatively fromabout 15 to about 30

Wt . % 1-hexene; from about 16to about 30 w. %

ethylene, alternatively fromabout 3 to about 20 wt. %
sqiatwydretedf Biredliquid portiat is vehoyed fromn thdhbaitonbofithe wdpor/liquidseparator
wt. %ethylene; fromabout 15 to about 95 wt. %

1¢¢ aldobdinantke distilatiemtdlymm] 20sinsiteam é 5.y The Gporgivdion i8@moged from
about 85 w. % cycl ohexane, and alternatively from
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to about 40 wt. % lights, alternatively from about 3
eimbodibent! cl8@tivd of Me lvippiliguid sepdratok il €0 wat fovatioy tat srabereathie liquid
5 to about 20 wt. % Ilights; and from about |ess than

fddd ikt 1220 éistliacion cathriue 1208 tinpedwde a resltht hydiatiléorhead andior gravity
10 wt. % heavies, and alternatively fromabout 0 to

M0 il endbefihe 10quligRrtionso fléw irdethe diacithitior 66 lumh M20. r Klaeianively, if the
effluent stream4 may b e at a pressure of about 650

skRrAGaYoc ke B Padetbr i BcARAPRIE atHelcy OF lialiaUteddd@t 122, a pump
about 260F. In Fig. 1, the reactor effluent is

hd}0e ASLAAS PurhP e i pY@BRtd digtiliagbrs@RAiaf20r 110 via
reactor effluent stream5 where the pressure is

r eduges idd@tent, BRquid pfioh bPie SparaRad edabtor Eflhidnd fidtudiBstream
b e flashed to a vapor portion. Vapor/liquid separator
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about S wt. % lights; and from 1 to about 15 wt. % heavies, alternatively from about 3 to about

10 wt. % heavies, and alternatively from about O to about 5 wt. % heavies. In an embodiment,
stream 15 may be at a pressure of about 85 to about 115 psig and a temperature of about 200
to about 260° F.

Additionally, the vapor portion of the separated reactor effluent in stream 10 may
comprise: from about 5 to about 50 wt. % 1-hexene, alternatively from about 10 to about 40
wt. % 1-hexene, and alternatively from about 15 to about 25 wt. % 1-hexene; from about 10 to

about 80 wt. % ethylene, alternatively from about 20 to about 60 wt. % ethylene, and
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that will enable the liquid portion to flowinto the
distillation colum 120. Alternatively, if the

wo s@pasarnr is | ocated at grade or ot her | ocatpPoOnUStva$/006732

is belowthe liquid feed inlet 122, a punp may be used

to punp the liquid portion idto distillation colum

120. In an enbodi nent, the liquid portion of the
altenpativalyeftom ebatt @5 tefdbbwtei®t w6 dthylend; rfrasn pleaanS1t6 arayt 70 wt. %
conprise: fromabout 5 to about 60 w. % 1-hexene,
catlvlexaet (sviebny), faltermatisietyu fromhOabbut Eboutbel® @t wt. %% cyclohexane, and
1- hexene, and alternatively fromabout 15 to about 30
alvernatell-floex eoat 20 tocaboabiOuit. % dydokxang, fridfm ahbut 1%oto about 80 wt. %
ethyl ene, alternatively fromabout 3 to about 10 wt. %
lightsydlteretiveiynitora hib et D@ toi abebty60fwt Prinlights,uind @ltdroatiarbly ditonbabout 25 to
wt. % ethylene; fromabout 25 to about 90 wt. %
By@lsohexatight{;aad femtapout altd sbones Wi &4 heabies aitainmively 40mtabout 0 to
about 85 wt. % cycl ohexane, and alternatively from

BaUt wb0s theavapbiid BermativelPdiremcibotite &nabouf DGMvabeOUeavies. In an
to about 15 wt. %Ilights, alternatively from about 3

dnodifRel stlddmWio. m3@ B d A pLessudd6F aBbiEtBS A iouel 15 Psigauid ab@titerature
O to about 5 wt. %lights; and from1l to about 15 w.

b &RYOES absk begerat i vel y from about 3 to about 10 wt.

% heavi es, and alternatively fromabout 0 to about 5

wt . =y i . am 1 .at .
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por on o separated reactor e uen
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AT AL R N TP I —
\?agc?rusttreasxg zg\ﬁ céms{%s(i:n)éculn?eqcegé(? cr)]l%ﬁn &ngq, ethylene) and lights; and a bottoms stream
40 comprising heavies. The solvent may exit distillation column 120 in any of the three off-
take streams, depending on the solvent used, for example, in an embodiment cyclohexane is
the solvent and exits distillation column 120 in the oligomerization product stream 30 from
side draw outlet 125.
The 2 inputs to distillation column 120 comprise a vapor feed from stream 10 and a
liquid feed from stream 15 from vapor/liquid separator 110 which enter in the vapor feed inlet
121 and the liquid feed inlet 122, respectively, the compositions of each as described herein.

