Met hod for preparing |linear al pha-olefins Description The present invention
relates to a nmethod for preparing |linear al pha-olefins (LAO. Processes for
t he ol i gowernuawdm®n of et hyl ene utilizi ng honbgeneous cRCAIBP2A19/063285 Wi del y

known. For exanple, DE 43 38 414 C discloses a process for the

ol i goneri zation of ethylene to obtain |inear al pha-olefins, where ethyl ene

is catalytically converted in an enpty tubular reactor utilizing a catalyst
conprising a zirconi um conponent and an al um num conponent. The process is

advant ageously carried out in a continuous node wherein gaseous and |iquid

outl et streans are obt Méthed fa'mprdljaqmgjlimtrlaqa‘;hasbleﬁagn usual | y contains
sol vent, catalyst, dis solved ethylene and |inear al pha-olefins. The

catal yst may be preferably deactivated by caus tic. Preferably, the
deactivated catalyst is also extracted fromthe phase containing sol vent,

et hyl ep&cambral pha-ol efins. DE 198 07 226 Al discloses the deactivation of
the olTgonerization catalyst with an aqueous sol ution of sodi um hydroxi de
(caustic), wherein the deactivated catalyst is transferred fromthe organic
phase into the aqueous phase. From operational experience it was |earned

q ' h f ed f f ively.
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tions having influence on the product purity. Catalyst renoval efficiency
can be enhanced by static or active m xing devices. However, these systens

turned, out to.be not optimal] for the application due to high installations
cost sijrP%eéiFécflOF Jhe joljgemerizationoh ekwigneeutilizang hemeaengous catalysts are widely

known. For example, DE 43 38 414 C1 discloses a process for the oligomerization of ethylene
to obtain linear alpha-olefins, where ethylene is catalytically converted in an empty tubular
reactor utilizing a catalyst comprising a zirconium component and an aluminum component.
The process is adyantageously carried out in a continuous mode wherein gaseous and liquid
outlgt streams are obtained. The liquid outlet stream usually contains solvent, catalyst, dis-
solved ethylene and linear alpha-olefins. The catalyst may be preferably deactivated by caus-
tic. Preferably, the deactivated catalyst is also extracted from the phase containing solvent,

cthylene and alpha-olefins.

DE 198 07 226 Al discloses the deactivation of the oligomerization catalyst with an aqueous
solution of sodium hydroxide (caustic), wherein the deactivated catalyst is transferred from

the organic phase into the aqueous phase.

From operational experience it was learned that the deactivation step has to be performed fast
and effectively. Otherwise, there is a chance of product degradation by unwanted side reac-
tions having influence on the product purity. Catalyst removal efficiency can be enhanced by
static or active mixing devices. However, these systems turned out to be not optimal for the

application due to high installations costs, respective intensive maintenance requirements.

As further disadvantage of the known processes was found that both formation of organic

chlorides as well as of alkylated toluenes by Friedel-Crafts-alkylation occurs.



As further disadvantage of the known processes was found that both
formation of organic chlorides as well as of al kylated tol uenes by
Fri edel - Gvaf206/@P3091 ati on occurs.It is therefore an obj @CT/EFROWIE326F esent
invention to provide a nethod for preparing |inear al pha- ol efins which
overcones the drawbacks of the prior art, especially to provide a nethod
i ncl uding deactivation and renoval of the catalyst resulting in an inproved
pr odudt isptherefare aggbpace of thenpresent imeentienl t6 prievideca atetlontsfor Ipegrariag dineat al-
requi rement,s for. m xing, no requiremnment for, sophisticated m xing devices
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shal | be prevented. This object is achieve or prepatring
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of a sol vent .and,honbgeneous catal yst, co ising.the steps of: (i) feeding
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stream conprising solvent, linear alpha-olefins,” optionally unreacte

et hy| digerevedtedat al yst fromthe reactor via a reactor outlet piping system
(iv) dosing at | east one additive selected fromthe group consisting of

al cohol s, pol yethyl ene gl ycols, polyethyl ene glycol nonoethers,
pol yet hyl ene gl ycol diethers, polyam nes, am nes, am no al cohols and

sur f acTrnodbject(iv hcliievdsyed friett@dtfoe plepagh®linei tal gha-o3ARAMAD By2b o rizhe
addi tiyve tfo a t,altxst deac
tion of ethylene in the presence of a solvent and homogeneous catalyst, comprising the steps
of:

