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FIELD OF THE INVENTION
[0004] The present invention generally relates to olefin production. More
specifically, the invention relates to methods and systems for separating an
oligomerization reactor effluent comprising compounds such as ethylene and 1-

hexene.

BACKGROUND OF THE INVENTION
[0005] In the field of olefin production, a process to selectively produce
high purity 1-hexene from the trimerization of ethylene involves the separation of an
oligomerization reactor effluent into four major streams: product, unconverted
ethylene, recovered solvent, and heavies. Typically the separation of the
oligomerization reactor effluent to obtain high purity 1-hexene can be achieved with
three distillation steps operated in series, wherein the first distillation column separates
the ethylene from the remaining constituents in the bottoms that then becomes the

feed for a second column, wherein the product is stripped off and a distillate of high

10



purity 1-hexene is obtained. The bottons becone the

feed for a third distillation colum, wherein the

heavi es/solvent split is made. Multiple separation

steps such as these involving distillation colums

can be costly. Therefore, a need exists for process

i nprovenents to separate oligonerization reactor

ef fl uent. SUMVARY OF THE | NVENTI ON [ 0006] Disclosed
hetteilrhdxena isrebtaned 0The dptoms ibagprae thel fagdnfor iaztird odistillation
reactor effluent, conprising: (a) flashing the
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and a liquid portion; (b) distilling the portions of
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feeding a liquid portion of the_  ol]j i zation

react or effluentSE@A%Uﬁ?¥§¥:THEéNV%%ﬁggﬁ{stiIIation
colum; (b) feeding a vapor portion of the . oo
[P006loner i zat Disclosedchepeineff4 mesthod: of aeprsatingdan wiligemeypzation
a distillation colum |ocated above the first inlet;

RAco{ Sludit! Bslhpding o) fshiggnes bligdmaizatierochactor efffueatimto a
froma side drawn outlet | ocated between the first and

Z@g{’ gﬁ}n{?f} |50 S 1@&?&’ OB hidhl (i) sl Bhe BleOsstfloiesEihd dligoerization

or separating an "ol igomerization reactor
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vapor portion apd a_liquid portion; and (b .
@P&'{'li |1 ati on Feghermdislosedy; r%mﬁmf‘cé?qt%ﬁ? V\?aii hSPRRLng an
vapor/liquid separator, wherein the distillation,
digomerizdtion teasiotiecfivenly pemprsing: dehiPedingys liqud portion of the
ol i goneri zation product stream and receives as feed _
slipemesipmionpeadtorogtilaad to hefirkt iglet dn patistillation columnh &) feeding a
vapor/liquid separator. 2 BRI EF DESCRI PTI ON OF THE
IRV OVESh of the oligomerization reactor effluent to a second inlet on a distillation
column located above the first inlet; and (c) withdrawing an oligomerization product
stream from a side drawn outlet located between the first and second inlets.
[0008] Further disclosed herein is 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 feed the vapor portion and the liquid portion from the

vapor/liquid separator.



[0009] Fig. 1 is a process flow diagram of an
enbodi nent of a systemto separate conponents of an
ol i goneri zation reactor effluent stream DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS [0010] Fig. 1
shows a process flow diagram for an enbodi nent of a
separation system 100 to separate ol i gonerization
reactor effluent, the separation system conprising a
vapor/liqui d BRIEF BESCRIRDIAN OF BB DRAWINGS
ol i gonerization reactor effluent into a vapor portion
ﬁtﬁbg li qui d gprt iCproded foveliBpiahd 6t drogmissliment E20system to
ul comuni Cation with the vapor/|liquid separator
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portion and |iquid portion fromthe vapor/liqui .

S8 at o 110FiETheHoRg A @rocg APBnding ARGl & ERBodiment of a
distillation colum 120 at a location, liquid feed .
s¢pasdtion 2Fstetme | @Qvto tshparate deligdmevizasion| wwacte sflueat, tthe separation
vapor portion is fed to the distillation colum 120 at

stér® ¢8inbAsing \waRpbr/fi@ad sepdrgtor 120 to Abshvthe tdligomedeation avactor
g%tl et 155. %’hgwspepa?‘gti on system 100 further
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provi ol Tgomeri zation reactor effluent,

wherein the Qner i.zat i tar .S 4 [
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[0011] In Fig. 1, oligonerization.reactor effluent is

Fide e Batlet 1 dor VHBYRg R Sigsaeargion; prpdfl suedn and
reactor effluent stream 4. Any suitable

depegdimgrdnztae isobvent wsed: pessibla pOIpersyanglerepgiyes as feed the separated
ol i goneri zation reaction products found in reactor o
ehfdrysintion aid digniddpafiofrifm the vapoa/lignidostipauster, 110heThe liquid
ol i gonerization reaction is a trinmerization 30

g&%ﬁ OfRdah ot NydiBmen tolukmhE20eq @, lodation Siquip Feed inlet 122, below
ccording to the nethod and apparatus disclosed in
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location, vapor feed inlet 121, above the side draw outlet 125. The separation system

100 further comprises an oligomerization reactor (not shown) for providing the
oligomerization reactor effluent, wherein the oligomerization reactor is in fluid
communication with the vapor/liquid separator 110.

[0011] In Fig. 1, oligomerization reactor effluent is introduced to the
vapor/liquid separator 110 via reactor effluent stream 4. Any suitable oligomerization
reaction can provide the oligomerization reaction products found in reactor effluent

stream 4 of Fig. 1. In a embodiment, the oligomerization reaction is a trimerization



Trimerization of Aefins", filed on July 17, 1998,

i ncorporated by reference hereinin its entirety. The
remai nder of the detailed description focuses

primarily on such an enbodi nent wherein 1-hexene is
recovered fromthe effluent of an ethyl ene

trimerization reactor, but it should be understood

that the scope of the present invention is defined by
tehetionl cfiethylaredo rihexkneyiforeekamplesaqeandingctol the meHiod Anghapparatus
descri bed herein. [0012] Trinerization, as used

Jﬁ@(ﬂ@éeﬁ in [riterd8fidnaEPublatiGiENGRBE Wl 99 [\9280 entitled EProcess for the
ol efins, wherein the nunber of olefins, i.e.

