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"chemical reac

. DESCRIPTION.

METHOD OF- RECOVERING BORON TRIFLUORIDE COMPLEX AND

PROCESS FO ;PRODUCING OLEFIN OLIGOMER USING THE SAME

TECHNICAL FIELD
This ‘invention relates to a method of recovering a

boron trifluorioeﬁcompyex such as a :catalyst which is

dispersed and/ dissolved in a fluid,land a process for

producing olefin glléomers'using the same;

BACKGROUND ART
Boro' ifluoride complex catalysts composed of
boron trifluor :tzhd-a complexing agent' ligand, are used

widely in 1ndus rial fields as catalysts for various

1S such as alkylation isomerization,

polymerizatipn- decomposition and dehydration. These
s_siare utilized in the form of various

complexing;aﬁeﬁ' "oordinated to boron trifluoride in

appropriate r"£1° or obJective reacti'”s.

Aft the?reaction using - _oron"trifluoride

complex cataly; t is necessary to separate the complex

-he Eeaction_mixture. _ﬁor this purpose, a
L.zing the catalyst:
with an aqueou lﬁiiom_“f_basic sﬁbstance such as ammonia

or caustic sod: "a:theniwashing with water.
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with a boron tr

Disclosed in US ‘Patent No. 4fi27;027 is another

method ‘which comprises adding a polyhy ic alcohol having

two or more hyd-?xyl groups to the ‘eaction mixture

containing a‘borop trifluor;de compleggcatalyst, causing
addition reaction ofithe alcohol with onii'boron trifluoride

in the complex "alystito remove boroﬁstrifluoride, and

decomposing the'*ddition pﬁoduct_by heatiﬁg to recover boron
trifluoride. '

Furtherﬁoge, Japanese Laideopeoffatent Publication

No. 6-287211 discloses a method of reaction using a boron

trifluoride coqplexicatalfst,dwhich comprises heating a

reaction mixtuvijto vaporize boron ‘trifluoride gas,

contacting the boron trifluorlde gas with ‘a complexing agent

in excess relatife to boron trifluorlde to form a new

complex, and recycling it into the reactor for reuse.

In th e methods, however, the{boron trifluoride

is separated and ecovered solely, so'that an additional

complexing stepk s ‘necessary for the ‘reuse of complex

catalyst, with'the'result that a mult1 stage process is

necessary and th“ crease of costs is-caused. As for the

method dlsclosed.tn Japanese Lald Open atent Publication

No. 6-287211, t; ed in coexistence

uoride complex catalyst which has bad

influence on t 5compos1tlon of reauilon mixture and
restrict its useiseverely.

5lication No. 2-45429
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discloses a method of carrying out alkylatlon reaction

between oleflnsfand aromatic compoufas using a boron

trifluoride etheffcomplex which comprises adding 0.05-2 mol

of weak acids sqch_as phosphoric acldq acetic acid and

phenol to a boroﬁftrifluoride ether complex in the reaction

system at room, emperature at any stage before or after the

reaction then separating the catalyst. by settllng in the

reaction mixtur “ﬁand using the separated catalyst as it

stands in the next_alkylation_reaction.

In thxs'case, however, the recovered complex is

not an initial boron trlfluorlde ether complex catalyst, but

'1ﬂe/weak acid complex catalyst in which

a boron trlflﬁi

ether as compleﬁrgg-agent has been replaced with a weak acid

added later. ”Eﬁrther, the recovery is as low as about 27%
by weight.

Oleflns hav1ng vinylidene structures as double

bonds in ollgomer are utilized effectlvely, because they

react with male;c;aczd or else at a high rate. Therefore,

several methods -avewbeen proposed which introduce much more

vinylidene strui rpé into:oligomer.

