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Field of.tﬁe Invention

The present invention relates to a process for
recovering boron trifluoride of a catalyst component
from an oligomerization mixture containing olefin

oligomers.

Description of the Prior Art

An oligomer of olefin with 6 - 14 carbon atoms is
mainly used a3 a base oil for synthétic lubricant. Among
others, an oligomer of linear a - olefin with 10 carbon
atoms has good properties as lubricant. Thué, many
processes for manufacturing it have been developed
recently. |

Known as one of the process.ﬁor manufacturing
this olefin oligomer is a method for oligomerizing an
olefin with 6 - 14 carbon atoms in the presence of a
catalyst consisting of boron trifluoride and a complex
of boroﬁ trifluoride and cocatalyst. In this process,
after oligomerizétion, the catalyst contained in an
oligomerization mixture is deactivated by
neutralizing the ﬁixﬁure with alkali solution, etc.

However, as no catalyst has been recovered, lots
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" processes for manufacturing it have been devel oped recently. Known as one
of the process for manufacturing this olefin oligoner is a nethod for
ofigonerizing an olefin with 6 - 14 carbon atonms in the presence of a
catal yst. consisting of boron trifluoride and a conplex of boron trifluoride
and cocat al yst . In this process, after oligonerization, the catalyst
cont ai nealf | maah eolmagormr 4 kat contminting: { budedot \catmmb bydeeandal i zi ng t he
m xture with alkali solution, etc. However, as no catal yst has been
recover é&dpropt sompounds are produced, requiring the post-

treatment thereof after oligomerization.

Many processes have been proposed for recovering
the catalyst contained in an oligomerization mixturé. One
of them is a two-step process comprising separating
either boron trifluoride or a complex of boron
trifluoride and cocatalyst and thereafter separating thé
other (Japanese Laid-Open Patent Hei 2-108638). This
process is advantageous in. that olefin oligomers produced
cannot be deteriorated, because either of the two catalyst
components has separated first to decrease the activity
of the catalyst. This process is advantageous in that £14)
coirosion is caused in the recovery treatment since i* ig
carried out at relatively low temperature. This process,
however, has a drawback that it requires a complicated
apparatus'for recovering the catalyst.

*Known as.another process; proposed is a process for
recovering Boron trifluoride which comprises heating an
oligomerization mixture at or above a decomposition
temperature of a complex consisting of boron trifluoride
and cocatalyst to decompose the complex into boron:
trifluoride and cocatalyst, and thereafter recovering the
boron trifluoride (Japanese Laid-Open Patent Hei 2-108638).
In contrast to the foregoing process, this process has an

an advantage that it does not require any complicated

apparatus. In this process, however, a composition of
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2 of waste materials containing fluorine conpounds and boron conpounds are
produced, requiring the post- treatnment thereof after oligonerization.

processes have been proposed for

ol i gomer.i zation nixture. One of themis a two-step process conprising
separating either boron trifluoride or a conplex of boron trifluoride and
cocat | yselafdnt herldegeme rsépadst itreg ahhmengehduriapaneger tabde@yen Pat ent

He

2-108638) . Thi s

Many

recovering the catal yst contained in an

treatment of boron trifluoride. Moreover, with this process,

boron trifluoride is apt to decompose and the purity of
recovered boron trifluoride is lowered, leaving a problem
that the boron triflouride recovered can hardly be reused
as an olefin oligomerization catalyst as such.

In order to solve these drawbacks accompanying
the above methods, the present inventors have found that
elevating a temperature of an oligomerization mixture to
110 - 155 *C in a short time prevents a composition of
olefin oligomer from changing and does not cause the
decrease in the purity of boron trifluoride recovered. A
patent application for this method has already been filed
(Japanese Patent Application Hei 4-221205). Hdwgvgr, this
process has a drawback that the corrosion atmosphere is so
severe at the relatively high temperature that a recovery

reactor cannot be used for a long period of time.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present
invention to provide a process for effectively recovering
an olefin oligomerization catalyst as boron trifluoride
from an olefin oligomerization mixture without causing
corrosion of a recovery reactor.

In order to accomplish this object, the present
inventors have searched a material resistant to the

aforementioned corrosion condition and suitable as the
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process i s advantageous, in that olefin oligoners produced cannot be

det eri or at ed, . because either of the two catal yst conponents has separated
first to:decrease the activity of the catalyst. This process is

advant ageous in that no corrosion is caused in the recovery treatnment since
It is carried out at relatively |ow tenperature. This process, however, has
a dranb@aambaliefr 46 mec Vv ebYipreeated apbar at assudrt ,r ddvaer haget he
catal yst. Known as another process, proposed is a process for recovering
bor on t fionsbrt et whi &8 COFRAY seeapbar v mre vedgofesitzHm lors & steed ,at or

above a deconposition tenperature of a conplex consisting of boro
trifluodiegsl or copper which has been known as a corrosion '

resistant material showed a great corrosion rate at a
relatively high temperature, for example, 110 - 155

°C and could not be used for a long period of time, while

a recovery reactor composed of copper—nickel alloy showed

a very small corrosion rate even at a relatively high
temperature and could be used for a greatly long period

of time. They further found that an olefin oligomerization
catalyst can be separated and recovered in the form of
borontriluofide efficiently from a polymerization mixture
containing oligomefs over a long period of time by using
the recovery reactor comﬁosed of the copper-nickel alloy.

The present invention has been made based on

these findings. According to the present invention, there
" is provided a process for recovering boron trifluoride from
an olefin cligomérization mixture, comprising the steps of
introducing an olefin oligomerization mixture containing
olefin oligomers, which has been prepared by oligomerizing
an olefin with 6 - 14 cérbon atoms in the presence of
catalyst comprising boron trifluoride and a complex of
borontrifluoride and cocatalyst, into a recovery reactor of
whichat least an inner surface is formed with a copper-
nickel alloy; heating the oligomerization mixture at or
above a decomposition temperature of-the complex; and

separating and recovering boron trifluoride from the
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and cocatal yst to deconpose the conplex into boron trifluoride and

cocatal yst, and thereafter recovering the boron trifluoride (Japanese

Lai d- Qpen Pat'ent Hei 2-108638). In contrast to the foregoing process, this
process has an an advantage that it does not require any conplicated
apparatus. In this process, however, a conposition of 3 olefin oligoner

tends tgigh@nger dpatient ha fepyery treatment of boron trifluoride.
Moreover, with this process,
BRIEF DESCRIPTION OF THE DRAWING
Figure is a view of a polytetrafluoroethylene
plate with test pieces used for a corrosion test to
determine whether a sample material is suitable for a

boron trifluoride recovery tank.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The essence of the present invéntion resides in
recovering an oligomerization catalyst in a form of boron
trifluoride from an olefin oligomerization mixture
containing olefin oligomers prapared by ql*go erizing an
olefin. |

To facilitate the explanation of this essence, the
description will be made with the items of (1) production

of olefin oligomer by olefin oligomerization, and then
(2) separation aﬁd recovery of boron trifluoride.
(1) Production of olefin oligomer by olefin oligomerization
The olefin monomer used is limited to the one
having 6 - 14 carbon atoms, preferably a linear «
-—plefin, and most preferably l-decene.