%@Qﬁ&tlﬁﬂ ?Qﬁ? Ca,g#il‘éd ?ﬁ E8 17, 3999, %Eéﬁﬁﬁat@d’ by \ﬁ@ference herein in

ants use’in the trimerization
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products such_ as, for exanp e s%% 1%§CtIO€ thyl
ernbgdiaprt persiny el he"l‘?gﬁ‘(e‘ﬁereco‘,’&‘ﬂ I alof y CITEEH PL R ethylene
trimerization may result in a higher vyi eI d of 1-hexene
trintenizationd essictonb bat pushould b eendersfaeds thke the seapgeof the present

presence of a chrom um based catal yst system [0013]
Aventoadisi defided sbylithe lcbims eand” netalimaed 66 fd werticular efhehodiment
to all conponents that can be present in and can be

%ég@;)yegqlefé'l@m an ol igonerization reactor, including,
not Timted to, trimerization product(s) such as

@’gltiilx ene, ungeacted, ol &l s@d Sﬁé?é}? ag @lih¥d 8R&he %Qin‘()ﬁﬁﬁon of

| yst systen1conpoﬁent cat system resi dues,

S deoh B R o Pl SO P e s,

heavi es. " Sol vent™ refers tq a di) uent or nedl
rdutedaby &vo.alRagptaniscapplicaphn for uss iar ﬁﬁflﬁfl&ﬂé%‘lovelﬂf’ces% of this
conmbi nations thereof, having from 4 about 3 to 9
disdlbxure ateayiefinic nompowrds which eannssH rzadt i fpimseigedo give useful
occurs. Exenplary solvents include, but are not

folhdte QudtD asC Y& ekewsiaethensdlhydation affeothylene hexgive,1-Hexene.

exene, C7 hydr ocarbons (e.g., n-heptane), isobutane,
REGBENEy, EAYIEE Srim¥d2808 Snay result in a higher yield of 1-hexene with a
desirable purity when trimerized in the presence of a chromium-based catalyst system.
[0013] 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 system components, catalyst
system residues, and/or reaction co-product(s), also referred to as reaction by-

product(s) included in lights and heavies. “Solvent” refers to a diluent or medium,

such as an aliphatic solvent, an aromatic solvent, or combinations thereof, having from



ort ho- xyl ene, neta-xyl ene, para-xyl ene, ethyl benzene,

and m xtures of two or nore thereof |sobutane can be
used for enhanced conpatibility with known ol efin

pol yneri zati on processes. However, a honpgenous
trimerization catalyst systemnmay be nore soluble in
cycl ohexane. In an enbodi nent, the solvent is

cycl ohexane. [0014] In addition to ol efin f eed,

shout 3gterd carho etamps, iin rvatichy thecsimenizasianhprocesp iQ¢ep.2 dixeaplary
reactor to accelerate the reaction and/or increase
Sotveky/imtludy, Bue areardti linited toacytloinyml sethybtcyaloherane dlotxaunk, 1-
conmponent in the reactor effluent. "Lights" refers to

h&RAL T e h?@ro%x%@ﬂs? t€.3p) rﬁﬁéﬁﬁdé' REbltEY, QEapaRe)N toluene, xylenes,

conpounds having | ess than about 5 carbon atons per

. ¥ 00&?%&%%@3) b%lar?en 8/?6% |érr1180 5 dfrn('i}gléx‘r%g Re%wo or more
%%Eggte B taiea50s el o oo e ERGABLS (i fepye, olefn

conpri sing hydrocarbon conpounds having fron1 bout 7
pdyraboration Eocessed dRO Ve S lw&ogﬁmt@dun@nzaés@a|°a@fﬁbsystem may
sol vent. Heavies may al so include higher olefinic

b mdrecoublesineliclabexahearin ex ampbdimedt thersolventid cyclohexane.
tetradecenes, as well as polyneric products, catalyst,

met i vat ed ca{ addiién to Glefh Rl MyMedgelsichh bagptidnally Géiliato the
n

an enbodi nent, catal yst system deactivation, i.e.,
niﬁ#érfzat’mn Q@O@?&Eéem&qﬁe P&c{lﬁgaﬁ@/& 1h&lez?s% c%Iﬁﬁ@st%m activity
reacto uent streamb5. "Catal yst kil

fers to.those co unds t € H
zﬁgirxpla%\ 59 b8r Clgﬁ‘%e} %npoge% ai%latﬁ agﬁ)g)%;s ué:?# usnghtIEn?errs to
the trinerizatjon praqce [ n. an errbodl t.
@a@twnﬂarprgéfw@hP%yﬂSl%ﬁb%mﬁ%rb%aowwd avifig if‘és about 5
al cohol having fromeight to twelve carbon atons
cenbarcatbms parmoleawenexcluging athidereoind 1mluéﬁ1géﬁb%dmﬁé\5{fh°°arb°n
the kill conponent is C8 alcohol. In an enbodinment,
EdnepdaBdsinciulinlg hyslréken] hiytbgdn, beygenotarbdthmonartidg, catbon 'dioxide,

system nmay be deactivated according to the nmethod and
ARP Y US “HBaide Kt e Rasd@s cBpk@Rct(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.

[0015] In an embodiment, catalyst system deactivation, ie., "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



serial no. 5689028, entitled "Process to Regul ate

A efin Production by Catal yst System I nhibition"

filed on Decenber 18, 1995, incorporated by reference
herein in its entirety. In such an enbodi nent,

reactor effluent stream5 would additionally conprise
kill conponent along with other conponents previously
menti oned before being introduced into vapor/liquid

be frilledtwith 21 @Gmin®Gmeiicahel havingthom sight to fwrlve earbeppatoms per
effluent stream 4 may conprise: fromabout 5 to about
fidlestile, Y Lombiutboss therdofr nat an/ enpodimem, abo kill t6mpanent is Cg
about 40 wt. % 1-hexene, and alternatively from about

%%OW' ﬁp%ytemﬁlgdiﬂent, %lie]CPﬁW is 3-6091- Bekknol. 1Thedcadlpt lsystem
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fromabout 50 to about 80 wt. % cycl ohexane;, from L.

Systern Inhibisionh diled a0 Dacembgr) 8¢ k9%, Tngorrorated by a¢fereppepgrein in

about 3 to about 30 wt. % lights, and alternativg%g
itionally

fts emtiratyoutinSutio aalembodRent readtor efffuci; stan § mowld
less than 15 w. % heavies, alternatively fromless

EApriRAaN codBoidnt a¥énBerivi ther afiEp@ichBIprediowsty ynenfitmed before
about 0 to %@out 3 m?. @6heavies? In éﬁ en%ﬁ%inent,

W BB LA By 02 L 2 pressure of

sig and a tenperature of

220 tq about: 260F. | .
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effluent may be flashed to a vapor portion.

Yabberent canidciltemptively drom abiomt 4§ exjationt 3@ sybalroal-hexgne;Heom about
reactor effluent into a vapor portion and a liquid

P&s hbaub 30 410U ethilend] aftergatiebly frosiatiouns wagbas 200vt. % ethylene,
mnimze |liquid carry-over with the vapor

and alternatively from about 5 to about 15 wt. % ethylene; from about 15 to about 95
wt. % cyclohexane (solvent), alternatively from about 30 to about 85 wt. %
cyclohexane, and alternatively from about 50 to about 80 wt. % cyclohexane; from
about 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 0 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.



streamand mnimze |iquid holdup within the separator
itself The liquid portion is renoved fromthe bottom

of the vapor/liquid separator 110 and fed into the
distillation colum 120 via stream 15. The vapor

portion is renoved fromthe top of vapor/liquid

separator 110 and fed into distillation colum 120 via
stream 10. In an enbodi ment, elevation of the

o161 / | i qui d Ineligr At the readon efflgentds Antrasticedh ato jthe saneyliquid
the liquid feed inlet 122 to distillation colum 120,
S&ArdI5IOMi0dga feattof efffuait streyt Savhdre thegacsur ds rerucedrand it lpast a
that will enable the Iiquid portion to flowinto the

gbﬁl%hldf AR FleriThal - flashidt BTNeHpbY Sor¥ion. Vabbliquid separator

eparator Is [ocated at grade or other Iocatlon t hat

IS, bel t he i d.f

TS cripraine Tt a%w%?port{%bﬁﬁtoﬁ%ﬁgp%ﬂ%#‘% %?Lyaoﬁﬁud portion
col utm 120. [0018].1n an enbodi nent H

pluld 5 dﬁl%ﬁﬁeiﬂs%&raat’vé& 2 4o, SBHMZR ey Ty Vst “%‘P te, vapor
stream 15 may conprise: fromabout 5 to about 60 wt. %
$treane reth syinindizecliquid iboldup withimthenssparatop its¢)f.a e diquid mmon is

% 1-hexene, and alternatively fromabout 15 to about
noved fﬁixrlt-hbem&mﬁ;offtha)vapaﬂbquid tepacatatld Otand Fedanto the distillation
ethylene, alternatively fromabout 3 to about 10 wt.