® feeding ethylene, solvent and catalyst into an oligomerization reactor,
(i)  oligomerizing the ethylene in the reactor,

(i) removing a reactor outlet stream comprising solvent, linear alpha-olefins,
optionally unreacted ethylene and catalyst from the reactor via a reactor outlet

piping system,

(iv)  dosing at least one additive selected from the group consisting of alcohols,
polyethylene glycols, polyethylene glycol monoethers, polyethylene glycol di-

ethers, polyamines, amines, amino alcohols and surfactants,

(v)  transferring the reactor outlet stream containing the additive to a catalyst deac-

tivation and removal section, and

(vi)  deactivating the catalyst with caustic and removing the deactivated catalyst

from the reactor outlet stream,



tivation and renoval section, and (vi) deactivating the catalyst with
caustic and renoving the deactivated catalyst fromthe reactor outl et

st ream WOV H/W0H®Ir esi dence tinme of the additive in t h&CTEREUIO00B83 | et
streamprior to mxing with caustic ¢8-at |east 1 second, preferably at

| east 5 seconds, nore preferably at |east 10 seconds. It is preferred that
the additive is selected from MOR, HO (CH2- CH2) n-OH, HO (CH2-CH2),,- OR
RO- ( CH2- CH2yherabRtheResidphge( iDHR of tha\ildittye R thbiredRtdNutleCittan] pfibt townixingVl =
alkali netal., R=.alk or,aryl,. R .= H alkyl_or aryl and = 3-300.

Pref er abl y, Viheusti W@Y :I%asgh S%‘%‘l)ﬁgnﬁ’rgfeé?'hlﬁé‘f {eﬁ%/tesf %“t"%ﬁ% “%P%Pf‘i?%@?l,y aég??é‘ndar Y,
tertiary ornogyednds am ne, nore preferably selected fromt-butyl am ne,
triethyl am ne, cyclopentyl amne, t-octyl am ne, n-heptyl am ne, 2-heptyl
am ne, hexyl am ne, 2-ethyl hexyl am ne, dihexyl am ne, 1,6- diam no hexane,
tributyl am ne, 1,8-diam no octane, n-dodecyl am ne, 3-ethyl heptyl am ne

and tnjs.2a Y, 1.ne. r e t i{i i e
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t he react ng\,\géﬁcl et stream__The anount of dosing is determ ned by the

f ol | oilsiRl Ripalkelarasyl, Rz Bradkilor apd @nd ad 3308 certain stochionetric ratio

to the catalyst and cocatal yst rates as introduced into the LAO reactor

Preferably, the amine is an organic amine, preferably a primary, secondary, tertiary or cyclic
amine, more preferably selected from t-butyl amine, triethyl amine, cyclopentyl amine, t-octyl
amine, n-heptyl amine, 2-heptyl amine, hexyl amine, 2-ethylhexyl amine, dihexyl amine, 1,6-
diamino hexane, tributyl amine, 1,8-diamino octane, n-dodecyl amine, 3-ethylheptyl amine

and tris-2-ethyl hexyl amine.
More preferred the additive is added continously into the reactor outlet stream.

In one embodiment, the additive is added in an amount of 500 to 5000 wt ppm referred to the

flow rate of the reactor outlet stream.
The amount of dosing is determined by the following two issues:

* The amount required in a certain stochiometric ratio to the catalyst and cocatalyst rates as

introduced into the LAO reactor

e The amount obtained from practical operational experience in order to realize the de-

scribed online cleaning effects for the reactor outlet piping.

Even preferred, the additive is soluble in an organic phase containing linear alpha-olefins.



The anmount obtained from practical operational experience in order to
realize the de scribed online cleaning effects for the reactor outl et

pi pi ng. EVOROp/WP¥WPred, the additive is soluble in an oP§aMPE019IGHIZES
containing linear alpha-olefins.In a-#urther preferred enbodi nent the
additive is substantially insoluble or has a low solubil ity in water or a
m xture of water and caustic. The additive may be preferably renoved from