The solvent may enter the distillation column 120 through any of the two input streams,

stream 10, stream 15, or both, depending upon the solvent used and the completeness of
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alternatively fromabout 20 to about 40 wt. %
cycl ohexane; from about 15 to about 80 w. %/ ights,

WO adosms41at i vel y from about 20 to about 60 wt. PET/USHNF006732

and alternatively fromabout 25 to about 50 wt. %

lights; and fromabout O to &bout 5 wt. % heavi es,
alternatively fromabout 0 to about 2 wt. % heavi es,
septhtiah t(eg nalveneflashf morapariiopid ®pargornbl®utIn@n Smhbdinfmt, the flashes
heavi es. In an enbodi nent, stream 10 naybe at a

and egatatiensahayaimo bt c@bplete andatdeasid porgen gf theidapmr portion enters at the
tenperature of about 200 to about 260 F. The

lidukit fedd ialet a1d/oe @lcaivarsd 20 amegmblodingn a it poitios of solvent may enter in
distillation colum with separation stages conprised

thé vdpbafesd ko2 si@vusecondaokion @f thatselvér imaf @stesimanaliquid feed inlet
Fig. 1), or a conbination of both. In an enbodi nent,
hetdi fikti pdreidn 6Nsal@dnt BBing 26 chegredid iBanathe [ seémid pdrtion of solvent,
of f-takes and at least 2 inputs. For exanple, in Fig.
altern@fivelyl 4 Kigst ipOitios @F Yoent ZGiyhedter 3n e fvapéraficads indgdd 22 and a second
i nputs. The off-takes include an oligonerization

PHRAWTHhS §RANMNAY ehteOm thé guidl fevd ittett 1221 thkdocdh@Pdttioni dTGolvent
ol i goneri zati on product (e.g., 1l-hexene) and possibly

Bl MEh ge@ted than BECHVRIRINDS s01déht; 0 Qe RRAFNAP@E Hhtidasolvent
20 conprising unreacted olefin (e.g., ethylene) and

xhiygmér:m MY aBodRES R 151 LEANSABnEPIFRE §F MO sBIOA NS -enter in the

THe solvent nmay exit distillation colum 120 in any of

1&@? di‘egq fgxfr%t o3 wledit& paitioR %F&:&eﬁ%&@ﬁ@&lﬁ@e&&%aﬁl? Lli}ggﬂ% %]egs than,

exanpl e, i n an enbodi ment “cycl ohexane

FYE Ut 85118 %bdofla Borkba bt AP 150 MBodifnd Byl or greater than
ol'rgoneri zation product stream 30 from side draw
é%%t' 9%tw e&n?perlcgl?o??ﬂs ch{‘/%ntc'istcgnt ihed ilnle&@etr 'tmagglj e 'frdcl{g?tre 10 or
conpri se”a vapor fee romstream and [T qui ee

rem.stre 15 f Ve | L,aui r 0, i.ch .
b S L IR0 SR S e
%tglglg{pf é%hﬁlgts 319 %%gté:rvtﬁéllry dboﬁt% wel Sgﬂ:etn ;oaﬂg’mgt{vel%aeﬁgal?g or greater
than about 99.9 weight percent; where the remainder of the solvent is in the other stream. For
example, in an embodiment the solvent is cyclohexane, the majority of which enters the
distillation column via liquid stream 15 at liquid feed inlet 122 and exits the distillation
column primarily via side draw outlet 125. In an embodiment, the solvent is isobutane, the
majority of which enters the distillation column via vapor feed stream 10 at vapor feed inlet
121 and exits the distillation column primarily via side draw outlet 125.

In Fig. 1, the product (e.g, 1-hexene) or product/solvent (e.g., 1-hexene and

cyclohexane) mixture may be withdrawn from the side draw outlet 125 located between a

vapor feed inlet 121 and a liquid feed inlet 122 on the distillation column. Embodiments for

optimum locations of vapor feed inlet 121 and liquid feed inlet 122 on the distillation column



The solvent may enter the distillation colum 120
t hrough any of the two input streans, stream 10,

WO sios/esutrl5, or both, dependi ng upon the sol vertT/usS®as/006732
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and the conpl eteness of separation (e.g., solvent

flash) in vapor/liquid separ@or 110. In an

enbodi nent, the flashes and separations nay not be

dspend| ent dheaieeam corapositions divcludion solventhesedlapust opentirigoponditions.
enters at the liquid feed inlet and/or vice-versa In
Rlacemattod itheaiapor and figwid inlgip istsirgdrthasfa mpiberoftstagesyis employed retween
the vapor feed inlet 121 and a second portion of the
tholigadh feedrmjet 22 @eloivh andnthe sifdedraw ofidet d25 (@beve) el tive toeseparate the
first portion of solvent being nmuch greater than the
leadenftbnp dretpratuctodr psaiuvténlventahd e nmabérwé btggea if ¢mgoyed between the
portion of solvent may enter in the vapor feed inlet

vbgdr faedlinket 42 Gabdve) and ittersidef driw euto 122 ficlavgyeffendiver to iseparate the
the liquid feed inlet 122, the second portion of

liphitsviesih theeprodnctrocproduot’adlesnt. t aim ereodirhens,t the tiqiid deedaifilet 122 is
solvent; or alternatively a first portion of sol vent
108eddif b ®wer Birippifg M6 offtRedbhinil i (HeAhp &fdedaineTXIrisl located in an
portion of the solvent may enter in the liquid feed
ippkdnridids settv@ of ihesblup@r ti on of sol vent being slightly
greater than, slightly less than, or about equal to

the $REENEh @pRfkih® forditiosq lpwRek siiﬂula’ﬁﬂns&ﬂw R det@@ingloptimum
to or greater than about 90 weight percent of the

Beh¥RMor ihe tHOMediinasl 12 NaRd NSEptintien MBRRA 6ra8élsitié 8w outlet 125
stream 10 or the liquid feed from stream 15;

AL BhfGh NGk ﬁﬁ%lsms@op&ag@g efbiedxatPRNin %A Wdbo@itent, a distillation
percent; alternatively equal to or greater than about

