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TRI MERI ZATI ON  FI ELD OF THE I NVENTI ON [0001] The i nvention described herein
rel at es twoespeacmily ef fective means and procedures foPCyasasiaedesgl ol ef i n
products |ike 1-hexene, unreacted reactants such as ethylene 5 and
diluents fromcatal yst material and polymeric by-products found in a
reactor effluent froman olefin oligonerization, e.g., trinerization,
process. The invention described herein also relates to apparatus and
processes for comYQIBMcANDMEJAHAD EQRSELEGUIVE TRIMERBIZATION of i ns such
as et hyl engkPpRyPY HEEINRHERT RN 9oner - cont ai ni ng, e.g., 1-hexene-contai ning,
reactor ef arily having to interrupt reactor effl uent
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reaction mXtuf if@ht \(zftﬂdu% nbdes G ak, QW 10 Yhte Pt tr&gtol; RARER NS ddifHRRGHIed

solid in the reaction mxture. addrtion, the formation of polyner can
conti nué dowmdenaeeerandflepiiag ROrmact folymesigdodmtdue to the presence in the

react or ef fﬂA &R@ I\EIQ%FSF}HHINQ&I @)I\pom)g_eneou_s catal yst. [0003] A nunber
of procedu dealing with the probl ens of

pol ymeri c p§00R} odueliexenr nat bopraanckdt inehigh edaniedy oda stiglngolnyargatian using

by- product _as well as active catalyst in ethylene trinerization r t or

of | uent . EOPosPsspr andises Cdmii St ecms s80 shoyt auig s OhakKod 1 or
ki lling theleahdhyssth &f hehylialuhXaned140) fldivdeRal héthyTRaluntabianviaast or by
contacting the reactor effluent with an al cohol. An excess of alcohol is
requiréd, &P PAVRIdble sigs reactign.jasmsf! fEaciehel the gonveited etdens faps prtresyéengei ng
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such that it can bé easily separated fromthe desired hexene product by
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catalyst.

[0003] A number of procedures have been developed for dealing with the problems of
polymeric by-product formation and the presence of such polymeric by-product as well as
active catalyst in ethylene trimerization reactor effluent. For example, U.S. Patent No.
25 6,380,451 discloses a method for killing the catalyst after it leaves an ethylene trimerization
reactor by contacting the reactor effluent with an alcohol. An excess of alcohol is required,
with a 5:1 mole ratio of alcohol to total catalyst metals being preferred. The preferred
alcohol is one with a high enough boiling point such that it can be easily separated from the
desired hexene product by distillation. This ‘451 patent also discloses a method for cleaning
30 the polymer and catalyst residues which deposit on the internal surfaces of the reactor.
Polymer is removed by periodic washing with the reaction diluent at a temperature 60 °C-70

°C higher than the trimerization reaction temperature. In addition, this patent discloses



cycl ohexane as the preferred diluent/solvent in the reactor, as a good
solvent is preferred to keep the catalyst systemin solution. [0004]U.S.

Pat ent NowO2pW%id2B12 di scl oses another nethod for recovecrus2@ologeseri c by-
products contained in the effluent of an ethylene trinerization reactor.
Precipitation of by- 5 product polynmer within the reactor is mnimzed by
operating the reactor tenperature high enough to keep polynmer in solution,
with a preferred tenperature being at least 110 C. Upon | eaving the
reactor, the effluent is contacted with an al cohol to deactivate the
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the Cr compounds since the alcohol also reacts with the Al compounds. An excess of alcohol
over both Cr and Al is therefore required to ensure all active Cr species have reacted. The
30 ‘451 and ‘612 patents discussed above, for example, teach use of a 5:1 molar excess of
alcohol to total metals. If the ALCr ratio is 200:1 and a molar excess of alcohol to total

metals of 5:1 is employed, then the molar excess of alcohol to Cr compound is 1000:1. This

0.



ol i goneri zation reactor itself and in associ ated reactor piping can be
troubl esone. After polyner by-products |ike polyethyl ene have foul ed

i nt ernal woaotiorn2sur f aces and piping, it may becone nec@sIarsgomo2&hut down
the reactor(s) and wash the reactor(s) and piping out with a suitable
solvent or wash liquid which can renove the built-up by-products. Shutting
15down of the reactor(s) for cleaning and nai ntenance is, of course,
econom cal | y di sadvant ageous because production of the desired

ol i goneri zation product is interrupted. [0009]1n view of the foregoing

di fficul tiQs.WiheD nfANLKBEE S&uirtnd@ /i NGnd¥il BosBRt AURRD réfiste PRl YAB i Fof a
by-products found in the reactor effluent fromolefin I goneri zation
processes, distillatonl ebluyen detveenovetpe ofishe onpgatadi eleohst deedificest aleratppaf dheus
configurati [%Qﬁolf or efficiently 20 and cost-effectively treating such
reactor effluent to separate catal yst material and polymeric by-products
fromthe r¢a07pf tPhier @f ethedd foc sepprriesn palymbisyt-ireduct fromi thaweadtot dffuent can

difficultie ich can arise esujt of pol ri.c by-proguct buil d-up
"' the PeadRBr THUREEMGes N0t AT 5 e Dt safiRaCat o hesbOeRHE b ue
and pr ocesScrktangeie s, Wehehhe bifitiad &od. Sofk BT #he pbRenBedll indolgoapl et e
ol efin oligonerization shutdown during. reactor maintenance 25and cl eani ng.
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herein. SUMVARY OF THE | NVENTI ON [0010] The present invention relates to a

process f oprasipitaiemad for] the celumy ineraals andiepdilers. ol efi n product conprising the
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2011/ 112184PCT/ rU§2_O%L§/ 026661 P}é cant act &n?l ald reactor effluent. wth a

sol vent at pBlyefsu¥8 % H%}Ste?ng&y tthﬁl’i’ee CONdPEFOAS 8l TabY Yt oce\S/apgrpipz§’a maj or
portion of nagitdc@hphaeahsf torshpr dudicthe bedcton@) asiuivhshbthe rdadtox@paidi dging otg] or

portion of said pol ric by-product and said catal yst terial to forma
Conbi ned_ st Pertiar rownt o Kefh Gapbwael vy Saoa® e CEarovude. SPvont
into a apabwRhasens aeRidreh Nr aclbmif aROT inhiaRnsice SRI bfabha; odBhémicaryoduct
and a liquid phase conprising a_ mjor C{DO_I"[I on of said polyneric by-products
and sai d catsaiNFaRsene Beqaaic PavctoRijlherdepiErdalispmerizaten Rrodustt FpierruptEs)
recirculat '[t‘ilﬂ)?]‘?‘ P i $HewP& thd %@egﬁfn fidulibdihidh S%%e%‘%ﬁﬁlgt\ﬁﬁﬁda&%‘é A
reactor 1O0effluent as set forth i'n Step B; an
polymeric by-products found in the reactor effluent from olefin oligomerization processes, it
would be advantageous to provide procedures and apparatus configurations for efficiently
20  and cost-effectively treating such reactor effluent to separate catalyst material and polymeric
by-products from the rest of the effluent components. Further in view of the difficulties
which can arise as a result of polymeric by-product build-up in the reactors themselves, it
would be advantageous to provide apparatus and process arrangements which climinate or
minimize the need for complete olefin oligomerization shutdown during reactor maintenance
25  and cleaning. Such procedures, apparatus configurations and processes are embodied in the

separation and cleaning techniques and apparatus configurations described herein.

SUMMARY OF THE INVENTION

[0010] The present invention relates to a process for oligomerizing ethylene to alpha-
olefin product comprising the steps of:
30 A) oligomerizing ethylene in a diluent using a catalyst to produce a liquid reactor
effluent comprising alpha-olefin product, polymeric by-product, catalyst material,

and reaction diluent;



E) purging a second portion of said liquid phase in order to renove

pol yneric byproducts and catal yst fromsaid process. Brief Description of
the Drawiwig=0100B1] Figure 1 illustrates the flash vaporczatszao/opseoredur e
and apparatus used to 15separate the conponents of effluent froman olefin
ol i goneri zation reactor. [0012]Figure 2 illustrates further treatnent of a
liquid fraction obtained by the flash vaporization of the olefin

ol i goneri zation reactor effluent. [0013]Figure 3 illustrates still further
treatnment of a liquid fraction obtained by the flash vaporization of the
olefin ol i gorgy i ZakkaR, MERGEMoClluRRHin 2ULRRAMLFHRUAR: dnd ittt e
treatnent of both the vapor fraction and |iquid fraction obtained by the
fl ash vapori zaniligpnsofuittliie tovaroripe nagmertionatfised aldacddin prbductibwit not

[ 0015] Fi gure S oth the
vapor fracti osﬁlt%ﬂrll%%h 5%%}1%5?%& Oﬁgﬁl obot%g%{lﬁé%/? bjlﬁe?]?bgb?? ﬁ%lgﬁ g% fag% 4|?on of
the olefin olmgelum:a ﬁ)&hla(omnbmatmbsreneéfﬂhmnt 25[ 0016] F| gure 6 illustrates
one enbadi e of the h grotre i NS recovere rom

ol et £ a1t Gorter Foratigs LRFBRELNEHIN 583 S G obBE FRDfTns § BPist s
second enbodipweidn &fsaitl Aphbyfiatpi@RAt 4hg adfquidihagd @hiphising @ @ey@peiohfodm t he
olefin oligonerization reactor effluent. [0018]Figure 8 illustrates a third
enbodi ment  of 2RI ICobY- Rt TGk sk Sa&@atﬁwfmﬁgﬂ%@P%@dv@%aom%ﬁf $HE ol efin
ol i goneri zati@Rreh€actor effluent.

D) recirculating a first portion of said liquid phase and contacting the reactor
10 effluent as set forth in Step B; and

E) purging a second portion of said liquid phase in order to remove polymeric by-

products and catalyst from said process.

Brief Description of the Drawings

[0011] Figure 1 illustrates the flash vaporization procedure and apparatus used to
15  separate the components of effluent from an olefin oligomerization reactor.
[0012] Figure 2 illustrates further treatment of a liquid fraction obtained by the flash
vaporization of the olefin oligomerization reactor effluent.
[0013] Figure 3 illustrates still further treatment of a liquid fraction obtained by the flash
vaporization of the olefin oligomerization reactor effluent.
20 [0014] Figure 4 illustrates treatment of both the vapor fraction and liquid fraction
obtained by the flash vaporization of the olefin oligomerization reactor effluent.
[0015] Figure 5 illustrates solvent recovery from the treatment of both the vapor fraction
and liquid fraction obtained by the flash vaporization of the olefin oligomerization reactor
effluent.
25 [0016] Figure 6 illustrates one embodiment of the hydrotreating of Cg+ olefins recovered
from the olefin oligomerization reactor effluent.
[0017] Figure 7 illustrates a second embodiment of the hydrotreating of Cgt olefins
recovered from the olefin oligomerization reactor effluent.
[0018] Figure 8 illustrates a third embodiment of the hydrotreating of Cst olefins

30 recovered from the olefin oligomerization reactor effluent.



WO 2011/ 112184PCT/ US2010/ 026661 [0019] Figure 9 illustrates a nultiple
reactor set-up and an initial stage in a process for using that reactor
set-up t ovoasti/ues4r eact or whil e using the ot her react oPsTIUS2@I00RG6ALIE

ol i goneri zation of olefins. [0020] Figure 10 illustrates a further stage in
a process for using the Figure 9 reactor set- 5up to drain wash sol vent
fromthe one reactor while using the other reactors to continue

ol i goneri zation of olefins. [0021]Figure 11 illustrates yet a further stage
in a process for using the Figure 9 reactor set-up to isolate a second
reactor fr P0018] Odlﬁédr@@ M’tﬂtllaﬁ:s 'A%Lngplg I?é:%lctfd Eé r88Gh %mélc%ta%Qrﬁ b Bl‘b%ess for

ol igonerization of olefins. Fi gure 12 ilTustrates yet a further
stage i n aupngdkst gedotr sasum@p Waeh angmaetog whdacsioe thetothgp raagtotsr wnerfngnue
reactive fI ol ated second reactor to the already washed
reactor whi’ éoqﬁerlztrélt%p[%%%ﬁni rst reactor to continue oligonerization of

ol efins. [ Q@R8] Fi gligwre 16 illustratsst o fatthe syt inca Iﬁrucrets.hﬁxr usih@the Figura9 pracoess- f or

using the Fiqure act.or to pr.epare enptied second
Foncsor 1 o dHekha o £ oty e P B e SRR B Dot ninue

ol i goner i zatip@ferRbtidll Flolofiss. [ 0024] Figure 14 illustrates yet a further stage
in a process for using the Figure 9 reactor. set-up to wash the second
reactor whil#®1]s; ﬁggwrﬁéle}l%%tew%aﬁ@%f yres lflép&%ﬁslfﬁrd@l%lth‘g@%ﬁ%@?‘f@n of

ol efins. Detajpl ©dsdpas C&rsb&tnhqgacﬁufr FEIRE ploBY&1h iviHile RRAEARL Rt Reat e tdPEInRR P!
ef fl uent treat ment net hod di scl osed Rer ein, catalyst material, unreacted

ethyl ene, &hegompasizgimsrdfoldips.products are separated from 1- hexene and
reactiop d'[t‘)dé?l) IHnirl$2 Elﬁﬁﬁﬁtg&e‘?gffdr’tﬁ%mti&ﬁg g@?’oc&#ﬁ’ &m%Qﬁ'éFgHPe reBGOEESS

for selecti tritrerizin  ene t is I°s acConpl i shed by
fl ash vaposetamt footnansfer trévetief flhide dtonuthel usozlana(_i; stqong irtagtar anttbe talrefly twrshed
effluent with a This 25

vl s arteder Bl v S Rl Rt AR PR PR RS mer Fr am the
1- hexene predart, FaguréaB iihasatboyet 8 GptieAlthdddn b BREIS\fEr L&ﬁ@&hfﬁlﬁlgflf@ﬁehd‘l@r

gg\tl\;l !S%lfte amt h%ﬁby %{aregt?lg telmggeci'] g]e(ggr?cf rre?a'cbtlorefofr l§I)vra1tsllr}r(:f‘g£ whﬁg %gllng rile other rQaectors to
15 continue oligomerization of olefins.

[0024] Figure 14 illustrates yet a further stage in a process for using the Figure 9 reactor

set-up to wash the second reactor while using the other two reactors to continue

oligomerization of olefins.

Detailed Description of the Invention

20 [0025] In the principal effluent treatment method disclosed herein, catalyst material,
unreacted ethylene, and polymeric by-products are separated from 1-hexene and reaction
diluent in the reactor effluent formed from a continuous process for selectively trimerizing
ethylene to 1-hexene. This is accomplished by flash vaporization of the effluent utilizing in-
situ contact of the effluent with a hot solvent as the heating means and medium. This

25  provides an effective way for separating the by-product polymer from the 1-hexene product,
as well as for separating reactive species from the catalyst, thereby preventing undesirable
further reactions in the downstream equipment.

[0026] Catalytic trimerization of ethylene to selectively produce 1-hexene is a well
known reaction and process. Reactants, catalysts, diluents, reaction conditons and reactor

30 and separation apparatus configurations for such processes of this type are disclosed, for
example, in U.S. Patent Nos. 6,380,451 and 7,157,612 and in U.S. Patent Application
Publication Nos. 2008/0058486; 2008/0182989; 2008/0188633; 2008/0200626; and
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[0026] Catal ytic trimerization of ethylene to selectively produce 1-hexene
is a well known reaction and process. Reactants, catalysts, diluents,
reacti on wordittaas4and reactor 30 and separati on appar atwaseanfrgear at i ons
for such processes of this type are disclosed, for exanple, in U S. Patent
Nos. 6, 380,451 and 7,157,612 and in U. S. Patent Application Publication
Nos. 2008/ 0058486; 2008/0182989; 2008/0188633; 2008/ 0200626; and WD
2011/ 112184PCT/ US2010/ 026661 2008/ 0200743. Al of these patent docunents
are incorporated herein by reference in their entirety. [0027]In the

met hods di %@(‘)8?@2%@7@6" @llpof thle gQ{ehtrlﬁ'cﬁ)lﬂéntg %Qﬁc‘%ﬂ}orﬁécm/érﬁﬂ By G&PBreR& in their

selectively trinerized to produce 1-hexene. OQther olefin reactants such as
propyl ene, etitbiyt ene, and 2- 5 butene and the like; may also be trinerized

as par t of (Bﬁrd}ﬁ; e3¢ Eh%rmeft Gp%g d1s§1top%ﬁl h%Pe?I% dlérﬂlcgo%pr%ac%nt? %{hyl%hg Eanrbse s%f%alv%l S0 be
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cat al yst sygcdRfinSuaiNalsy 5t ifferial o€ dPIcELedAasChrObT thd) BRAUHE @arridd out in
combi nation with a heterocyclic, di-aryl or phosphorus conpound such as a

pyrrol e, pyPHYgong¥ithhe F‘GS}IPdBWS’é‘phl no conpound, along with an al kyl

al um num a?«sm%t OrCa%%%ﬂ aged®loYroRblMRXERE ¢ %/thhgrenm@hédrﬁéﬂm%ﬁ Ny,
al unoxane 29] The ol efin reactant(s eneral ly be fedgto t he

ol i goner i zéztlm@matieao’tl&rgeatrr@ihgcom@swhpmoepns@m argReongity lareﬁxstenﬁoforwmpblses of

this degeri @tgieos“te ¢ 'irﬁhxhuc‘i{agr"st %{?’e slehnsP ugﬁfg%gefﬁ%oéaﬁer ng)rle : %Eﬁﬂpﬁhmﬁ‘@gﬁ&; f© the

reactor feed, in addition t eth en react ant
di | uent s usedbinetroai withip hd:telgeyvepalﬂayyl rwapbosahdrm ¢qrmpg>umbsu¢h agh pirom @bidyl 50 C

to 120 C or dilu can..t be an inert droc on,
boch as caoeayAlTnpPig BobhuHlong S 4PAE] Hlmfing Aoy BE] sy &l RERIE
aronmatic cemmwﬁlcé (hﬂ@)‘om&diﬁeﬂmﬁwelslmmmonzo be used as the reaction
di l uent. fins are not rre as noted, they can al so
serve as al L2218, aﬁﬁlewgféaerﬁ%ﬁtmsmllk%e ¥£F3§ﬂf @%P@%@%%mwnr&mt?ly flang

enpl oyed. AsthusetableuBdht. FOEpURISER oftthls UREiptib® adl Eiluefte tyifl O LAl ak @lidm
"solvent" which, as hereinafter noted, is reserved for the material (s) used

as the heatmatarighadded tonheireactpibieed omadsiiondg therhyigns o oishelelity Arcpertof Thahe
reactants, dﬂﬁ&@suﬁ‘steé hm%ﬁldwﬁf ééﬁ%ﬁh? haverd BOARE S&Hﬂbf fr&ﬂ%b@&t J0STPR! BloHCor

pressure flow rates and residence tines In he ol | onerlzatlon e.g.,
trimeri zat hegher. rosb eoltluent sarcyniceltit b@mlmeléhﬂdmﬂrbonkmms CT@mpemaltl ankispn t he

reactor can. AN LAMANRYC 2R G of Bnnc HRLSARE SORRAChIMLEATLARRY! 50 C

to 90 C er nal o I'n & neede mai ntal n such
r eact or20t efrp@satasrie nealmdn tiloms @icffins, mowhﬁarcms notegae feraguigence 36 083 1{hPy essur e

(8273 kPay ROTES fr SR an S B bt P Es g Pt Goo g °
(5516 kPa) herkig the term “diluent” is distinct from the term “solvent” which, as hereinafter noted, is
reserved for the material(s) used as the heat transfer media for conducting the flash
vaporization of the reactants, products, and diluents.
25 [0030] Conditions of temperature, pressure, flow rates and residence times in the
oligomerization, e.g., trimerization, reactor are conventional and well known. Temperature
in the reactor can range from about 25 °C to 100 °C, more preferably from about 50 °C to 90
°C. External cooling of the reactor may be needed to maintain such reactor temperature
conditions within the desired range.
30 [0031] Pressure in the reactor can generally range from about 0 psig (0 kPa) to 1200 psig
(8273 kPa), more preferably from about 200 psig (1379 kPa) to 800 psig (5516 kPa). The

effluent from the reactor will generally comprise the desired products(s), e.g., 1-hexene;
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effluent fromthe reactor will generally conprise the desired products(s),
e.g., 1-hexene; WD 2011/112184PCT/ US2010/ 026661 unreacted reactant(s),

e.g., ethybengyupshyneric by-products, e.g., polyethyl ereT/usatialogas; and
diluent. This effluent |eaving the reactor will generally be under
tenperature and pressure conditions essentially the sane as those found
within the reactor. [0032] After | eaving the reactor system the pressure of
the effluent streamis reduced, 5 and the effluent is then contacted with
a stream of heated solvent. Reduction of effluent pressure and the heating

of _the ef  LijgRle SASAIPY. £ AARING, DS 0bLY B0 HOLA SEENE, bRy

lﬂrﬁler‘i’é‘ yh;I)
effect rapid separation of the co uent/sélvent stréaminto vapor
and | i qui d dghasedhipreéfucnhlcaviag i rn@ﬂorsvtnﬂ@mrﬂléy b bader trempetajury and prgsreed | nt o

a flash Se@@ﬁq"ﬁﬁo% essplflt aﬁg tl%rsgf%%%t%oéﬁeefgﬁjlgd:[\bﬂ[f%gltep%c% essure of the effluent

stream as ure conditions 1n ash 10separator, should be
in the randgen3ef f rAfm &houp the @Esctgr (}@tekPal)e ftross2@ o fphd gfﬂ@éhﬁ%ﬁed@as) redmeide

Peerroa L avhaPIogL R PulRud Rl ek PE bt ol o GERRY ' ©
l'iquid whi pkestuge @Imrthaﬁéaﬁdg wfﬁhla eiffientls@adih By c@hiihidg Rtwidt Kot 861V dn® ba s@vheat

transfer fluid. This "solvent" therefore need not actually dijssolve
anyt hi ng orfestipnid gepgplan gbihg cpmbiged pidhuentaalvertisiscam, &yo yanopars ligid phases

charact eri sfnef 18§ cdnifinRIQbrivaR s éuﬁsehﬁ@lttly iktrd4BVR iftoh BRK SHAKER. PGict hRGuROI Nt
to have a major portion thereof be nmaintained in the Iiquid phase in the

fl ash separeduetion, tigr pragspre ¢fhtle wﬁluenhgrea@» At wetl asaesswe eenpditiaion| the degdo be
hi gh engug h Y I i e t or
s Tyt o R o RIS AR RET B8 b Pod B R0 BEEARRE o6
herei n, " mppaderalfp fromahbutHe anig (%5 kPeawt1salpeogt 1B kReRy or at | east about 75
20 wt% or ea wat ast about .95. wt 0 t, .| east
about 05 w0y S aatiredi Bha® e B s LBl BB rlpudt shun e ERE
stream " Mwhigh ipOsiitacdsd wikfehe scak@s sfflubartredno istas Athewtbonsfor flligs This fesiveabout 40

W% or |less than about 30 W % or ss t han. abou wt % or s than
abo?.lt 10 wEBFeigfe neg BOttat‘i&‘ﬁl%SﬁiﬂlVeSaW%}ég or® @étsgophéﬁw%é’mpe?l% g@e B¥sed

upon totsal impdrgit ciafactoistiSf Bardlvdesadiehivd 4 hieRenauRlvbillng pldt t€BaRaNent s
(solvent, etc.) and streans 25( g}é{g vapor and liquid streans, etc.)