the rdB& Yrthennreierred embegdinagnt shesadslitie isfsubstantoailybpsalitbleior has a dowy solubil-
extracty: rpd | on_exchange. More preferably, the renoved
additﬁ éﬂﬁgnégggc 2@9?8?gmkﬁgn$8%§ﬁ8r outl et stream when re noved fromthe
reactor. In one preferred enbodi nent the additive is mxed with the reactor
outl et stream by nmeans of a m xing device, preferably a static m xer, a
dynantﬁgnh@er, an gltr sogic m xer or a Venruri mxing nozzle. It is

pr ef er FERYHLE MRebe Rrelerably emesed fem thefeactonputiat sEiFam or adirgdunt dragiod and

at | eantdigIBtieh S3naadidinan ogelisele] preferred, the zirconiumsalt
has tﬁogltflornull a Zr CLi - iXm erei ﬁﬁl)ge(c: or GSOR with Rand R being

i ndependent |y al kyl, al kene or aryl, preferably phenyl, and wherein O< m
<4. Is further preferable that the at |east one al um num conpound has

t
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moved from the reactor.

In one preferred embodiment the additive is mixed with the reactor outlet stream by means of
a mixing device, preferably a static mixer, a dynamic mixer, an ultrasonic mixer or a Venturi

mixing nozzle.

It is preferred that the catalyst comprises a zirconium salt of organic acid and at least one

organoaluminum compound.

Even preferred, the zirconium salt has the formula ZrCly.Xm, wherein X = OCOR or OSOsR’
with R and R’ being independently alkyl, alkene or aryl, preferably phenyl, and wherein 0 <

m <4,

It is further preferable that the at least one aluminum compound has the general formula
R Alzn or ALY3R';, wherein R! represents an alkyl group having from 1 to 20 carbon at-

oms, Y represents Cl, Br or I, n is any number within the range 1 <n < 2.

Surprisingly, it was found that dosing of an additive selected from the group as disclosed
above into the reactor outlet stream prior to the mixing of the reactor outlet stream with aque-
ous caustic only under certain, very specific conditions significantly improves the efficiency
of the catalyst removal section without obtaining any unwanted side reactions. Thus, the
product purity can be improved. It was surprisingly found that there is a minimum residence
time required for the additive until its impact on the system is evoluted. This minimum resi-

dence time is at least 1 second.



ons, Y represents C, Br or I, nis any nunber within the range 1 < n < 2.
Surprisingly, it was found that dosing of an additive selected fromthe
group as \WPB1199ed9above into the reactor outl et streamPpTiEFROWNHOI2RE M Xi ng
of the reactor outlet streamw th aqué-ous caustic only under certain, very
specific conditions significantly inproves the efficiency of the catal yst

r enov section w thout obtaining any unwant ed side reactions. Thus, the
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deacti,vation will not at all be sufficient for the envisaged purpose. It is

a mai ASTe4E¥ete of the invention that sur prisingly a certain mnimum

resi dence tinme between the dosing of the additive and the caustic is
required. Al the additives disclosed are found to be responsible to
prevent Friedel-Crafts-al kylations of the solvent utilized, as well as the
for natAlbﬁle@ﬂdﬁwgadlSdom we ifoles], toéxpespomlsibye tloyprpsreav Enedeiglmﬁs,laﬂcgtamhs ofh of
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essential. For exanple, additive dosing 1nto the caustic stream w

wor k, chlorides andthe splvant; prefesalsly toluens gliflated bolsenteans, i.e. additive stream
reactor outlet stream and caustic stream wll not re solve all these

i ssues. Rather, it is absolutely necessary that the additive is introduced
into the reactor outlet streamclose to the LAO reactor outlet, with a

suf f i diugther, ntesi idgpoctent ionwotpthayrthe docation of addition of the additive is essential. For

example, additive dosing into the caustic stream will not work, as well as simultaneous mix-
ing of all streams, i.e. additive stream, reactor outlet stream and caustic stream, will not re-
solve all these issues. Rather, it is absolutely necessary that the additive is introduced into the
reactor outlet stream close to the LAO reactor outlet, with a sufficient residence time pfior to

the mixing point with the caustic stream.

Without wishing to be bound to any theory, it is believed that the additive utilized in the in-
ventive method may reduce the interfacial tension between the hydrocarbon LAO phase and
the aqueous caustic phase, leading to the formation of smaller droplet sizes, and finally en-

hancing the solubility of the catalyst deactivation products in the aqueous caustic phase.