The catalyst used includes boron trifluoride and a
complex of boron trifluoride and cocatalyst. The examples
of the cocatalyst are as follows;

a) water

b) alcohols; methanol, ethanol, n—butahol, decanol

———
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“boron trifluoride is apt to deconpose and the purity of recovered boron
trifluoride is |owered, leaving a problemthat the boron triflouride
recovered can hardly be reused as an olefin oligonerization catal yst as
such. In order to solve these drawbacks acconpanyi ng the above nethods, the
present inventors have found that elevating a tenperature of an

ol i gonmerd)zaga pRoAYIiE e@qifigi0acetdcr Jadid a Bhopt omilige g edenbytaric
conposition of olefin oligoner fromchangi ng and does not cause the
‘decrease in the purity of borodctfifluoride recovered. A patent application
for this nmethod has already been.filed (Japanese Patent Application He
4_2212m§) epbhepe;, difjethyl ether, diethyl ether

e) acid anhydrides; acetic anhydride, spccinic anhydride
f) esters; ethyl acetate, methyl propionate

g) ketones; acetone, methyl ethyl ketone

h) aldehydes; acetaldehyde, benzaldehyde

The above catalyst can be employed solely or in
combination of two or more. n—butanol is the most
preferable..

The complex of boron trifluoride and cocatalyst
is used commonly in an amount of 0.05 - 10.0 vol.%,
preferably 0.1 - 5.0 vocl.% per olefin. Only small amount
of boron trifluoride is necessary in an oligomerization
system. Such amount of boron trifluoride is 0.01-2 times,
preferably 0.1 - 1.5,times as much as a saturation
concentration of boron tfifluoride in the-olefin oligomer at
atmospheric preséure.

At an initial stage of oligomerization, it is
desirable to keep boron trifluoride céncentration
lowef than the saturation concentration in the olefin
oligomer at atmospheric pressure so as to restrict
exotherm. On the contrary, at a laté: stage of
oligomerization it is desirable to kéep boron trifluoride
concentration at or above the saturation concentration in
the olefin oligomer at atmospheric pressure so as to

accelerate the oligomerization.
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process has a drawback that the corrosion atnosphere is so severe at the
relatively high tenperature that a recovery reactor cannot be used for a

| ong period of time. SUMVARY OF THE | NVENTI ON Accordingly, it is an object
of the present invention to provide a process for effectively recovering an
olefin oligonerization catal yst as boron trifluoride froman olefin

ol i goneri zati on ¥kt 6r @Mt HABRMREHEAEG OCortRPRR2GH TS r &OVERY reactor. In
order to acconplish this object, the present inventors have searched a

Tt or | aAMSFARR BAR. PECERE R ot § EABE g bio BntaBRdiRmdRahd sui t abl e

as the critical, the oligomerization temperature is set for
—-20 to 90°C , preferably O to 50C , the oligomerization
pressure is set for 0 to 35 kg/cm2G, preferably 0.05 to
5 kg/cm2@G, and the oligomeriz&tion time is set for 0.25
to 24 hours, preferably 2 to 16 hours.

An oligomerization method may be ei£her batch
methodor continuous process. Generally, boron_trifluoride
is supplied continuously to the oligomerization.system
during the oligomerization.

(2) Separation and Recovery of Boron Trifluoride

In the process fcr recovering 5oron trifiuoride
accorﬂihg to the present.invention, the oligomerization
mixture in the above item (1) is introduced into a
recovery reactor of which at least an inner surface is
formed with a copper—nickel alloy; the oligomerization
mixture 1is heated at or above a decompositon temperature
of a complex of boron trifluopide and cocatalyst; and
thereafter the boron trifluoride is separated and
recovered.from the oligomerization mixture. The item (a)
material of a recovery reactor and the item (b) a heating
cohdition are important in the present method. These

litems will be explained individually.
{a) Material of a recovery reactor
-According to the inventors’ invesfigation, when a

copper—nickel alloy is used as a material of a recovery
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4 material of the recovery reactor. As a result, they have found that a
recovery reactor conposed of stainless steel, |ead or copper which has been
Known as a corrosion resistant material showed a great corrosion rate at a
relatively high tenperature, for exanple, 110 - 155 [err] and could not be
used for a long period of tinme, while a recovery reactor conposed of
copper - pealdion) | by ekbuidd tes vaerye spakinaddr raosr oois L ahe reten extem rel atively
an under a severe condition wherein the oligomerization

mixture containing boron trifluoride'and.a complex of

boron trifluoride and cocatalyst is in contact with the

inner surface of the recovery reactor at a relatively

high temperature such as 80 - 180T . On the contrary,

each of stainless steel, copper and lead conventionally

used as a_corrosion—resistant material shows an

considerably large corrosion rate under the samé

condition.

Consequently, employing the copper—nickel alloy

for a recovery reactor makes it possible to use such a

recovery reactor for a long period of time, contributing

to industrial need. Such copper-nickel alloy can be a

cupronickel,etc. containing preferably 90 - 60 wt.% of

copper and 10 - 40 wt.% of nickel. The above specified

content of copper aﬁd nickel accomplishes a small

corrosion rate aﬁd_;ow construction cost of the recovery

reactor.

Whereas it is necessary to use the copper—nickel

alloy for at 1eas£ an inner surface of the fecqvery

reactor,generally the whole recovery reactor is made of

such.copper—nickel glloy. Usually an oligomerization

mixturecontaining olefin oligomers is continuously

introduced into the recovery reactor.

(b) Heating condition

The oligomerization mixture conta1n1ng olefln

* i



tenperature and could be used for a greatly |long period of tinme. They
further found,that an ol efin oligonerization catal yst can be separated and

recovered in the formof borontriluoride efficiently froma polynerization

m xture eontaining oligoners over a long period of tinme by using the
all oy. The present invention

recover . conposed of the c er-ni cke

has beec}/n1 %@é%ggségx@grno hesd H‘%&’l 2‘3@? IRTOY B Kg "G THRr pt 8sent i nventi on,
there i i ded pr.ocess_fqr recovering boron trifluoride froman olefin
O|igmﬂ§§£% ¥o%%m%%Lﬁ%ﬁ§§oﬁng§P$EQﬁﬁ§%$%p eBP et btRic? hg2an ol efin

O | QORI EEE LRNoT Mt COPL 106N A AL SLLRTT, e W gh Nas been
prepar e ol'i goner1zi ng
effectively recovering high purity boron trifluoride,
it is preferable to heat and matintain the olefin
"oligomer—containing mixture in the recovéry reactor
preferably at 80 - 180°C , and most preferably at
110 - 155 °C . If the temperature is lower than 80 °C ,
the decomposition of a complex of boron trifluoride and
cocatalyst becomes slower with a rapid decrease of
recovery rate and the oligomerization mixture changes
its composition or properties.