%lﬁfrﬁhyﬂz@% stRAf B, VBl @ipby Sindod Is@8maRelurof thd top aboaiorBiquid
% et hyl ene; from about 25 to about 90 wt. %

g%)%a?&elgl%ﬁld(fg@ ﬁﬁg l'&‘ illatidd doRiBRY 2?’ @iaysu’:eérﬁmOa bR uh eﬁﬁ)oaﬁnent

0 exane and ter natlve y from

out 50.to abouyt 0 t
ohou % L0, S gl v e FEERRE I i %B%@ggf%u%“i‘%d feed
to about 10 wt. % lights, and alternatlvel from ut
tnletol 22atoodistiliatign cobgmn dRP.scanapravide Grictuliagt ﬁps%ravhci (andor
% heavies, alternatively fromabout 3 to about
opalvitp that swillaemblel therlivaid pertign fte élwamttheodus@lbé@emohgrm 120.
wt. % heavies. In an enbodi nent, stream 15 may be at
AleFRE 61y Eif dhe SdpatttorSs lb@talbaugradhlﬁ gthérgloaatbnathat is below the

tenperature of about 200 to about 260 F.

liquid feed inlet 122, a pump may be used to pump the liquid portion into distillation
column 120.

[0018] In an embodiment, the liquid portion of the separated reactor
effluent product in stream 15 may comprise: from about 5 to about 60 wt. % 1-
hexene, alternatively from about 10 to about 40 wt. % 1-hexene, and altematively
from about 15 to about 30 wt. % 1-hexene; from about 1 to about 15 wt. % ethylene,
alternatively from about 3 to about 10 wt. % ethylene, and alternatively from about 0

to about 5 wt. % ethylene; from about 25 to about 90 wt. % cyclohexane (solvent),

alternatively from about 40 to about 85 wt. % cyclohexane, and alternatively from



[0019] Additionally, the vapor portion of the

separated reactor effluent in stream 10 nay conpri se:
fromabout 5 to about 50 wt. % 1-hexene, alternatively
from about 10 to about 40 wt. % 1-hexene, and
alternatively fromabout 15 to about 25 wt. %

1- hexene; from about 10 to about 80 wt. % et hyl ene,
alternatively fromabout 20 to about 60 wt. % .
aliduy |56nte, abant 8QIvite Vh ayilobdxand;r om about 1 28 abeutabbut. Holights,
w. %ethylene; fromabout 5 to about 70 wt. %

W&hﬁh@g}aﬂ&n (aBehtvER it dboutl 0 en.riatlighs] ynd sltemativelytfrdd abaut 0 to
about 50 wt, % cycl ohexane, and alternatively from

Oo 0, .
AR 0o RotADAHY M 1Mo ol PG ODBARS, allck@imvalyrdim dbout 3
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about O to about 0.5 w. % heavies. In an enbodi nent,
spesaurd Of about B0 at abwup2@dur e of about 85 to about
115 psig and a tenperature of about 200 to about 260

@015?020] Thea gHifdidilly athe QApSOpd#iidh d2(he RBpardted eeactor effluent in

ontl nuous distillation columm with separation stages

gtﬁeg\};\i{n { qg 1%1%5 ?émf)ﬁ%/ ngc‘xﬂ Gbot 3R Bout BEGH A9 -l'igﬁt‘:ﬁélf, lafémébdly from

F a conbination of both. I'n an

enbodinment, the disfillation colu 2

Reone 03 gt pll R alhengie B oGy ot glF ts BBuPES we
in Fig. 1 distillation colu 0 has 3 off-take

bt hotinepiiers abawel GipROD G Hes Tdenetermatvely hB Fbout 20 t
ol i goneri zati on product stream 30 from side draw

abidut 60 Wi2% atloytpns, sidglternativglynisor zheutc}d torabadcX0 e Ygcthylene;
1- hexene) and possibly solvent (e.g., cyclohexane); an

SYRI ARa0s Wt 30 Meals GRlchexaki(silvant)) aiteraatively Hbmfabout 10 to
(e.g., ethylene) and lights; and a bottons stream 40

S0 oy SHpBBERenphd Mk .
gyec'fo %9(51%9 i3t gl;]o%t ﬁgltg %%ut%e\gt. o ‘ﬁ[ghﬁz(ﬁfgpﬂla‘?ivefyrﬁ(ﬁﬂ about 20 to
about 60 wt. % lights, and alternatively from about 25 to about 50 wt. % lights; and
from about 0 to about 5 wt. % heavies, alternatively from about 0 to about 2 wt. %
heavies, and alternatively from about 0 to about 0.5 wt. % heavies. In an embodiment,
stream 10 may be at a pressure of about 85 to about 115 psig and a temperature of
about 200 to about 260° F.

[0020] The distillation column 120 may be a continuous distillation

column with separation stages comprised of trays (not shown), packing material (as

shown in Fig. 1), or a combination of both. In an embodiment, the distillation column



enbodi nent cycl ohexane is the solvent and exits
distillation colum 120 in the oligonerization

product stream 30 from side draw outlet 125. [0021]

The 2 inputs to distillation colum 120 conprise 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_
[2may dmpect ileast §, off-tukes endabdéasi drispws. distexample, in Fig. 1,
descri bed herein. The solvent may enter the

Mi@iakibh adi@hn 120! Has 3138 thlkek oargih 2 aimputef Thheoff-vakes ripelude an
streans, stream 10, stream 15, or both, depending

on t:he. sol u ngo t caip edrsneonlef 125 comprisin
@Egsg}egg%)ozl (p\é&gc,t g'g ven?o Igllsh in vapor/liquid prising
separator 11

%lgﬁg*egggt&psprgm Qﬁgg 1 n?(gxgeil)r%gg:pgsstéag sé{v@ﬁtgg%,acgglohexane); an

portion of the vapor portion enters. at the liquid, ., .
sehtall Trpar RGN0 PR PG HEACIe U oL i lights; and
first portion of solvent may enter in the vapor feed
a boteimslsreamnid @nypesghepdes. (Tha solventiyeaysexitdisiillagog column 120
enter inthe liquid feed inlet 122, the first portion