[ 0035] G vemMyHPoftimahareige mHpawey vethe lﬂglécphaw infhe Aushreorraen efwthgs, e
general l'y Rg¥ge ﬁmgpéf{thé"ﬁ)l@m Mbui@fatsh '59 mgﬁgﬁ’é’htgh 10 Qlaganty%ol%grg v&clrnchPE @a&ﬁ;ﬁ%ﬂ Y,

the boiling pornt of the solvent wl I gher, e. | east
hi gher, t hanthe fleshgepdritagys gesiyrie semﬁraterfeona él&@tqd@ﬁt h@mn@ mdlstﬂme)nsol vent will

?ﬁger all'y %0%9] be Asr{fS‘&{ herélﬂarmajosr poﬂf&l” nggl%rag ?eagt%g&h 59 %%', Or zitl’iceaspe[b%ﬁteﬁce of

20  wt%, or at least about 90 wt%, or at least about 95 wt%, or at least about 98 wt%, or at least
about 99 wt%, based upon total weight of the stream. “Minor portion” means less than about
50 wt%, or less than about 40 wt%, or less than about 30 wt%, or less than about 20 wt%, or
less than about 10 wt%, or less than about 5 wt%, or less than about 1 wt%, based upon total
weight of the stream. These definitions apply to all components (solvent, etc.) and streams

25  (e.g., vapor and liquid streams, etc.)
[0035] Given the foregoing, the solvent used in the method herein will generally have a
boiling point of from about 100 °C to 220 °C. Preferably, the boiling point of the solvent will
be higher, e.g., at least 50 °C higher, than the boiling point of the reaction diluent. The
solvent will generally also be inert, that is, not undergo reactions in the presence of the

30  catalyst. Materials which exhibit the required properties for the solvent used herein include
Cgst normal and iso-paraffins, C;+ cycloparaffins, and Ce+ aromatics. High boiling olefinic

byproducts (Cs and heavier) from the reaction step are also inevitably present in the reactor
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30 catalyst. Materials which exhibit the required properties for the

sol vent used herein include C8+ normal and iso-paraffins, C7+

cycl opar avDiz2os/11208d C6+ aronmatics. Hi gh boiling ol ef i ni eCoyyse@doedsst (C8 and
heavier) fromthe reaction step are also inevitably present in the reactor
WD 2011/ 112184PCT/ US2010/ 026661 ef fl uent and i ndeed can make up part of the
"solvent". In fact, it is possible that the entire "solvent" consist of
material that was produced in the reaction step, in particular C8 and Cm

ol efins and/or the hydrogenated reaction products thereof [0036]Prior to
contact W Ry heaniGARk cafbkd§barbbf GEMoe SRINENT ividklibig ee iRl dnyirdde 5
heated to a tenperature above that of the effluent streamexiting the

react or. Praflemtisiogsist|of materiabthaiovasemodused in the rdatanestent o pertiegséisandiCe above
the meltin ' f, t I ically, the tenperature of

t he sol ven%leg}?%ﬁél{ﬁqjﬂhes %f)o%g%%{eraﬁgac?éﬁP%gﬁ&%mth?%xfhe reactor effluent wll
range from[@3out PZi0r © tant@DViE, thooeaetop reéflenakttopmt tlemdleatitvill 0nefillyobe200 C.
After salvent s conbined with the effluent stream the tenmperature of the
combi ned Pt Pralemporaic e ey LA SR YA RIS LT 1Dl Fatn
separ at or, tw solvegieni@imalhkated RRgEmpdraircabout thd Bltias bein2&QhGpol &I Iploandtact  of
the heated _solvent with the reduced pressure effluent streamfrom.the
reactor is TOBCHYe i edemPeraus pé e OYSMTEFm 5t g 40 Pptart weth theppretosiefifugah
stream i n- §jifi anB¥ FB abButt1hd SC &P TS thoil freRALREIMall it I RHECHB0b At 0AkiRe
flash separator. After the contacting is 15 allowed to take place, the
vapor and Bolgentdisstcombimgd avih sthsarcklveet ishcanhe the deposepar &f othe pemined

l'i ght-bgili id tetd ' ACT | 13 diso
parar fis syl ERsubdn 1B bl ERihe A GHRRaRS LD 2R iof
vapori ze. [pbOBBPOIHeto2HPSE. product fromthe flash separator, conprising the

unr eact ed en e r oduc ot her, ol efin byproduct at least a
) o por t {7y et Al PRSE Moottty Fefiel b SR R By R IR

sol vent, wirdactog@nerddd gut esuckd rhanar sao irgsdipheditisd ¢ffihadt is@eanc Glswmpsiof ar
recovery of the unreacted ethylene, diluent exene praoduct, and sol vent,
as il ustat¥y CPIH'%I‘&EQ%‘F%ﬂm Being H‘étrqrbf‘&ﬁ‘r gl g‘P %ﬂsg\ﬁ?%%}o’gr 2\3%&? HOFEWE ¥ The
by- prodyct apeksd®rtal@ndaceathakysh at@ RPN Sikatns Ofc {cP@rall e flatd fepaideedifiat o
the fl ash sggarator are not volatile and are practically absent in the

vapor st r edgiirhodlifgt filicaesarsat dp . tho s7a0mo stk af (qufsdnagsmpleaith 5 grfaties or

separat or GQIERL S&8jok PGtidt of BRI ut WAl A% RRALVLNOf the solvent, catalyst
conponents, and polynmer by-product. A small concentration of olefin

product s nmd¥038] so The vpp@sweduct fromhbe iflagpusedargtor.ecamprisiop ehredimyepctsd cthhydene,

condi tions r t . Ll S0l vent s
ool oyed. - POEAEPEENE Fh oFEREHE0U: 4R b B YR FRe Al R SnBREER L

met hod desemabechohar i the sol3éntt wél perebdligrbcofedtthe feries ehdstiltdtioacbiuvwms dait al yst
and pol yner. by- pr ct in the reactar effluent can be effectively dealt
R g T A NI o R R MR R TS

t hi s et hodevesal bhéte fiduees @adalwisds providdacherdtt OThedyfdro@iat pdlgmaraindneapssari |y
"killed" by the flash WO 2011/ 112184PCT/ US2010/ 026661 vapori zati on_step.

| nst ead, t KeMPEKEE; Qfeths pepmsinfredussd dxe, the flsh gengraters gy nabxiodte apbeEne)

are qui ckl %Sra%ﬁ&@l&%s%ﬁt hRWMabH& ueah RloMSthe scpiafort hat the catalyst has no
reactants to catalyze. This feature avoids the need to add excess anounts

of an &xt ed¥®8P] ki [Tihe digeidstreany Eamghe sapeisten comprivgs thaeblcast agnaj oreorfecachfitles
recover and, (&Y Cliflyd NEmpBERAC RS pSRRL ¥§ordiub! A& LihtARHARWISHLHAM
products may also be present in the liquid stream, depending on the conditions of pressure,
temperature, and the type of diluents and solvents employed.
[0040] From the foregoing it can be seen that by the principal method described herein,
30  the problem of the presence of active catalyst and polymer by-product in the reactor effluent
can be effectively dealt with simultaneously in a single process step. An interesting feature

of this method is that the catalyst in the reactor effluent is not necessarily "killed" by the flash
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5distillation process. [0041] A first portion, i.e., a major portion, of the
| i quid phase fromthe flash separator is re-used as the heat transfer

medi um t owef2bacti2esddi ti onal flash vaporization. This fi PET/USReuiogéepDrti on
can be recirculated to the reactor effluent streamw th a punp through a
heat exchanger, where the necessary heat duty for heating and vapori zing
the effluent stream 10 conponents is added. A high circulation rate of
liquid relative to the reactor effluent is used to achi eve rapid heat
transfer to the reactor effluent, and to avoid the need for excessive

tenper at ur Qz'épdri’%atﬁdﬁestéb.e]ﬁhﬁéad, 10042hR $€5 A thggeﬂg atll RO 1esRP LA AN AEnd) AR

| i quid phase fromthe flash separator mu purged, either continuously
or peri odi gaickly sepasatpd Bomnhe eatlyst.ruduthabothe cdalpstdies porapptents by cataly®. piherduct
and cat al y?éaufré’ IPORSAL ReddDo LoE Ls%%[%aoﬁﬁ?%‘fﬁ}é%&er@ﬂ%lf i‘gt% ELfGY chblgbq, & vent.
The concentration of p&fyner and cata yst species in he purge stream can
be contr ol kheddiny tledjead td rRgoviechend @tylothe ineguenayalyt kipluaggntrig thel dowinstream

desi rabl e %O.ﬁ“|owlthe concentration of polyner in the purge streamto
build to hi§H IS CYo nake di sposal or treatment of the purge stream
easi er. Thgooapper AHRELIHIGAL.LOR ndapy pbrtidh | If tlRGiduidpHagdfr &ty tHealukD Epaitatbatis

i ncl ude 20mai ntai ni ng punpability of the circul ating solvent and purge
streans. [ 6DUSH e thenairansier pedivreterdactndfisiopal flagh ¥ipstiraiiope Thisttad timat t he

sui tabl e t 6oRBh AaH RS rRNELIREEL TS WcBRaltOF ofiBnd {REA VAR h&AS ItRBuSE §Phedf €
inter-related. That is, a higher pressure in the flash separator wll

requi re a Kkgmaegert whyethe ngcessary keahidety oy Bending epd rvaprizinothe tafiducne geqaint s
and produc i . M L i : r @l flash
pr og %@a}%&kﬁm tNGIYRPR hlé?{kﬁr;cﬁltau&ﬂ }a?evﬁf%ﬁuldarﬁl'a%% Y 1%%&6% e?ﬂtLe?tg ﬁ %e[d

separ at or es not require enperature therein to be so t has
been f ound t¢ heltieva rhpid Jieatt eanpler &t theerefatdrectfleamp eandttaraeoidfthe neadi for ngcetde hot

sol vent mﬁ%@l%gnn&gﬁgﬁﬂ%m%ifluent) of about 150 C or higher is effective at

fl ash separa pressures of about 80 psig (552 kPa). [0044]1t should al so
be not ed t het42t he ACiccond, atd minor,goioafof tirdigal phast frirs tie sk fgphravannabbee f or

controlling the flash separation step of the nethod herejn. The degree of
circul ati oRY ﬁ %{lierbﬁoné‘g'ﬁ)%ll?’i %Hﬁﬂo%ﬁﬂ]é’oﬂ’paﬁﬁl"% CopEup ‘Bldél? l??@ob’fne?h}é' flash
at steady ptue Mdtdudie cb@pRRhBLIHIE: Bhsht {Pash \waidtthd @i@dﬁildﬂiﬂ% tsBRent. The

recircul ating sol vent heater. The higher the ratio of circulati n(% sol vent
flow to th&OKeaEtiop dfrolyrasitantd| @lyst Reecicothe REFEEisiewn sa &cicanipied it wo

tenperat ur Qdjusting the rate or frequency of purging. It is desirable to allow the concentration of
polymer in the purge stream to build to high levels to make disposal or treatment of the purge
stream casier. The upper concentration level will be limited by factors that include
20  maintaining pumpability of the circulating solvent and purge streams.
[0043] In the principal method herein, it should be noted that the suitable temperatures
and pressures for the flash vaporization step are inter-related. That is, a higher pressure in
the flash separator will require a higher temperature to achieve good separation of the
reactants and products into the vapor phase. Likewise, a lower pressure in the flash separator
25  does not require the temperature therein to be so high. It has been found that a flash
temperature (the temperature after mixing the hot solvent with the reactor effluent) of about
150 °C or higher is effective at flash separator pressures of about 80 psig (552 kPa).
[0044] It should also be noted that the circulation rate of the solvent is a useful variable
for controlling the flash separation step of the method herein. The degree of circulation can
30 be established by comparing the temperature of the flash at steady state with the temperature
of the solvent leaving the recirculating solvent heater. The higher the ratio of circulating

solvent flow to the reactor effluent flow, the lower the difference in these two temperatures
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WO 2011/ 112184PCT/ US2010/ 026661 wi Il be (at steady state). It has been
found that a tenperature difference between the tenperature of the

recircul aworglisabasent at the heater outlet and the fl asirCraspewatasce of
fromabout 13 Cto 17 C, e.g., about 15 C, provides an adequate circul ation
rate ratio of solvent to effluent. 5[0045] An apparatus arrangenent/process
flow diagram suitable for carrying out the principal separation nethod of
this invention is provided by Figure 1 of the drawings. In Figure 1, an

ol efin reactant such as ethylene and a reaction diluent are fed to a
Stirred Reagf g (%p%teé(dyastfm%?d 1t hREBeenlRan @Mkt Jaoémpélgﬁlp@9¥fer§1ké’ bethd€n the .
conponents of the catal yst system such as catal yst and activator materi al
are al so f ¢unpespturhef SeireairedlaRegawiveont aOlfe heptgr putlebamdohie flashTempStinerod droReact or
101 is fit 3 | i ' e Qo I f ' e
colling Jath&h Vlv\gngt(?ﬁ% ,gdbbl?t lgogt ?ld? he %18 e[%l%}lfadgiﬂ %tevrlggo F%@‘*&m

[ 0046] Reactoeffledrt! uent contai ni ng, for exarrpl e, 1-hexene product unr eact ed

et hyl ene, cat al yst stem mat er i nd one neric

by or odaer O04BER da” BrlraR! PRt R B GR 1Bt T muhiseRG el ot b o
through a Brig&pdirsepanaduchdtiesdl dfahi @nvdBordaRchriided bynRigud1 bl theQltak@g@nin
optional Heat Transfer_ Contact Zone 111. In line 110 imedi ately before
reachi ng t Kaguwsptli 3Rllclineisectart sHek at cbyispneand zderstion filugnhare feddtp oy S@Ted yent
i's conbi negeydd ol &5 £&HERL 189 hERI3, tspRElQY. B ééﬁ{bbn&l%ﬂ%& dat-0) fRRLEr 112
via line 113. Contact of reactor effluent and the heated recircul ati ng heat
transfer s@ﬂq}le%tcatablsugndammmmt@ﬂdlarehelaQ fesldddle PirredniReagtior ilOhaia lige 4.
Transf ep t{dee i

2001 11 ciont 105t Refddbt i MASRet { i RPRERET 957 RUIe GERH Bty e
Separ at or tdlfing ja0kkd ¥a lina lﬂhana:blmalﬁt}ﬁ@palnr@tjankeﬂ\% lind 5. conbi ned

effluent/s ream arates.into a vapo hase gnd a |i hase.

VaporPr odd bl Ko SoHBRRE 8 & ki Ragtitp LRy Proficts Sl intios s on
product andiluiteaahgtsystchyhedgal aall ©Rg ovinbfe @1mrmrbygﬁ6duc@n le@festthestigact i on
diluent and a minor portion of the heat transfer_solvent, is renoved from

the Flash S&peahldrvinbeiH8ang iy pased thigughos Peasys Bedustion Yalse {9%andgtbifent

streanms;svi q16licfiti |l dhaphioRal e}%{ RRBROEr CORLSARMNINN 1Hi BHT £10LhnmddRR4BbIRR
|l i quid phase fornmed in the Fl ash Separator 115 conprises substantially all

of the pol yenehing thyyoptipend loutsTrander ivatagtfaicyidd, thatrerionttiliens i ednbiedaithor
effluent, %c%& t‘Mg i ?8&?@1‘& AT %Q{n&lgl%%ph %&%‘i \H?liﬁ){]lﬂoré&%}t OF rch 8r heat
o) { f this 3011 quid

t ransfer ven ortron o ase |I's renove
t he Fl ash Sﬁbﬁntaa:ndrthé_]_i@tedl Iacﬂauraenghé'at mdsfémzblwzhtaphls Iauyrpddnfbaaltmatt duieled—leat er
,g' ﬁg as the ﬁeeglgtgo%ull ?Itegltn%ags%eart Ctoﬁt?icr][ £0ne Irléllgés %est%glggrgtugg QP thep %ntlblrcl)gd of

20  effluent/solvent stream which is then fed via line 114 to a Flash Separator 1185.
[0047] In the Flash Separator 115, the combined effluent/solvent stream separates into a
vapor phase and a liquid phase. Vapor Product, which comprises substantially all of the 1-
hexene reaction product and unreacted ethylene, along with a major portion of the reaction
diluent and a minor portion of the heat transfer solvent, is removed from the Flash Separator
25 115 via line 116 for separation into its component streams via distillation equipment (not
shown in Figure 1).
[0048] The liquid phase formed in the Flash Separator 115 comprises substantially all of
the polymeric by-products and the catalyst material from the reactor effluent, along with
some reaction diluent and a major portion of the heat transfer solvent. A first portion of this
30  liquid phase is removed from the Flash Separator 115 via line 117 and fed via a Pump 118 to
the Heater 112 as the recirculating heat transfer medium. A second minor portion of the

liquid phase is continuously or intermittently removed from the Flash Separator 115 as a
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i quid phase is continuously or intermttently renoved fromthe Flash
Separator 115 as a WO 2011/112184PCT/ US2010/ 026661 Pol ynmer + Cat al yst
Purge Strwamuiazissne 119, and this Polyner + Catal yst PoTgs2800e@a1
conveyed via line 119 can be separated into its conponents via equi pnment
not shown in Figure 1 but described in subsequent figures hereinafter. To
make up for heat transfer solvent renoved fromthe Flash Separator 115 via
the Pol yner + Catalyst Purge Stream 5 through line 119, fresh heat
transfer solvent can be introduced into the Flash Sparator 115 as Sol vent
Mekeup Vi a phivifer 128atallQ %Qg]el SrARCTiR§he §79 06l RO oy LeChSly RIIYE LG AN

addi tional seéeparation nethod to separate ‘and recover catal yst, pol yneric
by- pr oduct sonwemvmdmedlpmntbemmrﬁe@unt@ ntareefogpnogty| veﬁqulpmﬂlpmeﬁh@wf mom t he
processed ng .s m, G fr [ [ th tic
trimerizat :%fog_luryel E t & Pt gd tlﬁ) s&bs%%uenppgares ﬁg}% Qﬁerw{lgocglaﬂ SR oL, #Qaté%k?fj %nal
separation soﬂeéﬂmdnc\aﬂ fironi @hev Blathr Seanent 116f vik hise PolqnmedermlmrPu@ge $thﬁmf | ash

vaporized eff | nt ream whi c or e n a.fl e tor in whi ¢

U heC ol gomdip i 19 eEaE b anrit oAb ShRS el aue dennt Sprake

sol vent, h@gw@g@na&g@vwﬁ@e@g@crlbed her ei nbefore, this liquid portlon whi ch
isto be se&yrated into its conponents can conprise the purge streamtaken
15 conti nud¥Pl odn japetBernerabasimeny. thetsnistMevifqdaam addipeneh senaratippmethas e
Stream 1 ePLEREA! Sud Rabovd’ ARIILNDAmIRL bl pudsf AR diftchid hak hnigar at or
which is not recyled as a heat’ Franster’ 8ol vert to contact the reactor

ef fluent. [OBSOIcPmpoEntdemt div mbdchsetl frfffcaddiceinowaling Eparaarchaer wetediodhe t he
purge sfre in i.odi cal e ,

Ot cam oy i oaeirde izt GRPL) AR, s HicehBlgke SR daarh Qpigparsion
sparged i nmt}tokie:aﬁtinvqum m@tmmﬁlthd)ﬁdm&Vpbhienloé\M flaxh \kabqlﬁxzied dffhene strcamSone

of the stea ens tg, heat t t vessel as we t he purge
ot ream |1 QUETORGRR it ¢ L S ahdb P Grs e G rate BaHPt 7/udR 400
l'iquid surfaseddddsheaepakt dvdnt, 083 bdee féd. AN dbscrivdd hexinbsfotch@isSliquidiirtieh
vessel as an overhead vapor stream [0051] The heating and dilution action

of the stedfiPapofq PEsSBYFFENTCatd WHPOPBAT FibromPEs ficuBtee 1YU5HT t #ECHur ge
streamiss ugbnﬁnhlaﬁslﬁell WehitRRdy dohlU@Rtragl ?epﬁﬁfdi' e[dllsowr§pﬁtréahﬁreﬁre§é@ thd th

t he vapor stream he i ntense n xi ng cr eated t he steam spar ger results
in the eff é@@ﬁlqneofctbﬁﬂla@ﬂufﬁl@l@\dfmtthﬁeﬂgﬁdal Sym;atowhﬁhdm@ttreqd@é e w@atﬁ@pﬁpr

speci es anQOQQhK?&ﬁ&Q{%HﬁﬂémM&ﬁﬂaﬁhe hot water and steam This effective

contacting I1s I np to vaporize the solvent and diluent, as well as to
ef fecti veI 3[0(150ht adm cbmectmcart wltly gltis pediadnal peperagen umettﬁmdy\ﬁmpuransiresmeamnﬂo
further 30|Q% t contqf lﬂngf mec an{cal q&g n ofb e, slea

i1 pper contanpe b TE sf PG R TREMTDIERe ek Ll shliouate

2011/ 11221 84f&h/ @8‘2@1]1@/5@2%6]310 the stripping vessel below the level of liquid therein. Some of
the steam condenses to heat the water in the vessel as well as the purge stream liquid being
introduced. The remainder of the steam rises to the liquid surface, is separated from the
liquid, and exits the stripping vessel as an overhead vapor stream.

[0051] The heating and dilution action of the steam vaporizes solvent and any reaction
25  diluent from the purge stream, such that solvent and diluent are carried out of the vessel with
the vapor stream. The intense mixing created by the steam sparger results in the effective
contacting of the polymer by-product, catalyst metal species and solvent/diluent with the hot
water and steam. This effective contacting is important to vaporize the solvent and diluent,
as well as to effectively contact the catalyst metal species with water and steam. To further
30 intensify the contacting, mechanical agitation of the steam stripper contents may optionally

be utilized as well.
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[ 0052] The catal yst nmetal species undergo rapid reaction with water to
produce "inert" netal conpounds, such as netal hydroxides. Wile the exact
form of twenataks4(e.g., Al and C) fromthe catal yst atwrars2ailsdsbash
vaporization of the reactor effluent is not known due to the heat treatnent
received, it is known that these netals are reactive with oxygen or 5

noi sture in the atnosphere. Accordingly, passivation is necessary prior to
renovi ng such conponents fromthe closed process system In the present
addi ti onal separation nmethod, this passivation occurs in the steam
Stripping YREse! . TﬁIQQééinmetaﬁgyeaE@hweﬁg[o%plhf}sac%ﬁmwtéraelp?&méé efei || be
dictated primarily by the pressure nmaintained on the stripping vessel. The
pressure ametal eprpeavatusechws netal bydypiiges. Vhiledhe exepdonhn of thhmetabls (vapodt and
pressure a [ rL8Le Ny to
i ntai n o bhgar ardg el B PR b HESEYALE Bt &) R EPE TR ot ot
pol yet hyl eme, hashitehtnicst adaensmd 12 Qs Enoxﬁvmhadmmge nnﬂtalemrqondaymer with dxagen or

stripping ves omt e wat er. se nuch easier,
e’ o ERTE i ERTEGEo ARPRRHS Trafitt S drP b e e TR EouEher |
pressure, @bmpsiehts AdAVEC albﬁmﬁ‘pﬁktei’sl s9sterh S [rBth@ PrR6ENE Alitemal @paratidh MdtREISthie, SO
that the tenperature of the boiling water is 100 G110 C. This is hot

enough to SESTBULLICTERIN BAHCHD FHBRNEXFYH st eam but bel ow the nelting poi nt

of pol ymer [ﬁmpakerh@ thifSSatilel GKie R%ﬁﬁ”ﬁﬁ ﬂ?a{g @t@g%ﬁtbe MY Prindk1aby ede
used for the stripping step, by the add| i on a vacuum punp or e]ector

systemto msmeaiﬂwrttmedv@m themtrippaeuvessdped h@ mtmswr@gm tesnpiergtuge Malhapughly

tenperaitourzgne% SREwRR thd Qg% %’%&&Eur@‘aﬁ&%rﬁper atle yﬁﬂ %&C?'t%{e%ﬂ kN 1f W ther

fromthe |ng poi nt pol yner ering t epolyrrerlc
materi al | dsss'rablmtolayamt[am%zlqmﬁlélrmurpcﬂsyhrw abyeypibdalbut belaw the madtimyy pant pom t he
stripping ve Wi nt i nuous| er.i adi ca

Gesi rabl o PEvamdepRagin ERb LS oo R Bl bR Rl by Bl o RHBSILER Yty 1 ha
smal | "cr umé)ﬁovabcsfgmwnwfrﬁrorrﬁhewﬁmfmde mash ¢akies einad QOEE&ISpOWmdr@enHEt’mMék tn a

conti nuous . or riodi.c fashio The addition of sol vent.-cont a| ur ge
stream 25 ggq;f%@,tewrgacg%né &GFIBPFHSP’&‘? g)éJ“SE?h?Pi%*moél? °F6 1§/Pr§P° ?C