On the qther hand, if the temperature exceeds
180 *C , the recovery rate scarcely increases and the
purity of boron trifluoride decreases.

The oligomerization mixture is heated in a
recovery reactor equipped with a heating jaket and an
agitator. The héating of the mixture with agitating
keeps the temperature of the mixture at a predetermined
temperature.

The oligomerization mixture may be introduced
into a recovery reactor after it is heated with a heat
exchanger. In this case, -an agitator may be unnecessary
in the recovery reactor.'A tube~-shell type heat exchanger
having a carbon-made tube might be preferable for the heat
exchanger.

It is desirable that the temperature elevation to
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an olefin with 6 - 14 carbon atons in the presence of catal yst conprising
boron trifluoride and a conpl ex of borontrifluoride and cocatal yst, into a
recovery. reactor of whichat least an inner surface is formed with a copper-
ni ckel alloy; heating the oligonerization m xture at or above a
deconposition tenperature of the conplex; and separating and recovering
boron taiébmorliede deopmpheition dlemperatrgei oF ribaweeat an initial

stage of heating is conducted as rapidly as possible so as
to avoid the change of composition or properties of the
the oligomerization mixture. The boron trifluoride
separated and recovered through such heat treatment has

high purity and it can be recycled and reused directly.

The present invention will be further explained

withthe following examples.

Example 1:
(Preparation of lfdecene oligomers)

All experiments of preparation of oligomers
were carried out using two 1 litter.continuous stirred
tank reactors in series. An oligomerization pressure
and temﬁeraﬁure were set at atmospheric presure and at
20 C , respectively, in each reactor. The residence time
was controlled td.2.2 hours in the first reactor and 1.0
hour in the second reactor. The catalyst was boron
trifluoride and a complex of trifluoride and n-butanol.

1-Decene, the boron trifluoride and the above
complex were supplied to the first reactor. The amount
thereof supplied are shown in Table 1 below. The
oligomerization mixture from the first reactor was
introduced directly into the second reactor.

The composition of l1-decene oligomers obta;ned in

this example is also shown at Table 1. il

This Sheet Has Been Reﬁ aced

o R




BRI EF DESCRI PTI ON OF THE DRAW NG Figure is a view of a

pol ytetrafl uoroethylene plate with test pieces used for a corrosion test to
determ ne whether a sanple material is suitable for a boron trifluoride
recovery tank. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The
essence of the present invention resides in recovering an oligonerization
catalyst in a formof boron trifluagj efroman ol efin oligonerization

m xture containing olefin oligoners prepared by oligonerizing an olefin. To
facilitate the explanation of this essence, the

Amounts 1-Decene , 400 ml/h
Supplied BFa _ 267 ml/h
Complex of BFs and n—-BuOH 2 ml/h

C10, C20 (1-Decene and Oligomer 4 wt.%

with 20 carbon atoms)

Composition of C30 (Oligomer with 30 carbon 23 wt.%
Oligomerization atoms)
Mixture C40 (Oligomer with 40 carbon 38 wt.%
Produced atoms)

C50+ (Oligomers with 50 cr more| 35 wt.%

carbon atoms)

(Recovery of Boron Trifluoride)

The test pieqes of cupronickel (Cu: 70 wt.%, Ni:
30 wt.%) as a copbér;ﬁickel alloy were mounted and fixed
to polytrafluoroethylene plate. The manner the test pieces
were mounted is illustrated in Fig. 1. First, two
rectangular polytetrafluoroethylene'plétes 2 with cutouts
l1a, 1b and lc were prepared. Each of the cupronickel
pieces 3a, 3b, 3c, 3d were fixed with a corrosion-resistant
threads inserted through small holes formed near the test
pieces—fixiﬁg sites of the polytetrafluoroethylene plate 2.
The feason why two pairs of test pieces are fixed at the

dlfferent 51tes 1s that when the polytetrafluoroethtlene
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description will be made with the itenms of (1) production of olefin
ol.igoner by olefin oligonerization, and then (2) separation and recovery of
boron trifluoride. (1) Production of olefin oligomer by olefin

ol'i goneri zation The ol efin nononer used is linted to the one having 6 -

car bon
1-dece

boron trifluoride and cocatal yst.

atons, preferably a linear [err] -olefin, and nost preferably

N6 atde2Cahal sl disedl achugesdevrminbll uenede Aandt ke coaRb&% rof
The exanpl es of the cocatal yst are as

fol | owsie B0t ¥R €bnld) paliGoh®t spisetianael, b hasek, immkitse®! indeaanol

liquid and the other pair of pieces 3c,3d stayed in a vapor
phase.

The polytetrafluoroethylene blate 2 with the test
pieces 3a, 3b, 3c and 3d was rounded into a cylinder form
and was placed along an inner wall of a cylindrical
polytetrafluoroethylene recovery reactor (inner diameter:
100 mm, height: 180 mm). This recovery reactor was
eqﬁipped with an agitator, gas eXhaust pipe, iiquid level
controller and heater.

The oiigomerization mixture running off the second
reactor was continuously introduced into the recovery
reactor and heated at 110, 130 and 150°C , respectively, at
each test by the heater set at a body of the recovery
reactor.

By heating and maintaing the mixture at the above
temperature, fhe ;omplex of boron trifluoride and n-butanol
was decomposed and boron trifluoride was produced. The
boron trifluoride produced was discharged from the recovery
reactor through the exhaust pipe. The boron trifluoride
had a purity sufficient to be recycled andreused directly.

The oligomerization mixture was continuously
discharged through a liquid drainage pipe diposed at the
bottom of the recovery reactor. The residence time of the
mixture was in the recovery reactor was controlled to 1.5

hours.
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6 c) carboxylic acids; acetic acid, propionic acid, butyric acid d) ethers;
di met hyl ether, diethyl ether e) aC|d anhydri des; acetic anhydride,

succi ni c 'anhydride f) esters; ethyl acetate, nethyl propionate Q) ketones,
acet one, . net hyl et hyl ketone h) al dehydes; acetal dehyde, benzal dehyde The

above catalyst can be enployed solely or in
After a prédetermined test time, the

polytetrafluoroethylene plate 2 with test pieces 3a,3b,3c
and 3d was taken out of the recovery reactor. After the
test pieces 3a - 3d were washed with acetone and then
dried, théir weights were measured. The cossosion rate of

the test piece was calculated as below:

[ A (mg) x 24 x 365 (h/yr) x 10]

Corrosion Rate (mm/yr) =

[ B (cm®) x C (h) x D (mg/cm®) ]

{where A is weight decrease of the test piece (mg), B is
a surface area of the test piece (cm?®), C is an dipping
time (h) and D is a density of the test piece (mg/cm®)}

The test results are shown in Table 2 below.
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conmbi nation of two or nore. n-butanol is the nost preferable. The conpl ex
of .boron trifluoride and cocatal yst is used conmonly in an anmount of 0.05 -
10. 0 voi .-% preferably 0.1 - 5.0 vol.%per olefin. Only small anount of
bdron'trlfluorlde IS necessary in an oligonerization system Such anount
of boron trifluoride is 0.01-2 times, preferably 0.1 - 1.5,tinmes as nuch as
a saturation concentration of boron trifluoride in the olefin oligoner at
at nospheric pressure. At an initial stage of oligonerization, it is
desirable to keep boron trifluori deTebrleergration

Test Piece Temperature Time Corrosion Rate
Material (Cc) (h) (mm/year)
Cupronickel 110 70 1.8 x 10-*
160 8.5 x 10™%2
130 70 2.5 x 10—*
160 9.8 x 10—2
150 70 1.7 x 10—*
160 7.4 x 10™%2

The above test results are for the cupronickel
test pieces 3a and 3b dipped into the liquid in the
recovery reactor..It is observed that the corrosion rates
are very small at.any temperature. Thus, the cupronickgl
has proved to be a very suitable and practical material
for the boron trifluoride recovery reactor.