@ an§ Qf wRthrde Rif@kebedanG( efeading banhd svéveneuseddfopexample, in an
of Solvent; alternatively a first portion of sol vent

&Hyc{cﬁr%ﬁtr ¥§ 1 HelEneV P8 §dt6ht | dhldedxith 2distilB#fidn 2coh@m©NA0 in the

portion o e solvent may enter in the liquid feed

inlet 122 th d : § I t bei h
affReEr LT SRRL70 rofids @y SLupOizsr 7o' 19 e

alternativel first portion of solyent m nt ere |

0821 apor feéa‘ei%ﬂpg?ts i%gls 109 @ %pcgﬁpng% aglla (;Srtfﬁée(pfrom

- solvent may enter in the liquid feed inlet 122, th ,
ftienst 1(hond pdiquist fosd| fiam strpan dg fr%mi‘@ﬁ?q?l}%@ SRagtor ﬁ‘aﬂqYVthh

slightly less than, or about equal to the second

@nért inotheofapepfveninlet 121 amd dinb biguidefeed inlgudl2,t spectively, the
greater than about 90 wei ght percent of the solvent is

SRABRIIRS drtath b QlesdritRd epein. ' Hedsdlvammay eater i distillation
the liquid feed fromstream 15; alternatively equal

éo%rﬂ{l lgbetﬁ{o%'éh taplgrbtgée Web GhbutP8fea @B} stredld €0,NAtebiel 3 or both,
equa

t0 or “greater than about 99 wei ght percent;

(?ép%reléigga tuip\ér? ltl¥e g&lxjrearllt &s‘e)d Uhd Hhé %&%f)le{elﬁgﬁ &b&%raggn ?e.g., solvent

flash) in vapor/liquid separator 110. In an embodiment, the flashes and separations

may not be complete and at least a portion of the vapor portion enters at the liquid
feed inlet and/or vice-versa. In an embodiment, a first portion of solvent may enter in
the vapor feed inlet 121 and a second portion of the solvent may enter in the liquid
feed inlet 122, the first portion of solvent being much greater than the second portion
of solvent; alternatively a first portion of solvent may enter in the vapor feed inlet 121

and a second portion of the solvent may enter in the liquid feed inlet 122, the second



wei ght percent; where the remainder of the solvent is

in the other stream For exanple, in an enbodi nent

the solvent is cycl ohexane, the ngjority of which

enters the distillation colum via liquid stream 15

at liquid feed inlet 122 and exits the distillation
colum primarily via side draw outlet 125. In an

enmbodi nent, the solvent is isobutane, the majority of
phitioh ofsoleers being nalichtgrédtertthamthe dirstipartionzof\sgkyent; prealtprnatively
stream 10 at vapor feed inlet 121 and exits the

diggdt ipbHRhi FRoGEAUREY EitérThkhd Yapui feed irdet I&rlamd acatdndtportion of
125.7[0022] In Fig. 1, the product (e.g., 1-hexene) or

ﬁj{egs&i}%;el( ﬁrr%gv Eétr Vlé ?lﬁglrl%l&% 'f?éaiei’ﬁfe'ﬂeng,nﬂe G6d SUreARABLIolvent being

romthe side draw outl et 125

| ocat ed between.a vapor, feed.in AT
SR el Lo it et P 105D Shval a6 Ribofls boribh B solvent.
Enbodi ments for optinum | ocations of vapor feed.inle .
Boan ambodimgat, eavade or Evesr essvg ThucRRCPrPL S Uik Slvent is
col um depend on the stream conpositions (including
saitainet inusithe) thendipopteed tiony steesntll @ porhs. liquidy Eeddiom gream 15;
the vapor and liquid inlets is such that a nunber of
ak@afivelySe lto e derbgtemitan IShevelght petefite etteinatiedy tgeal to or
(below) ~ 100 and the side draw outlet 125 (above)

' i WG BegrRsteeited absit 99.9
S R R A R e e Tl
bet ween t he wvapor, feed .| nl e | e
SR et 28 (Pl dirrol iRl M Qe QB For

fective to separa

lights from the praoduct or.product/sol.vent. .ln .
exdenie. g ,qlp’erqlﬁ)glrp r&lﬁleds Yot 1qp WO qlfleiazxvzﬂ, h)se rp@gg{y e%fe\Qlluﬁh gnters
| ower stripping section of the columm and.the por .
theedistillation cohumn yig Gawidedrepm bhat Ugwérf%@ﬂ rniﬂethﬁ?‘gamE exits the
section of the colum. [0023] For given operating
diztitlition@otumpprimesly da sidk dtavoogletdys.bb amuembegliment, the solvent

determ ne optimum |l ocations for the two feed inlets
dotRte 1B mafiity BPWhichGaterdhe dfstitlatidnecohimie vidvapor feed stream

outl et 125 and opti mum nunber and position of stages.

'1:8 "at vapor feed inlet 121 and exits the distillation column primarily via side draw
outlet 125.

[0022] 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 depend on the stream compositions (including

solvent used) and operating conditions. Placement of the vapor and liquid inlets is

such that a number of stages is employed between the liquid feed inlet 122 (below)

10°



exanple, in an enbodinent, a distillation colum wth

20 stages (condenser is stage 1) nay be designed to

have the side draw outlet 125 on stage 6, the vapor

feed 121 on stage 4, and the liquid feed 122 on stage
12. In an enbodi nent using cycl ohexane as solvent the
distillation colum 120 operates at overhead pressures
rangi ng fromabout 85 to about 115 prig and

sreinhe side drassoutten 2 (abbreyreffattivetto serataté-thetheayies frop thepproduct
about 400 F at the bottom The distillation colum
d2Prod¥REINEht dili LmEaBaIoFtseiges kGmpotddetweent the vapor feed inlet
equi pnent as described herein for the separation

g%’li argér%eé g?cé 'ﬁ%} iy &g@' OB BeloWB KfB&iveite 86batAe the lights from

esired capacity and’ flow rates. [0024]
he simlariti and/ or differencesg | '

B SeSh b o0ag 3 o phbRGRRSE B ByROlcc PR oared
contribute to the ahility to haye a sid 'dfaYﬁ . .
infa lowgk ®ripping seqtien of the NEAROT fq,q%em et 121 is located in an
ol i goneri zati on product stream conprises a solvent of
oyret edreshingeseativoh of the cdun. of 1- hexene. The product and
sol vent, each of which are GC6's, have boiling points

Fﬂ)@S] ar e r el atFoy givin 6p&ating cndaiohs, prdvess simbkatieasmaybe run to
ights and 110 heavies may have boiling points that

@%&Fﬁﬁé @étirﬂﬁhﬂoéa@i’bn@ﬁﬁrthe tWé €ded Bl OrP M dnldUta2N @pfirBumtib&ation
abiTity to

ave a side draw to separate out

r ct{sol vent. . (e g - I f
B 3 e By Ofnée 1% and oplRS BEKG SREHARGN o SRR For
bot t . 0., .h i S.) ..,[0025] | di t, th
Vmiran (5 SR AL PATOB AATat R AP e Ly steee
outlet 125 is a liquid and conprises: from about ? t
Booay bedesigned tg haveribs aide drapy GHlst 135 omstags hidhs vanoy efefig?n‘ on
about 10 to about 40 wt. % 1- hexene, and

sthgeot, nad thediquid feed12D outstagd 120 Imboembadiment usipg cyclohexane as
1- hexene; fromabout O to about 5 wt. % ethylene,

SRt Patdist@hdion £610ANQYopErates adbwilicad préssur¥s edngidgefirm about
and alternatively from about 0 to about 0.1 wt. %

£ issiei1d éﬁg‘a{i‘&’ 9e%pef'£wteg rARHY AR 2Bbut 1608 ¥Cdt TEWBRS about

400° F at the bottom. The distillation column 120, vapor/liquid 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.