For example US3Patemt No. 4 152 499 discloses a

polymerlzatlon “ethod in whlch isobutene is polymerized in

the range of temperature from -50 C to +30°C to produce

polylsobutene hav1ng polymerlzatlon drgree of 10-100 by

using a gaseous boron trlfluorlde catalyst or a boron

trifluoride complex catalyst made by complexlng with water
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or alcohol. This method shows that it is possible to

introduce 60-90% of vinylidene doublefbonds at terminal
positions. | _

European Patent 0 145 ZSSiA discloses that
polyisobutene ie obtained by usinghaﬁboron.trifluoride
alcohol complex.catalyst comprised cfshcron'trifluoride and
C;-Cg alcohcls, and. describes that}it is possible to
introduce 70-96% of vihylidene doubleﬁbcnds at terminal
posltions. |

In theﬂproductlcn of olefiq.oligcmers as the
above, a boron trifluoride complex caﬁalyst is generally
used, which has;each particular compleéing agent selected
and its molar cocrdination number'iSESpecified. Thus,
ligands bound in.a complex-demonstratefthe'desired catalyst
functions by specifying the.coordinatioh,number. Therefore,
when a complex catalyst is recovered’and'reused, lt is
necessary to recover'the complex without any change in
coordination number. lf the coordination number is varied
in recovering, the catalyst function changes and its read-

justment must be- carrled out after recover;ng. Therefore,

the above recovering'method-is not prefe jble.

- However, as the coordlnation number is susceptible
to conditions such as temperature and others the recovering

and the reusing of complex catalysts haﬁé{scarcely been done

in the productlon of olefin oligomer us“ng a boron trifluo-

ride complex catalyst.
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The obJect of the present invention is to provide

a method for recovering a boron trifl oride complex as it
stands, for example; in the state of meintaining activity of
a catalyst, frbm ao electrically-noﬁconductive fluid

containing the complex dispersed and/or dissolved therein,

and a process for producing olefin oligomer characterized by

recovering and;reusing the_complex catalyst.

.. DISCLOSURE OF INVENTION , -

A first_feature of the presept invention relates
to a method of;recotering.a-boron trifluoride complex which
comprises applYipg_a direct .and/or alterﬁeting voltage to an
electrically—noﬁcohductive fluid in which boron trifluoride
complex is dispersed and/or dissolved, thereby separating
the boron trifluoride complex by settling it from the
electrically—nquonductive fluid, and then recovering the
separated complek;rf

A secopdufeature of the presentzinvention relates

to a method ofjfecpﬁering a boron triflnoride complex in the

above first fe _i” wherein electricufield strength of

direct and/or alternating voltage is in;the range of 0.001-
40 kV/mm.

A third feature of the present invention relates

to a method of recovering a boron trifluoride complex in the

above first:feeture, wherein the temperature of the

electrically-no@doqductive3fluid whiié spplying a direct
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and/or alternatlng voltage is in the . range from -100°C to

-

+50 cC. _

""" A-fou:tﬁ feature of the preseﬁtsinvention relates
to a method of recovering a boron trifldéride complex in the-
above first feature whereln the complexlng agent which
forms a complex with boron trifluoride 1s a polar compound.

A fifth feature-of.the present inventhg relates
to a method of :eCQVering a boron triflgqfide complex in the
above fourth feetu:e, wherein the poiat.éqmpound is the one
selected fromﬁtte grosp consisting of water, alcohols,
ethers, phenols,fketones, aldehydes, esters,'acid anhydrides
and acids. | B |

A sixth feature of the p;esenteinvention relates

to a method of recovering a boron trifluqiide complex in the

~ above first feature, wherein the molar ratio of boron

trifluoride to ¢emplexing agent in the;complex is in the
range from 0.01:1 to 2:1. |

A seveﬁth feature of the preseﬁt‘invention relates
to a method of;re¢QVering a boron triflud?ide cemplex in the
above first featé?e;twherein the‘ele¢tié§ally-nonconductive
fluid is.a hydrgéarben fluid.

An eighth feature of the prese;% invention relates
to a process for .producing olefin ollgomer which- comprises
the following steps from (1) to (IV),:_

(1) polymer1z1ng olefin in a 11qu1d phase in the

presence of a boron trifluoride complex catalyst comprised
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-of boron trifluoride and a complexing agent

(II) after polymerization

and/or alternating voltage to a reaction mixture in which

boron trifluoride complex catalyst is at least partially

dispersed and[o'"dissolved thereby separating the complex

catalyst by s 1ing owing to the difference of specific

gravity,

(II";"ecovering the separated complex catalyst by

settling from- the_reaction mixture and

to a process}fbf_pnoducing olefin oligomer in the above

eighth feature herein the concentration of olefin in a
feed mixture. in”the 1iquid phase polymerization is 5% by
weight or more,hf;

