- 1 - Method for preparing |inear al pha-olefins The present invention
relates to a nmethod for preparing |linear al pha-olefins (LAO. Processes for
the oligonerization of ethylene utilizing a honobgenous catal yst are wi dely
known. For exanple DE 43 38 414 C discloses a process for the

ol igonerization of ethylene to obtain linear alpha-olefins, wherein
ethylene is catalytically converted in .3n enpty tubul ar reactor utilizing a
catal yst conprising a 2|rcon|un1conponent and an al um num conponent. The
process i s advantageously carried out in a continuous node wherein gaseous
and liquid outlet streans are obtained. The liquid outlet streamusually
contai ns sol vent, catal yst i sspol ved et ern? and |inear al pha-olefins.
The catal yst may be prefergﬁggxﬁéégﬁﬁ¥g¥£Elﬂ%@iééégiﬂé, al t hough ot her
guenchi ng agents, such as water, alcohol or fatty acids, are known in the
prior art. Preferably, the deactivated catalyst is also extracted fromthe

phase con ni ng-. sol vent t hyl en d aI | efi.n i sadvant age of
the pri orﬁ??rﬁs%tflﬂlﬁ?ﬂod\fﬂaﬁ “{?18"3@'8?3?%‘? "’H’é%l Ry, 2lp ﬁ%ﬂcﬁ?ﬁf?@gﬁal yst renoval
step HCL is fornmed which nay catal yse i.sonerization of LAO which is not
desired. Due to the presence of HCl high but limted purities of the
desired L cts_ar.e obtalned t he sensitivit
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stabilit re ver id e ions .in the oli rization reactor and in
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be presentoutldtistrksind AeoBiHeA. TRe AGHB Turldf stlei L@ﬁeﬁﬁ'e@)rntdnﬁvs%mehp faaﬁa@ V% GRvi de a
met hod for preparlng | i near al pha-ol efi ns which overcones the acks of
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t her nal- stabl §§ wherei n si reactions within the ol goneri zati on
react or aPEoshdireferably) thy degasivared catalystis alsTigutrastydefrom iths Ehabﬁ eontainiby sal-

met hod fo@mﬁrﬁﬂﬁ&kQﬂdhiﬂ?@%ﬁﬁépha ol efins (LAO by oligonerization of
ethylene int presence o ol vent and honogenous catal yst, conprising the

steps of:

One disadvantage of the prior art is that during the catalyst deactivation and catalyst removal
step HCl is formed which may catalyse isomerization of LAO which is not desired. Due to the
presence of HCI high, but limited purities of the desired LAO products are obtained only. Fur-
ther, the sensitivity of the oligomerization for an unintended runaway reaction is quite high.
Additionally, the LAO products obtained only have a limited thermal stability. Moreover, side
reactions in the oligomerization reactor and in the reactor outlet piping system can take place,
such as fouling, plugging by traces of high molecular weight linear alpha-olefins, which may
have impact on product qualities. In the catalyst deactivation and removal step further a lim-

ited mixing efficiency of linear alpha-olefins and caustic can be present.

It is therefore an object of the present invention to provide a method for preparing linear al-
pha-olefins which overcomes the drawbacks of the prior art, especially to provide a method
avoiding the formation of HCI during catalyst deactivation and to yield LAO products with
high purity and thermal stability, wherein side reactions within the oligomerization reactor are

substantially avoided.



feedi ng ethyl ene, solvent and catalyst into an oligonerization reactor,
(ii) oligonerizing the ethylene in the reactor, (iii) renoving a reactor
outl et stream conprising solvent, |inear al pha-olefins, ethylene, and
catalyst fromthe reactor via a reactor outlet piping system (iv)
transferring the reactor outlet streamto a catal yst deactivation and
renoval step, and (v) deactivating and renoving the catalyst fromthe

reactor outlet stream characterized in“that at | east one organic amne is
added into the oligomerization reactor and/or into the reactor outl et

pi ping system Preferably, the amne is mxed with catal yst conponents
prior to feeding. the catalysttcoggonents into the oligonerization reactor.