EHo are

mor e difsfi grdsdurd, Qo EHRMMY @enfgetmrt BEthY 8618 watly Ri108PE Y 10 hC STHRIE Gliok @@ougm)t t he
vessel be shut down, cool ed, and opened for cleaning out the poly

by- pr oduct S#itsePent and[does hHsamBEHSEY theynaienshgintsy eglyist @n@@?eea leﬁfat t he
pol ynmer pr @G doBinkS b@HrRRed 'vé&ﬁﬁﬂl ICQA £0 b&RL A thE QLiPpin8ELE, t@gtﬁé %@ﬁ&ht es

that are diffrcult to renove fromthe steam 30 stripping vessel
met hod i s tobavajuamtpuiiper kigetdr mtmetntmq@mmyrﬂ@rvanwm urv@cum @petrﬁ@ns@ﬂult@)m ng

| und b f
vessel un g(g\?l%qagn%ut Sof ct)lge tEc! @1% OCI ﬁnxtlél;ee Tlﬂis%n %518\9 ngl’a{]o rtﬁglhfrc%{ ?lge rom

a high vel €am Cco-1 nj ect cal
agi t atioon, rmlnrgrppm ofnihe p@lymeln thcteby wﬁerlmamm&mwﬁm’sm&mm 026661
to the st i vessel

o roduce. 1B endeRey b BT pREUAR AEE: SiFvtrae B stipik edsbeRBr Mieb0se] an
advant age @fiscl bentdélisty, @R pbricepdy atli andedeithoeh fRISHE isbiecht parel sirchid tb hiat t he
stripping vessel such that small "crumbs” of polymer are formed, as these are easier to
remove in a continuous or periodic fashion. The addition of solvent-containing purge stream
25  too quickly tends to form large "chunks" of polymer, which are more difficult to remove from
the vessel. Typically this requires that the vessel be shut down, cooled, and opened for
cleaning out the polymer by-product material.
[0055] Other methods may be employed to ensure that the polymer precipitates as small
particles, and not form large agglomerates that are difficult to remove from the steam
30  stripping vessel. One method is to inject the feed solvent/polymer mixture into the stripping
vessel under conditions of high shear. The high shear can be achieved from a high velocity

nozzle, high velocity steam co-injection, mechanical agitation, or any combination thereof.
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catal yst kill/passivation agent, water, can be contacted wth the active
catalyst netals in a 5 relatively small purge stream and not on the bulk
react or ewobl2oanti2iskf water were to be used to kill the earaisgew/opesét he bul k
reactor effluent stream at |east sone of this water would end up in the
unreacted ethylene and diluent streamthat is recycled to the reactor. This
woul d result in severe deactivation of the catalyst in the oligonerization
reaction process. In the present additional separation nethod, the water
contacting preferably occurs on a small purge 10 stream Wile it nay be
desirabl e LGl fhiSatil Gy 384 YRHaLEMVE R Rk NGrif RAMLSA b RBLRO 1R eP

it isrelatively sinple to renove water fromthe small sol vent recycle

st ream cortmlé?l@d Of\ﬁhemb’h@rb%m@es tetsmklfemlﬂe@il | uent recycl e stream [0057] I n
anot her e nt, o 140 h f >, Wat er
M the strT5ohg vuSahME A0l ARy 3R RIO IR A0S0l Bl 1€t 3R
convert to caakjaslnn/@hﬁsezandﬁagenr matelr ncasdmecooasteé ,wiiht thamymtee:adn@st mafalseinfaor one

or nore of the ta s to preci t strl in whic case
Che et &t et ek Bt Bl Sy st i iR SARE et Rk b

it may be degillradtRalllin aﬁ&)uuheamheefﬂﬁent Eneeaﬂﬁhallesstts@né)efmlm&rawum éﬂme
water, in which case the netals exit with a water bl owdown stream for

treat ment PR % heawreagisd sthylspaand dilenispeamstByt inssxslel © thefearierr Shisvenld . The

pH of the vaugfn 'sé\reﬁéddléd&iv‘“aﬂorpb!f fhBa@Md lhltﬁeopgon?eﬁzat%q racclngn BFocBsPaR Ghe
Sel ection of the acid or base is not ‘critical for the netal chem stry, but

i s typi cal IPjeserigdditiongl separatensmethed, pherediegrsentapiingrpagienablyloccussones malkpirgeor
vaste gt elulhPabiRot £ aglrmveo rQ&%%é”‘éoﬁ\tegf:fe%\%red[ﬁ)&éﬁle sl RS her

enbodi ment of the ad separati'on net speci fication of
properti es seh, it heelae‘cﬂlwsmpl’e tb sermeve voe drofrutht keell s@ven lkapde sttdag, adonparedy t o

renove sol ven t}tlehlargﬁ e{hgfnne/g?l%e%ﬁeézn?esniemerOdUCtS Si nce, as noted

her ei nbefore vent" is to serve as a heat transfer
fluid, and[e037] toma&el&sambw ﬂlosﬂela\aelﬁomls@pmnon ﬁaeihea‘.tth@pH of thawhtedind t hat

| S act ually a poor sol ent t he pol r can fuI Exanpl

"poor " sol Vit Pé?geVe@,%" by %“{5 Or?BP%énF F%ﬁ“?ff H’&ta g CBMEF RS, d%ﬁlfag’Iﬁ er
boi | i ngssolfyant s s8fme ciRt, iPhef 8& aa@a&eqat@e ok iRYe aff e eclald ©Wrdcigi@ieSapRY at e
fromthe hexene product. Heavier solvents are not 30 (Fref erred because they

are difficaltippig vewplpewhichsiserke myalcstigdth thopyprigrated prBof by-Hadichebn

observed thgfr EAE, 'ﬂlsrﬁa)plf)e &R ré(tﬁ@&‘ér o%H%Pnﬁ?e ofl tRORRalsFo b@rsolutl%qwi{e xb&teﬂfﬁ{ keted
by ExxonMbi| Chenical” result in a cloudy appearance of the liquid

gener at ed |“fhlch\p@362tquﬁ@b2$8m9/ WSOy dxaeteam ter tfchtmint mapwiwtqr ohnist ep
of the pr ' g&’ e%ll fo? B@bﬁ]ﬁl‘é’t&s'}? 0089 hﬁ{e dePoff L w efﬂ %@Tﬁlstg??? :aﬁdn&? b?a [Teans

t hat at I'n so fluid
sus penszloon awdtdmarba‘séieSeiadtmemf theUpmh octmb |mgot01’r1t1aal ot thewmetad @hermsmy,rtglt is

~pol yror - r TR R A cbdheaao PAreEE (BTEdh ~ 0 % el e eay dr
appear s on ot epiroh@BBAl] ek a settling step can be used before the steam
stripping step to _concentrate polyner. in the I|qU|d before stri

reduci ng t H¥38houdt Yeiransther eRPOdRERt ofas adduiosgl eppsatipn method, beaitfRioor

the properties of the "solvent” is narrowed further to enhance the ability to remove solvent
25  from the polymer by-products. Since, as noted hereinbefore, the purpose of the "solvent" is

to serve as a heat transfer fluid, and not to necessarily "dissolve" polymer, selection of a fluid

that is actually a poor solvent for the polymer can be useful. Examples of "poor" solvents are

Cs-Cy2 1so and normal paraffins and olefins. Lighter boiling solvents are not preferred

because they are difficult to separate from the hexene product. Heavier solvents are not
30  preferred because they are difficult to remove from the by-product polymer.

[0059] It has been observed that the use of solvents such as "Isopar G" or "Isopar H"

marketed by ExxonMobil Chemical result in a cloudy appearance of the liquid generated in
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fromthe polyner. The catal yst netals passivation step is relatively fast
whil e the solvent renoval step is relatively slow Therefore, increasing

t he concewonrativiamssf pol ynmer before 10 the strippi ng st epTrsSduossssbhe
anount of tine and steamrequired to renove solvent fromthe pol yner

by- product. Wien a settling step is used, the upper liquid |ayer
("polymer-lean" liquid) can be recycled throughout a punp to the flash
vapori zation vessel used for the heated reactor effluent. Wile the upper
liquid layer will not be free of dissolved polyner or catal yst conponents,

one skilleghd ﬂash%p&}[ztam‘/ﬂ étlep bEGR PiniBall RPraddACmSUSE RELG AT B%d&b‘?%c%’v@r? at a

15st eady state, such he rate of purging of polynmer by-product and
cat al yst thpomemISSthatnatt lhest pomy redr the ipolynphds @otiint koledgeralbut iathqsriodudividon

rate. [ 0061541{)‘&5%%”&1 &Rﬂetﬂe SE)IQ%IH 384) e@cgohng%g t fgcm?r{lér Sonfafli; Ons%Weﬁt”t ﬁ%&mar €

produced as ucts in oner N’ reaction
by- pr oduct sddmgmil cpa]ymer @8;cipBas. andeﬁﬁ%eit]mrgealne rudlyrsdrirghy Iphase matths mmltlm:ul es,

are m)stly ol efinic Because of their olefinic 20 nature, they
are not tr39&}01}1@89?01e?ﬂé(¥ul4ﬁ§yerta rsrﬁg‘;‘)‘ Rinder go additional reactions in the

presence ofl0d60p Ursuplas skvaicedtepCainaieysked eford the SRR/ @BppildIstyelo astRthRke
enbodi nent of both the principal .and additional separation nethods herein,
at | east aPpEpel Blnthe)#lqwﬁée@reeﬁm‘lml%g BSupE dircaraounh ok obvepbtir 1Byst Be pirigaitk can

be hydr ogenghete a1yt urrak %atallg}asfﬁet% %&gsn@noﬁ gémsr&glaﬂoamst Wdle iRORALAT T ns.
These hydr ogenat ed by- Ero ucts can then be recycled to serve as inert

sol vent f orepsrhier isasiptivelpslovz a‘fhemforﬁ wmgregfing ﬂpé cppgentitpal of pebyaiea briore
et hOd er %erktrq%)%s@r}r): ﬂ@d&c@?th@qgfh{lﬁt%%hesﬁﬁ) "Si{e%! %@Hg@{o%ﬁlob@go?\;eﬂt fr&g(;t!he

over heal vapor strearh | eaving the steam stri ppi vessel mainly conprises
wat er and solymenby-peaplocts. Whgoa scidmgisrc@ is tuled, m]@tmpeahthé ddyeefipolyanr-lven”

condensed rat ures abo easi |
ceparated TSN CRo-copvant A SuERRL e iledhubiG VG weid o B byeted
however, wir¢actos teffldenbe V\aﬁlsathuru@p@dlqmd hychi gHibhwvtebk Wat ef .diskdlvédspolpgper brant t o

renmove this V\@ter bef ore reg g t he oI vent lh ﬁhe flash, va orlgation
step of th&EPPIHTEIBArn ek st f‘ﬁd%] FEPEtfe thatithgryptem gan be operated at a

2011/ 11,21 84R%4dy 22 Q4 B26E6 1ats 6t pegihe wﬁ&yrﬁ@twm@ct REr @talx OB Rhedthd vat er

woul d flash and recycle to.the reactor with the ethylene and/or reaction
di | uent. the polymer-rich phase will equal the production rate.

[0061] As mentioned, the "solvent" may comprise components that are produced as by-
products in the oligomerization reaction step. Such by-products, typically Cs, Cio and Cy»
linear and straight-chain molecules, are mostly olefinic in nature. Because of their olefinic
20  nature, they are not truly inert, that is, they may undergo additional reactions in the presence
of the un-passivated catalyst metals species. In yet another embodiment of both the principal
and additional separation methods herein, at least a portion of the olefinic by-products in the
reactor effluent can be hydrogenated to saturate these olefins, forming normal and iso-
paraffins. These hydrogenated by-products can then be recycled to serve as inert solvent for
25 the flash vaporization step of the principal separation method herein.
[0062] In the additional separation method herein, the overhead vapor stream leaving the
steam stripping vessel mainly comprises water and solvent vapors. Upon cooling, the water
and solvent can be condensed at temperatures above ambient. Most of the water is easily
separated from the solvent by settling and decanting. The oil layer, however, will still be
30 saturated with dissolved water. It is important to remove this water before returning the

solvent to the flash vaporization step of the principal separation method herein. If wet
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[ 0063] One net hod of renoving water fromthe solvent recycle is to pass the
wat er - contai ning solvent over a bed of desiccant. This requires at |east
one addi twornalii/nesgel for the 5 desiccant, plus either PaTSg@E0N®2@b1 On
system or periodic replacenent of the desiccant with fresh material. In
anot her enbodi ment of the additional separation nethod herein, the recycle
sol vent can be dried by distillation, utilizing a colum already present in
the process. In this nmanner, no additional vessels, desiccant replacenent,
or regeneration systens are required. 10[ 0064] An appar at us

arr ange”E“%619&9%?érefuh%\‘l’tﬁjééé}glilﬁ@bfstﬂb Wakl §oli@ rﬂa&f'ﬂ‘a{r{d%%d}gle%"éhetré’a%toli’%tﬁtﬁehe

princi pal separation nethod and the additional (or further) separation

met hod of tHiylnedavddragastion dilusnior ovi ded by Figure 2 of the draw ngs. In
Figure 2, ea r Fl ash..Se r 115, the. P

Cranster | 1083176 O of Rfnofu@aDuct RRNTAL borkdht b 0R Y 3P Be THERMED
Punp 118, theainmgyclventsodnadrtl oHéaiceant.1TRis ragnded dideastpine addiliondbatssel 1dy the

Tr ansfer nt.act nge. 11 are the sa as thqfe %ﬁenents ﬁ@igh.ar§ .
descri béd “RERYuPES FRARBIHBETBIO8 YYD B SGHeNS ren{aeam i) of it desiceatt arifhs ¢
Purge Str eaxis howhial. N Iiriagother dmBslih@it g the navieeha rseparitha mbtash hSepariat or
115 via line 119 is replaced with a Polymer + Catalyst Purge Stream
transfer | iFrECo6AUVEN SHERS diipddrrdistillghiqny Hél%‘i:ayeql@mmlﬁ%d& DEFSGIh &t e grocesie

Pol ymer + GRigdl YihndtUhg SddHlisRRNEEI0MIds R6an® QbYKBEAE 6Y RoBndPBR shdBmb Sre
conducted via this 20line 201 through Purge Control Valve 202 and through

| i ne 203 i mwirstri ppi ng Vessel 204. [0065] Stripping Vessel 204 contains a
liquid |lay 5 | Si i Ul ﬁ%?; t and
di | uentl)0 f&‘?)or?lafhe 0 %%{ruggrr%%%%@? &Igusr%bg‘} %‘? grgl?rgng t%lr éﬁ?’%lg ?u? g{?}{’gﬁ‘l ayer
205, t her e tlar primgial depRoitipmarctiR@r andcthe sd@iGénadrick fiobsn) beparaidos ongldd of that al yst
nmet al conpqunds, not shown,. as.well. .Steamis introduced,ingo the Stripping
Vesael 204 b1eormsil s oo B pios S REng, POEBAF Gnoisricdeat g il
Bubbl es 20&1dsh Stj@atbi TS|, thel Waper PRABct thefamidubiel thagsolhoMgReuphigtrdduttidnd
| ayer 205 serv t o passivate the netal catal yst conpounds whi ch have been
| nt r oduced a0 I8 TRGH BTByP. BegeRle wbeal Feppt E’Bz,veﬂsta? opBonayitigat he
Pol ymer s+ Gadidfey BbniedAfe $iT 8RMe AROR] R RIQRMEtw IR HEREscABAER BEul10ng
wi th sone %a55|vated catal yst metal 30 conmpounds (if soILS% are separated

i 1

from the | ihg@gingeforsy dp Faome Andie pelirpoet Criabi Riige Srqampihowg in/Bigyed 1 200ping g

i ne 209. . St I | S VO
5011/ 11216 BRSO BF JAETREPERGE 2B WS 1bAOIGR P IR o %Ogég?fvg%%

wat er - sol ulPueecSiteamysinsfretlmb 20 pawhulg &f éroal o reeywtey Bangp ld$nitde@d St Fhigpi ng
Vessel 204 vj a thi r Blowdo stream thro | i 210. [0067] St eam and
roms e ont e Policha Guatht BoredsRHas et ROkt BhRUR a7 Bsop gt i i

whi ch have liaegol Matugh PhigZ €dniyl Valhve20R andthvrigh &k 203 iafd Savpitcadsaapar stream
fromthe tOﬁ% 5 the Stripping Vessel 204 via line 211. This overhead

f :
vapor stred 681.; coNEPTE YIS Hneraidtsy 2 Jigyidylpyen 208LOPRERNE VAT A disised
liquid stresipdRs\(E.8, ko0&t 24P dli@nSeRA McOFolddd + Lhalybep PP afahor wadth the

condensed liquid separates into an oil layer 215 and a water |ayer 216.
Sol vent carheplquic kyoie?®d thieropre tshied Bplymienaticlps 206, angd paspibly2aisp, solidtcatelystan be

W t hdr awn Hem&ﬁgqup@a{ %t BV Fas gxﬂeﬁ. Vétﬁaéﬁ lg%ro%ﬁ?ed% g §tP§;éi8§V"é§,gl o¥h |1 ne

219 and/or optio returned to t tri pplng Vesse via line 220.
Over head vidiporR0¢aamdhbisventethtrof@tion mea@n SecaioBablfl¢sa2(8, invtha lighidesy® 2D5and

{1 ow di agr SHBUIPERIa R s Ry ot BBeRRe i RErSal CaparatTSRtimet hod
and anot hervhembiagt st indbdidde iaddhd ii@nallayepr0d Ur thbStiipHRPREREN 203 via the
Polymer + Catalyst Purge Stream.
[0066] By-Product Polymer material along with some passivated catalyst metal
30 compounds (if solid) are separated from the liquid layer 205 and removed from the Stripping

Vessel 204 via line 209. Water can be removed from the Stripping Vessel 204 as Water
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met hod of this devel opnent is provided by Figure 3 of the drawings. In
Figure 3, the 15 reactor and flash separation arrangenent is sane as shown
in FiguresoRoamd2®4wi th El enents 101, 111, 112, 115, 11@CTAB310A26120

t hereof being the sane as descri bed hereinbefore in Figures 1 and 2.
Further in Figure 3, the solvent/by-product polyner/catalyst recovery
arrangenent is the sane as depicted in Figure 2 wwth Elenents 201 to 223

t her eof being the sanme as described hereinbefore in Figure 2. Figure 3
depicts the positioning of a 20cooling/polyner-settling operation between

the react o f s FSRRL 21d. 0G0l 5@55&95‘5@&‘%@9901&61@ cﬁ%&é&%ﬂétél% EB&Q&'%& also

pol yner/catal yst recovery arrangenent. [0069]1n Figure 3, Pol yner +
Cat al yst Pugrgeyestiomahe $11rlonmg Nesstl %Wl%@péﬁc’a@n BinWéWlaﬁg:emémouglslnfee?dOW aline

201 to a t hen Vi n P ttI|n V 303.
I'n the PO|C$6H6§{ %%‘eial naéld elglgoqeng dlé][heﬁgm%%%}lfe?%ﬁse ugh A so'i nd rea]cgon & ?uegt
preci pi t at eshich2favé b@mvblaalmeddbbzed:a]ﬁ@kmfedhs ﬁab&lﬂy&ﬂ inmr gteeaﬁst ﬁr@ameaqdof

settles to r the bot f th i i.n th PoI mer Settling. Vessel 303.
T s o s UL i A AR via g ATE T s T eBoAT CHET ot OOl

Pol ynmer Setctohuéhger\éqgwh tBORs @k donAesyds ula @@@ni fe@Widinemaseo 8Qard@vmud t he
top of the Polynmer Settling Vessel 303. [0070] The polynmer-rich liquid phase

304 can be It grewririerlhéhdepndanedliquit scrpeey e an 3 laoeer 213 agd ywaselaygn3 and
fed via Iingg 3?@&9 A6 P%@%a% {hQ'oﬂ\{%Je}’le?Qg 1ia0sh £ h@/@te?@anf&fmﬁ{d%&ss' ng

in the sol vent product polynmer/catal yst recovery arrangenent

pol yner - | edrnl thquwdelpha@rezﬁofaadm V8 andkethef poiged e tiop2BF andier Gmioyaib’r
Settli Ve sel nd fe 11/11 4 Us2010/ 02 661 Vi e 307
Chr ougi Jan St PORaT: Srimh S ELAR A S Cthea b AR BORhut Arih e
vapori zat i eana fipeai liom 22Usel 20 ahl PresaooComglipoi2gner set tI ing systempermts

nore effici recovery of b prod in th bse uent m
stri ppi ng é@%&ghtl OH %R a‘r‘r‘ﬁf“g %é%?god)%‘fn&?grﬁﬁ SB‘Fa grgngtquéﬁgtﬁgl?
sol vent re@hﬁ&p&l@épaﬁuﬂlo@mmwaﬁ@aﬁc%e%mwdlﬁlbﬁ Jf'tl%%dﬁ%@é)%ﬁtmﬁﬁﬂ) &haptisf the

princi pal separation nethod herein, 5\/ O71] Figure 4 of the draw ngs depicts
an appar at @sthedrefriis rsrelPiPeE ds grovidsdy by lagvrzfn% Shithcadypwingyr i SBVES tof fr om

the flash sepaf Qﬁcpﬂ Ciﬁ\ééi{apa%%ﬁ’ aMi&%ﬁleﬂRr %394 Wit as SRS B HigWel' 9 aRS Gith &1Snenss

ol i goneri zation uct hexene), ol igonerization by-products (e.g.,
Cs- Cm ol ef |1ﬂ15)111uh12eéb$ éd6o1h89@m¢b120zféﬁne@ﬁ1bm1@@ﬁ amme ésad@crlbeéth@ydnén@)fq in
reaction digduent and heat tran solven e

Triner | zat FRTRbACHD 2 T Dbl afre > O ST o N Bk enger
Concent r at arra{dBakiitl it g shas seﬂe)me&BmaﬁghrStzaauth Blemieptpeol 20223whdrébfibeig the

associ at ed condenser iﬁ@ &I‘g or re t;}e sane s t hese el ?rrents
are descri BYBC % AL hereiioehye i ‘ﬁt‘fef gu e, S depioty t ‘?Mpﬂij‘éon“f%)@ Hln
Figure A, tb&ingeyARadtindSBerYaRObetiE@ht hechol/asdh SpRatidt Sfanddéntiand fiigd vi a

l'i ne
solvent/by-product polymer/catalyst recovery arrangement.