&%m%%ot Q%&gﬂﬁdenﬁk fs&td gé‘U U bt dedbt t& e Ehe%fd%fi‘l}a%r oylet 125

V\Blg rcent’; where the remai nd er of

(Serﬂgtg%i Vtﬁé”va%o‘?‘ flaééll HleorPEt'QEJ 4S§rf aS@M; h:ﬁrfte HWLE sta é‘ 19” In an

_ vent is cyc hexare e maj ori
Lo I 1 G il ) s
RS roAee Bomabals é%%b°%%pﬂr53§v&%§]‘§ﬁ§t‘?e{aﬁ%e%ﬁ“%‘%% g 10

whi ch enters the distillation ¢colum via vagor f
E at the,iep {qpabept 4\98{)5 @t the beftom, | The distillation column 120, vapor, 1qu1d separator

110, and all other equipment as described herein for the separation system 100 of this
disclosure may be sized to accommodate desired capacity and flow rates.

The similarities and/or differences in boiling points of each of the reactor effluent
components may contribute to the ability to have a side draw off-take, as such. In an
embodiment, the oligomerization product stream comprises a solvent of cyclohexane and a
product of 1-hexene. The product and solvent, each of which are Cq’s, have boiling points that
are relatively close to each other, whereas the lights and heavies may have boiling points that

are relatively far apart, thereby contributing to the ability to have a side draw to separate out



121 and exits the distillation colum primarily via
side draw outlet 125. In Fig. 1, the product (e.g.,

WO %okvesaetee) or product/solvent (e.g., 1-hexener@Emus2005/006732
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cycl ohexane) m xture may be withdrawn fromthe side

draw outl et 125 | ocated betwd@n a vapor feed inlet 121

and a liquid feed inlet 122 on the distillation
wodluetisplveBnteali Ivhaxess/dyolohaxpne) digm the distillase ée. &f priragsily ethylene and
feed inlet 121 and liquid feed inlet 122 on the

ldghss) ahd tttowm (o) heaviepend on t he stream conpositions

(i ncluding sol vent used) and operating conditions.

Pl acdnentembbditrient, thepdigomaerdzatiancurodiict streatns30 &ors tlchsidediaw outlet
a nunmber of stages is enployed between the liquid feed

125l &t a 1i3Rid( el compriaesd ffilom ghode SdtoaghootitD ewt. 223 -Kexbiey @yoduct),
effective to separate the heavies fromthe product or
freaddedly fomvabnibt 1@nd ahoutdiver %of-hskeng esd nltergatiptlp fi@eh about 15 to
bet ween the vapor feed inlet 121 (above) and the side
sboavB ot Le1-hd2he; (floed abohit @fof it Swet. Voetbyd@r] dteenatiity from about 0
lights fromthe product or product/solvent. In an

ROt 7N Y4 ethiiend, afflaltniatedy fromeboutD2oiaboudt 0Cak e kthyléne; from
| ower stripping section of the colum and the vapor

fRetud ©laBdut $2 Wt.i%% clddsirkMd (dolvedt), altBAREveBFdnE ldg60 to about 90 wt.
section of the colum. For given operating conditions,

P QEIBRSasd, Brt AeRivelyRYm ABout Y0 td HoGtedsaHtTYNSclIoRxhiB) Fom about 0
| ocations for the two feed inlets 121 and 122, optinum

OBt PRt PP lightd Qs SR e B! fyth Mt 8lo ddat 2RA BRIghIVMG alternatively
nunber and position of stages. For exanple, in an

£0RODLEED e Dot &1 vt 84 ili@ﬁ‘tsb;céﬂduﬁ‘&nvﬁbbﬁ‘t 800 shases wt % éleavies,

(condenser is stage 1) maybe designed to have the sid

: 6 V.,
e St L e

g@ﬁﬁ%@ggkwﬁ @?wﬁ%ﬁ%@%‘f)ﬁ%&% G5naAa'sY ‘?J‘&bo&h%o psig anda temperature

I STI Ion Co erates at overhead essure

r angi from ut 85 to about 115 psig and
?@Wﬁgﬁgéﬂ?%§u¢§§gﬁng from about 100 F at the top to
?g 8 ut Iyifgg A ;: t|hfz:jl a@éogl%ggagitg]tn g{gg c-tr Qt(reeagnl ig %Vll g\‘?:VIIl Qm%l?el cﬁsrtr:rll]lation column

120 at the side draw outlet 125, a$ already mentioned, and may be sent via stream 30, the flow
of which is controlled by valve 75, to a splitter (not shown) for further processing to separate
the oligomer product (e.g, 1-hexene) from the solvent (e.g., cyclohexane). Any suitable
means for separation may be used, for example a distillation column.

The overhead vapor stream 20 exits the top of distillation column 120 through outlet
127 and may be partially condensed by a cool liquid with condenser 130. Any suitable source
for cooling may be used to condense stream 20. In an embodiment, cold water from a cooling
tower supply (not shown) enters the condenser 130 via stream 131, cooling the overhead vapor

in stream 20 from a temperature of about 200 to about 300° F to a temperature of about 80 to



110, and all other equi pnent as described herein for
the separation system 100 of this disclosure may be

WO Zioz/esi7to accommopdat e desired capacity and f|BoT/US0e5006732
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The simlarities and/or differences in boiling points

of each of the reactor efflubiht conponents may

contribute to the ability to have a side draw

abbit-126ke, Caslessed bverheadathereeditable omdeénsert 13@ via stream 21. The warmed
ol i gomeri zati on product stream conprises a solvent of
watalioRexade A doding fedtntbedé-cdolddaxesueam Th2 pr oduct and

sol vent, each of which are C's, have boiling points

t hat Tae eondehsad bwslherd @4pos fowOtheghlRredn2Y andvif edlieetsd infreflux drum
i ghts and heavies may have boiling points that are