[0024] 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
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(solvent), alternatively fromabout 60 to about 90 wt.

% cycl ohexane, and alternatively fromabout 70 to

about 85 wt. % cycl ohexane; from about 0 to about 5

w. %Ilights, alternatively fromabout O to about 2

w. %Ilights, and alternatively fromabout O to about
0.1 w. %lights; and fromabout O to about 5 wt. %
heavi es, alternatively from about 0 to about 2 wt. %
heids esay Bavd tiilingr peihts tedtyaré ralativelyofat apart, dhexblosutontributing to
% heavies. Stream 30 may be at a pressure of about 80

{hg AP t1)2(1)1a9e°" £ 308 araw aBPéptdl eo@f padiidl/sobvent t @.g., 1-
out 350 F. [0026] In Flg 1, the oligomnerization

B od dues 1%r 5, %gquh gmae fe g er%rl?,%znlﬁle‘-iﬁ}tléﬂeafah@ Nights) and

e si rawou as al read
ment | odg and.may be sent via stream 30, the flow of
JEREED1 | ed by valve 75, to a splitter (not
shown) for further processing.to separate the oli 8?;8
[038Lict (e. g.In ancmbedinesnt.rthepligomerizagonsypd %Ftr?aé“g om the
cycl ohexane). Any suitable neans for separation may be
sidedravf outlet d2arphdigaiddast edrhprisesn fionl ahaut S[toGbogt Gthet. % 1-
over head vapor stream 20 exits the top of distillation

ReHEMproda®), t dlfetriivelgUirbel aBoU? 1@nth about b par 24 diHiexene, and
condensed by a cool liquid with condenser 130. Any

k&rﬁa@&k@&?&hﬂ F\&ﬁufl?rt nglggilt BO %t AN -RR S Bont SRPOELaRRL 5 Wt. %

ream n an e ment, cold water froma

olin ept
Sy ST BB A9 BN B ég%éﬁéiﬁmﬁ’fmm
stream20froma t enper at f .ahout . 200
at P tp gbanty G hiper % sinEleps BB ORI BB For Cr—’/"“’hexane
Condensed overheads then exit the condenser 130 v
(solventn aematively frermahout 6@ toerbonsd wt: iff pisdphenanayand {alternatively
cooling tower to be re-cooled via stream 132. [0028l
b sotdrNResboay 85 et cyahexdnepiismtaboutyh tasalyoats vt % lights,
and is collected in reflux drum150. At least a
RRhdiRBlyOftorh RBoGanN e atsuREl 20me Ph Halts il Qilternatively from about 0 to
about 0.1 wt. % lights; and from about 0 to about 5 wt. % heavies, alternatively from
about 0 to about 2 wt. % heavies, and alternatively from about 0 to about 1 wt. %

heavies. Stream 30 may be at a pressure of about 80 to about 120 psig and a
temperature of about 275 to about 350° F.

[0026] In Fig. 1, the oligomerization product stream is withdrawn from the
distillation column 120 at the side draw outlet 125, as 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



being held in reflux drum 150 may be recycled back to
the distillation colum 120 for enriching the vapor
stream novi ng upward in the columm and to help

maintain liquid flow dowward in the distillation

colum 120. The recycled liquid (reflux) my be
introduced into the distillation colum 120 via stream
26, the flow of which is controlled by flow

geRbReht @lg., HYclohesinen| Ahy seitdbl meat fonksperaidn nRef bawsed, for
punp 152A ‘and back- up punp 152B supply flow of refl ux

é{lﬁ“ﬁ’ﬁéf?%ﬁﬁfy& 2flux drum 150 to the distillation

eve In the reflux drumare controll ed
| evel ntraq G Ed Y 8ol
ﬁ@& cated | o%gglﬁg Vg&s{tsﬁgam@d&%)@? l%é Ofm amn

reboiler (tqg be des ribe st I t

I ihdiveh ooty GF1 R i ber BT, cERaksed B3, 4 8‘1 ] with
of which is controlled by valve 50. In an enbo

tdvelense8 13QipAny diialile saures fos opelingapry e Biedy!P SRR e&ﬁf‘d Steﬁéﬁl 20.
be sent via stream 22 to a conpressor (not shown) and
E&Y embodibrek cakl fvard fiom theoling evdr zapplyr(nete enfegp the
an enbodiment, the distillate in stream 22 conpri ses:
E(frﬁ@hépng \;iats%eﬁ}ﬁol‘;l 4QoMkg thé dvdtheudneapof [in atleah) 20 from a

ternatively from about 3 to about 30 wt. % 1- hexene
d °
1 rp%g/ao EQ@%’E 29@ gﬂ&ﬁ?b&ftg% fag Bé'?'glggofﬁabﬁ) @?L%)é)gpl%

w. %ethylene, alternati veI out 60 t ut

B2 Gandensedngiends ha @it e ESneDses il 4 SPreabale 59 ygmed

about 90 wt. % ethylene; fromabout 0 to about 20 w.

Watzy il refoeed e tHesoblimptoyver tol beaterpgpled #laster®nh3dbout 0 t o

about 15 wt. % cycl ohexane, and alternatively from

Fmgg{) 0 to abiiet cddetded Stetheatiomprnifiows thowugh atvant 240end is
out 98 wt. %lights, alternatively from about 60

E@le@@:ﬂq roffutMiruny0150 A Sleast Rpattibe lon alkd v@ld¢nsetiradrhead vapor
out to about 95 wt. % Ilights; fromabout O to

3%18% %elg 1wéﬂu3}o cﬂ%ﬁ 5 %ay dx'e%fcﬁélf Babghy fe lamlaRH o Emh 920 for

Vi es, ternatlv y from about O

tg%lqhggbgo %Vgﬁolrg\{rwsqrg Og/%({]y%ggvﬁqev%agg :518 {h%nco uqnbﬁ) gnd%rﬁe'lp ﬁltafn%mhquld

flow downward in the distillation column 120. The recycled liquid (reflux) may be
introduced into the distillation column 120 via stream 26, the flow of which is
controlled by flow controller 94, control line 93, and valve 95. Reflux pump 152A
and back-up pump 152B supply flow of reflux in stream 26 from reflux drum 150 to
the distillation column 120. Levels in the reflux drum are controlled with level
controller 80, control line 82, and valve 85 located in condensate stream 142 exiting
the reboiler (to be described below). Vapor distillate is removed from reflux drum