[0069] In Figure 3, the Polymer + Catalyst Purge Stream from the flash separation
arrangement is fed via line 201 to a Cooler 301 and then via line 302 to a Polymer Settling
Vessel 303. In the Polymer Settling Vessel 303, more of the by-product polymer precipitates
25  from the cooled Polymer + Catalyst Purge Stream and settles toward the bottom of the liquid
in the Polymer Settling Vessel 303. This provides a polymer-rich liquid phase 304 toward
the bottom of the Polymer Settling Vessel 303 and a polymer-lean liquid phase 305 toward
the top of the Polymer Settling Vessel 303.
[0070] The polymer-rich liquid phase 304 can be taken from the bottom of the Polymer
30 Settling Vessel 303 and fed via line 306 to the Purge Control Valve 202 and then on for
processing in the solvent/by-product polymer/catalyst recovery arrangement. The polymer-

lean liquid phase 305 can be taken from the top of the Polymer Settling Vessel 303 and fed
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15 116 to a Recycle Columm 401. In Recycle Colum 401, ethylene and
reaction diluent fromthe Flash Vapor are separated as overhead fromthe
heavi er cwoponents4of the Flash Vapor. This separated ePhyluSa@oander eacti on
diluent are sent via line 402 to conpressor 403 and then via line 404 as
recycle to the Trinerization Reactor 105. [0073]Bottons fromthe Recycle
Colum 401 are fed via line 405 to a Hexene Col um 20 406. |In Hexene Col umm
406, the hexene product is separated from heavier conponents, i ncluding
heat transfer solvent, and is renoved as overhead fromthe Hexene Col umm
406 via |ing 494 3030%&@ b OBoe PESERECHAMTY 400 r Eulb GO VSR | ne
408 and fed to a C8- . I'n the Cs- 9, the Cs-Cio
d ef i n By- Perydigetion me@tlgmpdﬁwt@dﬂlm pmhnb/@tbtvm‘ssqtthngsysmnngerhvetatrnow elffisfcet

sol vent an 0

e ato- 150747 18an YeEks PRRETTRE e SetR v Bt R oatoRoliie
C8- C10 Caol mfﬁueﬁﬂ@pammbnf efi thei lacat Itran’.sfe‘-irlsibl\&st BSolrwdatton Rgeyatibe to alrivhehd-lflagh
Separator 115. aV| er. iro u ts ca Ee removed fromthe C8-Cl0 Col um
409 via ||ﬁ@aﬁ’f§n §p8 6}3‘&“?%9? PPRE %‘8% ge"Stream [0075] Figure 5 of

t he draw ngeo73ponFifiee 4t HehcSEIRInAPRPiA AtBappaEtus lafrhh@ieht/QV¢e30fI @ dRABGBNENT
of Figure 4 can be used to dry heat transfer solvent recovered from:the

steam stri ppiaY Specaticons g e jfetheseprator drrdgecaaror trratist dbe &dlové back

to the flasfRRALAIINRMARAREdRN(e.d MdRbEY! & I\Mh%@'b ?cldlu Qe 55%;*9
el ements as in Fi g%‘gre 4Zarep% wn(e%va er@V\Dlgglg%l/ 1121 PCT? UéZ%lO? 6661

cont ai ni ng O%nsbemreqc@é@dﬂé@ré@flzﬁh@me@q@t Segaafrtb)tl@m) 2qagtions dibenband diegtitiansfeh e
Steam Stri 2 d,yi 0 In
%E):l 08@0 nt q rIz g9m¢118; &+ér19§t aEQr tlﬁ% tS lgélll e%la%lé % ?étQO%ZItG]he

t he C8 wat er sSol 'nt vent ‘recover’e
Separ at or I’Ebk}'mes @emmratoedSétﬁmm‘t’dssel)saoalem Sanoh Seipped2Fr with titseas@B-4BI0

e 410, SOV 211 O SRR BELDI: Q1 FRE A ca8 Bl LR CHoo Gl bR

i ncl udes dpieeelisofiyeatoftiachmengd from the Separat or 214 is recycled to the
Fl ash Separator 115 via |inpe 4119(161E n Fig e-up Sol vent can al so

be added t 6047RE cdn Bigyred timevemsed Gesh Y?H‘Pé%?)@éh‘i Wa%lr%@?ra%llpilé%ddvéa ine

addi ti opal 1hga) 2 REQRRS @SluSRUYE ntn Ryt Qjofldrﬁﬁﬁblv @m9reh@ atd QRctRR &k $dm
Optionally, the cut point 10 of the C8-Cl0 | Grm” 409 can be adj usted so

that only @ Fpstif Vaper arisepagaiedoapervhidigesl fr@méb?ghwmlhcquts ofi the FlapleVana. The
C10+ ol efi Fl”hgrs%ja# ﬁﬁ}@&letatﬂﬁr?eacf?&{%%ﬁttar en{ agil 93?20%f§?§e§§or 56)3 é’n%r{fle e' ng

recycled to the epar at or Vi a |ne ure 6 of
dr awi ngs |Iviaustema#esretwwtatltwﬂlmrtzemrili@cmpwfat| on can be |nserted |nto t he

B 15 of ef NHRTT oaoms romat Rt HPhE e BB AP S SRR S o

hydr ogexnat 406 qm HegErteSCellin 006} he 9exdal predvefl isnepirbicd fﬁﬁr"h@&feafcf)mﬁ@}enﬁsher eby
renderi ng them especi aIIy ?w table for use in or as he heat transfer
sol vent. [ nerieps arter whenhprd Breaated as ericad fem; the Hexne Colvaw 408 Vieecei ve

and hydr og&nak67.t Beioms @(% HRHeh Ot ib& Jd%%n%m@%@m hﬂé)ﬁos almeﬂ’e@l@a/a Cs-
converting the C8-Cl0 Col um 409 from 20 Fi %ures into a Drying

Col um 602 GinCelugurd®96 .In Ahd Cof 10t Grdupr H6?. the Créipal eﬁél%ﬁﬂ@t%ﬁemmﬁedﬁ gure
o T 1, SAEERAE LA ML R 010 BOSTR] A bR 1o
25 CyoColumn 409 via line 410.
[0074] Heat transfer solvent is removed from the bottom of the Cs-Cyo Column 409 and
fed via line 411 as Solvent Recycle to the Flash Separator 115. Other heavier products can
be removed from the Cg-Cio Column 409 via line 412 as an Optional Heavies Purge Stream.
[0075] Figure 5 of the drawings shows how the same apparatus and similar flow
30 arrangement of Figure 4 can be used to dry heat transfer solvent recovered from the steam

stripping operation and recycle that dried heat transfer solvent back to the flash separation

operation. In Figure 5, wherein all of the same elements as in Figure 4 are shown, water-
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bottons fromthe Hexene Columm 406 fed via |line 408. Hydrogenated products,
al ong with excess hydrogen, fromthe Hydrotreater 601 are fed to the Drying
Col um 6020voa/11218¢ 604. 25 Fromthe Drying Col um 602, PARIUS20IQNG666KCESS
hydrogen exit as overhead via line 410. The now saturated C8+ hydrocarbons
in Drying Colum 602 can be renoved fromthe bottomof the colum via |line
411 and fed as Sol vent Recycle to the Flash Separator 115. Figure 6 al so
shows that water-containing solvent recovered fromthe Separator 214 can be
fed to the drying operation carried out in Drying Columm 602 either via
line 501 dict@gihing sbRekthcoPikd REmIRC O 4 280EaRE Wilkdhé SehhYuYipRr bdse 605
to the Hydrotreater 601. [0080]Figure 7 of the drawings 1llustrates an

al ter nat e lisofedviadme $8F toghh§dE otGodumi #9. operation to be inserted into the

appar at us ro opfigurati of . Fi.gure 5. i1 qrder t

2000 115160060 388y BLkee kil A9, Rk fihfedinl B AR ¥Ry from the

fl ash vaporSeparaion 2iveisHepahteSemt dtcogolvkhb andSuaticdhiroihaje 10aid, @ Coaimv40s & al |

of these C o+ olefins into G o+ raffins, thereby renderi t he

ospect ab y oSamedgttotty i e Cif o PR Bkt Shuih g b1 Sehtnt T gt i ns
in this Fi gbfién of GRNEL-OU @b1uAR 489ewhieh nbydihedenadrRd sBREntefcEoveRANYSH &k as

ol efin product. 5[0081]In Figure 7 the Hydrotreater Unit 701 is inserted to

recei ve andcPiidipiotiéniitecycled o gt Sepynonhb vie ingiblpein Figre dnedele-us and
Drying Col ugRediO%m Md pOfadldietoOhB&;- 1%'({&6&?'409'%% 302 *?19‘8%5& o ?r&!i'c!iee !
f 4 and 5. [0 hydr og

remai n unchanged from Fi gures 082]I'n Figure 7, nis fed
to the Hydrddinemi beat f@dsfarisalviitrie the(Bish Gi@#Hzgloe foperstidn:. dpptionel b dtctwhpafnt t he
C8 and yi I 702 e al sq. f viea |in 11 to..the 10 drot.r.eat er
701" and"ar & Rsdrigenalal PR tpbBlad bt b et Srao b

mat eri al s fwaam i BndOE0t OThedf, 1t blefuldpabd odty emtteen DB pait of the dieatitanifemwIvéfd as

solvent recycle t he Fl a Separ r. 115 (Wth this enbodi nent, the
Hydr ot r eat Fmgﬁefyﬁfétloﬂé‘? ]Iflﬁ%rhse???mbﬁ%ﬁ%ﬁ%‘i@&'m th excess C10+ ol efin, such
that a hi gfpomﬂverf«s 128 69 tRYREAERNIILFrafSs Mb® Wl drodkatlilioperationdss toe BRerted
acceptabl e to have hydrogen present in the Trinmerization Reactor 105.) The

C8 150l ef i AtpratcefAPATANR rAgPreress qoasauryigsor! Figuree? oy erdento bydsergnate the Gait er
fromine VRIS AMPIn hifaGEy A0 XA Ea Y Mol RE5. Vit BSofrhflon converts

[0083] Figure 8 of the draw n ustrates another altern l'ocation for a
hydr ot r eat isHgf Bper Gtti @efins antb &'si- pereffine.dhérplpyorendraing ppar apemalynditghloe 9se

confi gur at iiﬁ)gra(gfﬂ%eﬁ%%%%sefg io'ﬂveo{ der to hydrogenate the Cl0+ ol efins found in

the flash vapor ash Separator 115. As in 20 the Figure 7
conf i gur at i[@78] sudh Fipuee 6 ganalidtatec Unit @01 & mkitiondd th heswe GO hydbghatashd nt o

Cl o+ paraffins, thereby renderin em especi al | ui tabl e, for in or as
Che hoat -t PHIGHE OGO SHreaC oA 0 erepy <ttt v Gl She B, s
confi gunat irgured £amP$ ifky 8 DPERR EbREhn iR FRure 6 0VEr §UhASthe BincipaPdl @adied |

| eaving the C8 and Drying Colum 702 as overhead via |line 410. [0084] In

Figure 8, theviandligue &reman anghengsd fipmaFigpres 44945¢r om t he bottom of the C8
and [0079] In Figure 6, hydrogen is fed to the Hydrotreater 601 via line 603 along with the

bottoms from the Hexene Column 406 fed via line 408. Hydrogenated products, along with
excess hydrogen, from the Hydrotreater 601 are fed to the Drying Column 602 via line 604.
25 From the Drying Column 602, water and excess hydrogen exit as overhead via line 410. The
now-saturated Cgt+ hydrocarbons in Drying Column 602 can be removed from the bottom of
the column via line 411 and fed as Solvent Recycle to the Flash Separator 115. Figure 6 also
shows that water-containing solvent recovered from the Separator 214 can be fed to the
drying operation carried out in Drying Column 602 either via line 501 directly to the Drying
30 Column 602 and/or indirectly via line 605 to the Hydrotreater 601.
[0080] Figure 7 of the drawings illustrates an alternate location for a hydrotreating

operation to be inserted into the apparatus and process configuration of Figure 5 in order to
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25 Drying Columm 702 are split into lines 801 and 802. Line 801 feeds a
portion of these materials into the Hydrotreater 701; Line 802 feeds

anot her paotooniefs4t hese nmaterials back to the Flash Separaisee100i@6ns

Sol vent Recycle. Hydrogenated material and excess hydrogen | eave the
Hydrotreater via line 803 and are fed as Solvent Recirculation to the C8
and Drying Colum 702. Al of the other principal elenents shown in Figure
8 remai n unchanged from 30Fi gure 7. [0085] By adjusting the proportion of
the solvent streamthat is recycled to the Flash Separator 115 via |line 802
versus to tllg@cr_?_géﬁq{ecﬁlé @g)tked'leﬁng]foﬁﬂdainlth@ﬁasﬁ%portf*ﬂ(ﬁn Hceifhdh %Q{raﬁ)?tllg).f suMP
2011/112184 US2010/ 026661 the sol vent system can be controlled to a
desired | olWydlregeshtionT¢rmvertseal erthesh € 1pr dpionstintorCiof parkiging tthesehy rehdeniag 4m) t hat
i s hydrotreat the.l ower the olefi ont i) in-the f.lash

vapor zat 1 Segamy el BB Rathemt Refarheat et o RE Ui R i Eire 7

i nvol vi ng ebefduratioh bigaweldzafchael ddaksrcbowaretlihas blagn prodidtem of bui | d- up of

pol ymeri_c -prodycts su ol yet hyl. .on the surfaces of the

P yomert 20080k 45 P S R ERr R LT QS HreR 66 BrerkdBingionr « ne
reactor. BubltshiBo@fwiR@liy Faiuré 77 Rubmat a 00 ah@86Hieg CRRENIT. NAI1i JTHERS Blbr
surfaces can necessitate procedures wherein the reactor and_piping nust be
washed wi t RriBcipdeleasnty shawn iy Rigurs v derip updhipnged fignrljaneesd andBneral [y this

wi Il i nvol ygssut 119'@’1%&9“7, ﬁyFﬁ%%hiiQWB igatr| @Ot daREGOP Wial 1The AT Q%F+ bRAkAr 1y
out the washing operation. T0087] One techni que which can be enployed in
connect i on finit thet hastoot ef ithe 6k i qgdnningat Plumnolr arci drs fiverigi hnet 1 hitanitd ze
bui | d- ug (%{‘yﬂroﬁéﬁeﬁ%ﬁt hd %reeilf&?%e%atteﬁ'%e%&{l)to% POl YBRI CTRé(sépl{y%go%%ﬁaﬁecpn
reactor and-’pi ping surfaces RS &6at such i nferAal surfaces W a

f I uori ne- cantaiali fign pelbprred.of Bwchydotidateo 70D ale\fod viadmat7dh gs cavent edudetd he

4§ gat 1 ng e PaM s AN setat PSPt A wiresbadiam
foul i ng palpérele@sithckétas ORO oy I sueR &at NBighRYvREsEM JT@dieeent ifactabielli dryiipf the

reactor/piping surfaces to build up charge, thereby mtigatin
el ect r ost atii BUSt B¢ @pesetaPlsrie hpe hwslsrges pegserd up thec BamelratigroReacty lﬁ%& tThel s

Final | yi5 floueh QRRLaEbmGRahiRIS &ﬁyree&\%yédsﬂao%%ﬁwa&ﬁldaﬁl RN Erh Sl Slugk
around reactor 1 nternals such t%at chem cal i nteractions between

react or/ pi is aef Bonfedcdemm AR fiolind 4. particles is mininmzed. [0088] Use of a
fl I td. i I f | | I i
sor oPeL Y P2 AL e RS 1RSSR R el BETEEIFORAL .

reactor(s) "and assotl ate
from bui | diopgratigm tadefiasttedmtd the ypparanhsthndipravaisr afigdatiur if d@se STherder to

fl uoropoly coat i can . thus cause a.spaller. portion qf the .

| novi ool 3 TETBER B Hy RS Tugnn iRl e TP QBT B A 25 to
the reaot okhdWBilslf 7 EdiieBRMoR shahyligog@ndtRdh @6HivepO fall io® the@d CRUCIRY 16 @dict s to
harm essly flow out of the reactor wth the reactor effluent. Furthernore,

t he pol ynmePr@ffinsheirly RAdeEme disasesaesydlyistitee foreserip @bpuipe heatrErnsES splxent.

surfaces | s\e@skighrel P ELORMR AR PiuPr 9dUaH {0 ard GBO Y drSecAfked Bhd GAL €d.
surfaces. This aspect of the use of fluoropolymer coating nakes the washing

of the reactorerabiseldinfseducy &avieadisl Gsrgd Dnengashimg 02 e weritead viadinedH. out
more of t h?O(%QPC)l Xﬁ"ig‘u?e %,O tlﬁle %%Jr' olefins exiting via line 411 from the bottom of the Cg and

25  Drying Column 702 are split into lines 801 and 802. Line 801 feeds a portion of these
materials into the Hydrotreater 701; Line 802 feeds another portion of these materials back to
the Flash Separator 115 as Solvent Recycle. Hydrogenated material and excess hydrogen
leave the Hydrotreater via line 803 and are fed as Solvent Recirculation to the Cgand Drying
Column 702. All of the other principal elements shown in Figure 8 remain unchanged from

30  Figure 7.

[0085] By adjusting the proportion of the solvent stream that is recycled to the Flash
Separator 115 via line 802 versus to the Hydrotreater 701 via line 801, the olefin content of
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[ 0089] Fl uor opol yners which can be used to coat the internal surfaces of the
ol i goneri zati on reactor and piping enployed in the nethods, apparatus and
processeswbensim218W0O 2011/ 112184PCT/ US2010/ 026661 i ncl u#eTRISaawioxsted

Et hyl ene Propyl ene (FEP), pol ytetrafl uoroethyl ene (PTFE) and pol yvinylidi ne
fluoride (PVF). Suitable fluoropolyners for reactor coating are marketed by
t he 3M Conpany under the tradenane FluoradTM [0090] Anot her enbodi nent of
the present invention permts sinultaneous olefin 5 oligomer production
and reactor washing. Unlike the nethods illustrated in Figures 1 through 8

whi ch enpl gy s%lv%ht’k%t@m%ﬁ BORRELARE AU cGiRAGER Tovel MR ARG QR orfRAd STENT

carries out olefin"oligonerization using a reactor systen1conpr|5|ng a
plurality ofrcani (lgtvnﬂrll) Zbati iorhydietiettet, she Tives ehermiefibeccosnhec &d inrths deihes or
par al | el rles configuration is preferred to achieve better
utlllzatlo%%&?gﬁ S?%%%I Then using a particular unique 10 arrangenent
of four-, t6086k- aﬁnrdt}repmp@ctaéﬂ the tmemayvanabwawd\@ngﬁa]nﬂh elipahdrizaeac tieils

feed/effluen al s erei.n as "reactjve |liquids", and sh oi
for r anovi g Ry e D p SO Broot e Sieh 4 pok M in RGBS oo
be cl eaned omﬁehoﬁgaﬁlenmllan Gédctotinll n tiCasQbdiREd RAGAD bR} pipind bEths &Edces. can
continue operating to catalyticlly oligonerize reactor feed introduced

therein to3U8ddporf @?lvmarécntfm&%t% FRRRGT ondl gupiee dnters] SWERLENS2ineFrstiifes

si ngl e reaglREdF&wiiPsSn R ©iAhehe 'io?pn%el%ﬁsrt ibB @A she@NRHS hdf%l%erﬁfto tdMove the
ol igonerization reactors and associated piping in the nultiple reactor

set-up can balltswp fealpat. t Renaraliynthes Wik ingolve abetsdopmagicdic wligpmerzaderora¢tyiiy
naterlql gﬁﬁrﬁﬂmﬁ?%ﬁuﬁe&%H@ﬁﬂgk%ﬂ@ﬁ coating can facilitate the reactor
e

washi ng operations”descri rein in connection with the nultiple reactor
set - up. ZOHGwEE]Thhwre@hhmﬁmgwmﬂlganebecempbyming cr@aetton efifhl wentoléfinom t he
mul tiple reactor ed and sl ng
The. sover actgriae EORBRaATe L AbRER SR LR (R I nosePls FBEFT) GeorS
desecri bed pslyﬁfénaﬁy-bhﬂﬁﬁs Wilr@btotliﬂd pigieg aurhﬁed is t¢ acas fieh isemylesntfade vafhfect

flash vaporj zat on of the flue t. The same material s herejnbefor
described 4SBT FRgaRT delaera mudh & RSPy MR GPHHRSESN é?(Jé‘B ¢ {EgiPas ¢ he

wash oifs Wabghciednrhe raa'éto@uﬂa)ﬁgm R tOnhINGr ek dﬁislrﬁiﬂgitﬁ@%e@ﬁeﬁﬁfc)al in@rlsosd eaned
and which can renove therefromthe accunul ated pol ynmeric by- roducts

[ 0093] As wiheteeth dcactor/mpmgotuyiaags ands foybeg peigiclge s drlidsepalyaerneeating map sFley
medi um enpl, @9 tﬁenal5 fe}fg &d %%@&&ﬂ/&@ﬁg sﬁﬁ&l% % 'bgﬁd BLORAR, Wd®yt Gfithting

"sol vent" to the re of wash does not necessarlly mean
that the wabhtr@ltdtlcmtbﬂactmns besveen pioh ywﬁamscanldﬁoulm@mmdl@et Finglly, Aneropelympre

B I &
by- pr ocact mtmtﬂﬁi&étﬁz&éﬂlﬁmm@mtéﬁﬁﬁﬁ Gbiling particles is minimized.
[0088] Use of a fluoropolymer coating on the internal surfaces of the oligomerization
reactor(s) and associated piping can prevent polymeric by-product foulants from building up
as fast as they would on untreated surfaces. The fluoropolymer coating can thus cause a
smaller portion of the inevitably-produced polymeric by-products of oligomerization to stick
25  to the reactor walls, thereby allowing a larger portion of such by-products to harmlessly flow
out of the reactor with the reactor effluent. Furthermore, the polymeric foulant which does
deposit on the fluoropolymer-coated surfaces is easier to remove than by-product which
deposits on untreated surfaces. This aspect of the use of fluoropolymer coating makes the
washing of the reactor more effective, enabling the washing solvent to clean out more of the
30 polymeric foulant.
[0089] Fluoropolymers which can be used to coat the internal surfaces of the

oligomerization reactor and piping employed in the methods, apparatus and processes herein
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above their nelting point, swell the polyneric matrix and entrain the

pol ynmeri c by-product(s) out of the reactor/piping system [0094] The basic
appar at uswoanfr/gersat i on of a multiple reactor system an@#Cirtts2apmea@si on t o
concurrently continue olefin oligonerization while serially cleaning one
reactor after another 5 in the series of reactors in the systemcan be
illustrated by Figures 9 through 14 provided herein. The apparatus el enents
are shown by the element |etters and nunbers which are carried consistently
t hroughout Figures 9 -14. [0095]1n each of Figures 9-14, there is shown a
series of Ghige @%ﬁh&@&l Rk OMO ORI 12y, Oﬁolﬁ@@ﬁu%fo%thgfﬁ:ﬁé g(pamsi

Reactor A, Reactor B, and Reactor React or as 10 a'main inlet 901 and
a mai n out meltvvmlidind?z@amd@r(PBFha&ntablnélunrqpnlyelersgfoereaﬁdr eoatied #re ouprlased 1904,
Reactor C I M outlet 906. Associated with main
out | et 902%?% B&C%Pﬁlr}}%dg}thgg%%ﬁ%ge aﬁéﬁ%al ve 910. Associated with main

outl et 904 [@90ReactotheB dnthodintelt exd- thaypresihy en@hfion Assoici aimedtandoth aleEfinn

tl et 906 f R t C t | Q
R Ly es Yo plftotn i v el Vb a Outie Be St dilokah hgiay 1 ' "

reactor i n tbg:hewhiek empRG A stRRCIIROmBAS SN fdatSt, tHiOkdditiay] shdtodendhtl t:atra&a e for
controlling liquid flowinto the reactor. Thus, Reactor A has a first

four-way vAaPVRICHD OligaaesiEation ding 4 152G1eTsSYREMrPOMPriging G(Pluralits £¢ OB LOTRSTHAGOM j r st
four - way V%a&’orsgziihé‘s‘@ g' iRt &Qné@tédhm'skﬁesn@‘ Iﬂlrdll@l %‘ith&%ﬁ ﬁ%@%&{f a8 i@
first four-way val ve 922 associated with its main inlet 905. 097] Each of

t he react optefrredt t9e adeqvic elactigh sigliFaion apfs@éocrﬁélalyr%u?hqnaysw&lavearp@éarl Hee t o 20
receive,l i l.ow g ) t (o] d
wth eath Pfkelbfof LIS AERMARTMey; R LINESHHRY (Y HufBR BOROGhALS
second f ourfeedayilucal, \edso9REericd ionhdrelquasd“temrhqoais’f oemdevaslh vihrfeeremayvingal ve
910. For Re 926 is.in i cation
i th ¢ hr eonHay CUaPyE TS A B € S8 4T po Qe PRV A P

| i qui d conmahile gled bhbr Wa&thr(i)hﬂhetﬁc W)és\bah \enthliad. opaﬁflﬁ)@%]:éﬂﬂﬁt@@wrgdmfeﬂw way

val ves for all ? é K%ﬁ 3 r.eact or tnﬂthe seri,es of reactors are also in
li quid comiffCatseo RS f}f?ée“ﬂ?lrézicmfr(? URPPNIREISPBESt he next succeedi ng
reactorg i Modoe SN ®8h NYSglk Redtiod WECSHs Sredednbetddd @bschiBa, -onaYor Wy @ el  of
Reactor Bis in |liquid comunication with oulet four-way valve 925 of
React or A &HEogizationf @@ﬁ*ormpd peogiated pipings inpibe suplcraagtof setiup ¢an glso have
commui cat i QR itdioP Whirfls TLOHET Watk 6 RlterBeacQ oBsuch 30al e e

t hr ee- way vallrvens 1aossocalfjca% gd vg h ea&k%% actor t?rn t he soeflr?)?ugs canaga?

li quid conwnfglngw@mfacﬂleaw thaatastor eyaslheg opasatiohe deselondchefepuin-apayectian weth the
associ at ed tor or via suitable outflow piping to inlet piping
whi ch can 8&(136 ‘F{Brse{aﬁgto each reactor other than WD