Pr ef er abl yhe Ried s #rbiqved Ayaaes f rgparing jineariaboharaiefins dLARD b oliggmasizaa
primary, g6k ofdRidhe ih Bleldréiedce Mt s &t afia RSTenous catalyst, comprising the steps of:

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

(ili} removing a reactor outlet stream comprising solvent, linear alpha-olefins,

ethylene, and catalyst from the reactor via a reactor outlet piping system,

(iv)  transferring the reactor outlet stream to a catalyst deactivation and removal

step, and
(v)  deactivating and removing the catalyst from the reactor outlet stream,

~characterized in that at least one organic amine is added into the oligomerization reactor

and/or into the reactor outlet piping system.

Preferably, the amine is mixed with catalyst components prior to feeding the catalyst compo-

nents into the oligomerization reactor.
Preferably the amine is added continuously.
The organic amine may be a primary, secondary, tertiary or cyclic amine.

In one embodiment, the organic amine is soluble.in an organic phase containing linear alpha-

olefins.



In one enbodi nent, the organic amne is soluble in an organi c phase
containing linear al pha-olefins. - 3 - It is further preferred that the
organic amne is insoluble or has a low solubility in water or a m xture of
wat er and caustic. The organic am ne nay be preferably renoved fromthe
reactor outlet streamor one or nore products by distillation, extraction
or adsorption. In a nost preferred enbggLnent, the renoved organic amne is
recycled into the reactor and/or the reactor outlet piping system
preferably together with the solvent. The added am ne may be dissolved in a
solvent, preferably toluene or a linear alpha olefin fraction or a |inear
al pha ol efin producg?rha I s additionally, convenient that the amne is m xed
“pi

in the reddfdithsppre b3t thy wrganieaniedhins¢iuble 85besey loyisolubility dp @ater pRAa means

of a m xi pexERVIfGRter BEEERERDI Y a static m xer, a dynamic mxer, an
ultrasonic mxer or a ventury m xing nozzle. In a further enbodi nent the

amne is mxed with catal yst conponents prior to charging catal yst and
amne into the oligomnerization reactor

The organic amine may be preferably removed from the reactor outlet stream or one or more

products By distillation, extraction or adsorption.

In a most preferred embodiment, the removed organic amine is recycled into the reactor

and/or the reactor outlet piping system, preferably together with the solvent.

The added amine may be dissolved in a solvent, preferably toluene or a linear alpha olefin

fraction or a linear alpha olefin product.

It is additionally convenient that the amine is mixed in the reactor outlet piping system with
the reactor outlet stream by means of a mixing device, preferably a static mixer, a dynamic

mixer, an ultrasonic mixer or a ventury mixing nozzle,

In a further embodiment the amine is mixed with catalyst components prior to charging cata-

lyst and amine into the oligomerization reactor.
It is further preferred that the catalyst is deactivated by caustic.

In one embodiment, the amine has a boiling point differing from the boiling point of the sol-
vent utilized of not more than 20°C, preferably not more than 10°C, preferably not more than
5°C.

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

organo aluminum compound.




It is further preferred that the catalyst is deactivated by caustic. In one
enbodi nent, the am ne has a boiling point differing fromthe boiling point
of the solvent utilized of not nore than 20C, preferably not nore than 10C,
preferably not nore than 5C. - 4 - Even preferred is that the zirconium
salt has the fornmula ZrCl4. nXm wherein X = OCOR or OSGBR' with R and R’
bei ng i ndependently al kyl, al kene or phggyl, and wherein 0 <m <4. Also
preferred is that the organic amne is added in an amount of 0.1 to 2.0 nol
equi valent to chloride, preferably 0.5 to 1.0 nol equivalent to chloride.

It is further preferably proposed that the at |east one al um num conpound
has the general fornmula Ri .. or A 2Y wherein RI. represents an

R nAl13. 3R13, :
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utilizing the inventive net Ing an organic amne into t
ol i goneri zati on reactor and/or the reactor outlet piping system the
di sadvant ages of the prior art can be avoided. In detail no formation of HO

during thalgaireteied isdiRaeHe ofgdnicoimaB & 4daed meMMRunB4aR] WSO A 84N efknt to
Addltlonalélg I ncreased purities of LAO products were obtained, since HCl

is not pré& fide, Profrahly © .10 AR meksagivalantte shlpiidh stability was achi eved, i.e.
| ess sensitivity to reaction runaway since am nes act as noderator for the
reaction. Since acid-catalyzed side reactions in the renoval section are

i nhi bited_(n cidic sites are present), the LAO products additionally have
i ncrease dltg 1ﬁcérlvrﬂmr p edrﬁl?lymrgposed Blat tshe at)least one alumm%m compound has the generaly
formula R',Al;., or A12Y3R’3, wherein R represents an alkyl group having from 1 to 20 car-

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

Surprisingly it was found that by utilizing the inventive method, i.e. adding an organic amine
into the oligomerization reactor and/or the reactor outlet piping system, the disadvantages of

the prior art can be avoided.