150 via stream 22, the flow of which is controlled by valve 50. Inan embodiment, the
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85 to about 115 psig and a tenperature of about 80 to
about 120 F. [00291 Bottons are renpoved fromthe base
of the distillation colum 120 through outlet 128 and
into stream 40. At |least a portion of the bottons can
be returned to the |ower section of the distillation
columm 120 via streans 42 and 43 for stripping. The
bottom draw and reboil er draw may be conbi ned (as

ﬁdgﬁ}‘\lﬂ?stinite is phandlyeethyloe atiovan) be e viedireamel2gtp #ragrmprgssor
added to the returned bottons in stream 42 by

' ' ihrisatipl restornilh hn smbadiment,
glr%P %{o@? a%cg %tcyﬁg@ Badkek fdeliQo MR tribRrisatidnl regtor 8 en

source, such as a natural gas stream

ﬁ%g«{%tﬁ}agf{ng e g?mc%ﬁ}pﬁ%spuﬁoﬁlt LGN I (P AR wolET-hexene

rough stream 141. The reboiler

140 partjally vyaporizes t 4 bottaong, |
frgockiett Pligatvel G SbHpbRa Y T e br Bkt Bhgep, =
about 390 F to a tenperature range of abou 55 t.0
alkeonetivelg5iemiabot 5 &b 207V Vapoioreng ﬁﬂrﬂ‘?‘é)ﬁ ifgm akauf 35 to
reboiler 140 and is returned to the distillation
§150ut D5 Wit % etinlerean aitetBativeyniiem show 69xtotabowtdBovt. & ethylgne, and
via stream 142. [0030] The bottoms in stream 40

tiveBStrorh 'a85UEHD0Y tabButtID W 06l kthyRnut from Wdutiistoebeyt 20 wi.
alternatively fromabout 0 to about 5 wt. % 1-hexene,

%{1 %?Aﬁe?&ﬁ?(%&l\’l&&% alttefhgm/é? @i BhduP 038 ABbut3 SWvt. Ytcyclohexane,

xene, om about to" about 5 wt. % et hyl ene,

TR 7 781 Bt A o
: 20 90 Wt . % .
cL S Lomabebtreoab R et TIRGLA gty

wt. % cycl ohexane, and alternatively from abqut 5"8 to .
flonviabotd 70tto dhoul 85 ovte Yadightss fiem a0 9 ekoubSolt "8 heavies,
w. %Ilights, alternatively fromabout 0 to about 2
WilternSfvieiyoifére abawtch @l dbenr .\ Ihpavies andibitarnatiyelyofrora jgbeit 0 to
0.1 wm. %lights; and fromabout 5 to about 70 wt. %

Eﬁ(ﬁl\f lo8Swt. 3 hefvaat i gh ¥nfbb@ifena Baim 20 rhay tebatut préBusetof about
o heavi es, and alternatively from about 15 to about 40

\% to g@out 115 psig and a temperature of about 80 to about 120° F.

[0029] Bottoms are removed from the base of the distillation column 120
through outlet 128 and into stream 40. At least a portion of the bottoms can be
returned to the lower section of the distillation column 120 via streams 42 and 43 for
stripping. The bottom draw and reboiler draw may be combined (as shown) or
separate (not shown). Thermal energy may be added to the returned bottoms in
stream 42 by reboiler 140. Reboiler 140 may be supplied with steam or other heat
source, such as a natural gas stream from a refinery or an output stream from some

other distillation column, through stream 141. The reboiler 140 partially vaporizes the



heavi es. In an enbodi nent, stream 40 nmaybe at a

pressure of about 87 to about 117 psig and a
tenperature of about 350 to about 390 F. [0031] The
bottons (conprised primarily of heavies) may be sent

via stream 40, the flow of which is controlled with
valve 96, flow controller 97, and control line 97A to

a recovery distillation colum (not shown) to recover
toebime i stréaamdR iynigeating fithorthat teoperagire sange afrabawdd 30 terabout
the recovery distillation colum can be wused to

jopolits asmgteraﬁﬁé FaMgd of RBSUEMS & MG BOES F andfremm 43. A
ot her val ued heavi es, such as decenes and

t et radecenes. Spen t t t ; Vi
AR Sy oS oo PlolHs HfRd (ETHEUENMERn solymn via
t han about 3900 F; tgeﬁf%e, mai n g'#ni ng a bottons
stera gt Condrasdle Grits apilRy L é’lar,sgf%ﬂlb " system
deconposition tenperature may be desirable. In ag
[0030di nent, Bhe beltomein srgamdOcemprisgss fram akoug 040,289 10 wt.
the tenperature of the bottons in stream 40 may be

WHLRdx@hd) @itetnatiesly tifvanabdut Ohe abaittSows % iehexene, and alternatively
concentrated to a point sufficient to recover solvent

%ﬁﬁ RLBHEAMo htbudn weRodhékens;, frérh @bowata aboudfs whelo ethylene,
ottons stream may be used to aid in controlling the

%ﬁgxé{aﬁ?eﬁ%%rggpgoﬁf Y& aﬁdﬁb?%\/\hngl efélﬁflerl%,aé‘ldecﬂteﬁﬁﬂ(/a? Ifrof about 0 to

I"on colum 1 mai ntalning a rate at

whi ch_the recovery_.di st | i,on, col io

Bovic 41t STl 685! Hi5nt AL R anGR et Wk FABARARe foveno)
sol vent nmay contain a snall arrg/unt of 1- heéeli}e a{Jd1 &
altarapeely drom abent\d0atosahauh 80 18- ' CYHieherpnm anglipfatvely trom
separation system 100 for its subsequent recovery.
#Bbute 50ntd &bawtn7 hevti M cpdolsxdnd; nfrem tabeut P gatabgpt p el %o lights,
separation system 100 either by directly connecting

dleirRtivd1$ fids hbdut @ foatboao? waleliathts, asd shemativelyr from about 0 to
alternatively by connecting into stream5 or stream 15

e{bplgtt 0.8 SR W iohlsO QP iror B6htt 3 @NBbAYI0 WwE Pahéivied/al@imatively from
ol rgoneri zatl on reactor effluent nmay be obtained

%gﬁﬁsgont&%#éutggf IO\%’ ﬁ%z{v?é%,e SRS ratfOMF S aboll1 51 dbbutd0 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.