2011/ 1]22184@[911 Usm&%ﬁﬂtﬁi@Gﬂ)hgdmﬁmgﬂnamfmg reagtor BﬁhleﬂitofroﬂnnihetmulTblﬂSreaGtOIS hown
in Figures 9 ?)tflowpl %ttrom ree-wa vaIv 0, outfl ow

pi pi ng 9155¥S|1%]?nct“h 8l |R$ N i - To (o i o 0 | G o 11 FﬁFHﬁaﬁ ugnf SAPPHICRL- way
val ve 912 g@haratibh t&ﬂaﬁiqud:sl Ri#éifbF6ra1 dagecfib @M Yas Qhost RgniEth hglezer £ ed: Qfaﬁsﬂ:fﬂt o
inlet piping 919. Liquid frominlet I@ﬁ‘ln 919 can be fed to any of th
three react W%nttt%?féeﬁbﬂasaﬂ?p%ﬁtov Phibs cllpgnt. 5?8Saé’i*f‘d‘%t?“‘éﬁ@erel[ﬂmﬁcfeéfscﬁi’@ur es
9- 14 furthgt ,siEWsFRRBK T Lhcal GBS fdr! MALIES thaPhilso bePRlsOY hAgR WRRGHAIhiEILEH Bt O
the inlet four-way valve 920 of the first Reactor A in the reactor series
and Rea&ét opumEpéd wéhtfhel PHidation Ieamr@h tc be clearedr andcviveh edrf rameave tharefjont tlem t he
outlet fourg % t@ted with Reactor C, the last reactor in
the series. Simi a ?7 -14 further show a Wash 10 G| Supply line
940 whi ch i[8098h f lAsi drhcrorlrhlmﬁurmat‘sobzremw lshusaﬂltoocﬂesd:rﬁte thal mat foaosfemangdmal ves,
920, 921, and, 92 i Ret ur. Ilne 941
whien s i APIoRRain bt mea T Sop R e GH b el et ot b B

925, 926, asdtod2vhsh b dobe nsteddc&Sarily mean that the wash oil will dissolve polymeric by—
30 product foulant in the reactor and associated piping being cleaned therewith. In some cases,

the wash oil may simply serve as a heat transfer fluid to heat the polymeric by-products
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[ 00101] The apparatus descri bed above with respect to the system of
reactors in a series can be used in a process to maintain steady state
product i onoabiiglizganers, e.g., 1-hexene, 15 with cycli ®@CElusSanmioog661
operations. In such a process, the piping which transports reactive liquid
in or out of each reactor is, as shown, fitted with a four-way valve. In
one position, the four-way valve directs the flow of reactive liquids into
and out of the reactor when it is in the "production" node. \Wen rotated
90, the four-way valve can then direct wash solvent through the reactor,

| neludi ng LR Rh MAHELGHR, DA BE FALAUT HaBOBRALASH hiFlRER a)’&o!idc‘%tk')' ds.
20 [00102] Just before a reactor in"the series is to be washe
reactive | iogiafdhd madtérgipingsysteor is transferred to the reactor which was

j ust washe hyI n r..th i n1one
reactor t O(ii?qhg ot r@r %as@g i) fulg cgr@fkapai?lﬁH 3f {n;\ﬁlg ¢ r@a&? r% ﬁt(—t: gn(i 1tsqoﬁjegtlﬂﬁ

el enent s 9]:&1ducre19]]ygconnndél ogafme[mggmé‘ﬂzanbmwhm &rmﬂywiearnmgmlerrmmr |afm zmoﬂlmonent S

d', t dj di th th t | d
Cobi ch dan TCRRCSTS SaHH 41 IO o35 ok AR igbri S SRR st

pyrophori ¢ hprelnn aktdigpamfus élchﬁ?enlsuﬁb sEbwRaBeehd asén netWalnienmueeskwlch are
inventoried with liquid of the proper conp05|t|on for a snooth transition

when put b&eKedrensisisatly thruehod Kiguiessh-18i 1, i.e., solvent, used for cleaning

a reactor ggspe seMach At Figufdsagig s aRar fi’st Qhoviereidef gr ﬁre%eﬁﬁér&ﬁ‘&lect@' S
wash oil solvent can thus sérve as sol vent makeup to the hot solvent flash
system t helehyerapfaorioiet yictgedtidny Ropethr A hReagior 9nmd| ReattouCamicaldor A hes ei n
whi ch wgs ‘é’%ﬁi}l‘?ﬂg&rdh’f‘ %H‘% lﬁa‘?ﬁ%ﬁt‘?& 9Eﬁ’. ‘Rt@ﬁ:téroé 14%“% mal 81%93«1? Y Slin ottt
|IIustrate ina reac ystemt steps 1nvo ved to cyc e reactors

t hr ough t h@04rReess (]‘i&lselnlﬂnn)fnlem 003 amien paioduddtionsn Asdcinmd lvithepirenaks902 n
Figures 9-1 WO 2011/112184PCT/ US2010/ Q26661 | i quid. fl bot h, r eact or
oo of 1 uShREIEHT AdshIGHr e, b1, Ter ARReIES Sy s a0hebbshir iy t
arrows. FuifrBetvay alid®ae ARk@ibiRiSwitr théin olReAODOH R@eEf efif 4 @ide-(4yeatli N e,
liquids) within the reactors i s shown by hatchin Wash oil wthin a

reactor is[¥98n By PyodewatieHignyes 8ildothsw ap ﬁWfr%@ar\wgval\Ré&éﬁoelﬁ@dMlﬁhd C

are on-si n%achai@gctﬁeiﬁ(ﬁ@ﬁerés' Fabe RS MRRNEHrst FurGAY R e S8R fo?%ﬁtﬂﬁhﬂkeavy
flow lines that the three- and four-way valves aré set such that wash oil

flows in arhlduldleWomtORéamaotpr Bl sy Bepgtor A hre e f9800unday0Bdve R280gpweiatodetith  For
R C )
Feactors by Maish I, RlEP pACrREloy® dab VLo MRR Qae A WAPRORER A HUIRT. o

(React or C)R,eaams(phasta fured fyur—\kl:ty adve R asobieted eéth its hain ittt 90%e val ves are

switched s fluent from React or asses React or whi ch s bei ng
wnshod and 10030e itk HERE T BRRERRT Soe sy Gt DA oM LRGP B DG PASETFh Y e

proces Szoherr@ieﬁelhauﬂhmwwﬂﬁnglf@m €acll Qf tHenthick Gy 6/ah@s adsealgtb@kvith cAdsrea@opl et ed
its wash cyle and has been drained of hot solvent by neans of | ine 951. No

sol vent f1 & PHleh Ratdp Siguges?-hdor Repstogay 2jsgeqn demagvayi @lva R Rdifvidal ve
(not 15s howalmuﬁlggﬂo%,luhﬁﬁfek Rek, VRRR916SBor Kbl BEBP] QEERBoRH S PaltSORNOWN 1N

Figure 11. In Figure 11, the valves are again swtched so that reaction
fluidis bqupldwé@uam@umﬂdwmed@c%waﬂvalm 91thi Borplyantor G hescerod fowtwantalveash

systemis | gr way val ves, 1101, 1102,
1103, and f?gﬁﬁﬁgﬁ%&ﬁg‘%ﬁﬁﬁ%foﬁéﬁ ??lvgel%e air%) oul et |ines 950, 951, 954,

and 9555 IMDBD010%kS&mmﬂﬁmbwpy®gwagbrﬂhhnhm:Mﬁ0e£8$n1$cﬂﬁx$oﬁhnmnmmm
Fi gure 12.

h re 12 ? es H% ?g 1104 are_cl osed, anddthre
valve 912 ¢ 8é1? %8‘8‘8‘?‘“’@3 ign Wiih Ahegglef U PR SRIPS PR L eReding (ﬂiﬁc'i?rsr rom
React or C 0 deaeitOr TBudmh Bigaied R4, tihie: Reaway MaB 921 N R&AEQH Bisl ihNR@IO1L7,
919, and 916. Ethyl ene pressue (not shown) is used to push this |quld from
React or C emmusieitipn vgth oulet four-way valve 925 of Reactor A and inlet four-way valve 922 of

Reactor C is in liquid commuication with outlet four-way valve 926 of Reactor B.

30 [0099] The three-way valves associated with each reactor in the series can direct liquid
coming from the reactor either to the second four-way valve associated with that reactor or

via suitable outflow piping to inlet piping which can provide liquid to each reactor other than
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25[ 00108] Further progress in the process is next shown in Figure 13. In
Figure 13, all valves are switched to place Reactor B on-line and to |ine
up the j usD-2enpitizsd Reactor C to the wash oil supply an@CTaiSaen/02668t em

[ 00109] Further progress in the process is next shown in Figure 14. In
Figure 14, Reactor Cis shown as being filled with wash sol vent and is now
in the wash cycle. Meanwhile 30 Reactors A and B continue to produce
reactor effluent in series. Upon conpletion of washing Reactor C, Reactor C
is enptied, and Reactor A would be washed next follow ng the sanme steps as

her ei nbef ong, A&SGE DG Qb YT NGy ra@@ﬂo’\:k%afﬁ_tlﬁlém%s r9914,C_0utﬂg\$9 piping 913 from
2011/ 112184P US2010/ 026661 [ 00110] A specifrc enbodi nent o]? %he princi pal

ol i goner i z&rtoway eare B0, efiffloweniping BHphomhreseparaye Bhl, ped hatlowpining %6k r at ed
by the fol l.ow Exa : . 500111 | n h rat u
M tg%faf r@llv% grl]E ??Ar‘l'\@!‘éa% léq%(,g 901{11'11'? ]fro}ﬁs Aoy Df ttheth%g ?e%atoﬁs Olgtf_al'lﬁlgt

process flow ¢ |dﬁra | e l'ene rs conver exene
usi ng i sopeiimr®9ad.iquid famtinletpiging AENtandeded sOparofGheathret heactoecthrongh adyi ng
heat transf h s%h%gﬂ%. The catal yst system enployed is a chrom um based
catal yst mP? | P PEY°eChyl al unbxane activator. Run conditions for

this exanpligv180)e FeurtPs-4H firthed BOWR chetod Kebaing 930 wiRdR pfRNIdi fb@BSteed fty! ene
to 1- Hexene Reactor Tenperature Fﬁ%é() 150/ 66 Reactor Pressure
S|

(psi g) / (kP& ipBpforsgey prive & ofithe H)A [KyF Feaytorsasjesy aml Reactor Effluent

line 931 which carries reactor effluent away from the outlet four-way valve 927 associated
with Reactor C, the last reactor in the series. Similarly, Figures 9-14 further show a Wash
10 Oil Supply line 940 which is in fluid communication with all of the inlet four-way valves,
920, 921, and 922, in the series. Also shown is a Wash Oil Return line 941 which is in fluid
communication with all of the outlet four-way valves, 925, 926, and 927, in the series.
[00101] The apparatus described above with respect to the system of reactors in a series
can be used in a process to maintain steady state production of oligomers, e.g., 1-hexene,
15 with cyclic cleaning operations. In such a process, the piping which transports reactive liquid
in or out of each reactor is, as shown, fitted with a four-way valve. In one position, the four-
way valve directs the flow of reactive liquids into and out of the reactor when it is in the
“production” mode. When rotated 90°, the four-way valve can then direct wash solvent
through the reactor, including the piping which had previously contained the reactive liquids.
20 [00102] Just before a reactor in the series is to be washed, the reactive ligiud in that reactor
is transferred to the reactor which was just washed. Ethylene pressure can be used to transfer
the liquid from one reactor to the other, generally via the outflow and inlet piping shown as
elements 913 to 919 in Figures 9-14. In this manner the reactive components are “re-used”,
thereby avoiding disposal issues with the reactive liquid (which can contain active aluminum
25  and chromium metals that are pyrophoric.) In addition, the just-cleaned reactor can be
quickly inventoried with liquid of the proper composition for a smooth transition when put
back on line. The spent wash oil, i.e., solvent, used for cleaning a reactor can be sent to the
flash separator hereinbefore secribed. This wash oil solvent can thus serve as solvent make-
up to the hot solvent flash system, thereby effectively dealing with the polymeric foulant
30 therein which was washed from the reactor by the solvent.
[00103] Figures 9-14 illustrate in a 3-reactor system the steps involved to cycle reactors

through the process herein of on-line production and wash sequences. In Figures 9-14,

-03 -



Residence Tinme (hr) 2 Run Duration (hr) 11 Catal yst Concentration
(nol/gal)/(ml/1) 1.4 x 10-5/3.70x10-4 Fraction 1-Hexene in Reactor

Ef f |l uent wokolibi28kg/ kg) 0. 25/ 0. 25 Fl ash Separat or Tenpecatuse@o2dep1 ( C)
305/ 152 Heater Tenperature ( F)/(C) 340/171 Fl ash Separator Pressure
(psig)/ (kPa) 80/552 Average Collection Rate of Flash Vapor

liquid flow of both reactor feed/effluent and wash oil supply/return is shown by the heavy
lines with arrows. Further in these Figures 9-14, Reactor feed/effuent (reactive liquids)
within the reactors is shown by hatching. Wash oil within a reactor is shown by cross-
hatching.

5 [00104] In Figure 9, Reactors A and C are on-line, and Reactor B is being washed. It can
be seen from the heavy flow lines that the three- and four-way valves are set such that wash
oil flows in and out of Reactor B through lines 950 and 951, respectively. For Reactors A
and C, the valves are set so that wash oil by-passes those reactors by flowing through lines
952 and 953 (Reactor A) and 954 and 955 (Reactor C), respectively. It can also be seen that

10 the valves are switched so that effluent from Reactor A by-passes Reactor B which is being
washed and flows instead into Reactor C.

[00105] Further progress in the process herein is shown in Figure 10. In Figure 10,
Reactor B has completed its wash cyle and has been drained of hot solvent by means of line
951. No solvent flows into Reactor B since line 950 is closed via a two-way valve (not

15 shown).

[00106] Further progress in the process herein is shown in Figure 11. In Figure 11, the
valves are again switched so that reaction fluid is by-passed around Reactor C. At this point,
the hot solvent wash system is isolated from Reactors B and C by two-way valves, 1101,
1102, 1103, and 1104, shown in the wash oil inlet and oulet lines 950, 951, 954, and 955.

20  [00107] Further progress in the process is next shown in Figure 12. In Figure 12, valves
1102 and 1104 are closed, and three-way valve 912 under Reactor C is rotated to transfer the
reactive liquid from Reactor C to Reactor B as shown by the heavy flow line through lines
917, 919, and 916. Ethylene pressue (not shown) is used to push this liquid from Reactor C
to Reactor B.

25 [00108] Further progress in the process is next shown in Figure 13. In Figure 13, all
valves are switched to place Reactor B on-line and to line up the just-emptied Reactor C to
the wash oil supply and return system.

[00109]  Further progress in the process is next shown in Figure 14. In Figure 14, Reactor
C is shown as being filled with wash solvent and is now in the wash cycle. Meanwhile

30  Reactors A and B continue to produce reactor effluent in series. Upon completion of

washing Reactor C, Reactor C is emptied, and Reactor A would be washed next following

the same steps as hereinbefore described for moving from Reactor B to C.
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(1b/hr)/ (kg/hr) 7.5/3.4 Fraction Polyethylene in Flash Vapor
(1b/1b)/ (kg/ kg) 0/0 Fraction 1-Hexene in Flash Vapor (1b/Ib)/(kg/kg)

0. 22/ 0. 22vowWn12014112184PCT/ US2010/ 026661 [ 00112] It sircwlus2die/onabed t hat
the duration of this run and the volume of diluent passing into the flash
separator as set forth in Table 1 would be expected to be sufficient to
overfill the flash separator vessel. However, there is no increase in the
liquid level in the separator inasnmuch as volatile conponents evaporate at
a rate sufficient to avoid any liquid 5 accunmulation. In fact, there is a
sl ow decreggbn A apedsit CUboddRent OBE (R ﬁrnl%lphﬁ%@%[)m@lz%%ﬁ/%gcte)ﬁ Fiflchi ed
out with the vapor phase. Mreover, there is no served polyner in the
condensed tMaBmwsﬁﬁaﬁaumﬂmﬂhpbﬁﬂmmh@sﬁnﬂhmﬂbbWE@ﬁé@mth illustrate the
ability of the nethod herein to achieve a steady state in which reactor
products are conpletely separated fromthe unwanted pol yner by-products.
10[ 00113] Although the high tenperaﬁDhﬂWPnEUhe flash separator vessel
serves to ivate the cat al it ossi pl e t hat he stated Table 1
condt i ons G ' B DRyl Sht oreeamatPE Srabarih o Fieie® 1 hERere >
product t o cénveabdtod-N¥@NRing IEPSMat RQIredcEONBINENCAA [PYEG dethe iréBRtlating
effects in processes that utilize 1-hexene, and therefore the |evel of

ot her hexeM&ati e 1Yeaf- 4G catplyst yatem saplqyved dy & pdrasBritasyecarabst Withi The
data in t h%lofdﬁ'leh%&m alﬂ%kﬁle%ct%tors h‘ﬁi’l"c&rﬂ@tﬁon&’%ﬂh& bﬁattﬂp‘?e At «§Y&Hh et ed

i sonerization takes 'place during a typical run of the flash separator
syst em unddr the condltlons set forth in Table 1. Table 2 Fraction of Non
1-Hexeng Isomers Relative to Pure 1-Hgxgng

Run Conditions — Ethvlene to 1-Hexene

Reactor Temperature ( °F)/(°C) 150/66
Reactor Pressure (psig)/(kPa) 230/1586
Diluent Flow (Ib/hr)/(kg/hr) 4.5/4.5
Residence Time (hr) 2
Run Duration (hr) 11
Catalyst Concentration 1.4 x 10°/3.70x10™
(mol/gal)/(mol/1)
Fraction 1-Hexene in Reactor Effluent 0.25/0.25
(Ib/Ib)/(kg/kg)
Flash Separator Temperature ( °F)/(°C) 305/152
Heater Temperature ( °F)/(°C) 340/171
Flash Separator Pressure 80/552
(psig)/(kPa)
Average Collection Rate 7.5/3.4
of Flash Vapor
(Ib/hr)/(kg/hr)
Fraction Polyethylene in 0/0
Flash Vapor
(Ib/1b)/(kg/kg)
Fraction 1-Hexene in 0.22/0.22
Flash Vapor
(Ib/Ib)/(kg/kg)
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20 5 Hours Into Run Reactor Effluent (1b/1b) 0.0000 Flash Vapor (1b/I|Db)
0.0049 9 Hours Into Run Reactor Effluent (1b/1b) 0.0000 Flash Vapor
(1b/1b) OwvOQRBIN/11PBAL14] Various enbodi nents of the inverCirars2émobkasde but
are not limted to: [ 00115] Enbodi nent 1. A process for oligonerizing
ethylene to al pha-ol efin product, said 25process conprising: A

ol igonerizing ethylene in a diluent using a catalyst to produce a liquid
reactor effluent conprising al pha-ol efin product, polyneric by-products,
catal yst material, and reaction diluents; WO 2011/112184PCT/ US2010/ 026661

B) contactigf 18Rl 9; {SaaRMmokl thdt BRE dudol of aFOhMERH R vo‘?&r&ééﬁﬁiﬁleﬁt’lﬁ%sing

tenperature conditions suitable to vaporize a major portion of sai
al pha- ol ef iimo preoithsk separatorpo setSoith abTable & woafsobd expeciedtjtorsufivrent wroveffillsai d

E?L ?’Hgir,llt f: t?lye_ iﬁ)a{sﬁggp%a%oravrégseﬁ aHQWgV%}',qiléfg Es nrgaitngrreésglin 12 qu%{drrl]e\Qel &P m%isgﬁaqatgrm vent
inasmuch as volatile components evaporate at a rate sufficient to avoid any liquid

5 accumulation. In fact, there is a slow decrease in liquid level as some of the Isopar G solvent
is carried out with the vapor phase. Moreover, there is no observed polymer in the condensed
flash separator vapor. These two observations illustrate the ability of the method herein to
achieve a steady state in which reactor products are completely separated from the unwanted
polymer by-products.

10 [00113] Although the high temperature in the flash separator vessel serves to deactivate
the catalyst, it is possible that the stated Table 1 conditions could lead one to expect some
isomeration of the 1-hexene product to 2- and 3-hexene. These other isomers can have
detrimental effects in processes that utilize 1-hexene, and therefore the level of other hexene
isomers relative to the pure 1-hexene should be kept low. The data in the following Table 2

15 show that very little of such unwanted isomerization takes place during a typical run of the

flash separator system under the conditions set forth in Table 1.

Table 2

Fraction of Non 1-Hexene Isomers Relative to Pure 1-Hexene

20

Reactor Effluent (Ib/Ib) | 0.0000
5 Hours Into Run

Flash Vapor (1b/Ib) 0.0049

Reactor Effluent (Ib/Ib) | 0.0000
9 Hours Into Run

Flash Vapor (1b/Ib) 0.0027

[00114] Various embodiments of the invention include but are not limited to:
[00115] Embodiment 1. A process for oligomerizing ethylene to alpha-olefin product, said
25  process comprising:
A) oligomerizing ethylene in a diluent using a catalyst to produce a liquid reactor
effluent comprising alpha-olefin product, polymeric by-products, catalyst material,

and reaction diluents;
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5C) separating said conbined solvent effluent into a vapor phase conprising
a mgjor portion of said al pha-olefin product and a |iquid phase conprising
a maj or pyotbomiefs4sai d pol ymeric by-products and sai d eearalSge/op@beri a

and a maj or portion of said solvent; D) recirculating a first
portion of said |iquid phase and contacting the reactor lueffluent as set
forth in Step B, and E) purging a second portion of said |iquid phase in
order to renove polyneric byproducts and catal yst from said process.