Almost no corrosiﬁn was observed for the test

pieces 3c and 3d placed in the vapor phase of the recovery

reactor.

Comparative Example 1:

The tests were carried out in the same manner as
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| ower than the saturation concentration in the olefin oligoner at

at nospheric pressure so as to restrict exotherm On the contrary, at a

| ater stage of oligonerization it is desirable to keep boron trifluoride
concentration at or above the saturation.concentration in the olefin

ol i goner at atnospheric pressure so as to accelerate the oligonerization.
7 Wil e;an ildoner i Zakicep tf eimet at k€, pAldds each of which was

made of SUS 316 (a kind of stainless steel), copper or
lead were used instead of cupronickel used in Example 1.
The corrosion rates were measured like Example 1. The

test results are shown in Table 3 below.

Table 3
Test Piece Temperature Time Corrosion Rate
Material (°C ) (h) (mm/year)
SUS 316 130 70 4.1 X 10°
1680 3.9 X 10°
Copper 130 70 7.1 x 10—*?
160 5.3 x 10—*
Lead 130 70 7.9 X 10°
160 7.2 X 10°

Referring to Table 3, all of the SUS 316, copper and
lead show the corrosion rates much higher than that of the
cupronickel used in the present invention. Therefore, it is
clear that they are improper materials-for the boron
trifluoride recovery reactor.

According to the preceding explanation, it is

understood that the present invention provides an efficient
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merization pressure and oligonerization tine are not critical, the

ol igoneri zation tenperature is set for -20 to [err] , preferably O to [err]
, ‘the oli.gonerization pressure is set for 0 to 35 {err], preferably 0.05 to
5 Jerr],. and the oligonerization tine is set for 0.25 to 24 hours,

preferably 2 to 16 hours. An oligonerization nmethod may be either batch
nmet hodorptoeatissudusr peHEésd enCGdnersdparabongn and frewevedeing sumppl i ed
continuously to the oligonerization systemduring the oligonerization. (2)
Separ at i ®hi gogeRdcaei gn ot aBedys tTrird | Ubei derm athebproness iffduamicdeeri ng

boron trifluoride
from an oligomerization mixture without causing the

causing the corrosion problem of the recovery reactor.
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according to the present invention, the oligonerization mxture in the
above item (1) is introduced into a recovery reactor of ‘which at |east an

i nner surface is formed with a copper-nickel alloy; the oligomerization
m xture is héated at or above a deconpositon tenperatur l

boron trifluoride and cocatal yst; and thereafter the boﬁm"mllmlﬂlmum
separated and recovered fromthe oligonerization mxture* €¢The i*tem (&)
material of a recovery reactor and the item(b) a heating condition are

i nport arWHAR fiRe QlvAcBMEP ®8thod. These itens will be expl ai ned
individually. (a) Material of a recovery reactor

1. A process for recovering boron trif;uoride from an
olefin oligomerization mixture containing olefin oligomers,
comprising the steps_of

introducing an olefin oligomerization mixture
containing olefin oiigomers, which has been ﬁrepared by
oligomerizing an olefin with 6 - 14 carbon atoms in the
presence of catalyst comprising boron trifluoride and a
complex of bofon trifluoride and cqcatalyst, into a
recovery reactor of which at least an i1nner surface is
formed with a copper—nickel alloy;

heating the oligomerization mixture at or above
a decomposition temperature of the complex; and

separating and fecovering boron trifluoride
from the oligomerization mixture.
2. The procéss according to claim 1, wherein the

oligomerization mixture is introduced to the recovery

reactor maintained at a temperature of 80 - 180°C .
3. The process according to claim 1, wherein the
copper—nickel alloy contains 90 - 60 wt.% of copper and

10 — 40 wt.% of nickel.

4., The process according to claim 1, wherein the
recovery reactor is totally made of the copper—nickel alloy.
5. The process éccdrding to claim 1; wherein the

oligomerization mixture is heated and maintained at 80
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Accor di r\g to the inventors' investigation, when a copper-nickel alloy is
used as a material of a recovery 8 reactor, it exhibits a very smal |

corrosion rate even under a severe condition wherei ﬂ",mmuu“n)mm tion
m xture cont&ining boron trifluoride and a conpl ex i de and
cocatalyst is in contact with the inner surface of t he recovery Sredctor at
a relativglgy i gh tenperature such as 80 - 180C . On the contrary,

6. The process according to claim 1, wherein the

oligomerization mixture is heated and maintained at

100 -155 C .
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each of stainless steel, copper and | ead conventionally used as a
corrosion-resistant material shows an considerably |arge corrosion rate
under the sane condition. Consequently, enploying the copper-nickel alloy
for a recovefy reactor nmakes it possible to use such a recovery reactor for
a long period of tine, contributing to industrial need. Such copper-nickel
all oy can be a cupronickel,etc. containing preferably 90 - 60 wt. % of
copper and 10 - 40 wt.% of nickel. The above specified content of copper
and ni ckel acconplishes a snal IABSTRAEToNn rate and | ow constructi on cost of
t he recovery _

There is provided a process for recovering boron
trifluoride catalyst from an oligomerization mixture,
which comprises introducing an oligomerization mixture
containing catalyst comprising boron trifluoride and a
complex of boron trifluoride and cocatalyst into a
copper—-nickel-made recovery reactor, heating the
oligomerization mixture at or above a decomposition
temperature of the complex, and separating and fecovering
boron trifluoride from the oligomerization mixture.
According to the process, the boron trifluoride can be

recovered effectively from the oligomerization mixture

without causing the corrosion problem of the recovery

reactor.
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reactor. \Wereas it is necessary to use the copper-nickel alloy for at

| east an inner, surface of the recovery reactor,generally the whole recovery
reactor is nade of such copper - ni ckel all oy. LBuaIIy an ol i gonerization

m xturecontaining olefin oligoners is continuously introduced into the
recovery reactor. (b) Heating condition The oligonerization m xture
containing olefin

GAS-LIQUID
INTERFACE

FIG. |
]
b
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recovery reactor is heated at or above a
conpl ex of boron trifluoride and cocatalyst.

h@gé ﬁ‘h purity, boron tri féﬂﬂgf,ﬂﬁ sh%eis zg]/%?%abl .

ol i goher - cont ai nirng X T I'n
Sgdat[-rr] , and nost preferably at [err] . | f
rpﬁ Qn-BnﬁRﬂGﬂFfﬁer@@bnposition of a conpl ex of
zﬂpatalyst beconmes slower with a rapid decrease of
nerlzatlon m xt ure changes

bojon trlfluorlde and
re oEEﬁﬁi(EtREEﬁﬁ?Tha

PROCESS FOR RECOVERING BORON TRIFLUORIDE

EACKGROUND OF THE INVENTION
Field of the Invention |

The present invention relates to a process for
recove;ing bcpqn_trifluoride of a catalyst component~
from an oligoherization mixthre containing olefin

oligomers.