Only in case that the additive is dosed into the reactor outlet stream as illustrated, the follow-

ing benefits can be achieved:
- effective mixing of LAO/caustic turned out to be much easier,
- product purities were improved due to suppression of unwanted side reactions,

- inhomogenity and hot spots in the LAO/caustic mixing step were not observed any-

more, and



the m xing point with the caustic stream Wthout wi shing to be bound to
any theory, it is believed that the additive utilized in the in ventive
met hod mayoretumweso®he i nterfacial tension between the hpdTaParoonm328AO phase
and the aqueous caustic phase, leadin§-to the formation of smaller droplet
sizes, and finally en hancing the solubility of the catal yst deactivation
products in the agqueous caustic phase. ly In case that the additive is
dosed i nt o MaAeRARGE FeFuIrgments forg agereduEssst rat ed, the fol l ow i ng
benefits can be achieved: effective m xing of LAOQ caustic turned out to be
much easier, product purities were inproved due to suppression of unwanted
si de reactions, inhonogeni tg and hot spots in the LAQ caustic mxing step
were not obedinggdugging abLAO aeatiari outlsh piping ieeauiideahdnt & fherordingtoleaningr e

reduced. f 1.n9/ pl uggi ng. of . LAO react.or outlet pipi.ng i s avoi ded,due to
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effects). Additional features and advantages of the present invention wll

now become apparent fromthe detail ed description of a preferred enbodi ment
thereof. Ethylene is oligonerized in a suitable reactor, for exanple an
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catal yst conprising a zircof um conpound and an al um num co /
sui t athedetailedaiebariptioaryd arpeeferred embodinmentl thekexifr ai sobut yrate, and a suitable
al um num conponent is ethyl alum num sesqui chl ori de.

Ethylene is oligomerized in a suitable reactor, for example an empty tubular reactor as dis-
closed in DE 43 38 414 Cl, utilizing a catalyst comprising a zirconium compound and an
aluminum component. A suitable zirconium component is zirconium tetraisobutyrate, and a

suitable aluminum component is ethyl aluminum sesquichloride.

The oligomerization is carried out under conditions (temperature, pressure, etc.) known in the
art. Ethylene, solvent and catalyst are introduced and oligomerization is initiated. From the
reactor, a liquid organic outlet stream is discharged into a reactor outlet piping system con-
taining solvent, for example toluene, catalyst, ethylene dissolved in the solvent, and linear
alpha-olefins. To this liquid organic outlet stream is dosed an additive selected from the group
of non-ionic surfactants and amines, for example n-dodecyl amine. Mixing of the reactor out-
let stream and the additive is for at least 1 second, prior to the addition of caustic thereto in a
catalyst deactivation and removal section. However, the residence time shall not exceed a
period of 100 seconds, since otherwise the additive is already deactivated by undergoing of
different unwanted reaction steps and has lost its activity for the envisaged positive effects.
The catalyst is then deactivated by caustic and removed from the outlet stream. The caustic
phase may contain alkali metal hydroxide, preferably NaOH and/or KOH. After deactivation
the deactivated catalyst will be present in the aqueous phase and can be removed as known

the art.

After the catalyst deactivation and removal section, the amine can be removed from the LAO

products (the remaining reactor outlet stream) by conventional distillation, extraction, ion



The oligonerization is carried out under conditions (tenperature, pressure,
etc.) known in the art. Ethylene, solvent and catal yst are introduced and
ol i goner iWaRPUANPYIi niti ated. Fromthe reactor, a |iqui #CEEFANVHIBET | et
streamis discharged into a reactor eitlet piping system con taining
solvent, for exanple toluene, catalyst, ethylene dissolved in the solvent,

and i neﬁlr al phg-olefins. To this liquid organic outlet streamis dosed an
addi t | SXENAGE &E 1388 Rerpaiginguisacss of dhe rawne insther produsts sambe additionally f or

exanplg g-gpgg ' | r r and the
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in a catal yst deactivation and renoval section. However, the residence tine

shall not exceed a period of 100 seconds, since otherwi se the additive is

al ready, deacti.vat ed.b der goi of different nt reaction steps and
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then deactivated by caustic and renoved fromthe outlet stream The caustic
phase may contain alkali netal hydroxide, preferably NaOH and/ or KOH After
deactivation the deactivated catalyst will be present in the aqueous phase
and can be renoved as known the art. After the catal yst deactivation and
renoval section, the am ne can be renpved fromthe LAO products (the
remai ni ng reactor outlet stream by conventional distillation, extraction,

i onexchange or adsorption. Renaining traces of the amne in the products
can belL.awaratory ExipesinrentiNeell Basiaelqapuirhen tgvigh eutadiditiveer s, dependi ng on t he
requi red product specification. The prevention of Friedel-Crafts-al kyl ation
was denonstrated by the foll owi ng experinments: Laboratory Experinment No 1:
Basi c experinent without additive In the |aboratory 20 m toluene, 10 n