[00116] Enbodi ment 2. The process of enbodi nent 1, wherein the al pha-olefin

product is 1']£5€X@dﬁ?actié§ [SQQ 1dLkorERRQGH: TR a_:gsolv-gﬁﬁ afP &R afd t&ﬁmmr@nt 1 or

2, wherein the catalyst is an organonetal l'ic catal yst system [00118]

Enbodi ment 4.coTéigopy widede tofaparye amapft poeonprfeeiddilphg-detinopivdushbet, naher ei n
the reactor e t furthe i i 0 :
[00116]  Enboa et Loy bl EhaERRRELESF HORFORLECLERUN L UEHERE ¢
wher ei n a 20majtaial pofot e rombinsdiodveutef@east;ed et hyl ene is vaporized in step

B. [00120] Enhodi ment 6.. TheVFQPC?SSH%P eqb di nment ?é wher ei.n sai d vapor
phase i n st ep C IR ARFL SABY I EEO G e B b’g?f‘iV?ﬁ?ré’ S &GP U R ERES

et hyl ene. [ OQbZtidn dbiadiphendtefif.produet 4 AARGE] hhscedva@hing atmafor pohRnIfn sai d
vapori zed unreacted ethglene is separately recovered in stgg D. 25[00122]
Enbodi ment 8.5l PlWeRissO-pioduty gisheaq satplystansignad sad egmaipphettieh &f s#d pr oduct ,
said process GRRR¥ising: A) oligonerizing ethylene in a diluent using a
catal yst to produce a reactor effluent conprising al pha-ol efin product,

pol yreri c by-PF ofseedatingas dirsisportiggt et pad liqaiddrlaenend santastingdhe seacdoB)

cont actji,ng SQ&HW&F%&%P&H@EI@HQBtmwith a solvent at pressure and tenperature
conditions suitable to vaporize a major portion of said al pha-olefin

product but not YWOghQklseddd®aRAT 982 0igokl@hseaa order to remove polymeric by-

products and catalyst from said process.
[00116] Embodiment 2. The process of embodiment 1, wherein the alpha-olefin product is
1-hexene.
15 [00117] Embodiment 3. The process of embodiment 1 or 2, wherein the catalyst is an
organometallic catalyst system.
[00118] Embodiment 4. The process of any on of the preceding embodiments, wherein the
reactor effluent further comprises unreacted ethylene in step A.
[00119] Embodiment 5. The process any on of the preceding embodiments, wherein a
20  major portion of said unreacted ethylene is vaporized in step B.
[00120] Embodiment 6. The process of embodiment 5, wherein said vapor phase in step C
further comprises a major portion of said unreacted ethylene.
[00121] Embodiment 7. The process of embodiment 6, wherein said vaporized unreacted
cthylene is separately recovered in step D.
25 [00122] Embodiment 8. A process for oligomerizing ethylene to alpha-olefin product, said
process comprising;:
A) oligomerizing ethylene in a diluent using a catalyst to produce a reactor effluent
comprising alpha-olefin product, polymeric by-products, catalyst material, and
reaction diluents;
30 B) contacting said reactor effluent with a solvent at pressure and temperature

conditions suitable to vaporize a major portion of said alpha-olefin product but not
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suitable to vaporize a major portion of said polyneric by-products and said
catalyst material to forma conbi ned sol vent-effluent; C) separating

sai d sol weotoeffibisent i nto a vapor phase conprising a necoUspawo@al of sai d
al pha-ol efin product and a Iiquid phase conprising a major portion of said
5pol yneri c by-products and said catal yst material and a nmajor portion of
said solvent; D) contacting a fraction of said |liquid phase with steam
under conditions of tenperature and pressure suitable to

deacti vat e/ passivate catal yst, solidify polyneric by-products, and at |east

partially volgtddid ?oeva?bhiéeeﬂhlaj%%él%n %PEM@PSlyln@néﬁj{z grofdﬁ&%ﬁd){had &fiflyst OF)

separating and separately recovering deactivated catalyst and polyneric by-
products in amlti?refdli(dfosttlﬂ@amblaﬁdjso‘l'@lna@ﬂﬂmrzed di luent and/or heat transfer

solvent in a nvap odi nent
8, wherein thd ?{ﬂﬁlﬁlh? ?4'[%1 F\(ng‘%% mgdd Rl%se }Qf‘%%f%ﬂeﬁ%%ggdg ﬁqrént 10.
The process aff sentedeliandetin I&Oduct and whepuell phasdﬁeommtsmlgwsmajlos pamionpfagsidnet al | i c
cat al yst syste 012 The process of any.one of

crbod ming & SR RRRA B ABS Pt Bl s Ae nefion ShT Sl eact ed
et hyl ene in sbepcdhtacting a [BALAGH &idDoduidepiasd 2vithThiearprudaes sondftioasredi ment
11, wherein a major portion of sajd 20unreacted ethylene js vaporized in
step B. [oofél??erﬁﬁ‘[’i&&firPéf‘r%“fiéulta’?‘r‘?éO ;S‘F%?é‘é%tg/P%ﬁﬁlVétﬁ%@Yﬁ‘e?ﬂhdif? PORHEFEi n sai d

vapor phase 'Bg/ Sb@RsCah Mt RE% pGOATY WSIBELHAR (TREQATanBRF kb0t Gh sSidiFhctivl: eact ed
et hyl ene. 128] Enbodi nent 14. A nultiple reactor system for cont i nuous

ol i gomeri zat il of et hyl ene to al pha-ol efin product, said system

conpri siyng: 23A) aaﬁﬁ%%g? Qb padkrerl erge%%eﬂdg 8&chERGE %ayﬁgﬂagJ gyn%{nc'ﬂyqu' d

conmuni cati on wi tH eac her, each having an inlet an B) a

t hr ee- way outpreducwaih\ﬂelica@ftstmamt@d wolatiizedhdilweat drattor dkatezapbier edetnom a C) a

f our - way outIVeat rIeve associated with the outlet of each reactor, |ocated
downst r eam of ' 8ach ¢ hr ee- way valve; 30D) a four-way inlet valve associ at ed
with the i I[NINH123]Of Beabobinteaa® t Dlic; process of embodiment 8, wherein the alpha-olefin product is

1-hexene.
15 [00124] Embodiment 10. The process of embodiment § or 9, wherein the catalyst is an
organometallic catalyst system.
[00125] Embodiment 11. The process of any one of embodiments 8-10, wherein the
reactor effluent further comprises unreacted ethylene in step A.
[00126] Embodiment 12. The process of embodiment 11, wherein a major portion of said
20  unreacted ethylene is vaporized in step B.
[00127] Embodiment 13. The process of embodiment 12, wherein said vapor phase in step
C further comprises a major portion of said unreacted ethylene.
[00128] Embodiment 14. A multiple reactor system for continuous oligomerization of
ethylene to alpha-olefin product, said system comprising:
25 A) a series of at least three reactors capable of liquid communication with each
other, each having an inlet and an outlet;
B) athree-way outlet valve associated with the outlet of each reactor;
C) a four-way outlet valve associated with the outlet of each reactor, located
downstream of each three-way valve;
30 D) a four-way inlet valve associated with the inlet of each reactor;
E)  awash oil supply line;

F)  awash oil return line;
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E)a wash oil supply line; F) a wash oil return line; WO

2011/ 112184PCT/ US2010/ 026661 G a reactor feed line; H) a reactor effluent
line; 1) wopoarigaz2issne; J) outl et piping fromeach react @ecTasaneo@d W t h
said three-way outlet valve and 5said four-way outlet val ve associated with
each reactor, in a manner to permt flow fromeach reactor independently
and alternatively to: i) the reactor effluent line; ii) the wash oil return
line;, or iii) the purge line; and 10K) inlet piping to each reactor
connected with said four-way inlet valve and said four-way outlet valve
associ ated WEN eachf faghRL, in a manner to permt flow into each reactor
i ndependently and alternatively from i) the reactor feed line; ii) the
wash oi | suppily ldmestorgfiluesiline) the purge line. [00129] Enbodi nent 15. The
react or syste@ Ofapﬁ%@ﬁ’lﬂé-m”t 14 wherein the interior surfaces of a major
portion of oné or re of the reactors, the piping, the valves, and the

| i nes are coal)edouwdd pipind frero radheregantcanimicted withl spivethree-way outlet valve and

5 said four-way outlet valve associated with each reactor, in a manner to permit flow
from each reactor independently and alternatively to:
1) the reactor effluent line;
i) the wash oil return line; or
iii) the purge line; and
10 K) inlet piping to each reactor connected with said four-way inlet valve and said
four-way outlet valve associated with each reactor, in a manner to permit flow into
each reactor independently and alternatively from:
1) the reactor feed line;
ii) the wash oil supply line; or
15 iii) the purge line.
[00129] Embodiment 15. The reactor system of embodiment 14 wherein the interior
surfaces of a major portion of one or more of the reactors, the piping, the valves, and the lines
are coated with a fluorine-containing polymer.
[00130] Embodiment 16. A process for oligomerizing ethylene to alpha-olefin product in
20  at least three reactors, said process comprising:
A) oligomerizing ethylene to alpha-olefin product in all reactors;
B) oligomerizing ethylene to alpha-olefin product in at least one reactor while oil-
washing at least one reactor;
C) oligomerizing ethylene to alpha-olefin product in at least one reactor while
25 reaction fluid from a second reactor is transferred to a third reactor;
wherein said process is operated in only one of configuration A, B, or C at a single
point in time and at least in both configurations B and C over an extended period of
time.
[00131] Embodiment 17. A method for separating catalyst, unreacted ethylene, and
30 polymeric by-products from 1-hexene in a reactor effluent from a continuous process for

selectively trimerizing ethylene to 1-hexene, which method comprises:
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[00130] Enbodi nent 16. A process for oligonerizing ethylene to al pha-olefin
product in 20at |east three reactors, said process conprising: A)

ol i goner iwpnguietibashene to al pha-ol efin product in all reattusee/02d8)H1

ol i gonerizing ethylene to al pha-olefin product in at |east one reactor
while oil-washing at | east one reactor; C) oligonerizing ethyl ene
to al pha-olefin product in at |east one reactor while 25reaction fluid from
a second reactor is transferred to a third reactor; wherein said process is
operated in only one of configuration A, B, or Cat a single point in time
and at |east AT A '5919&% Koﬂ&c%zﬁ'@detﬂ%d%efn e fXbENERE PRIl Of
tinme. [00131] Enbodi ment nmet hod for” separating catal yst, unreacted
et hyl ene, anleB@ggwa@gil@HW—ﬂm@Mt sysferoimprodvex e pesiunized, fligaidrenctosf f | uent

uni ch ot nod Lot FRBBRi o 36:F £ FE YA Bl syl 6L ARG A RRRAE B 5

sel ectively UKomEm;@mngnemhmhbnnaumxmu@ﬁﬁmmumnmdmyﬂEﬁbwﬁmang a honngeneous

ot fruent comith Sritgee Hepkat ab et S FEe AT EGR LAl s

pol ymeric byﬂk@du@&ﬁmwﬁﬁ&ﬁiyst material, reaction diluents and optionally
C8+ ol efins; reduci ng the pressure of said liquid reactor effluent to

provi de reduc(é)d prdacting éalﬁlra@ncad PEA D cITeRY Wi e heatey hegrfanster nefveki d
reduced pressyigr 85dditt@8torWekPerduRedh&surbeall Adwanst alhisiplave Birecinedal
conditions of tenperature, pressure and flow rate which are effective to
subsequent | y supssapenils flesl yeposian subsiepiiallyl afl aff 2idi-hexing raacheny Bivdugtandt i on
product pand 195a0#ckAeARHER, BPRURIE cotiont e RoCOATTE Q0 SyBLByARE
effectlve to subsequently” vaporize any major portion o sai d pol yneric
by- product s amﬂmgamdyuaﬁmb9$mnnﬁwwﬁpqwnwﬂcmyrs@b@mandﬂgigmﬂﬂ%n@du@bd

pressure effluyent in.a fl parator.4ntao a i.ng
Bubstanti al |yOhr rersfifs ff R FBRL Ll B A0 Rpo BORRE F SR PRLEY e

et hyl ene, aIomgmmmhgsmmnmuﬂeaemkﬁmaﬁlﬂMsﬁheamdmﬁlpbmmnapmmﬁﬂonn@&wsald heat

transfer 15 solvent; and a uid phase cqonprising.substantially_all of
Lot ol yrer i Bt St A R 4 P b O a e orre

reaction di | ugRien@ng aathﬁd Plas PEIhrd §@ﬁbsmh§lumw shidpasmeFic HG/pyRIntts E)
subjectlng sai d vapor ase fromsaid flash separator to one or nore

di stillation ¥fspd C@@m priHel plgng aihpeme Ie%a%éﬁ@lenhﬁrde%lewa PEERY 1% ne,
reaction dil ugntiRat thedtr SRh@nsfer solvent and optionally C8+ ol efins;

E) subjecting said vapor phase from said flash separator to one or more distillation

steps sufficient to recover 1-hexene, unreacted ethylene, reaction diluents, heat
20 transfer solvent and optionally Cg+ olefins;

F) recirculating a first portion of said heat transfer solvent-containing liquid phase

from said separator through a heater and then into contact with said reduced pressure

liquid reactor effluent as set forth in Step C; and

G) continuously or intermittently forming as a purge stream a second portion of
25 said liquid phase from said separator in order to remove polymeric by-products and

catalyst material from the flash separator and the recirculating first portion of said

liquid phase and to prevent buildup therein of said polymeric by-products and catalyst

material.

[00132] Embodiment 18. The method according to embodiment 17, wherein the

30  organometallic catalyst system comprises a single site chromium catalyst system.
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F) recirculating a first portion of said heat transfer sol vent-containing

| i quid phase from said separator through a heater and then into contact

wi t h sai owoeduceaelispr essure |iquid reactor effluent as seCTfusealo/oeeett ep C
and G continuously or intermttently formng as a purge stream a second
portion of 25 said liquid phase fromsaid separator in order to renove

pol yneric by-products and catalyst material fromthe flash separator and
the recirculating first portion of said |liquid phase and to prevent buil dup
therein of said polyneric by-products and catal yst material. [ 00132]
Enbodi ment |d@a3ThenRhied: 86 CahdinghddCace g e MbodifacntELEN 8 (REein the
30organonetal 1c catal yst systemconprises a single site chrom um cat al yst
system WOs2Qlelsitt TR RCTAWSZOL6IC0REBELis¢00 LB niENhou¢armdtombiatidih evithret hod
accordi ng i I : rej . S| [ 1 1.um cat al yst
system corr%?tlelgggcqg’ (ti:{ﬁd?);c% %}éﬁ%é%oﬁsccgﬂﬁu@o%‘]ﬁ%g{ﬂ? 8%%\7\?1 taﬁuntggwg? Eet%%qcoy'cl ic,

di -aryl or [@1d4]phdmiedmenpadndlheal mabodwhdchrdary &l &yl oad ofrfembediaatts Va0 .

[ 00134] Enbaodi ment 20,. The neth accarding to. an n f, e iLaent s
2010 Sananetel Ph APt fRR uer dent ouuckpas SR sPre g0 p6rRa20s CEROM about
50 C to 12Qcléct@nflorh §;-%8 heeiaethd K@ PAEBMERyS1opABtinad ak§RtiB 26@ApunaS ,
cycloparaffins_and aromati ¢ conpounds. [00135] Enbodi nent 21. The nethod

accor di ng 1133l dmbodmeahdbdi Fisntnsthed -2seordipgdpeiny @i of epbedipsiad ¥ oh

reaction i SyneRYd daRfkritidtizdiidn $AkGor €251 oMNHESid fabBehREMMPSARE don@iRSns
rangi ng fromabout 25 C to 100 C and pressure conditions ranging from about

0 psig (0 IOrPg)frewb@0ES55ity 1082C 40K pagssurp gondd@Bins Eprizg fiemntabap O psige(Oret hod
accordi,ng . iments 17-21, wherein the pressure of the
03 pPa R ey

reactor e 0 a pressure within the range of from about O
psig (0 kP400186] 2@mbodingn({ 237 9ThePaiethpd i ascortling ctordngcéncodf smbaliredrty u@rd, wi t h

' | ati heat t f | . 15[0013 Enbodi ment. 23. Th t hod
ccor i ng AU bR SR b BRET e P30tk EPRel Gl B AR
sol vent hasabeut mipkigh@ kRNl 200 Hei@MI 3o WPa)10fide thocod@0t ©f asid dffuselvadt ed

from C8+ nor nal a%g]iso-p raffins, C7+ cycloparaffins, and C6+ aromatic
conpounds. CCUFHBIREFICHERARNET ¥t 24. The net hod according to embodi nent 17,

wher ei nssaijgh1gat Endfddidaanst er TROLXERH RaSdRg RO dnlyNehePH BhbIMth&ik 11328t
| east 50 C higher than the boiling point of %he reaction diluent. [00139]
Enbodi ment Whsreinmysid ket tiggfeaselvemibage bolizgpoieitd fom gheybHi0ménios22Q 7C2ad is

wher ei n Saisgecrtﬁf:if]f:o(fﬁ’” @gtki Rl 2ndt § @R} 8HinsS 0&7\4,9@ clé)lﬁreﬂﬁﬁ]st, eghdl ot NGol er to

a tenperature of fromabout 100 Cto 300 C prior to conftact wth sai
react or ef tbmpninds.25[ 00140] Enbodi ment 26. The met hod according to any one

of enbodi 17- wherejn-the tenperature in.said flash separ.at.or
anges 1 offsht FoaERE] S0 e mefAPRkR e Thid etk AR A R
separ ator mangasolhtarhaab boitin®pgist vghi€lOis kPR)st 50 °Q AGhpsthan thd BFi@nk et of 014 1]
Enbodi ment 27.. T%ﬁsrret hod according to any one of enbodinents 17-26,

wherei n t h&%Fu P the flowrate of the reactor effluent to the flow rate

of the recijgmad@t ithhodidnhest thaRsiel Red@Btiol MySeHel bCbBBIdihértpnovude a
tenperature difference between the tenperature of the heated recircul ating

sol vent bePOrEiCHit Eetroypting ieabewmsier solvenidnbeaisingthe heaerpertacmperasre ohe
combi ned s Qloueibb(Elobleentocic BAM Blokh@WiARAY kealBr Hitfubntl 7 C.

25  [00140] Embodiment 26. The method according to any one of embodiments 17-25,
wherein the temperature in said flash separator ranges from about 100 °C to 200 °C, and the
pressure within said flash separator ranges from about 0 psig (0 kPa) to 200 psig (1379 kPa).
[00141] Embodiment 27. The method according to any one of embodiments 17-26,
wherein the ratio of the flow rate of the reactor effluent to the flow rate of the recirculating

30  heat transfer solvent is sufficient to provide a temperature difference between the temperature
of the heated recirculating solvent before contact with reactor effluent and the temperature of

the combined solvent/effluent stream of from about 13 °C to 17 °C.
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WO 2011/ 112184PCT/ US2010/ 026661 [ 00142] Enbodi nent 28. The net hod accordi ng
to any one of enbodinents 17-27, wherein heat transfer solvent conprises
nor mal arwloi2e/parsaf fi ns whi ch have been prepared by hy@cotuse@iongeC8+

ol efins whi ch have been produced as a by-product of said catalytic
trimerization of ethylene to 1-hexene. 5[00143] Enbodi nent 29. A nethod for
passi vating catal yst nmetals in, and recovering passivated catal yst netals,
pol ymeric by-products, reaction diluent and heat transfer solvent from a
portion of a treated effluent streamfroma reactor for the catalytic
trimerizatilasf Shbolng: b9 ITREXRNRY MlERe TBHA0 EOIPLhBR e 1724
providing a liquid portion of a treated reac or fluent stream whic

| i qui d 10povhefeonhaabrprsies eslvert gamprisss abiniad acdatsalpylgfﬁnmlecrh lave bpayl yremargdc
reaction by-pr a t

foodi ng a Py QERHEdE QEPGMRI HE resh AR 4 %Eo gl Y by
stean}strimmhm@mﬂ@sahmnmmBMalhmmgel|qU|d wat er ; |ntrodUC|ng st eam
and optlon addi t |d wat er , i nt sald 15 strippin

Vesser: sar Sl ARl A0e A iy ol ReSt s et T e ePS e and
pressure \Mpagma@ﬂ RaefybteGéthv &dlyandiRagt prv@ice/ ﬁb@étfdnvcﬂh@ntsaﬂﬂ Uefd UfaferSdoheam

cat al yst naterlal to solidify said purge stream ynmerjc reaction

by- pr oduct T} @rhoxion; qftaotrffaéqﬁlrﬁf%luﬂnést&amg @?ésrea%dp Of @e&etalyaaérfm%aav%ﬂ y

vol atilize cg@icHe RUIB&eRd MARMM@RRLAPridk! uent and/or heat transfer solvent;
20D) renoving said deacti vat ed catal yst material and said polyneric

by- product pahk i ereslife ahiagii pPriereafrs tepfed prastpredBecal siygagm, orfdchotiqvidr e
liquid gtreang,; 33{“ ridlsSe Jn%HB%éh{}gcaYa?}s fla e'r1§le§ gln'eH c@dhgbahﬁ%ﬁuc% ansf er

sol vent from'sali am st I ppi ng vesse via an over ead Y streéam
fornmed by ventumgndﬂmmteamhﬁwmmmﬁasﬁvamrlpp|ng vessel ; 25E) recovering said

separ at i ng sk Ieveerarinaepa AR EoRPL A ke SKeRLR b et R GbRe st reams
fromthe striwpch@nwiEseliquidivater) recoverlng said volatilized reaction

di luent and heat .transfer solvent fro Ed overheaﬂ gpor stream.fromthe
strippi ng vessel MEEUGHDH FHAT ot y 36 HdEon: AEYI et diniog S4id

enbodi nent  2%trippey veksel, %@r@l@ﬂw&ﬁﬂgé b@eaﬁam%a&bndrﬁ@lﬁrdfaém&eﬁmlaﬁ@s a
chrom um source in conbination wt het erocyclic, di-aryl or phosphorus

conpound, al oHgpsHiet Whigh aa¢ Ieffectieuta deaiinde/ PRraiv e . Sa\ﬁbpurge Stream  catalyst
2011/ 112184P%Atu§3%%/0981%6%d b@@é%ﬁkanﬁgtqgﬁfeﬂg MacBdn by PRIIRIRAGiAGRET ding to

enbodi ment 29 or wher'ein sai'd reac | uent has a boiling point of
f rom about SGemOYablellmthtesamdd ite at ddagicpagiehllyrhatidize ©8d yrgeadtreamdreaction

i so-paraffins aidpromati c conpounds, wherein said heat
transfer solﬁgth%ggggﬂgié%ﬁﬁr poﬁﬁt of fromabout 100 Cto 220 C and is

sel ect ed fr ond)C8tenmoingakbaid deactwated catalyst material and said polymeric by-product
particles from said steam stripping vessel via one or more liquid streams, while also
removing volatilized diluent and heat transfer solvent from said steam stripping
vessel via an overhead vapor stream formed by venting of steam from said stripping
vessel;

25 E) recovering said deactivated catalyst material and said polymeric by-product
particles by separating said material and particles from said one or more liquid
streams from the stripping vessel; and
F) recovering said volatilized reaction diluent and heat transfer solvent from said
overhead vapor stream from the stripping vessel.

30 [00144] Embodiment 30. The method according to embodiment 29, wherin the

organometallic catalyst material comprises a chromium source in combination with a

heterocyclic, di-aryl or phosphorus compound, along with an alkyl aluminum activator.