Description of the Prfor Art

An oligomer cf olefin with 6 - 14 carbon atoms is
mainly used as a base oil for synthetié lubricant. Amcng
others, an oligomer of linear a - olefin with 10 carbon
atoms has good properties as lubricant. Thus, many
processes for manufaééuring it have been developed
recen#ly.

Known as one of the process for manufacturing
this olefin oligomer is a method for oliéomerizing an
olefin with 8 — 14 carbon atoms in the presence of a
catalyst consisting of boron trifluoride and a complex
of boron trifluoride and cqcatalyst. In this process,
after oligomerization, the catalyst contained in an

" oligomerization mixture is de;cti&ated by
neutralizing the mixture with alkali solution, etc.
_However, as ﬁp catalyst has been recovered, lots

This is the replacement shest
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. ts conposition or properties. On the other hand, if the tenperature
"~ exceels [err] , the recovery rate scarcely increases and the purity of

boron®trifluoride decreases. The oligonerization ué%t'i‘trélgtF %ﬁ?gf%%q%%a
. e

recovery reactor equipped with a heati%g,jaket an
heating of the mxture with agitating keeps the tenperature of the m xture
at a predet ewasned naangxei £l $ir €onthe ndlngofitus rdhieoc ampd wnésnandbe
i ntroduced into a recovery reactor after it is heated with a heat
exchangembodant bbsipoase]s aaragptratiacenhy bequindagstdre) post-

treatment thereof after oligomerization.

Many processes have been proposed fd}'recovering
the catalyst contained in an oligomerization mixture. One
of them is a two-step process comprising separating
either boron trifluoride or a complex of boraon
trifluoride and cocatalyst #nd thereafter separating thé
other (Japanese L@id—Open Patent Hei 2-108638). This
process is advantageous in that'olefin oligomers produced
cannot be deteriorated, because either of the ﬁwb catalyst
compohents has separated first to décrease the activity
of the catalyst. This process is advantageous in that nao
corrosion is caused in the reczovery treatment since it is
carried out at relatively low temperature. This process,
however, has a drawback that it requires a complicated
apparatus for recoveriﬁg the catdlyst.

Known as.another process, péoposed is a process for
recovering bofon_trifiuoride which comprises heating an
oligomerization mixture at or above a decomposition
‘temperature of a complex consisting of boron trifluoride
and cccat;lyst to deéompose the comprex into boron
trifluoride and cocatalyst, and thereafter recovering the
"boron trifluoride (Japanese Laid-Open Patent Hei 2-108638).
In contrast to.the-foregoing process, thislprocess has an

an advantage that it does not require any complicated

apparatus. - In this process, however, a composition of
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tn the,recovery reactor. A tube-shell type heat exchanger having a
car bony made tube m ght be preferable for the heat exchanger. It is

Lomperature of above At an initial otagh of heat i reUPSHCHABNEEE0 2SIt di y
as possible so as to avoid the change of conposition or properties of the
t he Q'iQQUEEKAa“dﬂﬁéﬁmiﬂreenIEed%”éﬁh&&bfHﬂﬂﬂd&fthe recovery
treatment of boron trifluoride. Moreover, with. this process,
bofon trifluoride is apt to decompose and the purity of
recavered boron trifluocride is lowared, leavfag a problem
that the boron triflouride recovered can hardly be reused
as an olefin oligomerization catalyst as sucht
In order to solve these drawbacks accompanying
the above methods, the present inventors have found that
elevating a temperature of an oligomerization mixture to
110 - 155 C in a short time prevenfs a composition of
olefin oligomer from changing and does not cause the
decrease in ;he purity «f boron trifluoride recaovered. A
patent application for this method has already heen filed
(Japanese Patént Apnliication Hei 4—521205). Howgvgn, this
process has a drawback that the corrosion atmosphere is so
severé at the relatively high témper&ture that a recovery

reactor cannot be use&:for a long period of time.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the presént
invention to proviée 2 process for effectively recovering
an olefin oligomerization catalyst as boron trifluoride
from an olefin oligomerization mixture without causing |
.corrosion of a recovery reactor.

In order to accomplish this object, the present
inventors have searched a material resiétant to the

aforementioned corrosion condition and suitable as the
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Separated and recovered through such heat treatnent has hi gh purity and it
can be recycled and reused directly. The present invention will be further

éxpl af ned wi ththe follow ng exanpl es. anple 1: P}S&Rﬁ'&é‘%ﬁ@@t ohglgmEene
ol igoners) All experinents of preparation of olig TeT S were carried out
using two 1 litter continuous stirred tank reactors in series. An

ol i goner i patesi adr atutkeandcoaeror eretagre Aseta areaubdsphdrey paesure
and at [err] , respectively, in each reactor. The residence tinme was
control | efo¥#pd2 thafo # sCRAOVREYS ineRc teaceompPipd @f stainless steel,

lead or copper which has been known as a corrosion
resistant material showed a2 great corrosion rate at a
relatively high temperature, for example, 110 -~ 155
‘C and could not be used fof a long period of time, while
& recovery reactor caomposed of copper—-nickel alloy showed
a very small corrosion rate even at a relatively high
temperature and could be used for a greatly long period
of time. They further found that én olefin oligomerization
catalyst can be separated and recovered in the form of
borontriluoride e{ficiently from a polymerization mixture
containing oligomers over a long period of time bylusing
the recovery reactor coméosed of the copper—nickel glloy.
The present invention has been made based on
these findings.._According to the present invention, there
is provided a process for recovering boron trifluoridé“ffom
an olefin oligomériz;tion mixture, comprising the steps of
introducing an olefin oligomerization mixture containing
olefin oligomeré, which has been prepared by oligomerizing
an olefin with 6.- 14 carbon atoms in the presence of
catalyst comprising boron trifluoride and a complex of
borontrifluoride and cocatalyst, into a recovery reactor of
.whichat least an inner surface is formed with a copper-
nickel alloy; heating the oligomerization mixture at or
above a decomposition temperature of the complex; and

separating and recovering boron trifluoride from the

o replacement shest
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Jour in the second reactor. The catal yst was boron trifluoride and a
conplex of trifluoride and n-butanol. 1-Decene, the boron trifluoride and

the above conpl ex were supplied to the_first reacfoy..The anmunt of -
supplied are shown in Table 1 bel ow. TRe ol i goneré?éﬂ'%&erﬁﬁ??gr'ézélrggémgt he
first reactor was introduced directly into the second reactor. The

conpositiqylPéo%h%%ggﬂgigiigggg&geobtained in this exanple is al so shown at
Tabl e 1. ) :

BRIEF DESCRIPTION OF THE DRAWING

Figu;e is a view of a polytetrafluo;oethylene
plate with test pieces used for a corrosion test to
determine whether a2 sample material is suitable for a

boron trifluoride recovery tank.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The essence of the present invention resides in
reéovering an oligomerization catalyst in a form of boron
trifluoride from an olefin oligomerization mixture
containing olefin'oligomers prapared by qligamerizing an
ciefin.