1- hexdiihe fabbiatdrh30 EDlokideN 1 @ Rfl 12RkxEhe. s fal £A488 Yolution and 20 ml ZrCl4 solu-

tion were mixed in a flask at ambient temperature and under inert nitrogen atmosphere.

Under intensive stirring the mixture was quenched with 50 ml sodium hydroxide solution of
20 wt%.

Then the stirring has been switched off. After the phase separation of the hydrocarbon phase
and the aqueous phase by gravity the hydrocarbon phase has been analyzed and shows high

quantities of alkylated toluene.

Laboratory Experiment No 2: Experiment with an amine as an additive (30 seconds

residence time)

In the laboratory 20 ml toluene, 10 ml 1-hexene, 5 ml EASC solution and 20 m! ZrCl4 solu-
tion and 1 ml of ethyl-hexyl-amine were mixed in a flask at ambient temperature and under

inert nitrogen atmosphere for 30 seconds.

Under intensive stirring the mixture was quenched with 50 ml sodium hydroxide solution of
20 wt%.



tion were mxed in a flask at anbient tenperature and under inert nitrogen
at nosphere. Under intensive stirring the m xture was quenched with 50 ni
sodi um hyNPaR11dwWI¥Ws| uti on of 20 wt % Then the stirring R&3I/HFAEA/0832BF ched
off. After the phase separation of th&-hydrocarbon phase and the aqueous
phase by gravity the hydr ocar bon phase has been anal yzed and shows hi gh
quant;h{es of . al k ated tol uene. Laboratory Experiment No 2 : Experinent
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and uralleylatedvenitensi t r ogen at nosphere for 30 seconds. Under intensive
stirring the m xture was quenched with 50 m sodi um hydroxi de sol uti on of
20 wt % Then the stirring has been switched off. After the phase separation
of the hydrocarbon phase and the aqueous phase by gravity the hydrocarbon
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Experi nent No Ex amne as an a taneous ad

di ti orditipm) t he | aboratory 10 ml toluene, 10 mM 1-hexene, 5 m EASC sol ution
and 20 m ZrCl4 solu tion were mxed in a flask at anbient tenperature and
under inert nitrogen atnosphere. In a second flask 10 m toluene and 1m of
et hyl - hexyl -am ne were m xed.

In the laboratory 10 ml toluene, 10 ml 1-hexene, 5 ml EASC solution and 20 ml ZrCl4 solu-
tion were mixed in a flask at ambient temperature and under inert nitrogen atmosphere. In a

second flask 10 ml toluene and 1 ml of ethyl-hexyl-amine were mixed.

Under intensive stirring both mixtures were poured in a 50 ml sodium hydroxide solution of

20 wt% simultaneously.

Then the stirring has been switched off. After the phase separation of the hydrocarbon phase

and the aqueous phase by gravity the hydrocarbon phase has been analyzed and shows some

alkylated toluene but less than in Experiment No 1.

Laboratory Experiment No 4: Experiment with amine as an additive in the sodium hy-

droxide solution

In the laboratory 20 ml toluene, 10 ml 1-hexene, 5 ml EASC solution and 20 ml ZrCl4 solu-

tion were mixed in a flask at ambient temperature and under inert nitrogen atmosphere.

Under intensive stirring this mixture was quenched with a mixture of 50 ml sodium hydroxide

solution of 20 wt% and 1 ml of ethyl-hexyl-amine.

Then the stirring has been switched off. After the phase separation of the hydrocarbon phase
and the aqueous phase by gravity the hydrocarbon phase has been analyzed and shows almost

the same amount of alkylated toluene as in Experiment No 1.