-30-



5 and iso-paraffins, C7+ cycloparaffins, and C6+ aromati c conpounds and
wherein said heat transfer solvent has a boiling point which is at |east 50
C hi gher wbanitthieishoi | i ng poi nt of said reaction dil uenPCT[USRMHBL6661

Enbodi ment 32. The method according to any one of enbodi nents 29-31, which
i ncludes an additional step of cooling said liquid portion of the treated
reactor effluent stream 10 in order to concentrate the anount of catal yst
material therein before feeding the resulting concentrated liquid portion
to said steam stripping vessel. [00147] Enbodi ment 33. The net hod according
to any one @fisebesiumich 30- $fe miish Seibrdie 1§ ERBRAALYTS dribo! fesheam

stripping vessel used in Step Cranges fronr100 Cto 110 C, and

pressure i measagnddibicridar sfoplillpg)pmgt ofdfmeibous Sl tot IR0IE€dnd s alvotad framrﬁassq’gher ic
or 15slight] k ti.Ql ctor
oystem sui ol eRb fo BRARTSE orabny 1Pl BRI Mhas oy T R P

et hyl ene tedpﬁmmmceb&ﬁm@WQMBﬁﬁhmaMXMeaﬂl%bmennéénmdnsMﬂﬁhﬁﬁh&ﬁCd—mysmbn1

whi | e sinult neousl shin nat her actor within said tem id
ot o Somhd BoaHRsARSE Ao ARSH, b BRChRinaltt tinPeupf fraf MR Rl on
reactors i mahgf@twodzeﬁtqmruo@aigl pomtWitidh ©ae€ Rta@t30e1c hlgﬁ&hharneta@b@lnmfg Poiabd

series conprising a main inlet opening and associated piping to pernit
liquid inf PYdI5eRES EPY- react or and a main outlet opening and associ at ed

piping to pendst |HntHéafnQlBh! oW fE@BA &%bmlﬂgqagﬁpéne oBrmBodifERE20V8Y, WAV e
associated wth the main outlet pip gach reactor, each of 25 said

outlet thr @@W@yam&dw@alasmpmﬁmgmé|S@1ﬁglﬁ1ulr1|pqmoa of tmweaﬁﬂépeaﬁpwﬁls%t glregay j es
of reactors, fak, | 505p§ﬁrafartﬁgﬁfi§al{a%f%5m gtqldatgr i1 @My Wef%r@%@dﬂé tﬁE%ﬁﬂt‘?J the

other reactors in said series either a t hrough sal ctor
inlet or thommgmMQ¢kmwdmﬁm@nmewdshanssapmgwawd.|nIet openi ng; CD tmo

f f
these 30" TToo ey RN Bk Buf RO RED et D58 "GP GRoabil: ohiPng”

liquid fl O\Mhleﬂ:irothsaérﬁbeﬁfﬁlﬁh i haGteam smp@lﬁghessreea@a@m StpiQrangdsetond p@NtME and
t he secongﬁié éhe e two four- m$¥ val ves. bein& an outlet four-way valve in
gAIq pt 1

liquid co A0 S RIFS W G SRS yast9l 19 BABIpEET ALUESSL HMEIREEA O'c oni ng

fromthe ogﬁ@ﬁ@ab@kﬁ@n&@umyalve of said each reactor, said second four way
valve further controlling liquid flow out of said each reactor, with all of

sai d four- W48k Fadodimest Bdi UKDl taster poteruTEReifohcanipoushicHicstinger ;
D) outflow.pLplog; ér%lﬁ%ﬁs\tﬁ lf}]eh{% uééfaihf‘c% VK YRV S AF SR fe%g w‘lthﬁlhsa?daCh
|1 C (6] e or

reactor 5 1n’said series, ow piping Is suita Irecting
liquid flowstam wiilcesiohltarsaedowasiong rinetheprqitey witire haidasystemangilesysteiqui d
into any of &%1 gactors in said series via other than through the nain

i nl et openlng a reactor feed line in liquid communication with the

i nl et four-way) valssties of att1bet fhide&thyﬂ@ammenziamorsmhcdorsaf11@8d ofmmededions and a
reactor efflue 10conmmuni cation.with the four-way galve

t line in |i
whi ch contr Ol\glt F%flll}l %hefq & g‘ﬁ?c 0 1ntsm§1 §eLIEY comprising a main inlet opening “an

associated piping to permit liquid inflow into said reactor and a main outlet opening

and associated piping to permit liquid outflow from said reactor;

B) athree-way valve associated with the main outlet piping of each reactor, each of
25 said outlet three-way valves allowing either liquid flow away from said series of

reactors for further processing or liquid flow into one or more of the other reactors in

said series either as feed through said reactor main inlet or through openings other

than said main inlet opening;

C) two four-way valves associated with each reactor in said series, the first of these
30 two four-way valves being an inlet four-way valve controlling liquid flow into said

each reactor via the reactor main inlet opening and the second of these two four-way

valves being an outlet four-way valve in liquid communication with the liquid
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reactor in said series of reactors; and F) a wash oil feed line in liquid
communi cation via two-way valves with the inlet four-way val ves of each
react or iwo=aildiigeni es of reactors and a wash oil returrCriuseotomdesgui d
conmuni cation via two-way valves with the outlet four-way val ves of each
15reactor in said series. [00149] Enbodi nent 35. The nultiple reactor
system accordi ng to enbodi nent 34, wherein at |east one of the nmultiple
reactors and/ or piping associated with one or nore of said reactors have
the interior surfaces thereof coated with a fluorine-containing polyner.
[00150] Enmbodiyiid 13- thoiePARSSwhPlaltd bt LAl BEhAedt:rt iaR] &cbRARLPLaFYSt EM
for effecting 20catalytic trimerization of ethylene to continuously produce
1- hexene i n atavedargher oprdrolmgdiqoid, flowhout ef siicheach eaaetousm@a alled ki puamey her
eact or W L hiviagk, SYRL ST RAA-RRRGESS BPIBELELRO: (Y cont nuous'y

ol i goneri zi ng et 1L Ne In a series of 'at |east three et hyl ene
trimerizatiorDy eaattﬂowsmpm@ﬁhmrﬁalebbﬂle |t1nrecsaza3d vaeesi zesochmdun@ eachmcaator nl et

ot et | Haut g B SPR MR oS napl i Shiapt B diRgrefitd Abv el B et

t hr ee- way vaI reget@nd iflgiead wiich byn @ankRu liqWiynty ahy 6 thiidattoRlih siff saRb d
reactor valves set to gernlt flow of reactor feed into the first reactor in
sai d series, YothghRan throughthe grafn fichoPgm t he first and each succeeding

i nternedi at e feaghQktok feed @indl iSR{ui @SorkHi QABE R6th A% hREHhut-Hkp vAIRE oN@XT
succeeding reactor in said series and to permt effluent fromthe |ast

reactor in sdifet 3G6EFiBssaid Ecy ofppedorasant- peseatier cBheai Abagnphgddct; WO
2011/ 11,2184P | ock
14 %&%ﬁérp%ﬁﬁ% fofd}- “éwv%&g'\ﬂgcehs%agrofgaﬁﬁhoﬂo% Yt/ Sﬁthtseq%s*? oc

feed into one of s series reactors t sending t | ocked
f eed i nst ead r@tarhesadsericsolocweds;pgdreact or in said seri es and t her eby

bypassi ng sai reactoré 9 rther. switchi %'%:m,?Ctor

val ves to per ?161% i 1qu1(ﬁjb%m )uinca#lon R tWOz EWay_Yalve Vi q suppl y

line into sai fdurr\e@ci'zamvfes tobedet revamn @dsaud ﬁrleiﬁrmtcﬁis aml edashtdilesabylirefifi ect i ng
t he washi ng of i d reactor and to thereafter rm.t renoval sai d wash
oi | from the Iyl B O OO FER Y BirgRgeC e FRaEE DY Ly hr ai i ng

wash oiils outleamﬁh@ynakﬁwputlet of the nowwashed reactor and into a val ved
wash oil return |ine; 10E? further switching both the reactor valves and

the wash oil#01#Phe Egshogisent 35or Hes nxu&ilnleéqaa@é Spoth acrading o viatiedaneahgty

reactor anQﬂkﬂﬁlﬂ@&%uﬁﬁ%@%@ﬁhﬁﬂﬂéﬁ&h&%aﬁ@@ﬁ&ﬁhg&ﬁo@ﬁe&@%ﬁoM@ﬁQﬁHeBﬁﬁﬂithe
wash oil supply a return lines and also in order to block feed into said

reactor_tor%@wﬁéwweﬁayﬁ@dﬂSE@%@$ﬁQWPﬁK@wéM@bﬁébwﬂeedﬁmﬂ@@@a@ym@'the next
succeedi ng [@ﬁgq -~ g)ﬁb@ﬁfn%ﬁf ST Al o8 hrSRiiRS ANApRGELRY HARATS BRcAR d

reactor to
20  catalytic trimerization of ethylene to continuously produce 1-hexene in at least one reactor,

while simultancously washing another reactor within said system, said process comprising:
A) continuously oligomerizing ethylene to 1-hexene in a series of at least three
ethylene trimerization reactors, each reactor in said series having a main inlet with
liquid flow therethrough controlled by a four-way valve and a main outlet having
25 liquid flow therethrough controlled initially by a three-way valve and thereafter by a
four-way valve, with all of said reactor valves set to permit flow of reactor feed into
the first reactor in said serics, to have reactor effluent from the first and each
succeeding intermediate reactor in said series introduced as feed into the next
succeeding reactor in said series and to permit effluent from the last reactor in said

30 series to be removed as 1-hexene containing product;
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E) switching the three-way valve at the main outlet of the next succeedi ng
reactor to be next washed so that the reaction m xture contents thereof,
prior to weaeshivig2isean be and are punped into the just-weshasoiancscenpt y
preceding reactor; F) further switching said reactor and wash oil |ine
valves to permt introduction of 20 wash oil frominto the now enptied
reactor to be next washed via its main inlet and to thereafter permt
renoval of said wash oil fromthe nowwashed next reactor by draining wash
oil out of the main outlet of the now washed next reactor and into a val ved
wash oi I retusn Lin&inARM refhor\aREAL BISkkSL&PRtRine Br sl Gerfes rdSionagded to
sequentially wash and prepare for 25 washing the next renmaining reactors
in said seri esashed, pendthgdliis Waskrdfepdahdtéad te thamiexfisiiergedieg tendtoran seié s@ichy| ene to
1- hexene in t t - ' .or prepared for washing.

[ 00151] Enbooﬁrﬁrﬁré}%e?&)%'y%#%gga?%f:eggéﬂgg\é\gégﬁn’g to enbodi nent 36, wherein the
wash oi | used) nfigthiedswitchogseidhasct@ vabie tnperpaiimtodottidor drwaboutfrcb®® C to

200 C and is selected from 30C8+ normal and,i so-paraffins, .C/+
o opalas i T nafe SStal NP ARt ReS vp BEYRE ALk B8 Ak mssby | 4
process for olffeg@igetht Zaktgnebhiaienectbo add @ @éikcdrted pb@anaBvilNvfRaikieash O

vessel by introducing via reactor inlet piping ethylene, aorganonetallic WO
2011/ 112184 PCH 1180 0102888 Hertgh He P CHRYCAILIILST byrfieipag Al di | uent s

into said reagof measarbutldf iRefRAlh@bd MBLRE Bdinkga CAREH HhaNsI Rlum
tenperature, pressure and residence tine within said reactor vessel which

are effectivd™po bring about oligonerization of said ethylene, and by

renoving fromsaidtfasichh %%ﬁl}s]tﬁ% robiBr VaRRE LT @ Wabilil RhaNGs o rag%i on
product effluent conpri si né ethylene 5 ol 1 goners, unreacted ethyl ene,
ol i goneri zat iierate dvthl ths now-meset icomtydichatenind dndngxo buycneding seeaotaater to

b y-pr oduct s, t;ehn%x{ &Esrh?cy ?rg%qﬁe Vw@éhcor}% é%%{ﬁ%r Ind Feut i Ifl]? 'ill(sjoultn osrgérqo Rlof €SS
using a reactor vessel and/or ‘reactor rnlet and ouflet piping which has the
i nterior surffagkiatodarlrreatorcobt ackt wathad aschdin®thistdodkedh fead nistegd pothy next .

[ 00153] Enbodi nent. 39. The i nproved proces ccordi ng.to enbodi nent 38, 10
Wher ei 1 the. (NEGPIAG REBRE SIFPRY oMY REcs (o8 Ao A e HdBAS 0 Pssel and
pi pi ng isnt er iRkt wakhé@ces is selected fromfluorinated ethyl ene propyl ene

(FEP), polytetrafluoroethylene (PTFE) and pol éVi nylidine fluoride (PVF).
[00154] Whi | &t haVishdigethe threpsemt Yave #Hdle maapubed thaedt sierering dieacioat ed” by

reference to BREhbGHAedaBRRAEERIBon HASE BheRl HeRBE YrisKioldashilg tdAg art

C
w || appreciate that the invention 15 lends itself to variations not
necessarily ilecland preauagehiviethpjusFapshedhiagd papls orecedipgigactpief er ence shoul d be

made sol el y t]ﬁ t BGaAPRARR _sgild%e{g%{f&ﬁ?{/ggéﬁrcﬁpﬁﬁesvaﬂfes AES ST ARG et T e

scope of the present Invention.
20 wash oil from into the now emptied reactor to be next washed via its main inlet and to

thereafter permit removal of said wash oil from the now-washed next reactor by
draining wash oil out of the main outlet of the now-washed next reactor and into a
valved wash oil return line; and
G) repeating Steps D, E, and F, as needed to sequentially wash and prepare for
25 washing the next remaining reactors in said series in need of washing while
continuing to trimerize ethylene to 1-hexene in the reactor(s) not being washed or
prepared for washing.
[00151] Embodiment 37. The process according to embodiment 36, wherein the wash oil
used in said process has a boiling point of from about 100 °C to 200 °C and is selected from
30 Cst normal and iso-paraffins, C;+ cycloparaffins, and Ce+ aromatic compounds.
[00152] Embodiment 38. In a process for oligomerizing ethylene to 1-olefin oligomers in

a reactor vessel by introducing via reactor inlet piping ethylene, organometallic
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What Is Cainmed Is: 1. A process for oligonerizing ethylene to al pha-olefin
product, said process conprising: A) oligonerizing ethylene using a
catal yst wo2prioderse a reactor effluent conprising 5al phacoltstén/opseoduct ,

pol ymeric by-product, catalyst material, and reaction diluent; B)
contacting said reactor effluent wwth a solvent at pressure and tenperature
conditions suitable to vaporize a major portion of said al pha-olefin
product but not suitable to vaporize a major portion of said polyneric

by- product and said catalyst material to forma conbi ned sol vent effluent;
10C) separ gfibokrdaiich CAIRLNat SLIVENtaiRELL URRT shifit Ra@or JBQE, W%ﬁz‘ereafter
conprising a maj or portion of said al pha-olefin product and a’liquid phase
conpri si ng neintipiog cpehitidne pf tMpsatude, polsyrmertidresjenge bmwtlthalrﬁdldsramorcyatsall yst
material a port I t nLec

first port?%#%Jgggg%ﬁQ?I ﬂgﬁ%ggg. gﬁgc%%g§fggﬁfﬂgg?%g%gtgj% %g |ng
Step B; andaid reactor vesE@l Palrgttog oatles eporeda macttdnqmocmbt sfflucht Icompmjng)éthglenef rom
sai d prace a- ol r oduct
o - hemenaniofery i pRIcSRAGR fafhiizighdfafi ahfel g bdyRbs

or ganonet alrdacGorC By-ploysdts, IS in@ffovement whtich opRsecasgin@fouChad Protesswhigad n t he
reactor effluent further conprises unreacted ethylene 20in step A, 5. The
process of recer wpuel ngeor ﬁ%afcw& FHErandionget nupne g\ﬁlﬂﬁhe‘@@ ithfginteEPY Slv%ﬁ%ﬁ thekalse t o
one or nor @odiSkith b atidiR-Sh@Relfniei ent to separately recover

al pha-ol efin product, unreacted ethylene, diluent, and sol vent. 6. The
process of [80143 £mhgdisnestn3% nﬁ}l@rlnmm\tedonrow%mcardm éac?@@Odélﬁlhlytl éhe is
vapori zgd Z3iStRP forife-cdGinRY i RL0685cCh&d # Bt mbhedelinyagly P Pin hase

in step Cfurt Ner conprises a portion of said unreacte
interior surfaces is selected from fluorinated ethylene propylene (FEP),

polytetrafluoroethylene (PTFE) and polyvinylidine fluoride (PVF).

[00154] While the present invention has been described and illustrated by reference to

particular embodiments, those of ordinary skill in the art will appreciate that the invention
15 lends itself to variations not necessarily illustrated herein. For this reason, then, reference

should be made solely to the appended claims for purposes of determining the true scope of

the present invention.
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8. The process of claim4, wherein said vaporized unreacted ethylene is
separately recovered in step F. 309. A process for oligonerizing ethylene
to al pha-wbDebimiprsaduct, said process conprising: W PCT/US2010/026661

2011/ 112184PCT/ US2010/ 026661 A) ol igomerizing ethylene in a diluent using
a catalyst to produce a reactor effluent conprising al pha-olefin product,
pol yneri c by-product, catalyst material, and reaction diluent; B)
contacting said reactor effluent with a solvent at pressure and tenperature
5 conditions suitable to vaporize a najor portion of said al pha-olefin
product bufcnghsuitable to vaporize a major portion of said polyneric

by- product Tand said catalyst material to forma conbi ned sol vent-effluent;
O separ at iWpt sdfldimsdllvent ef fl uent into a vapor phase conprising a nmajor

portion of ;saj ro%sgfgﬁo%'ég&ér‘ﬂ%&eg@g% é&?‘Qgha@o1%h8@oﬂu&,hsﬁ§§or&c%£5pcro@gpggﬁd ng or

portion of Sai rc nd sald catal yst nate

maj or porti onApf oBaintbrgoig\ediytene uiMg ¢ ontlaatté pgdacefarractar@fflueht @aiptising qui d
phase wi_th steagm er conditions of tenperature and pressure suitable to
Geact i vt of pAlRr i ruefia Bab RSPy gD L o mE PR SRR oduct, and
at | east partBpal byntadh@tshidi Eecteh tffiaatt wild/aodfohwal wepiesdufe 8@l Eenigeatdrt on;, and
15E) separating and separately recovering. said deactivated catal yst and

sai d pol ymer i OOy BEeRle 19 Meprirg g Sreamiaald delid)ity rpduct Denai | uent

and/or sai d s@imgdto VdpoRzd ARRfor PoFRAMS said poil}gneriylﬁfi[ﬁéﬁﬁ?% afd &ajsn 9,
wherein the al pha-ol efin product is 1-hexene. 1. The process of claim

9, wherein t Heatergal & fpan ajcambinedyoljenbiffrdit] i ¢ cat al yst system 2012. The
rocess,,of claj rel e t f i
P Sio h(:?: gh raff Sgildnc'bo\%%lfg-s%%;ﬁg{ offfubile UGR Vgﬁgr@{aﬁ%ﬁ?\,\ﬁgﬁ%ﬁ% a maj or

unreacted et I'n 3tep A process o
portion of sangoupergercvéeiénlphb-ehdnigodwgperd zdiquidnpletegonBrising a majod. The

process of clajm I3 whet el.nc 5ab o YAR0Y RIATS: MekhigPun o S RHiFOPT | ses a
maj or 25porti‘on of  Ssai ddnreact Bae hyl ene:
said solvent;
D) recirculating a first portion of said liquid phase to act as said solvent in
15 contacting Step B; and
E) purging a second portion of said liquid phase from said process.
2. The process of claim 1, wherein the alpha-olefin product is 1-hexene.
3. The process of claim 1, wherein the catalyst is an organometallic catalyst system.
4. The process of claim 1, wherein the reactor effluent further comprises unreacted ethylene
20 instep A.
5. The process of claim 4, further comprising:
(F) subjecting said vapor phase to one or more distillation steps sufficient to separately
recover alpha-olefin product, unreacted ethylene, diluent, and solvent.
6. The process of claim 4, wherein a major portion of said unreacted ethylene is vaporized
25  instep B.
7. The process of claim 4, wherein said vapor phase in step C further comprises a major
portion of said unreacted ethylene.
8. The process of claim 4, wherein said vaporized unreacted ethylene is separately
recovered in step F.

30 9. A process for oligomerizing ethylene to alpha-olefin product, said process comprising:
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15. A multiple reactor systemfor continuous oligonerization of ethylene to
al pha-ol efin product, said systemconprising: A a series of at |east three
react ors wapabla2msf | i quid comruni cati on with each ot hePCTamsedooas66ng an
inlet and an outlet; 30B) a three-way outlet valve associated with the

outl et of each reactor; C) a four-way outlet valve associated with the
outl et of each reactor, |ocated downstream of each three-way valve; WO
2011/ 112184PCT/ US2010/ 026661 D) a four-way inlet valve associated with the
inlet of each reactor; E) a wash oil supply line; F) a wash oil return

line; © a reaft 8f1gcfn§‘é‘r‘f2m% efficne i a éildeﬁﬁfshl%ra &faiﬁs%%odub@?rea&tb@efﬁkﬂ&ﬂe line;

J)outl et piping fromeach réeactor connected wth said three-way outl et

val ve and saia@mposing waphaoelefiretproduct epdymeres dyedoduict heagedesth metadalorandi n a
nmanner to pernit: fl Wg from each reactor independently and alternatively to:
10i) the react of F uént line; ii) the wash oil return line; or iii) the
purge |ine; aB])d contadﬁ)lg|saﬂdeteaqnblpbﬁﬂgeﬁtmﬂa(ahsoﬂ\&acat)presmmemd eghpardtdre sai d

reactor in SRR B A HEE BTN PSS Or YT HALBLRUEHE |y and
al ternativel ysuftﬂﬂemo vaporize a major portion of said polymeric by-product and said catalyst
material to form a combined solvent-cffluent;
C) separating said solvent effluent into a vapor phase comprising a major portion
of said alpha-olefin product and a liquid phase comprising a major portion of said
10 polymeric by-product and said catalyst material and a major portion of said solvent;
D) contacting a fraction of said liquid phase with steam under conditions of
temperature and pressure suitable to deactivate/passivate said catalyst, solidify said
polymeric by-product, and at least partially volatilize diluent and/or solvent in said
fraction; and
15 E) separating and separately recovering said deactivated catalyst and said
polymeric by-product in a liquid stream and said volatilized diluent and/or said
solvent in a vapor stream.
10. The process of claim 9, wherein the alpha-olefin product is 1-hexene.
11. The process of claim 9, wherein the catalyst is an organometallic catalyst system.
20 12. The process of claim 9, wherein the reactor effluent further comprises unreacted ethylene
in step A.
13. The process of claim 12, wherein a major portion of said unreacted ethylene is vaporized
in step B.
14. The process of claim 13, wherein said vapor phase in step C further comprises a major
25  portion of said unreacted ethylene.
15. A multiple reactor system for continuous oligomerization of ethylene to alpha-olefin
product, said system comprising:
A) a series of at least three reactors capable of liquid communication with each
other, each having an inlet and an outlet;
30 B) athree-way outlet valve associated with the outlet of each reactor;
C) a four-way outlet valve associated with the outlet of each reactor, located

downstream of each three-way valve;
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i) the reactor feed line; ii) the wash oil supply line; or iii) the purge
l'ine. 16. A process for oligonerizing ethylene to al pha-ol efin product
in at | eaw02btwaeIsneact ors, 20said process conprising: PAX/Uskégoa@si zi ng
ethyl ene to al pha-olefin product in all reactors; B) oligonerizing
ethylene to al pha-olefin product in at |east one reactor while oil-washing
at | east one reactor; and C) oligonerizing ethylene to

al pha-ol efin product in at |east one reactor while 25reaction fluid froma
second reactor is transferred to a third reactor; wherein said process is

operated in ap)y,008 vl ifieNfal QUERLHLRA with R inRf ofcadl refetdi N9l € point in tine

and at least in both configurations B and C over an extended period of
tine. 17. B nethduoi swplydjar ati ng cat al yst, unreacted ethyl ene, and

pol ymeric by-gro . .- 30hexene in a reactor effluent froma

conti nuous pr cegg&%%?li%g{ﬁé%?el’vel y trinmerizing ethylene to 1-hexene, which
nmet hod conpriGesa rad@oR@ed 1iddt2184PCT/ US2010/ 026661 A) in a reactor,

sel ectively t%i meri zj n%ﬂgl%[g%(.l ene in a reaction diluent using a honbgeneous

or ganonet al | i'¥ cArEFYS !

8 to produce a pressurized, |iquid reactor
ef fl uent conpni shpgrgtiingxene reacti on product, unreacted ethyl ene,
pol ymeri c byproduct, catalyst material, reaction diluent and optionally C8+

ol efin: 5B) rlddulhtiy Pt e saihyisacsyr conpegter vt gidr e sy cutlet geKent o

provi de reducad RLEFSHO@I WAVE Bhsb&REd Rfith @héd H8ALS, in FhabRRLEGEIRONSAI d
reduced pressure effluent wwth a heated heat transfer sol vent under

condi ti ons offrenepasreacior exdepandeydlyepd aligapptivelyp:r at e whi ch are effective to

subsequgntly fl ash.vaperiag.sHhstantially all of said 1-hexene reaction
product and 1052i geunreact e%éetﬁyl ene, but which conditions are not

ef fective to subséguesh by return line; or
iii) the purge line; and
K) inlet piping to each reactor connected with said four-way inlet valve and said
four-way outlet valve associated with each reactor, in a manner to permit flow into
15 each reactor independently and alternatively from:
1) the reactor feed line;
ii) the wash oil supply line; or
iii) the purge line.
16. A process for oligomerizing ethylene to alpha-olefin product in at least three reactors,
20  said process comprising:
A) oligomerizing ethylene to alpha-olefin product in all reactors;
B) oligomerizing ethylene to alpha-olefin product in at least one reactor while oil-
washing at least one reactor; and
C) oligomerizing ethylene to alpha-olefin product in at least one reactor while
25 reaction fluid from a second reactor is transferred to a third reactor;
wherein said process is operated in only one of configuration A, B, or C at a single
point in time and at least in both configurations B and C over an extended period of
time.
17. A method for separating catalyst, unreacted ethylene, and polymeric by-products from 1-
30  hexene in a reactor effluent from a continuous process for selectively trimerizing ethylene to

1-hexene, which method comprises:
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vaporize any major portion of said polyneric by-product and said catal yst
material; D) separating said reduced pressure effluent in a flash

separ at orwpro/@2a8apor phase conpri si ng substanti al | y alPCTafS2é1aiog668t hexene
reacti on product and said unreacted ethylene, along with sone reaction

di luent and a mnor portion of said heat transfer 15 solvent; and a liquid
phase conprising substantially all of said polyneric by-products and said
catal yst material, along with sone reaction diluent and a nmajor portion of
said heat transfer sol vent; E) subjecting said vapor phase fromsaid
flash separatgy 4P ,0R6.Q sBRERCH ﬁﬁﬁérilzﬁ'%’! Q184S RS a S¥Idibf | BREntt Qidgegover

1- hexene, unreacted ethylene, reaction diluent, heat 20transfer solvent,
and opt i onal Ihpn@gencohedrgenomer)lio @tslyst shisten tegpredufe » prespoized, dauidfreastor d heat
transfer solv - Al ng L qui o] ' t rqugh a
heat er and tH%ﬁ&?ﬁggk@g%#%ggm§%$ﬁgggggigg'étgh%%#%%gﬁggﬁﬁﬂ%bwkgfgﬁbtor

ef fl uent as gebdducorithlystmairap réctiandiluefd)and optidnalipUst glefon; i ntermttently

f ' t d oy fom 2 id liqui h f
cai o separardh | AGuPb R ERE DR BRI PT e ey siot'ee iR DAPGGE, O

mat eri al fromduhercidt@sfiwepar ator and the recirculating first portion of
said liquid phase and to prevent buiIduP therein of said polyneric

by- products and Eatagtgsaiddgedicpd pressure etilpgnt vwith aepted heat &g ar ayved cl ai m

17, wherein th@eOtGRANNELR! thihferfiatealpy@iurs Yaliem s aaRr gk ar0arrsdinglie site
chron1un1catalgst system 2011/f12184PCT/U82010/026661 19. The met hod

accordi ng to spwnwnilg flaghssnsiide syhstagiigdly) dl eff toed Ehexnt deacier BIogYst a8 st em

conpri sgs a GRIOMMPROULFEnd Huf Qr&’ﬁ?éhln @61&&[& Wik g BRLELOGY GhbCqudiliyary!l . or
phosphorus conpound, along wth an al ky aPun1nun1act|vator. 20. The

met hod accor diangrize@ng ajorpdifion wherdgiolyndie by gaetucomddaid getalystusadiadhas a

boi | ing poi ntD50fse fara%)lgl g‘ati)&)ye}du%(a %sg 9 %%Rler% iagqlaishssese?rla o(rﬂl;n odaifali o 1%35- C6

nor mal and isdlpaﬁh¥ I'ns, cyc?oﬁhrd%?lns and “aronat; ¢ conpouﬁﬁép 51. The
met hod accor diongpritiog GlilastamidlF, alvoérseidnl-baieak taattioar prpadidt @and reidatnrgoted S

carried out i ai d reactor under_.tepperatyre conditions rangin rom about
25 C to 100 CliepHalirR SwBnEREIBLE g AgrPPORab o set el GTEET kpa) £ o
1200 psisg (82ohchktald a lQdPphaldieoniplshoduRemanitl N0ofts@idPodinttrid By-pwuaiei n t he
pressure of the reactor effluent is reduced to a pressure within the range
of from about2nd Spidicgtabet ppigyiak aloppEithspge raasten dipiept Hid Hmaiop PEBIRE 8Et  of
sai d ef fl uentg, il tr86fkf GWeAt i Ng heat transfer solvent.