To facilitate the explanation of this essenée, the
description will be made with the items of (1) production

of olefin oligomergb; olefin oligomerization; and tﬁéﬁ'
(2) sepafaticn aﬂd recovery of boron trifluoride.
(1) Productién of olefin oligomer by olefin oligomerization
The olefin monomer used is limited to the one
having 6 - 14 carbon atoms, preferably a linear «
-olefin, and most preferably l-decene.

The catalyst used includes Eoron trifluoride and a
complex of boron trifluoride and cocatalyst. The examples
of the cocaﬁalyst are as follows:

a) water

b) alcohols; methénol. ethanol, n-butanol, decanol
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11 [err] were nounted is illustrated in Fig. 1. First, tw rectangul ar
pol’'ytetyraf | uoroethyl ene plates 2 with cutouts la, 1b and 1lc were prepared.

Each of the cupronickel pieces 3a, 3b, 3c, 3d were fixed with a
corrosion-resistant threads inserted th@ough snal | SHastduteshest 28896
test pieces-fixing sites of the polytetrafluoroethylene plate 2. The reason

why two pajrs of test,pieces are fixed at ,the different, sites is that when
t he poIyt%erHQRﬂ%%{hgléﬁéds‘ acetic acid, propionic acid, butyric

acid
d) ethers; dimethyl ethér, diethyl ether
e) acid anhydrides; acetic anhydride, Spccinié anhydride
f) esters; ethyl acetate, methyl propionate
" g) ketones; acétone, methyl ethyl ketone
h) aldehydes; acetaldehyde, benzaldehyde

The above catalyst can be employed solely or in
combination of two or more. n—-butanol is the most
preferable.

The complex of boron trifluoride and cocatalyst
is used commonly in an amount of 0.05 - 10.0 voi.%,
prefer#biy 0.1 - 5.0 vcl.% per olefin. Only small amount
of boron trifluoride is necessary in an oligomerization
system. Such amount of boron trifluqride is 0.01-2 times,
preferably 0.1 - 1.5,times as much'as a saturation
concentration of boro;:trifluoride in the olefin oligo;ér at
.atmospheric preséure.

At an initial stage of oligomerization,'it is
desirable to keep boron trifluoride concentration
lower than the saturation concentration in the olefin
oligomer at atmospheric pressure so as to restrict
exotherm. On the contrary, at a later stage of
oligomerization it is desirable to.keep boron trifluoride
concentration at or above the saturétion concentration in
the olefin oligomer at atmospheric pressure so as to
accelerate the oligomerization.

This is the replacement sheet -

Date: 3 1 AUG 1996



2 plate 2 was located at a predeternined level in the recovery reactor,
one pair of pieces 3a, 3b were immersed in the liquid and the other pair of

pi eceS 3c,3d stayed in a vapor. phase._The pol ytegrafluoroethyl te 2
with the test- pieces 3a, 3b, 3c and 3d/was rounde%USﬁ?W(%ﬁ s‘g\??¥n?§8 o?m and

was pl aced along an inner wall of a cylindrical polytetrafluoroethylene
recovery reactor (Whihke airaobkigpmetrG@ationekgmperregiune) . oThi€9-Tecovery

reactor was equipped with an agitator, gas exhaust pipe, |iquid | evel
merization pressure and oligomerization time are naot

critical, the oligomerization temperature is set for

-20 to 90°C , preferably 0 to S50°C , the oligcmeérization
pressure is set fér 0 to 35 kg/cm2G, preferably 0.05 to
-8 kg/cm2G, and the oligomefization time is set for 0.25
to 24 hours, preferably 2 to 16 hours.

An oligomerization method may be eiéhef batch
methodor continuous process. Generally, boroq trifluoride
is supplied continuously to the oligomerization_s?stem
during the oligomerization..

(2) Separation and Recavery of Borun Trifluoride

In thﬁ-process fcr recovering soron trifiuéride
accecrding to the bresent-invention, the oligomerization
mixture in the above item (1) is introduced into a
reéoverv reactor of which at least an ianer surface is
formed with a copper-nickel alloy; the oligomerization
mixture is heate& at or above a decompositon temperature
of a compiex of boron trifluoride and cocatalyst; and
thereafter the boron Erifluoride is separated an&
recovered from the oligomerization mixtufe. The item (2)
material of a recovery reactor and the item (b) a heating
condition are important in the presént method. These
items will be explained individually.

(a)_ﬁaterial cf a recovery reactor
According to the inventors' investigation, when a

copper—-nickel alloy is used as a material of a recovery
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controller and heater. The oligonerization mxture running off the second
reactor was continuously introduced into the recovery reactor and heated at

110, %30 and [err], respectively, at egch test by t Heetel29Y8/96b0dY
of the recovery reactor. By heating ana nalnta|n98h% ‘ﬁ?%ture at the above

tenperature, the conplex of boron trifluoride and n-butanol was deconposed

and boron tredacodirde Masext isliceda Veeybamal L cblrt@s iten pratidcedanas

- di scharged fromthe recovery reactor through the exhaust pipe. The boron

trifluoride dradlea pursigve caifdded bt ohowihe reettycthd arldrgamerigateenl v.
mixture containing boron trifluoride and a complex of
boron trifluoride and cocatalyst is in coﬂtacﬁ with the
inner surface of the recovery reactor at a relatively
high temperature such as 80 - 180C . On the contrary,
each of stainless steel, copper and lead conventionally
used as a corrosiomn-resistant material shows an
considerably large'corrosion rate under the samé
condition.