156! altilaasd dpdridn Y dondénb&Y BleshesdDvilpbi g Hedl fn@efluxedrum 150 may
ability to have a side draw to separate

Beutdt e bsdk/t6 Mle\iRkillathbg cOlumn 1241 ¢ efihing Ghedhpaasiedm ooty upward
the distillate (e.g., primarily ethylene and Iights)

i BB td Bel® mainB@ANJueBlow Hewmvhr&mReldis@nation édhénn 120. The
ol i goneri zati on product stream 30 fromthe side draw

I@Wc eBli ﬂ-la%e'ﬂﬁx)@ni}) BuhGoRBE i8R disiBRiod MR P a Sirdaf 26, the
about 8 . % 1-hexene (product), alternatively from

@Maﬁwﬁ& fs@oxﬁmwb oWeont 1 JACRREL 1ind 08, Al EKEas i miux pump

ron1about 15 to about 30 W 9% 1- hexene; from about

t 2 2&@9 Ugckghp:ﬁump%%% bR ow G rhRLNAR SR 26 fdnP R ain ij to the

% et hyl'éne, and alternatively from

(ﬂ%ﬂ’lﬁ{]ong%pthﬂm??gp“t L eis #Hithe I@H y&?ﬂnggl% coHr %%ﬁpfeve‘} Q:oﬁt?bller 80,

ohexane t ernatively

cr)li] l%g%t g.?cp %196 @? Eltﬁ? Qn)é&% er{&l%gs&ijteﬁggzy@%%’agfﬂg reboiler (to be

er nat v rom a
e AP Aoty i o oo
nght%gtogé %(ti#) %x%% 0{1‘['1 3% Oglgghf th%b%?otr da;tlﬁaet% Is:px pr1141ar11y ethylene
%{4&% ? téf%D,\t/] g{a?gggqﬁgeg} ?g???é{ﬂ%ﬁf%gf ?t&ﬁé‘ﬁébﬂld Iec\xfllgg @aclk as feed to the

tglg?g\éltzaslgg Geitf)trg{e Slrl?eﬁ%gng% ggﬁtgﬁhﬁﬁgpﬁstg hllrS%‘egII'l 2% kc):grlrjllt)ﬁsgg lrfrom about 1

to about 40 wt. % 1-hexene (product), alternatively from about 3 to about 30 wt. % 1-hexene
(product), and alternatively from about 5 to about 20 wt. % 1-hexene (product), from about 35
to about 95 wt. % ethylene, alternatively from about 60 to about 92 wt. % ethylene, and
alternatively from about 70 to about 90 wt. % ethylene; from about O to about 20 wt. %
cyclohexane (solvent), alternatively from about O to about 15 wt. % cyclohexane, and
alternatively from about 0 to about 10 wt. % cyclohexane ; from about 40 to about 98 wt. %
lights, alternatively from about 60 to about 96 wt. % lights, and alternatively from about 70 to
about 95 wt. % lights; from about 0 to about 5 wt. % heavies, alternatively from about 0 to

about 2 wt. % heavies, and alternatively from about O to about 0.1 wt. % heavies. In an



of about 275 to about 350 F. In Fig. 1, the
ol i goneri zati on product streamis wthdrawn fromthe

WO 2liosphg47rat i on col um 120 at the side draw outPEt/USDB5/006732
as already nentioned, and may be sent via stream 30,
the flow of which is controll2d by valve 75, to a
splitter (not shown) for further processing to
esbpdinettesttdam A3 mayohest apresairrcef abeut@s to dbobkidimesig dnd @rtemperature
the solvent (e.g., cyclohexane). Any suitable neans
dfabous &p@rabdutar0Tmy be used, for exanple a distillation
colum. The overhead vapor stream 20 exits the top of
di st Boltéhd &8 rémdvédomlfle biRe 00IGB dBtMNldtioh cdidmnand tiByghlatlet 128
partially condensed by a cool liquid with condenser
2hdGhto ARMMSA0. t AERL 5 PoHiEEof BE bERAsI cBY bERYurhediro WIsE@wEiOsection of
condense stream 20. In an enbodi nent, cold water from

5 e GQRaliStOcA@NET20SHP Rl edmé MDindSIB T Bl mgeme b&m draw and reboiler
condenser 130 via stream 131, coollng t he over head

MR RHay b cHEHIRATLRowh ab RSO SBWH)E TRErmP ekgyal HeQ1dd dt
abou? 308 Flto a tgnﬁgggﬁhre of abodf 80 toabg%} s

the re{;@ﬁyai%ﬁsrﬁs RvgEdRas a8y FdBBiler 40, t REJIACIADGRIIIR rsu;;lpiigd Wltﬁ steam
stream 21. The warnmed water is returned to the cooling

SrOORF ni s&ﬁcef QudhOR! efhtitd1 a$ bF Bk 2 reﬁ{eﬁy &Oﬁd&f&ﬁ@ Gtream from

over head vapor flows though stream 2 1 and

s‘?) LRt glgtlllaﬁoﬁ eSthid, ¢ 89%]61%&%% 144, h“ﬁﬁét)m?er ﬁ’% f):%rﬁﬂlyqfaponzes the

e condensed over r being Inre drum

10 bf%ﬁrnn%ug L5 ﬁ%’ ﬁ%a?lﬁ%ﬁ%%hm thmé{}gnn%lr% ok ﬁ}oluP:%oCtQ 8%3900 Ftoa

or enric vapor ream upwar

t he colum a d to mai nt UId f|OMId0
(PP Rre JAREE; 9 |aa?wto’eﬁ5 é‘g 5%6’” ﬂﬁfgalpe‘*éyc?x éemf:(m‘?}ﬁa“m exits