Under intensive stirring both m xtures were poured in a 50 m sodi um

hydr oxi de sol ution of 20 wt % si nul taneously. Then the stirring has been

swi t ched WP2011409¥P t he phase separation of the hydrocaPbdEPRHAYE28Nd t he
aqueous phase by gravity the hydrocarBen phase has been anal yzed and shows
sone al kyl ated toluene but less than in Experinment No 1. Laboratory
Experid,[g]ent No 4 : Experinent with amine as an additive in the sodi um hy

dr oxi deeso Pl xnesiments ¢leashr eandiry the importanioagend positiveieffecthafithneombined  EASC

sol utipn &yl A8 i were mxed in a flask at.anhient
tenperature an l{tﬁ\edégdc}%%ecr ﬁ fL’t#i folr %%Hr%ﬁeﬁggrbﬂg%qesﬁﬁﬁéﬁq TRRRHES VB calYFt i ng
this ndeattivaciomasd senesial eettivh tof fiee IARY proesaf It ﬁ&dﬁes%qur‘{ﬁﬁthﬂéjﬁ&ﬁtﬂeef%@ ution
of 20 %aagl 1 nm of ethyl-hexyl-amne. Then the stirring has been

swi t cHEdhe peditixg iealse pefushtien: of disaresidesee timet ofcthhyaddiiverincthe pemte autiet t he
aqueoysg AVl L . hydrocar bon phase has been anal yzed and shows
al nost fﬁg%?gﬁewrg%g%w%fcgg °y| ated toluene as in Experinent No 1. These
sinple experinents clearly confirmthe inportance and positive effect of
the conbina tion of an additive and the caustic for the prevention of
undesifed side reactions in catal yst deactivyation and renmoval section of
the LA ep’}eSESégf?é .°?|a{’ aﬂ&%‘&?ﬁ%gﬂsﬂ%e%ﬁ ‘\fi{nﬁ rafr?e“&b‘-’é'ﬁtnie%%? pesitivefmpaseondhti ti ve
i's al gormiatfoanett AIRMaRY foliRns @8h AGRCEe tbdiBinOfhe! b fab¥ Ewhkht Lor
outlet stream riglr to m'>r<li ng wth caustﬁn%e%c%g%édgy’ty oPﬁal‘%f{a{%@é?ﬁte

r esi dehased en snalyses fromdaberhiosy expenimeifts.a positive inpact on the formation of
al kyl ated tol uene can al so be seen in the attached graph, which has

pr epar ed

The features disclosed in the following description and in the claims may, both separately and

in any combination thereof, be material for realizing the invention in diverse forms thereof.
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Claims

1. A method for producing linear alpha-olefins (LAO) by oligomerization of
ethylene in the presence of a reaction feed comprising a solvent and a homogeneous
catalyst, comprising the steps of:

(i) contacting ethylene with the reaction feed under oligomerization
conditions and producing a reaction product comprising linear
alpha-olefins, the solvent and the catalyst,

(ii)  dosing said reaction product with at least one additive selected
from the group consisting of alcohols, polyethylene glycols,
polyethylene glycol monoethers, polyethylene glycol diethers,
polyamines, amines, amino alcohols and surfactants,

(ili)  then treating the dosed reaction product with caustic to
deactivate the catalyst in the reaction product, wherein the
residence time of the
additive in the dosed reaction product prior to treating the dosed
reaction product with caustic is at least 10 seconds and does not

exceed 100 seconds.

2. The method according to claim 1, wherein the additive is selected from
MOR, HO-(CH,-CH;),-OH, HO-(CH,-CH,),-OR, RO-(CH,-CH,),-OR, R;2N-[(CHa),]-
NR'5, R';N, R;)N-[(CH,),]-OR' with M = alkali metal, R = alkyl or aryl, R' = H,
alkyl or aryl and n = 3-300.

3. The method according to claim 1, wherein the additive is a primary,

secondary, tertiary or cyclic organic amine.

4. The method according to claim 3, wherein the additive is selected from t-
butyl amine, triethyl amine, cyclopentyl amine, t-octyl amine, n-heptyl amine, 2- heptyl

amine, hexyl amine, 2-ethylhexyl amine, dihexyl amine, 1,6-diamino hexane, tributyl



-11-

amine, 1,8-diamino octane, n-dodecyl amine, 3-ethylheptyl amine and tris-2-ethyl hexyl

amine.

5. The method according to claim 4, wherein the concentration of the

additive in the reaction product is between 500 to 5000 wt ppm.