Consequently, employing ;he copper—nickel alloy
for a recovery reactor makes it possible to use such a
recovery reactor for a long period of time, contribut ing
to industrial need. Such copper-nickel alloy can be a
cupronickel,etc. containing preferably 90 - 60 wt.% of
copper and 10 - 40 wt.% of nickel. The above specified
content of copper and nickel accomplishes a small . -
corrosion rate aﬁd low construction cost of the recovery
reactor. .
Whereas it is necessary to use the copper—-nickel

alloy for at least an inner surface of the recovery
reactor,generally the wﬁole recovery reactor is made df-
such copper—-nickel alloy. Usually an oligomerization
m;xturecontaining olefin oligomers is continuously
introduced into the recovery reactor.
(b) Heating cgndition

The oligomerization mixture containing olefin
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The ol i gomeri zation m xture was continuously discharged through a Iiquid
dr ai nage pi pe di posed at the bottom of the recovery reactor. The residence
time of the m xture was in the recovery reactor was controlled to 1.5

hour s. After a predetermned test tife, the pol \Suhstititeisheet h2P3/96
plate 2 with test pieces 3a,3b,3c and 3d was taken out of the recovery
react or. Aftodrigomersstntiraducad in8d Wiee neasdteaic i rhaztetones and t hen
heated at or above é decomposition temperatqre-o? a
~complex of boron trifluoride and cocatalyst. For
effectively recovering high purity boron trifluoride,
it is preferable to heat and matintain the olef#n
oligome:—containing mixture in the recovery reactor
preferably at 80 -~ 180C , and most prefeéably at
110 - 155 <€ . If the temperature is lower than 80 C ,
the decomposition of a complex Af boron trifluoride and
cocatalyst becomes slﬁwer with a_rapid decrease of-
recovery rate and the ocligomerization mixture changes
its compositiog or properties.

On the other hand, if the_temperature excaseds
180 C , ﬁhe recovery rate scarcely increases and the
purity of boron trifluoride decreases.

The oligomerization mixture is heated in a
recovery réactor equipped with a heating jaket and an
agitator. The ﬁeatiné of the mixture with agitating
keeps the temperature of the mixture at a predetermined
temperature. | -

The oligomerization mixture may be introduced
into a recovery reactor after it is heatéd_with a heat
exchanger. In this case, an agitator may be unnecessary
in the recovery reactor. A tube-shell type heat exchanger
having a carbon-made tube might be preferable for the heat
exchanger. |

It is desirable that the tempebature elevation to
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dried, their weights were neasured. The cossosion rate of the test piece
was calculated as below [err] {where A is weight decrease of the test

pi‘ece (ng) B is a surface area of the test piece Cis an gé LRg
time (h) and Dis a density of the test!®iece [err W%ﬁﬂ §les @@bgre
shown in Table 2 bel ow .14 Table 2
a complex decomposition temperature or above at an initial
stage of heating is conducted as rapidly as possible so as
to avoid the change of composition or properties of the
the oligomerization mixture. The boron trifluodride

separated and recovered through such heat treatment has

high purity and it can be recycled and reused directly.

The present invention will be further explained

withthe following examples.

Example 1:
(Preparation of l1-decene oligomers)

All experiments.of preparation of oligomers
sere carried out using two 1 litter'continuous stirred
tank reactors in series.'An cligomerization preSsure
and temﬁerature were set at atmospheric presure and at
20 <, respectively,’in’ each reactor. The residence time’
was-controlled te 2.2 hours in the first reactor and 1.0
hour in the second reactor. The catalyst was boron
trifluoride and a complex of trifluoride and n-butanocl.

1-Decene; the boron trifluoride and the above
complex were supplied to the first reactor. The amount
thereof supplied are shown in Table 1 beiow. The
oliéomerization mixture from the first reactor was
introduced directly into the second reactor.

The composition of l-decene oligomers obtained in
this example is also shown at Table 1.

t
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Test Piece Tenper ature Ti me Corrosion Rate Materi al
(C)=- s (h) (nmi year) Cuproni ckel 110 70
rr]

1.8 x - 160 8.5 130 - 70 . 2
160 Lerrl 9.8 x [err] 150 x Lerrd 4 %%?t'w?eﬁﬂﬁetreggk/b%

7.4 x [err] The above test results are for the cupronickel test pieces 3a
and 3b dipped into the liquid in theTabd@ery reactor. It is observed that
‘the corrosion rates are very snmall at any tenperature. Thus, the

cuproni cked

Amounts 1-Decene _ 400 ml/h

Supplied BFa " 267 ml/h
| Complex of BFas and n-BuOH 2 ml/h

C10, C20 (l1-Decene and Oligomer 4 wt.%
with 20 carbon atoms) |
.Composition of C30 (Oligomer with 30 carbon 23 wt.%
Oligomerization atoms) _ ‘ _ |
Mixture C40 (Oligomer with 40 carbon 38 wt.%
Produced atoms) .
C50+ (Oligomers with SC cr more 35 wt.%

carbon atoms)

(Recovery of Boron Trifluoride)

The test piecés of cupronickel (Cu: 70 wt.%, Ni:
‘30 wt.%) as a copper-nickel alloy were ﬁounted and fixed
to polytrafluorcethylene plate. The manner the test pieces
were mounted is illustrated in Fig. 1. First, two
rectangular polytetraflucrqethylene.plates 2 with cutouts
la, 1b and 1lc were prepared. Each of the cupronickel
pieces 3a, 3b, 3¢, 3d were fixed with a corrosion-resistant
threads inserted through small holes formed near the test
pieces—fixing sites of the polytetfafluoroethylene plate 2.
The reason why two pairs of test pieces are fixed at the

different sites is that when the polytetrafluoboethtlene
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has proved to be a very suitable and practical nmaterial for the boron
tri.fluodki de recovery reactor. Al nbst no corrosion was observed for the test

pi eces 3c and 3d placed in the vapor phase of the recovery reactor.
Conparative Exanple 1: The tests were cddied out i Bubstitutarsheednn29/8496

15 Substitute sheet - 29/8/96 in Exanple 1 except that test pieces

each of which was _ \
plate 2 was located at a predetermined level in the recovery

reactor, one pair of pieces Ja, 3b were imhersed-in the
ligquid and the other pair of pieces 3c¢,3d stayed in a vapor.
pﬁase. i

The polytetrafluorcethylene plate 2 with the test
pieces 3a, 3b, 3¢ and 3d was rounded into a cylinder form
and was placed along an inner wall of a cylindrical
polytetrafluoroethylene recovery reactor (inner diameter:
100 mm, height: 180 mm). This recovery reactor was
eqﬁipped with an agitator, gas exhaust pipe, iiquid level
controller and heater.

The oligomerization mixture running off the second
reactor was continucusly introduced into the recovery
reactor and heated at 110, 130 and 150°C , respectively, at
each test by the heater set at a body of the recovery
reactor. |

By heating an& gaintaing the mixture at the ab6§§
temperature, the complex of boron trifluoride and n-butanol
was decomposed and boron trifluoride was préduced. The |
boron trifluoride produced was discharged from the recovery
reactor through the exhaust pipe. The boron trifluoride
had a purity_sufficient to be recycled andreused directly.