In detail no formation of HCl during the catalyst deactivation and the removal step was ob-
served. Additionally, increased purities of LAO products were obtained, since HCl is not pre-
sent. Moreover, an improved reaction stability was achieved, i.e. less sensitivity to reaction
runaway since amines act as moderator for the reaction. Since acid-catalyzed side reactions in
the removal section are inhibited (no acidic sites are present), the LAO products additionally

have increased thermal stability.

It was further recognized that dosing of an adequate amount of amine into the reactor outlet
line completely prevents fouling and plugging of the reactor outlet piping system. Even more
surprisingly, it has been found that partially fouled or plugged outlet lines could be deplugged
by using adequate flow rates of amine dosing. Additionally, mixing of amine with catalyst
components prior to feeding these catalyst components into the oligomerization reactor re-
sulted in an increase of product purities and a reduced fouling/plugging within the oligomeri-

zation reactor.



It was further recognized that dosing of an adequate anmount of amne into
the reactor outlet line conpletely prevents fouling and pluggi ng of the
reactor outlet piping system Even nore surprisingly, it has been found
that partially fouled or plugged outlet lines could be deplugged by using
adequate flow rates of am ne dosing. Additionally, mxing of amne with
cat al yst conponents prior to feeding thgge cat al yst conponents into the

ol i goneri zation reactor resulted in an increase of product purities and a
reduced fouling/plugging within the oligonerization reactor. - 5 - It was
further found that side reactions in the oligonerization reactor and
reactor ouytl et i.n stem are suyppressed. . Finally, the m xing efficiency
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outlet streamby distillation, extraction or adsorption and the renoved
organic amne is then recycled into the reactor and/or the reactor outlet
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tubul ar reactor as disclosed in , utilizing a cata yst
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Preferably, organic amines are utilized which have a good solubility in the organic phase con-
taining linear alpha-olefins, but have no or only a low solubility in water or a mixture of water
and caustic. For example, amines which include acidic groups are not suitable, e.g. amino-

acids, monoethyl amine (MEA), diethyl amine (DEA), etc.

Additional features and advantages ob the inventive method will now become apparent from

the detailed description of a preferred embodiment thereof.

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 component and an
aluminum component. A suitable zirconium component is zirconium tetraisobutyrate, and a

suitable aluminum component is ethyl aluminum sesquichloride.



- 6 - The oligonerization is carried out under conditions (tenperature,
pressure, etc.) known in the art. Ethylene, solvent and catal yst are

i ntroduced. Fromthe reactor, a liquid organic outlet streamis discharged
into a reactor outlet piping systemcontaining solvent, for exanple

t ol uene, catalyst, ethylene dissolved in the solvent, and |inear

al pha-olefins. This liquid organic outlet streamis transferred to. a

catal yst deactivation and renoval section. The catal yst is deactivated by
caustic and is renoved fromthe outlet stream The caustic phase nmay
contain al kali netal hydroxide, preferably NaOH and/ or KOH. The reactor
conprises_a feedline for feeding an organic amne into the oligonerization
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- The amines can be routed through the separation unit of the LAO plant for separating the lin-
ear alpha-olefins into separate fractions, end up in one or more products and are removed

from the products e.g. by distillation, extraction or adsorption.

In an other embodiment, the amine can be already removed from the reactor outlet stream
prior to separation of the outlet stream into individual fractions, also by distillation, extraction

or adsorption.
The amine may be utilized in a once-through operation mode.

Preferably, the amines are recovered by any means (e.g. by distillation or extraction) and can

be recycled to the oligomerization reactor or the reactor outlet piping system.