[0031] The bottoms (comprised primarily of heavies) may be sent via
stream 40, the flow of which is controlled with valve 96, flow controller 97, and
control line 97A to a recovery distillation column (not shown) to recover solvent
remaining in the bottoms stream. In addition, the recovery distillation column can be
used to isolate spent catalyst, polymeric products, and/or other valued heavies, such as

decenes and tetradecenes. Spent catalyst may be temperature sensitive and can
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first two of these distillation steps, typically
requiring two distillation colums, can be achieved

in a single distillation colum by introducing a
vapor/liquid separator to separate the reactor

effluent into a liquid and vapor feed to the first
distillation colum, thus inproving overall econom cs

of the separation process. The present disclosure as
desaipobest thpaitaraddiighiet thas abéut3963/Kitherefarsl medntaipingtadottoms
separate oligonerization reactor effluent with a

UUTRRT bdddwOihs tdatalyat ispsters CleddmpoditibraLt itiredmay b
W?/gno# a vali) Led proguc}?, Sgﬁ%h as 1??1exenee.n@b%gel o

RN T ORIy BUSEE AL, A B e 125, e
G o 008 B L5 B S iy oroms

practice and advantages thereof. It is under to%g thaf
e erecepireiedi toen byinhespiliient | fougacpyari sivend fhgtetrom. In an
intended to limt the specification or the clains to
tabbdiieht) flamycomaohef the Bottomd siream| i0gB84d usad te aidadicaetralling the
of the present disclosure corresponding substantially

bOtdthd tendpey¥isre OAIRYWAAE dord Sasik Séintrble f dBtiRation column 120, while
Specifically, effluent froma trinerization reactor

%1%@1‘0%1&@§ Gk lvﬁ'@éﬂ A8 rlov sfiRfoh Qolillmlm&( Qﬁlﬁb}dbﬁufﬁciently

Iists.opaPetiio tentergfu? gara:ed. Tab ? 1 bel ow

BBRESLRL G RERPer e oar B e h b B e E Al PO of 1
hiene i G beACtyrpy 0 e DUNPRIINC e PSRN SRR AP0 for
}t: sﬁse(;)leilt-r rez/ov%r}?.] Stream 18 can be introduced 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).

[0032] 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 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
column, thus improving overall economics of the separation process. The present
disclosure as described herein details such a system and method to separate
oligomerization reactor effluent with a reduced number of distillation columns to a

desired purity of a valued product, such as 1-hexene.
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following example is given as a particular embodiment of the separation process
disclosed and to demonstrate the practice and advantages thereof. It is understood that
the example given by way of illustration is not intended to limit the specification or
the claims to follow in any manner.
Example 1

[0034] An embodiment of the present disclosure corresponding
substantially to Fig. 1 was operated as described herein. Specifically, effluent from a
trimerization reactor for the trimerization of ethylene to 1-hexene in a cyclohexane
solvent was separated. Table 1 below lists operating temperatures, pressures, and
stream compositions for the various numbered streams within the separation system

corresponding to those numbered in Fig. 1.
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[0035] In the description above, like parts are marked throughout the

specification and drawings with the same reference numerals, respectively. The
drawing figures are not necessarily to scale. Certain features of the invention may be
shown exaggerated in scale or in somewhat schematic form and some details of
conventional elements may not be shown in the interest of clarity and conciseness.
The present invention is susceptible to embodiments of different forms. There are
shown in the drawings, and herein are described in detail, specific embodiments of the
present invention with the understanding that the present disclosure is to be considered
an exemplification of the principles of the invention, and is not intended to limit the
invention to that illustrated and described herein. It is to be fully recognized that the
different teachings of the embodiments discussed above may be employed
separately or in any suitable combination to produce desired results. 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
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[00351 In the description above, |ike parts are marked

t hroughout the specification and drawings with the

sane reference nunerals, respectively. The draw ng
figures are not necessarily to scale. Certain features

of the invention may be shown exaggerated in scale_or
indesstovelthatt the phesemttinvention maxrie srehealiedanamany QSher Specific forms
conventional elenents nmay not be shown in the interest
Rith6dtdepiring ROMCIHIO Shisie DL te scopErue thpr mrssent inventemt i Ay ¢xgrples
suscepti bl e to. enbodinments of different fornms. There

ﬁlrcﬁl ec'f’ BRUH bk @oﬁs'ﬁfer&f AN RS tivand ke katrictie andekcinvaeibn is not
etail, specific embodinments of the present

vent 1 0 L =X ¢ of the
iﬂ”@, Ut 1"hs Qe g NI HErE Rl Ay b 3&"3&%‘% IR ops
t he pr|n0|pl S of the qyentloFé LS not intended
grpepsled qlaipge onig Hﬁcu FPRY cWll‘f Y ated and
descri bed herein. It is to be fully recognized that
the different teachings of the enbodi nents di scussed
above may be enployed separately or in any suitable
conbi nation to produce desired results. Specifically,
the nethod and systemto separate oligonerization
reactor effluent of the present invention may be used
with any suitable oligonerization reaction wherein the
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ol i gonerization reaction products need to be separated
prior to subsequent processing. In an enbodinent, the
nmet hod 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 systemand the detail ed
description above is focused on this enbodi nent but
with the understanding tKdtAB® present invention may
have broader applications including the separation of
pr oduatsiethb®6T Rphratinghn glégoaidrizationmactercafiliamsomprising:
Al t hough only a few enbodi ments of the present

i nvenghon g i i3 efflueht inf@lif@d Pertiohnd a
underg oodh%ﬁgggﬁﬁghggéggﬁgsﬁﬁ%ﬁ%??on may be gnb?died
in many. other specific forms w thout departing from
Vﬂ@rgﬁ%PPt or the scope of the present invention. Any

exanples included are to.be nsi.dered as

i |1 usfWat i (eding ﬁé\ﬂ“ﬁ%el&fv?‘bf’fgﬁ,OI%ECPﬁ%‘OPr{S%Cﬁ?ﬁ Husng to a
not to be limted to the details given herein, but

trayid feedrinlgt 61 @distilatisneolmen;scope of the appended

claims along wwth their full scope of equival ents. 200
CLA Mg) 1. foddimgtthedapdr metiar af thecplgnmetizajiomeeactert ¢ffpent to a
reactor effluent, conprising: (a) flashing the

Qb QERRHIEAL 18 dIsAARGH conluhh RBMed v the figuad Febdntet b

and a vapor portion; (b) feeding the liquid portion

of the,oli ' [ Or . ef t Afroll AWidE drawn
f eed (@I et g@%&%k‘é?%ta?ﬁlgt%?%hgéztg%u&r??&dgcs)ﬁefgrgegi ng the
vapor portion of the.oligonerizatiqn reactor effl uent
P%t?eé IOWEBEF“’WSE&W lFﬂ“écF{FeS& a{lnﬁgap&r gﬁelgll?lg ion col um

| ocat ed above the |iquid feed inlet; and ig%% tis fi

@i t hddheumedhodrof slaigomathesein thsrPligemgtizgtionpasion stilugnt i from a
si de drawn

trimerization reactor.