The 6ligomerization mixture was continuously
discharged through a liquid drainage pipe diposed at the
bottom of the recovery reactor. The residence time of the
mixture was in the recovery reactor was controlled to 1.5
hours.
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made of. SUS 316 (a kind of stainless steel), copper or |ead were used

i nst ead¢ of cuproni ckel used in Exanple 1. The corrosion rates were neasured
| i ke Exanple 1. The test results are shown in Table 3 below Table 3 Test
Pi ece Tenper at ur e Ti me Cof Bosi on Rat Syhstityta sheelshdW/ 3196
corrosion rates much higher than that of the cupronickel used in the

present invention. Aleeef & drddetsrhl 83l Whadt tHE¥ear @nknproper materials
for the boron trifluoride recovery reactor. According to the preceding
expl anati Opolijité rafluoroethylene plate 2 with test pieces 3a,3b,3c
and 3d was taken out of the recovery reactor. After the
test pieces 3a - 3d were washed with acetone and then

dried, their weights were measured. The cossosion rate of

the test piece was calculated as below:

t A (mg) x 24 x 365 (h/yr) x 10]

Corrosion Rate (mm/yr) =

[ B (em®) x C (h) x D (mg/cm?®) ]

{where A is weight decrease of the tast piece (mg), B is
a surface area of the taest piece (cm?®), C is an dipping
time (h) and D is a density o7 the test piece (mg/cm3®)}

The test results are shown in Table 2 below.
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understood that the present invention provides an efficient 16

Supst. tyut e sheet - 29/8/96 process for efficiently separating and
recovering an oligonerization catalyst in the formof boron trifluoride
froman ol i gonerization mixture w thout 1#ausi ng t heSukstiute shaet c@S/84&n

probl em of the recovery reactor.

Table 2 . .
Test Piece Temperature Time _Co;roéion Rate
Material (C ) . (h) (mm/year)
‘Cupronickel 110 ' 70 1.8 # 10-*
160 8.5 x 10-2
130 70 2.5 x 10-*
160 9.8 x 10-2
150 70 1.7 x 10-*
180 7.4 x 10°%

The above tg§t results are for the ;uprdnickel
test pieces 3a and §b gipped into the liquid in the
recovery reactor. It is observed that the corrosion rates
are very small at.any témperature. Thus, the cuﬁronickgl
has proved to be a very suitable aﬁd practical material

for the boron trifluoride recovery reactor.

Almost no corrosion was observed for the test
pieces 3¢ and 3d placed in the vapor phase of the recovery

reactor.

Comparative Example 1:

The tests were carried out in the same manner as
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12 WHAT. I S CLAIMED | S 1. - A process for recovering boron trifluoride
frgm.an olefin oligonerization mxture containing olefin oligoners,
conprising the steps of introducing an olefin oligonerization m xture

contai ning ol efin oligoners, which has Been prepar &ubsfitere ghnatri 20/2/98n
olefin with 6 - 14 carbon atons in the presence of catal yst conprising

boron triflugride.,and a conplex,o orqn trifluoride and cocatalyst, into a
recovery R aetdlPPor \(/j\’niec’ﬁcggl“l ggg‘% gﬁs%ane’re%ﬁFf 5@'@%1 sogovr'ﬁéﬁhvmwt%ﬁ a
COppGP%Néé@é 8%'%%5 316 (a kind of stainless steel), copper or

lead were used instead of cupronickel used in Example 1.

The corrosion rates were. measured like Exampfé'l. The

test results are shown in T;ble 3 below.

Table 3
Test Piece Temperature Time Corrosion Rate
Material () (h) (mm/year)
SUS 316 . 130 70 4.1 X 10°
180 3.9 X a°
Copper 130 70 7.1 x 10-*
160 | . §.3 x 10-*
Lead 130 70 7.9 X 10°
160 7.2 X 10°

Referring'to Table 3, all of the SUS 316, copper and'
lead show the corrosion rates much higher than that of the
cupronickel used in the ﬁresent invention. Therefore, it is
clear that they are improper materials for the boron
trifluoride recovery reactor.

According to the preceding gxplanation, it is

understood that the present invention provides an efficient
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heati ng. the oligonerization mxture at or above a deconposition tenperature
of ~thesconpl ex; and separating and recovering boron trifluoride fromthe
ol i goneri zation m xture. 2. The process according to claim1, wherein
the ol igomerization mixture is introduct® to the rd&ubstityter ghrator 29/8/96

naintained at a tenperature of 80 - [err]. 3. The process according to

claim1, whgrgiceshef§OPREEikiidy 1R sepacAUiHHaR reBviiriRPlagopper

and 10 - 40 wt.% of nickel. 4. The process according to claim1,

wherei n theolégawayizeuibar cataioist | ynTRée Efoddieo £0PBREINItGKE! 1 @bk Pde
from an oligomerization mixture without causing the

causing the corrosion problem of the recové}y'reactor.
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o5& . The process according to claim1, wherein the oligonerization

m Xturg is heated and maintained at 80 6. The process according to
claim1l1, wherein the oligonerization mxture is heated and mai ntai ned at
[err] : 17 Substitute sheet - 29/8/96

~WHAT IS CLAIMED IS: | .” ”!"“c‘ mlu “Ill “IL‘ “ ‘!ll

1. A process for recovering boron trifluaride from an
olefin oligomerization mixture containing olefin oligomers,
comprising the steps of

introducing an olefin.oligomerization mixture
containing olefin oligomers, which has been prepared by
oligomerizing an olefin with 6 - 14 cafbon atoms in thg
presence of catalyst comprising boron trifluoride and a
complek of bofon trifluoride and cocatalysﬁ, iﬁt$ a
recover& reactor of which at leasg an wanner surface is
formed with a copper—-nickel alloy;

heating the oligomerization mixture at or above
a decomposition temperature of the complex; and

separating and recovering boron trifluoridé
from the oligomeriiatién miktufe.
2. The proc;ss according to claim 1, wherein the
oligomerizatién'mixture is introduced tb the recovéry
reactor maintained at a temperature of 80 - 180T .
3. The process according to claim 1, wherein the
copper—-nickel alloy contains 80 - 60 wt.% of copper and
10 - 40 wt.% of nickel.
4. The process according to claim 1, wherein the
recovery reactor is totally made of the copper—niékel alloy.
5. 7 The process according to claim 1, wherein the

oligomerization mixture is heated and maintained at 80
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Datex 3 1 AUG 1936



”"mc’ m,” "'H” ”'l'” Im 18 Substitute sheet - 29/8/96

-180 C .

-
~
R )

6. The process according to claim 1, wherein the
oligomerization mixture is heated and maintained at

100 -1585 € .
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Substitute sheet - 29/8/96
ABSTRACT
PROCESSIKH!RHxNMRHK}BORON'HHFUKMUDE

There is provided a process for recovering boron
trifluoride <catalyst from an oligomerizatioa mixture,
which comprises intfoducing an oligomerizatiop mixture
containing catalyst comprising boron trifluoride and a
complex of boron trifluoride and cocatalyst into a
copper—nickel-made recovery reactor, heating tﬁe
oligomerization mixture at or above a decomposition
temperature of the complex, and separating and éecovering
boren trifluoride from the‘oligomérizatidn miktﬁre. -
Acéording to the prccess, the boron triflﬁoride can be
racovered affectively from the oligomeriza;ion mixture
withoﬁt causing the éerrosion proﬁlem cf the recovery

reactor.
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