6. The method according to claim 3, wherein the additive is soluble in an
organic phase containing linear alpha-olefins and has a solubility in water of less than
5 mol% and the concentration of the additive in the reaction product is between 500 to

5000 wt ppm.

7. The method according to claim 5, wherein the additive is soluble in an
organic phase containing linear alpha-olefins and has a solubility in water of less than 5

mol%.

8. The method according to claim 6, wherein the additive is recovered from

the caustic treated reaction product and is used in the dosing of the reaction product in

step (i1).

9. The method according to claim 7, wherein the additive is recovered from

the caustic treated reaction product and is used in the dosing reaction product in step

(i1).

10.  The method according to claim 1, wherein said dosing comprises mixing
said additive into said reaction product using a static mixer, a dynamic mixer, an

ultrasonic mixer or a Venturi mixing nozzle.

11.  The method according to claim 10, wherein the catalyst comprises a
zirconium salt of an organic acid and at least one organoaluminum compound, said
zirconium salt has the formula ZrCly.mXm, wherein X = OCOR or OSO; R' with R and R’

being independently alkyl, alkene or aryl and 0<m<4, and wherein said at least one
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organoaluminum compound has the general formula R' Al or A12Y3RI 3, wherein R!
represents an alkyl group having from 1 to 20 carbon atoms, Y represents Cl, Bror I, and n

is 1 or 2.

12.  The method according to claim 2, wherein said dosing comprises mixing
said additive into said reaction product using a static mixer, a dynamic mixer, an

ultrasonic mixer or a venture mixing nozzle.

13.  The method according to claim 12, wherein the catalyst comprises a
zirconium salt of an organic acid and at least one organoaluminum compound, said
zirconium salt has the formula ZrCly.,Xm, wherein X = OCOR or OSO;R' with R and R’
being independently alkyl, alkene or aryl and 0<m=<4, and wherein said at least one
organoaluminum compound has the general formula R! Al;, or ALY; R! 3, wherein R!
represents an alkyl group having from 1 to 20 carbon atoms, Y represents CI, Bror I, and n

is 1 or?2.

14.  The method according to claim 4, wherein said dosing comprises mixing
said additive into said reaction product using a static mixer, a dynamic mixer, an

ultrasonic mixer or a venture mixing nozzle.

15.  The method according to claim 14, wherein the catalyst comprises a
zirconium salt of an organic acid and at least one organoaluminum compound, said
zirconium salt has the formula ZrCly.mXm, wherein X = OCOR or OSO3R' with R and R’
being independently alkyl alkene or aryl and 0<m<4, and wherein said at least one
organoaluminum compound has the general formula Rl,,Ah.n or ALY;R! 3, wherein R!
represents an alkyl group having from 1 to 20 carbon atoms, Y represents CI, Br or I, and

nis 1 or 2.

16.  The method according to claim 6, wherein said dosing
comprises mixing said additive into said reaction product using a static mixer, a dynamic

mixer, an ultrasonic mixer or a venture mixing nozzle.
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17.  The method according to claim 16, wherein the catalyst comprises a
zirconium salt of an organic acid and at least one organoaluminum compound, said
zirconium salt has the formula ZrCls. X, wherein X = OCOR or OSO;R' with R and R’
being independently alkyl, alkene or aryl and 0<m=<4, and wherein said at least one
organoaluminum compound has the general formula R',Al;-n or AL Y;R;, wherein R!
represents an alkyl group having from 1 to 20 carbon atoms, Y represents Cl, Bror I, and n

is 1 or 2.

18.  The method according to claim 7, wherein said dosing comprises mixing
said additive into said reaction product using a static mixer, a dynamic mixer, an

ultrasonic mixer or a venture mixing nozzle.

19.  The method according to claim 18, wherein the catalyst comprises a
zirconium salt of an organic acid and at least one organoaluminum compound, said
zirconium salt has the formula ZrC 14, Xm, wherein X= OCOR or OSO;R' with R and R’
being independently alkyl, alkene or aryl and 0<m<4, and wherein said at least one
organoaluminum compound has the general formula R, Al or ALY; R! 3, wherein R!
represents an alkyl group having from 1 to 20 carbon atoms, Y represents Cl, Bror I, and n

is 1 or 2.

20.  The method according to claim 1, wherein the additive is selected from the

group consisting of polyamines, amines, and amino alcohols.