3. The method of claim 1, wherein the oligomerization reactor effluent is from

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 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.
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outl et | ocated between the liquid feed and vapor feed
inlets. 2. The nmethod of claim1, wherein the

ol i gonerization reactor effluent is froma
trinmerization reactor. 3. The nethod of claim]1,
wherein the oligonerization reactor effluent is from
trinmerization of ethylene to 1-hexene. 4. The net hod
of claim3, wherein the oligonerization reactor
effluent conprises _a solvent. 5. The method claim
8, whBheinethod of elainy 2nvhareiming disomerizationjragtoretdymy epppprises
an aromatic solvent, or conbinations thereof, having
4 equlyst sysel. car bon atoms. 6. The nethod of clain14,
wherei n the sol vent conprises cycl ohexane,

get hytgy ﬁie%ﬁx(ﬁf@amhsxﬁﬁ&emMB exurhst systerh edmerisesodspmium
| sobut ane, propane, m xtures of two or nore

Q g%rrc?le- thwi%ta%gﬂ)oggd Gl AL iyl WRRIEHalidé Bsuree! vent

S cyc T 8. The method of claim 7,

ere nme Lon react f

{025 Hhs e r SR Fifhe Frabon o e ath?n%%lyga?&?‘re*nﬁf to
the cat aI yst system conprises a chrom um source,
gop t®)-e- cont ai ni ng conpound, a netal alkyl, and a
hal i de source. 10. The net hod of clain19_fuythen
thpr The methd lof clagn tlhewkertialthe catelysstsustemyris killed grithqanaicohol,
1(b). 11. The nethod of claim 10, wherein the catalyst

SV she) dreofiibidagiendvheiofin al cohol, an anine, or
conbi nati ons thereof. 12. The nethod of claim 10,

#1aer erhe fdfhod 3 @1a¥n$1t1 0SWALRIR the clthlysedstehd 1§ kalledaki@ohohlcohol

ving el ght to twel've carbon atons per nol ecul e.

having eight to twelve carbon atoms per molecule.

13. The method of claim 10, wherein the catalyst system is killed with Cgalcohol.

14.  The method of claim 1, wherein the oligomerization product stream comprises

1-hexene and solvent.

15.  The method of claim 1, wherein the oligomerization reactor effluent is flashed

by pressure reduction.

16.  The method of claim 1, wherein the distilling is performed in a common

distillation column.

17. The method of claim 1 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.
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13. The nmethod of claim 10, wherein the catal yst
systemis killed with C8 al cohol. 14. The nethod of
claim1, wherein the oligonerization product stream
conprises 1-hexene and solvent. 15. The nethod of
claim11, wherein the oligonerization reactor effluent

is flashed by pressure reduction. 16. The net hod of
claim1, wherein the distilling is perfornmed in a

common distillation colum. 17, The ne h&&.of C|a£91lth
Fur t hBhe msthodi ofi dlgih | furhe cogprising e supher fefiages dotween the
liquid feed inlet and the side draw outlet effective
vapos dpar atlet hhthe sider dramt buatletotffegtivie tp gpirale pelge feam the
stream 22 18. The nethod of claim21 further

SIESTRIckiShte produdibiesantf St ages between the vapor feed
inlet and the side draw outlet effective to separate

l]%ghtf %rrg&h?@e £ QlkigO e fuABtr QBmBRSANC bepatalifaM -htfene and
e ne]il (0] (0] C?

aim1l further conprising separating

1- hexene .and,. cycl ohexane fr ol i goneri zation
Wg’g'ﬁf‘lne %Qﬁ%‘}f%‘.‘“"rﬁa loﬁé)f%dglge %1?2%1' aim1, wherein the
ol i gonerization reactor, effluent, c rises; fro
Hbout Ths fﬂ?}h%o‘ﬁ{ Cg%mwtla whereiRe fisn Qﬁgglfl?% '3 o{f?@gr ¢Gfuent
about 15 wt. %ethylene, fromabout 50 to about 80
odmpr¥ecycl ohexane, from about 5 to about 20 wt. %
lights, and fromabout 0 to about 3 wt. % heavi es.
21. Themmbbitdd tohbeutd0mwt1% shexeré,n the |iquid portion
conpri ses:

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.
21.  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 0 to about 5 wt. % lights, and

from about 0 to about 5 wt. % heavies.
22.  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,
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fromabout 15 to about 30 wt. % 1- hexene, from about O
to about 5 wt. %ethylene, fromabout 50 to about 80
w. % cycl ohexane, fromabout O to about 5 wt. %
lights, and fromabout O to about 5 wt. % heavi es.
22. The nmethod of claim1, wherein the vapor portion
conprises: fromabout 15 to about 25 wt. % 1- hexene,
from about 25 to about 50 wt. % ethyl ene, from about
20 to about 40 w. % cycl ohexane, 23 from about 25
to abfom aboutdd towbeuigrt, Yelights, fRdm about 0 to about
0.5 wt. % heavies. 23. The nethod of claim1, wherein
t he ofrb@aieut z@tabout (pf ed.féthestieeam conprises: from
about 15 to about 30 wt. % 1-hexene, fromabout O to

ahout The lm¥thod YoLtdMhENE, whérelimtad aligoitRritationb priduB6 stream
vvt. % cycl ohexane, from about O to about 0.1 wt. %
kgpéﬁ% and fromabout O to about 1 wt. % heavi es.
syst em for separating an oligonerization reactor

efflu Si r/liquid separator to
fl ash Wea ngo%gd g‘ita-{o%th% ggg B¥ effluent into a
vapor portion and a liqui ortion; and (b) a

di st i frpmabent Gie1abant §- h“ﬂig Y&%ﬁmm cat i gn)vvi th the

vapor/liquid separator, wherein the distillation
col unfromazboat Z) tdabdutaRf WioPs eicldhgxangi ng an

from about 0 to about 0.1 wt. % lights, and

from about 0 to about 1 wt. % heavies.

24. 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.
25.  The system of claim 24, wherein the liquid portion is fed to the distillation
column at a location below the side draw.

26.  The system of claim 25, wherein the vapor portion is fed to the distillation

column at a location above the side draw.
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ol i goneri zati on product stream and receives as
separate feeds the vapor portion and the liquid
portion fromthe vapor/liquid separator. 25. The
system of claim 24, wherein the liquid portion is fed
to the distillation colum at a |ocation below the
side draw. 26. The system of claim25, wherein the
vapor portion is fed to the distillation colum at a
| ocati on above the side draw. 24 27. The s sttem of tor for
27.ai nThet systemhef damprids fythen AMATsiEz &t P’é‘?&?gé@t gfacte
for providing the oligonerization reactor effluent, . |
ploeTdengnthe digbmerization acactor affhacst, hereinjthe trimegjzgtion reactor 1s in
conmuni cation with the vapor/liquid separator. 28. The
AR B MnRnicakioh Withdhe Wipok/tiguidisbgarastapor / 1 i qui d separ at or
I's positioned at an elevation higher than the liquid

ed LBkl i al ighidakgardor is positioned at an
B o2 Pt et i 2 e ot o
col um. .29. The, syst.em of cl,ai m.24.. I.SH :
sieuiog iches i Pt e b R bEHAER (CorRl Aty Mbstate
wth the side draw of the first distillation colum,
s for fow irto thedighlption §0luMNat i on col unm separ at es
trimerization product from solvent. 30. The system of .
op.ai niTRd systererdi dlaitth 34 diugher| somnrisimecdserend iistiligiion golupn in
3 off-takes and at least 2 inputs. 25 )
fluid communication with the side draw of the first distillation column, wherein the

second distillation column separates trimerization product from solvent.

30.  The system of claim 24, wherein the distillation column has at least 3 off-takes

and at least 2 inputs.
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