(reflux) may be introduced into the distillation
rebnilgnif0nd isptymed focthentistglatipmeolyminyia gfeami3e (Fopdensate exits reboiler
controlled by flow controller 94, control line 93, and

AlIvieestrodn 14%f | ux punp 152A and back-up punp 152B
supply flow of reflux in stream 26 fromreflux drum
150 (Tde tbiattords & streamt 4G eonepsisesrm TURGbowtel, ¢ gbouh 19 tyd. % 1-hexene,
reflux drumare controlled with | evel controller 80,
15  alternatively from about O to about 5 wt. % 1-hexene, and alternatively from about 0 to about
3 wt. % 1-hexene; from about 0 to about 5 wt. % ethylene, alternatively from about O to about
2 wt. % ethylene, and alternatively from about 0 to about 0.1 wt. % ethylene; from about 20 to
about 90 wt. % cyclohexane (solvent), alternatively from about 30 to about 80 wt %
cyclohexane, and alternatively from about 50 to about 75 wt. % cyclohexane; from about 0 to
20 about S wt. % lights, alternatively from about O to about 2 wt. % lights, and alternatively from
about 0 to about 0.1 wt. % lights; and from about 5 to about 70 wt. % heavies, alternatively
from about 10 to about 50 wt. % heavies, and alternatively from about 15 to about 40 wt. %

heavies. In an embodiment, stream 40 may be at a pressure of about 87 to about 117 psig and

a temperature of about 350 to about 390° F.



control line 82, and valve 85 |ocated in condensate
stream 142 exiting the reboiler (to be described
WO b@s 84772 Vapor distillate is renoved from ref PORUSZOOHD06732

150 via stream 22, the flow of which is controlled by
val ve 50. In an enbodi ment, the vapor distillate is
primarily ethylene and can be sent via stream 22 to a
c onpiTbsbastors {oumpgtsedyprimariiyl of keayied) enhybgckntada streand 40othe flow of
the trinmerization reactor. In an enbodi nent, the
vehiht is | coatraled rwitt vabhaen? & Zlowoemtrolee 97, dndoenngblbline 974 ¢ a recovery
about 40 wt. % 1-hexene (product), alternatively from
dadtiiatton cofvmra Krot tsh@n) vib . re@dvér- Svdveah eenfaimigy] uc the, bodtohs stream.  In
alternatively fromabout 5 to about 20 wt. % 1- hexene
adgitiond Ubd yecotarp distitvioh c8mninocaalbeutsed o isblatedspenthoatadyse polymeric
alternatively fromabout 60 to about 92 wt. %

5 pedduyts,cmé/or ather valhied haatidsyskly af devenea bnditetrddicénes. abymeut ca@yst may
w. %ethylene; fromabout O to about 20 wt. %

weyehpharRnendiee et dabinpsseadtituapatathired MighBOtan Gbb@ 390° F
about 15 wt. % cycl ohexane, and alternatively from

RAGHHe, thﬁlmoﬁggls Neam/féﬁ?@&t@t’@ BLBWahe cafteflﬁm}égﬁiﬂecélx@posmon

to about 98 Wwt. %I ights, ternatively from-about

tErgpé‘Qﬁ}H tnaP®eWesiraffte! In%te'ﬁnbo&%nta{ﬁ Rlcbtihy Sd¥ent HOR s"i’&%@w 125,
to about 95 wt. lights; from about O to about

thé t:en-lg/ErEtﬁﬁ\Uf% bo%&x@ﬁl@éédxﬁ’ﬁi MHaf lgeq{%lr 4 AR 10Ref ﬁla:?f?%tbo&oms were

eavi es, and alternati vel m about O to about

10 cgncjethed % Q?g E%%‘lflle][gg%{% gtg dﬁgt @e&%ﬁan}nzgn gﬁ%&ﬁméﬂt flow

a pressure psi g and

PERE refﬁﬁf‘#?%% e e PrelGidlg b haron W o Rl Smperatre
aglg{yfﬁg dor é)a;sﬁte{ ﬁc}ntrélzaf & s%ilatlon co%)u%n Wﬁ]q mtalntatlri% % rffe zrit which the

't OIS S Can urned
r%%%%q Ryiffiol tp1Ghrih e of Bfiesty drasiroinhfs B one ecovered
STk 55 e 65208 i SRERE B 8 oo ron
bottons jn stream 42 reboil er (§tre Reboi |

15 qj’éheggﬁlﬁqqogays\gﬁnt Hofp bsequent TEcovery. am 18 can emtr gucng Into the

front of the separation system 100 either by directly connecting into the distillation column