In a more detailed example, a mixture of 3-ethyl-heptyl-amine and LAO’s recycled from the
separation section of an LAO plant is dosed into the LAO reactor outlet line. The dosing

quantity is adjusted to achieve an amine concentration of 1000 wt ppm.



- 7 - The ami ne, which has a boiling point between the C10 and C12 LAO
products, is routed to the separation section of the LAO plant together
with the total LAO fraction. In the separation section, the amne is
removed fromthe LAO products by conventional distillation. Renaining
traces of the amne in the C10 and Cl12 products will be renoved by adequate
adsor bers, depending on the required product specification. The production
of a pure amne fraction is not required, since the amne is recycled to
the LAOreactors, i.e. the recycled streamis a m xture of
3-ethyl-heptyl-am ne and C1 O and Cl12 LAOs. A snmall am ne nmake-up stream
froman agj ne stor vessel is fed into the am ne systemin order to
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processing. Preferably, the separation section is after the catal yst
deactivation and renoval step. The addition of an organic amine into a
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A small amine make-up stream from an amine storage vessel is fed into the amine system in
order to compensate any amine losses. Thus, the separation section is provided to remove the
amine from the LAO products, and, optionally, also already to provide a separation of the
LAO product into separate fractions for further processing. Preferably, the separation section

is after the catalyst deactivation and removal step.

The addition of an organic amine into a method for preparing linear alpha-olefines by the oli-

gomerization of ethylene results in the advantages as already outlined above.

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

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



Claims

1. Method for preparing linear alpha-olefins (LAO) by oligomerization of ethylene in the

presence of solvent and homogenous catalyst, comprising the steps of:

(1) feeding ethylene, solvent and catalyst into an oligomerization reactor,

(1)  oligomerizing the ethylene in the reactor,

(i) removing a reactor outlet stream comprising solvent, linear alpha-olefins,

ethylene, and catalyst from the reactor via a reactor outlet piping system,

(iv)  transferring the reactor outlet stream to a catalyst deactivation and removal

step, and

(v) deactivating and removing the catalyst from the reactor outlet stream,

characterized in that at least one organic amine is added into the reactor outlet piping
system wherein the organic amine is removed from the reactor outlet stream by distil-
lation, extraction or adsorption and the removed organic amine is recycled into the re-
actor outlet piping system, the organic amine is soluble in an organic phase containing
linear alpha-olefins and the organic amine is insoluble or has a low solubility in water

or a mixture of water and caustic, and wherein the catalyst is deactivated by caustic.

2. Method according to claim 1 , characterized in that the amine is added continuously.



Method according to any of the preceding claims, characterized in that the organic

amine is a primary, secondary, tertiary or cyclic amine.

Method according to any of the preceding claims, wherein the removed organic amine

is recycled into the reactor outlet piping system together with the solvent.

Method according to any of the preceding claims, wherein the added amine is dis-
solved in a solvent, preferably toluene or a linear alpha olefin fraction or a linear alpha

olefin product.

Method according to any of the preceding claims, wherein the amine is mixed in the
reactor outlet piping system with the reactor outlet stream by means of a mixing de-
vice, preferably a static mixer, a dynamic mixer, an ultrasonic mixer or a ventury mix-

ing nozzle.

Method according to any of the preceding claims, wherein the amine has a boiling
point differing from the boiling point of the solvent utilized of not more than 20°C,

preferably not more than 10°C, preferably not more than 5°C.

Method according to any of the preceding claims, wherein the catalyst comprises a

zirconium salt of organic acids and at least one organo aluminum compound.

Method according to claim 8, wherein the zirconium salt has the formula ZrCly.;, X,
wherein X = OCOR or OSO3R" with R and R’ being independently alkyl, alkene or

phenyl, and wherein 0 <m < 4.



-10-

10. Method according to claim 8, characterized in that the organic amine is added in an

11.

amount of 0.1 to 2.0 mol equivalent to chloride, preferably 0.5 to 1.0 mol equivalent to

chloride.

Method according to any of claims 9 to 10, wherein the at least one aluminum com-
pound has the general formula R1,1A13.,1 or A12Y3R13, wherein R! represents an alkyl
group having from 1 to 20 carbon atoms, Y represents Cl, Br or I, n is any number

within the range 1 <n <2.