E) subjecting said vapor phase from said flash separator to one or more distillation

steps sufficient to recover 1l-hexene, unreacted ethylene, reaction diluent, heat
20 transfer solvent, and optionally Cs+ olefin;

F) recirculating a first portion of said heat transfer solvent-containing liquid phase

from said separator through a heater and then into contact with said reduced pressure

liquid reactor effluent as set forth in Step C; and

G) continuously or intermittently forming as a purge stream a second portion of
25 said liquid phase from said separator in order to remove polymeric by-products and

catalyst material from the flash separator and the recirculating first portion of said

liquid phase and to prevent buildup therein of said polymeric by-products and catalyst

material.

18. The method according to claim 17, wherein the organometallic catalyst system comprises

30  asingle site chromium catalyst system.
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23. The nmethod according to claim17, wherein said heat transfer solvent
has a boiling point of fromabout 100 Cto 220 C and is selected from C8+
nor mal armloi2e/parsaf fi ns, C7+ 15cycl oparaffins, and Co6+Paramsatioo2@enpounds.
24. The nethod according to claim 23, wherein said heat transfer sol vent
has a boiling point which is at |least 50 C higher than the boiling point of
the reaction diluent. 25. The nethod according to claim17, wherein said
recircul ating heat transfer solvent is heated in the heater to a
tenperature of fromabout 100 Cto 300 C prior to contact with 20said
reactor ef flbuﬁ{ét methg(i5 acc-gﬂﬁng'ﬁ)t heeh @@C\Qﬁgélﬂghé nglb %iténcﬁl%mlm%aﬁlygt§ em
tenperature in sald flash separator ranges fron about Cto’200 C, and
t he pressurempischianchsermigmf $oagrs 18 eqombaation Wathgaebet¢rp@fﬁlab®m1001pshogp1(cmuﬂ< Pa)
to 200 psig . ccording to claim17, wherein
the ratio o?&%ﬁlﬁg‘f%@%&rﬂg}a&%lgyltaﬁnﬁ}ug%?g?[ma% effluent to the flow rate of
t he reci rcaDthenget]mlaaccmrdmgsaS ehing 07 welttein shesedctibe dduht tsed hroy ba&n@point

t t ff he heat [ I t
sol vent "befbrE b gRCACE v ( Phact 4P &1 FEGH 'R rhe 1EMek S br 4 8h itne
conmbi ned soldgnidfehddndarimasit ceapoualis.f rom about 13 C to 17C 28. The

nmet hod accordl ng to claim17, wherein heat transfer solvent conprises
normal and 230" heslBetb%ﬁ 3CPidHE QISHAR 1 avBerBBeAIddrBsEFasign BHouseredihy ca+

ol efi ns whisgh rhave uﬁ@e@@erﬁfe@ﬂ&%@%gncﬁt%rﬁ r%@@&h‘@ﬁo&bS s@ig 108t@laid essure
trimerization of ethylene to 1-hexene 2011/ 112184PCT/ US2010/ 026661  29.

A net hod f@@n%ta%@irwmgrf@ntﬁpm Yetg Wetfa) © 1200 paa2rékder i ng passi vat ed
catal ysfy mbatR, mARLESl gba/clahpﬂ#%épe tﬁ@ﬁlteks‘aﬂr &Pﬂh&ﬁ horddh rehﬁg&ecﬁl@(;sf er

solvent from a portion of "a treatéd t strea eact or r the
catal ytic tohpesiuzawiton tof raagdwﬂfecmab@tﬂ Pyiex(@rk&q) w08 ipsiged HodkPeb mpioi Bes:

o) LoV B o LA BRI Ol By oAl Sgher of L uent stream whi ch
l'i quid portlon conprises or metals | ata st material, polyneric

reacti on by3 pl’}mdnmhcsi acmﬂmtglt@nladm Iluevﬁerenasmid h@atraﬁslfeamslfvaft hs@h beitihg p&nt
feedlngaf ct| n of said Liquid partion a purge streamto

steam stri Bhing SREEMT e 2Pt yariertuhie. CdoRymihtobverainet S5m  and
opti onaisl yc§d1§@raa:ﬂﬁg ﬁﬂméaiard,ﬂlﬁuicdmp@hﬂg, into said stripping vessel, along
with said pur stream under conditions of tenperature and pressure which

are effect e dﬂ‘ﬂ]é%fjc%cFQfétné/t‘ba]@%’i‘ vatvehesdt srip ey a%stf‘?’féalr’f?lﬁé‘f*%ﬂl petingieiay i al |

to solidifygalidaftdsof ‘@ﬁﬁl?e'int}f&ﬁ'ﬂi/eﬂ}%'illn% p%ﬁl%lft'hQFEaQtYonRﬁlﬁgHCt material into
renovabl e particles, and to at least partially volatilize said purge stream

reaction 138i Theeethethacorditgotet clpimm s feherep|seid riecircjating reatitragsisiapavent is
deacti vat e%eeﬁ@& & HS heBUE ra't&llvpe?ﬂge%@'ﬁ%npgo OI e y3'09r°@d prlgl& tB%B{ntlclcC[l ‘?h from

said steamstripping vessel via one or nore liquidstrea
renovi ng ve:luéwabuozeﬁﬂudltl uent and heat transfer solvent fromsaid steam

fs;[, E)Imngan eﬁfb%fgco‘g ?éllgr h alm ¥7aev?1£re§ntt£e:e %mp];r% urrre?lcril sg%l ﬁéﬁ%e‘pg to(r)fran?g;[:seam

from about 100 °C to 200 °C, and the pressure within said flash separator ranges from about
0 psig (0 kPa) to 200 psig (1379 kPa).
27. The method according to claim 17, wherein the ratio of the flow rate of the reactor

25  effluent to the flow rate of the recirculating heat transfer solvent is sufficient to provide a
temperature difference between the temperature of the heated recirculating solvent before
contact with reactor effluent and the temperature of the combined solvent/effluent stream of
from about 13 °C to 17 °C.
28. The method according to claim 17, wherein heat transfer solvent comprises normal and

30  iso paraffins which have been prepared by hydrotreating Cg+ olefins which have been

produced as a by-product of said catalytic trimerization of ethylene to 1-hexene.
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Erecovering said deactivated catal yst material and said polyneric
by-product particles by separating said material and particles from said
one or nowe 2bilgue4streans fromthe stripping vessel; amdT/US2010/0266F)
recovering said volatilized reaction diluent and heat transfer solvent from
sai d 250ver head vapor streamfromthe stripping vessel. 30. The nethod
according to claim?29, wherin the organonetallic catalyst nmateri al

conprises a chrom um source in conbination with a heterocyclic, di-aryl or
phosphorus compound, along with an al kyl al um num activator. 31. The

met hod accepdi g 6} ?'jlsgi}vgt%lg <8 hdtaRdindaf LRESAR: fhdsHart c%%%tamgtgfs,l i ng
point of 30 fromabout 50 Cto 120 C and is selected from C3- normal and
i so- par af f ipalymeng by-opsalnets. freasgom diducar avetchictransiep oyt fromhe pertipn ghi tedtwiat
transfer s t Ll ' f-f-gg%-gg t 0 c.and is
selected f %éﬂr{ﬁ%‘%ﬁljg%grfﬁoanfggéﬁé{a?gdg?fbgérag? t|lcntgl, +BH\RB%919Ieﬁ:e t l'ﬁ&%ne’ FHReh

2011/ 1121 84REDMCG2P1IR4:026661 cycl oparaffins, and C6+ aromati c conpounds and

wherein _said heat transfer solvent has _a hoiling point which.is.at |east 50
&b gher s hartck e BORnE g el s oL e e el st St § ot hoo
accordi ng t o mitainndodtprissthirgdhompelliddaslan maddal poRakris t@pti@f bepoludg sai d
liquid portion of the treated reactor effluent streamin order to
concentrate tREUAHHLHNL 3rd BabiapsipEtolvditeri al therein before feeding the

resul ting congentdeatied tdcAth 8f PRI LidBd pbdos &l 8 pile8 Mt fd d)ﬁ:bdﬁgstvi%ﬁ?' . 33
The met hod according to claim?29, wherein the tenperature in the steam
strippi ng vesgaiel ¢ppeningligiépater;r anges from 100 C to 110 C, and the

pressurg 11 &) diflaame WcfPAg YERRAly Lo MRIHANGGiRt wABOUhiALIRSPher | ¢
or slightly above atnospheric. 1034. A'multiple reactor systemsuitable for
cont i nuousl y sefifpewt vasgl,cédangl with gaid punge stireeat, ivoder gbnditidng| e nenpematpraddce
1-hexene in at least one reactor wthin §a7i d.syst em whi le si multaneously
. hpressure which are ective 10, deac 1¥ae dassrvate - sal 1;purl%e stream. catalys)
washi ng anot Her  Feactor W thih said systenm sad system conprising: A a
series of at rhaasd, tohwbdifetdiylperge stredanpoliymatic ocncti@aby-progudt mdtergplliido
communi cation wt hleach 1ot her, eageh Jeactor [ n. said seri es o ri.sing a
main inlet opERPHYIARHIASREEE s AF St Y4 aT tie U TR HFIGRM  nt o
said reactor @RentandVBi liaOdnkRE sRANI NY
D) removing said deactivated catalyst material and said polymeric by-product
particles from said steam stripping vessel via one or more liquid streams, while also
removing volatilized diluent and heat transfer solvent from said steam stripping
vessel via an overhead vapor stream formed by venting of steam from said stripping
20 vessel;
E  recovering said deactivated catalyst material and said polymeric by-product
particles by separating said material and particles from said one or more liquid
streams from the stripping vessel; and
F) recovering said volatilized reaction diluent and heat transfer solvent from said
25 overhead vapor stream from the stripping vessel.
30. The method according to claim 29, wherin the organometallic catalyst material comprises
a chromium source in combination with a heterocyclic, di-aryl or phosphorus compound,
along with an alkyl aluminum activator.
31. The method according to claim 29, wherein said reaction diluent has a boiling point of
30 from about 50 °C to 120 °C and is selected from C;-Cs normal and iso-paraffins,

cycloparaffins and aromatic compounds, wherein said heat transfer solvent has a boiling

point of from about 100 °C to 220 °C and is selected from Cs+ normal and iso-paraffins, C7+
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and associated piping to permt liquid outflow fromsaid reactor; B) a
three-way val ve associated with the main outlet piping of each reactor,
each of swpaoowutibsy t hree-way val ves all owi ng either |i gqairastéiomeaeny from
said series of reactors for further processing or liquid flowinto one or
nore of the other reactors in 20said series either as feed through said
reactor main inlet or through openings other than said main inlet opening;
C) two four-way val ves associated with each reactor in said series, the
first of these two four-way val ves being an inlet four-way val ve

control l'i ngyélbﬂtﬁ'ﬂfﬁnsf, LRWdNLRNREL Qm%ﬁ&lhdg SRE WALk Qid NGt HERAGLGIVIRI fhsian! et
openi ng and” t he second of these two four-way 25 valves being an outl et

f our-way véabiiagpeint Whioh @ atlsayiini"c aighorthy thibeikieg paiefuif daid onctna diliorh t he
outl et thregg-way. .saj d chor I val ve
further coﬁ?f@%f?ﬁg&¥?%ﬁ%%&$kbﬁ?%h?%dgﬁggﬁ%hgggﬁg?%gﬁﬁggFéﬁﬁﬁﬁggﬁﬁg%wjsaid
four -way viaiqvidpoatimoofbhe mgated rdacgu iefflueonatgam datorden tavcdiivetedd thet dnerunt o)

tfl i pi f h.of .the three- .val i.at i th. h
Ceact or * B LBt R R o el B hEPa P G ng

liquid flowripping@bsselach reactor to inlet piping which can transfer liquid

into any of the reactors jn said series via other than through the majn
i nl et openi’Agthc mRBesrre9rding tgaleerZ Lsdgicn B9 sWePErat)re i e SEpBATPRRE VEIshe i n

l'iquid conmmyu i &tdparafbdsrdnb €00 7 RL1100UT aktke ?@Es}ﬁﬁ‘e i@fsaill RRahistPhink&RGEOT i N
said series of reactors and a reactor effluent line in I'iquid comunication
wi th the fduraipaipedaapeutgimesnherisrr sbghilyjapejgiagmespbsticout of the | ast reactor

in said,serje : ' : ' [ B0k QU
conmu nidl((:) at i%'n& \ﬂm alltllglgo%\%\gf/ %%ﬁ g‘élﬁd\l/iin) et ' \teﬁgnlluﬁl?slle}{ E'?%ﬂlrlé \ﬁg@ y’{}g Inj\lldeugs}ﬁg Oneglfc h
react or i necthglede seprpdise dfheremdt ot lsasanuk mactershithon bai¢ etstermwhilyemiltaneiuglhi d

communi cat i0iwl & bPraY: Vi S50 Wldh 108 AU el daitfc vay val ves of each
reactor in said>series. ) mul’t1ple Teactor system according to
cl aim 34, whekpi asaicslo€atsltasotheccatthyldne tiimtrizagpbrercddore acliqridcamndideatiph pi Ng

associ ated w t.%\;n 0{1 rmrﬁ of said reactors have the.interior. surfaces
t her eof coat etWEdH AnY| P THEEIT Rt BIdIHGS SYPRRUNS @ mggn InACt goshing and o

utilizipg a nadidciapdeifie@ed rmaYZhRMASH iR §8¢ tdab@r @t amyini sutlbt dpalihg zat i on
of ethylene to continuously produce. 1-hexene in at |east one reactor, while
si mul t aneous| 3 AESFRISE PipHIsttH BFHERRILRURY PR saidiftrcyist em sai d process

conpri sing: 15A) o GREL{VEHEHS s Qi ORI iné bt KUBYIIGRE of Qe rAGSLRK IR &
series of at l'east three ethylene trinerization reactors, each reactor in
sai d series Hhaidi oujlen thied-vay mtlees sllowing pigher dianidolew hepefiemotsgh sashtofol | ed by
a four-way valy&, apd itRhRcQhk 6 Y B i A ﬁ: bR Wr IRSHRT RafWRN
controlled initia Fbyﬁ%r}t/ abt ﬁreegm§(ﬁ1€apvelang thereafter by aa?tourr-lway
val ve, i th alld wfiesathdr pefeet drowghl saglsreg@dr mainpeletnort thfdughvopdnirgsaxticor f eed
into , i .
than said main inlet opening;
C) two four-way valves associated with each reactor in said series, the first of these
two four-way valves being an inlet four-way valve controlling liquid flow into said
each reactor via the reactor main inlet opening and the second of these two four-way
25 valves being an outlet four-way valve in liquid communication with the liquid
coming from the outlet three-way valve of said each reactor, said second four way
valve further controlling liquid flow out of said each reactor, with all of said four-way
valves also being in liquid communication with each other;
D) outflow piping from each of the three-way valves associated with each reactor
30 in said series, which outflow piping is suitable for directing liquid flow out of each
reactor to inlet piping which can transfer liquid into any of the reactors in said series

via other than through the main inlet opening;
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20 the first reactor in said series, to have reactor effluent fromthe
first and each succeeding internediate reactor in said series introduced as
feed i nt owbhelmEaxts4succeedi ng reactor in said series ane@Craspavmedsoef fl uent
fromthe last reactor in said series to be renoved as 1-hexene contai ning
product ; B) switching said reactor valves to block feed into one of
said series reactors to be 25washed, sending this bl ocked feed instead to
t he next succeeding reactor in said series and thereby bypassing said
reactor to be washed; C) further switching said reactor valves to permt
i ntroduction f ‘Q@é&'@to?'féedflﬁl@m By PLORGHuMEEDn Qlith (RURRE Youl-WRE vhIDE BF @@l d
reactor to be washed via its main inlet, thereby effecting the washing of
sai d react or ,firsindearior tineradfscdes pérlmqtors esndv al reeftors gifthepadine BOligildl from
t he nOMFMBShe d i sh oi
out of the naln ou(%gé Q% Eﬁ%m#%é?ﬁé§w§%%g¥%§@gcﬁf %WQ%?bPPQq wﬁash oi |
return |ine; mw&mzmiﬂd%ﬁ@ﬂ&%&@ﬁﬁbﬁﬁ@lO/026661 D) further SMAtChlng bot h
the reactor v Ives n ne .val ves i bot h
the nonsvashell efpigh pager e httineoBRrEdnl Shebtaghe B S hal BT 1o be
next washed ffbm&%lm%hea@hheaﬁwpm ShicBdReled Eftredchord hrieswandilatam life ier der to
bl ock feed into said reactor to be next washed, sending this bl ocked feed
instead to t HEUbSIMBEcAtER ity reacdves Wl Sirqudpt four-way yalyey plegachng
t her eby bypasgidg is@idsdigact or to be next washed; E) switching the
three-way valve at the main outlet of the next succeedlng reactor to be
next washed3skhetgtiple feactos Ax1§m Acqer dird foeclapintde mihsreinnad rleast onepef the muliple
washi n c i ng
Feactor 108 R ARe P TRAR BuPolel? shiiShr SRR ALY FTRIEOPLREES 10
perm t intMﬁﬂﬂétwmnhmM1mﬁ@hmokbmﬁmb@mmhmwrthe nom1enpt|ed reactor to be
next, ueshed o Brich TP WAL B BN B0Y bR bRl ¢,
mai N out | etethgfent he cotinrua@dh @cbdnex 1 -hexaae tinrat aesadt bt ceacton abhiledsimalsdne@isly
return line;, and 1 epeati.ng .Steps D,. .E, and F, .as needed to
sequentlalW@ﬂﬂﬁ%ﬂliﬁgﬁﬁwgﬁﬁmﬁngﬂf3Gg?h?ﬂ6pFﬁ$“ﬁ%??“$%%alnlng reactors in
said series iA) ne@dlneéuslaaé;lkgoﬁ@nwﬁgIeﬁlyc;e;aettb NitcRéhet i@ 4 EdrREIOF 2€1c8tRMIcene to
1- hexene in the reactor(s) not be|Q%Hyashed or prepared for mashlgg 37.
d

The process atB0igitHECHEEN S52R1056 CacREIEn tSAid %%Shha&mg 38l st W

process has aigf) ﬁ@\kflthé?&hﬂgglnkorﬁlfollgd QWa%QP%a)lggvgaﬁd)a%Qﬂn Guiidhalifig S€l ect ed
from C8+ nornmal and isoparaffins, C7/+ cycloparaffins, and Co+ aronatlc

conpounds.  38uid ﬂo\’aﬂmﬁ‘(ﬂ@@ﬁl doptrolisid igjeiphbr bz @ ﬁtye@e‘tv%yv?éweanﬁdh@[e%ﬂeéby )
oligomers in g, r n@%{i’{ Vv?tﬁ%ﬁ'of?éﬁd L O IHGLNG: % fénﬁﬁﬁ %rf rdad oﬂ‘eeg rﬁb ng

et hyl ene, organo ol I goneri zati on cata reaction uents
into saiod reabt (frrst\lle&S(Hl in wd tsereseaf have rmctnrt afﬂuemtgfrmortﬁe tfirgnedodach
t enper at ur e, ure .and ai.d re 0r vesse
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product effluent c isin hyl ene ol.i go unr eact ed et hyl ene,
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using a reactor vessel and/or reactor
25 washed, sending this blocked feed instead to the next succeeding reactor in said series
and thereby bypassing said reactor to be washed;
C) further switching said reactor valves to permit introduction of wash oil from a
valved wash oil supply line into said reactor to be washed via its main inlet, thereby
effecting the washing of said reactor, and to thereafter permit removal of said wash
30 oil from the now-washed reactor in order to empty said reactor by draining wash oil

out of the main outlet of the now-washed reactor and into a valved wash oil return

line;
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30inl et and outl et piping which has the interior surfaces thereof coated
with a fluorine- containing polynmer. 39. The inproved process according to
cl ai m 23, wotrerwgilmisthe fl uori ne-contai ni ng pol yner used PoTasat10ob@sr eact or
vessel and piping interior surfaces is selected fromfluorinated ethyl ene
propyl ene (FEP), polytetrafl uoroethylene (PTFE) and pol yvinylidine fluoride
(PVF) .

D) further switching both the reactor valves and the wash oil line valves in order to
isolate both the now-washed empty reactor and the next succeeding series reactor to
be next washed from the wash oil supply and return lines and also in order to block
feed into said reactor to be next washed, sending this blocked feed instead to the next
5 succeeding reactor thereafter in said series and thereby bypassing said reactor to be
next washed;
E) switching the three-way valve at the main outlet of the next succeeding reactor
to be next washed so that the reaction mixture contents thereof, prior to washing, can
be and are pumped into the just-washed, and empty preceding reactor;

10 F)  further switching said reactor and wash oil line valves to permit introduction of
wash oil from into the now emptied reactor to be next washed via its main inlet and to
thereafter permit removal of said wash oil from the now-washed next reactor by
draining wash oil out of the main outlet of the now-washed next reactor and into a
valved wash oil return line; and

15 G) repeating Steps D, E, and F, as needed to sequentially wash and prepare for
washing the next remaining reactors in said series in need of washing while
continuing to trimerize ethylene to 1-hexene in the reactor(s) not being washed or
prepared for washing.

37. The process according to claim 36, wherein the wash oil used in said process has a

20  boiling point of from about 100 °C to 200 °C and is selected from Cg+ normal and iso-

paraffins, C;+ cycloparaffins, and Ce+ aromatic compounds.

38.In a process for oligomerizing ethylene to 1-olefin oligomers in a reactor vessel by
introducing via reactor inlet piping ethylene, organometallic oligomerization catalyst and
reaction diluents into said reactor vessel, by thereafter maintaining conditions of temperature,

25  pressure and residence time within said reactor vessel which are effective to bring about

oligomerization of said ethylene, and by removing from said reactor vessel via reactor outlet
piping a reaction product effluent comprising ethylene oligomers, unreacted ethylene,
oligomerization catalyst, reaction diluent and polymeric reaction by-products, the
improvement which comprises carrying out said process using a reactor vessel and/or reactor
30 inlet and outlet piping which has the interior surfaces thereof coated with a fluorine-

containing polymer.
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39. The improved process according to claim 23, wherein the fluorine-containing polymer
used to coat the reactor vessel and piping interior surfaces is selected from fluorinated
ethylene propylene (FEP), polytetrafluoroethylene (PTFE) and polyvinylidine fluoride
(PVF).
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