120, as shown, or alternatively by connecting into stream 5 or stream 15 (not shown).
Traditionally, separation of oligomerization reactor effluent may be obtained after four
distillation steps. However, the split of components following the first two of these distillation
20  steps, typically requiring two distillation columns, can be achieved in a single distillation
column by introducing a vapor/liquid separator to separate the reactor effluent into a liquid
and vapor feed to the first distillation columm, thus improving overall economics of the

separation process. The present disclosure as described herein details such a system and
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or other heat source, such as a natural gas stream
froma refinery or an output streamfrom sonme ot her
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140 partially vaporizes the bottons in stream 42 by
heating it froma tenperaturk range of about 350 to

about 390 F to a tenperature range of about 355 to

radtlmdt to 3eparde ioligenerizationd@actgx efflpast Mithopu refuesdr munher rf distillation
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Menner?0 | 1 ghts, alternatively fromabout 0 to about 2
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heavi es, alternatively fromabout 10 to about 50 wt. %
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EXAMPLES The separation system and net hod havi ng been
generally described, the follow ng exanple is given as

woaoassireul ar enbodi nent of the separation pr®Ce&$2005/006732

di scl osed and to denonstrate the practice and

advant ages thereof. It is understood that the exanple
given by way of illustration is not intended to limt

the specification or the clainms to follow in any

manner. Exanple 1 An enbodi nent of the present

di sclmotardesaptive spovedilikg paud steambrked Ithrowgho#i the speciBetion and
operated as described herein. Specifically, effluent

df awdmgs awitlr itheesaneatefa@ence amaienis, fraspectingy.t rTheediawafgi Sguresf are not
et hyl ene to 1-hexene in a cycl ohexane sol vent was
ns@parigite skalel dettain TeaheéswitHelislestionpeaydicishgyit eapetatdinesile or in
pressures, and stream conpositions for the various

sodediex etlerditicefam® and sbine dethilke f sexpafitivnhleensys ingaynot be shown in the
corresponding to those nunbered in Fig. 1.Docket No.

iRdeh ST Riafityldnd ehdisndsk N ThB preden Givieptionds sedbept®dle thiekdodiments of
parts are marked throughout the specification and

dikfcRon RBds Wrhdie hrld@hSANR theedrawRBE @nd\beFEih ateSdescribed in detail, specific
respectively. The drawing figures are not necessarily

ehBodifRhi§ of (€ preddn ifveion A tRE uldeRtdndiMe thai @B pFEBdnt @Rclosure is to
shown exaggerated in scale or in sonewhat schematic

bfe QbifidRRd af SXEBpiaitAioh 8 BE pRAMPIAN HRNRendn BRIt Sot TR¥nde@ o limit
be shown in the interest of clarity and conci seness.

tﬁ@ﬁv&ﬁl@ﬁ' & that ﬁl\ﬁ%édozﬂld' Rs3MeF RRLih bI1eiste vrNBadrds Eﬁﬁedotilat the

ferent fornms. There are shown in the draw ngs, and
dpepyeasagioscaannoni ol oty ol o
a!ilp ?ulﬁf)ﬁ%gf%mgﬁ&ct!o%‘?wuge hélrgcpresults. Specifically, the method and system to
separate oligomerization reactor effluent of the present invention may be used with any
suitable oligomerization reaction wherein the oligomerization reaction products need to be
separated prior to subsequent processing. In an embodiment, the method and system to
separate oligomerization reactor effluent of the present invention is for separating reactor
effluent of a trimerization reaction for producing 1-hexene from ethylene in the presence of a
chromium based catalyst system and the detailed description above is focused on this
embodiment but with the understanding that the present invention may have broader
applications including the separation of products from other oligomerization reactions.
Although only a few embodiments of the present invention have been described herein, it
should be understood that the present invention may be embodied in many other specific
forms without departing from the spirit or the scope of the present invention. Any examples

included are to be considered as illustrative and not restrictive, and the invention is not to be



be consi dered an exenplification of the principles of
the invention, and is not intended to limt the
woRens@sd77on to that illustrated and descri bed heT@szos/hiac732
is to be fully recognized that the different teachings
of the enbodi nents di scussedl’above nmay be enpl oyed
separately or in any suitable conbination to produce
lihatsdl e therdstailh given Bpreini butcmiyt e modiSiedrpithindhe sebps S thenappended
to separate oligonerization reactor effluent of the
chiresdong withtbeit fulliscommypl bmivaksed. wi t h any sui tabl e
ol i goneri zati on reaction wherein the oligonerization
reacti on products need to be separated prior to
subsequent processing. In an enbodi nent, the nethod
and systemto separate oligonerization reactor
effluent of the present invention is for separating
reactor effluent of a trinerization reaction for
produci ng 1- hexene fromethylene in the presence of a
chrom um based catal yst system and the detail ed
description above is focused on this enbodi nent but
with the understanding that the present invention nay
have broader applications including the separation of
products from ot her oligonerization reactions.
Al t hough only a few enbodi nents of the present
i nvention have been described herein, it should be
understood that the present invention may be enbodi ed
in many other specific fornms w thout departing from
the spirit or the scope of the present invention. Any
exanpl es included are to be considered as illustrative
and not restrictive, and the invention is not to
belimted to the details given herein, but may be
nodi fied wwthin the scope of the appended clai ns al ong
with their full scope of equivalents. CLAIMS 1. A
nmet hod of separating an oligonerization reactor
effluent, conprising: (a) flashing the oligonerization
reactor effluent into a liquid portion and a vapor
portion;



10

15

20

(b) distilling the portions of the oligonerization
reactor effluent; and (c) recovering an
wOododyesaeni zati on product stream 2. The net hodaafus2beines732
1, wherein the oligonerization reactor effluent is
froma trinerization reactordl8 3. The nethod of claim
1, wherein the oligonerization reactor effluent is
CLABMSt ri neri zation of ethylene to 1-hexene. 4. The
met hod of claim 3, wherein the oligonerization reactor
lef f | Aerthod ofipparstig aa odigbmeizationFeachPhefflnentrotpusing| ai m
4, wherein the solvent conprises an aliphatic solvent,
an akap matflashimpthe eigomenizatoo mizictoa tifloens itthre ligwfl pottiaw iandja
fromabout 3 to 9 carbon atons. 6. The nethod of claim
4, wher eivapdripert®n) vent conpri ses cycl ohexane,
nmet hyl cycl ohexane, hexane, 1-hexene, C hydrocarbons,
i sob@) aneljstifiing ieenpertions ofrih bligomseriodtion weactor effinent;tanér eof
7. The nmethod of claim4, wherein the sol vent
conpfc) SeseddyéeingheaxtigenerBatiohpeodogtsheth of claim 7,
wherein the oligonerization reactor effluent conprises
2a carta mM&hodsflAin1, Yheréi@ha@ligomdrintiorcicadton SiluaphBridinia
the catal yst system conprises a chrom um source, a
PYT I @ihRrig®ioh adattbng conpound, a nethyl al kyl, and a
hal i de source.10. The nethod of claim9 further
3.|c?g§mi.esxhaﬁod<bf $1hiR01, Rr &R iRl Migbm &A@ MeRstdrosiliedt St fdin

trimerization of ethylene to 1-hexene.

4, The method of claim 3, wherein the oligomerization reactor effluent comprises
a solvent.
5. The method of claim 4, wherein the solvent comprises an aliphatic solvent, an

aromatic solvent, or combinations thereof, having from about 3 to 9 carbon
atoms.

6. The method of claim 4, wherein the solvent comprises cyclohexane,
methylcyclohexane, hexane, 1-hexene, C; hydrocarbons, isobutane, propane,
or mixtures of two or more thereof.

7. The method of claim 4, wherein the solvent comprises cyclohexane.

8. The method of claim 7, wherein the oligomerization reactor effluent comprises
a catalyst system.

9. The method of claim 8, wherein the catalyst system comprises a chromium

source, a pyrrole-containing compound, a methyl alkyl, and a halide source.



11. The nmethod of claim 10, wherein the catal yst
systemis killed with an al cohol, an am ne, or
wocoodnsazi ons thereof 12. The met hod of cl ai mpT@US2005/006732
wherein the catalyst systemis killed with an al coho
havi ng eight to twelve carbdf atons per nolecule. 13.
The nmethod of claim 10, wherein the catal yst systemis
1Ri | | Bt miethed ¢f caimoh birtherlepmpTibing kilingahie eftalyst aystam prior to
wherein the oligonerization product stream conprises
1- hestgnkband sol vent. 15. The nethod of claim1,
wherein the oligonerization reaction effluent is
11 ashedméiodofadsmrld, whateio theaatalydtGystdihas kiiedroith af aledhail, m
1, wherein the distilling is perforned in a conmon
di st ar dmaihe, oncanddinations théteofThe net hod of cl ai m 16,
wherein the liquid portion is fed to the distillation
5 1eol umme @atthed bff daimdl Of edeteinnhedatabyst tysemds &illed hathianalcohol
colum and the vapor portion is fed to the
di st hdvirgteighntoaaklvevarbdn @omsgeomolfeade i nl et on t he
distillation colum. 18. The nethod of claim 16,
19her Bhdméth®l 6fl clgrane) v esdin he cpaled sstensis kitladrwith Cs alcohol.
withdrawn froma side draw outlet of the distillation
160! UMRe mdBod JiN@aimiElt, Maekemfthed lRbredBion'hrodit Rrdathecoipeises
draw outlet is | ocated bel ow the vapor feed inlet and
above hbhae hididiventf €eed inlet on the distillation
colum. 20. The nethod of claim 19 further conprising

10 18 NUTREheRbd SLAHRT, RESVRER dliBSnériAibndedcBStefiRéels fRBkd
the side draw outlet effective to separate heavies

fr omy§ B@ssure reduction.

16.  The method of claim 1, wherein the distilling is performed in a common
distillation column.
17.  The method of claim 16, wherein the liquid portion is fed to the distillation
15 column at a liquid feed inlet on the distillation column and the vapor portion is
fed to the distillation column at a vapor feed inlet on the distillation column.
18.  The method of claim 16, wherein the oligomerization product stream is
withdrawn from a side draw outlet of the distillation column.
19.  The method of claim 18, wherein the side draw outlet is located below the
20 vapor feed inlet and above the liquid feed inlet on the distillation column.
20.  The method of claim 19 further comprising a number of stages between the
liquid feed inlet and the side draw outlet effective to separate heavies from the

oligomerization product stream.



ol i goneri zati on product stream 21. The nethod of claim
19 further conprising a nunber of stages between the

WO wapos47feed i nlet and the side draw outl et efFERU$20e5/406732
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separate lights fromthe oligonerization product
stream 22. The method of cl20m 19 further conprising
separating 1- hexene and cycl ohexane fromthe

4l i gdire miettmdi odrelaim d@ufotthes tcpmprining28 nuriitree offetapescheofeen the
claim11l, wherein the oligonerization reactor effluent
c onpvae Seedf inletargltbel sidd BratvooudibtoaffectB@ tovsepabdtel lighesxieore the
fromabout 5 to about 15 wt. % et hyl ene, from about 50
t o albbgimélatitn.préductsakahexane, from about 5 to about
20 . % Ilights, and fromabout O to about 3 wt. %
IeaviThs. method Tdfe clainat hiod fathet | @impriding vdeparating 11 Hexdne qbndd
portion conprises: fromabout 15 to about 30 wt. %

1- hexedighexdedronadhe uligobnetigatioh ptodudd siidam. % et hyl ene, from
about 50 to about 80 wt. % cycl ohexane, from about O

230 altheinethowbf 18 1, @trsin, thedligoiErdiati dbr@atior@ fllv@ntddfiptises:
w. % heavies. 25. The nethod of claim1l, wherein the

VapofropDdbotitalr3 6 s 3RS % f-hé@habout 15 to about 25 wt.
% 1- hexene, from about 25 to about 50 wt. % et hyl ene,
from about 5 to about 15 wt. % ethylene,
from about 50 to about 80 wt. % cyclohexane,
from about 5 to about 20 wt. % lights, and
from about 0 to about 3 wt. % heavies.
24.  The method of claim 1, wherein the liquid portion comprises:
from about 15 to about 30 wt. % 1-hexene,
from about 0 to about 5 wt. % ethylene,
from about 50 to about 80 wt. % cyclohexane,
from about O to about 5 wt. % lights , and
from about 0 to about 5 wt. % heavies.
25.  The method of claim 1, wherein the vapor portion comprises:
from about 15 to about 25 wt. % 1-hexene,
from about 25 to about 50 wt. % ethylene,
from about 20 to about 40 wt. % cyclohexane,
from about 25 to about 50 wt. % lights , and

from about O to about 0.5 wt. % heavies.

26.  The method of claim 1, wherein the oligomerization product stream comprises:
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from about 20 to about 40 wt. % cycl ohexane, from
about 25 to about 50 wt. % lights , and from about O

wobtasalserk 0.5 w % heavies. 26. The net hod of PCraisn00%/006732

wherein the oligonerization product stream
conprises:fromabout 15 to &bout 30 wt. % 1- hexene,
fromabout 0 to about 0.1 wt. % ethyl ene, from about
70 tfrorabloat 18® ahout 300w\ 6 [l dkesnane, from about 0 to
about 0.1 wt. % Ilights , and fromabout O to about 1
wt . Borhelzont © & abdit 0. 1\wired dilpdenef separating an

ol i goneri zation reactor effluent, conprising: (a)

f eedfrorg alzoult 7¢toi atloya @6 twit. 3 cyflohekeme,ol | goneri zat i on
reactor effluent to a first inlet on a distillation
col ufiomn affdu} 0 feeabdintrgl wt. Yalights ,pod t i on of t he

ol i goneri zation reactor effluent to a second inlet on
a di fdmblbai D caboot uwn % leadésed above the first inlet;
and (c) withdrawi ng an oligonerization product stream
27.r omA anesliodef skparatingant dligbmeérizatdnareache effient, doriking:st and
second inlets. 28. A systemfor separating an

ol i g@yer i feedingliduePyoirn oF tifel dligsthert-A6aM resctdt @ filuem)to a first
vapor/liquid separator to flash the oligonerization

react or ahkl MR distilBlich ARluapor portion and a |iquid
portion; and (b) a distillation colum in fluid

comii Cabdday Mivhibr tfdRionalTané biighmdizRRRAERALART offINAEEEE N
the distillation colum has a side draw for
second inlet on a distillation column located above the first inlet; and
(©) withdrawing an oligomerization product stream from a side drawn
outlet located between the first and second inlets.
28. A system for separating an oligomerization reactor effluent comprising:
(a) a vapor/liquid separator to flash the oligomerization reactor effluent
into a vapor portion and a liquid portion; and
(b)  a distillation column in fluid communication with the vapor/liquid
separator, wherein the distillation column has a side draw for
withdrawing an oligomerization product stream and receives as
separate feeds the vapor portion and the liquid portion from the
vapor/liquid separator.
29.  The system of claim 28, wherein the liquid portion is fed to the distillation
column at a location below the side draw.

30.  The system of claim 29, wherein the vapor portion is fed to the distillation

column at a location above the side draw.



wi t hdrawi ng an ol i gonerizati on product stream and
recei ves as separate feeds the vapor portion and the
wobhkbaser7porti on from the vapor/|liquid separat 8BCT/UR005/006732

The system of claim 28, wherein the liquid portion is
fed to the distillation col #n at a |ocation bel ow the
side draw. 30. The system of claim 29, wherein the
3VapoFhgxysteinef claisn 2% firther comprisiigs trifnerzatiomreggbuonipravidimg
| ocati on above the side draw. 31. The system of claim
28 fihetdhigemerérapion mhacigr efflueritnwhdreintthe frimesizationr reagor is in
provi ding the oligonerization reactor effluent,
wher Biid cothmunicition mithdhe veporflignidisepardtar. i n f | ui d
conmuni cation with the vapor/liquid separator. 32. The
33yst €m pteml dichair? 88, wieesietha vapve/liqaig cepatataqus posgopet @taor
is positioned at an el evation higher than the liquid

5 f eedelevativin dighiers thah Itieet Tliqrid ¢estl womth¢ distfatiah eolumn to create a
hydrostatic head for flowinto the distillation
col uhyirosgitic hdddeforsiost mtv theé distillation @8infnur t her conpri si ng
a second distillation colum in fluid conmunication
38d t hThdwstBidE clding®8 fufthérleempiisigta sdeaididistiflition Rofintmfuid
wherein the second distillation colum separates
t ri megrhrA@tication ith chedsidef drpmmo Sttt Higso distilBlion délems welietsin ok
claim 28, wherein the distillation colum has at | east

3 of {ecbrBsillatich Rlunint@sdrates thimMpritation Hoducftom solvent.
ol i goneri zati on product made by the nethod of claiml.

10 34 The system of claim 28, wherein the distillation column has at least 3 off-takes
and at least 2 inputs.

35.  Anoligomerization product made by the method of claim 1.