A tenth*feature of the present invention relates

to a. process f"r producing olefin oligomer in the above

eighth feature ;haieih the-molecular.ﬁéight of the olefin

oligomer is i ﬁ”frange.of 100-100, 000:3

According to the present invention it is possible

to recover.a omplex catalyst easily w‘thout changing the

molar ratio"of-boronwtrifquride complext:nly by applying an

electric fiel _af%esp;tg the recoyered complex can be

reused.
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production of_olefin oligomer ﬁsing éfhofon trifluoride
complex catalySt; " That is, it is po#éible to apply an
electric volﬁagef to the reactin_ mixture after
polymerization,,fo separate the boron'tfifluoride complex
cataljst by settling from thé‘reactionlﬁixture, to recover
the'complex cétéiyst without any chaﬁéé in coordinétion
number of 1igands; and to reuse it as it;gtands._‘ _

The amount of boron trifluq;i@e used in cation
polymerization 6f‘blefin is ﬁsually O;OOOi}O.S mol per 1 mol
of olefin compoﬁénts'to be_polymerized.”tﬁfter the reactions
as the above, ati;east a part of boron t;ifluoride complex_
catalyst is stab;y_dissolved.or disperééﬁ in the reactioh
mixture, and it is very difficult to:réédver the dissolved
or dispersed complex catalyst like this. Therefore, it is
very hard to sepérate boron trifluoridg complex catalyst as
it stands from-fhe reaction mixture and;to reuse it. The
present invention relates to a skill for recovering a
complex-catalyst_dissolved or disperéed in a reaction
mixture, reusing it,.thereby reducing théfcatalyst cost and
the load of succgeding steps. B |

The p:ééénﬁ.invention-will bé{éescribed in more
detail in the foliéwiﬁg. e

A bordnftrifluoride Eomplegéin the present

invention means a complex of boron triflgpride and various

polar compounds. -Boron trifluoride’is.ap- o form a complex

with polar compounds such as oxygenécoﬁﬁaihing compound,
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in various ratios, that is, in various molar coordination
ratios. These complexes formed are used typically as

catalysts for many kinds of reaction._ Therefore boron

trifluoride complexes used mainly as catalyst will be

described in the 'ollowing.

Complexing agents used for preparing the complex
catalyst in the present invention can form complexes with

boron trifluorid'éby physical or chemical bonding strength.

Exemplified as the complexing agents are organic or

1norganic compounds that is, oxygen-containing compounds
such as water alcohols, ethers, phenols, ketones,

aldehydes, esters organic acids andﬁacid anhydrides,

nitrOgen-contain‘ng compounds, sulfur-containing compounds,

phosphorus-co aining compounds, 1norganic acids and so

forth. Boron- trifluoride can form complexes with aromatic
compounds such as benzene besides the above compounds.
Further complexing agents which form boron

trifluoride complex catalysts suitable in the present

invention will be 'escribed in the folloWing, although they'

do not restrictf._e invention.

ThatﬁisT eﬁemplified as alcohéls are aromatic or
Ci-Ca0 aliphatic alcohols, where the Cl‘czo hydrocarbon
group may be straight -chain alkyl branched-chain alkyl such

as sec- and tertgalkyl, alicyclic, or alkyl having an alicy-

clic ring or rings. As examples, there are methanol, etha-
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nel, propanol butanol pentanol hexanol heptanol, octa-

nol, nonanolf5 canol iand benzyl alcohol cyclohexanol and
so forth. Further dlols can be also used.

Exemplified as ethers are those having aromatic or

Cl-czo allphatlc:hydrocarbon group, where the Cl'czo

hydrocarbon skeleton may be stralght chaln alkyl group,
branched chanin alkyl group such as sec- and tert alkyl,

alicyclic group, or alkyl group having an allcycllc ring or

'rings. As examples, there are dlmethyl ether, diethyl

ether,imethyl thyl ether, dipropyl ether, .methyl propyl

ether, ethyl~br6le-ether, dibutyl ether, methyl butyl

ether, ethylfb 'yl ether, propyi butyl ether, dipentyl

ether, . and phenyl'methyl ether, phenyl ethyl ether, diphenyl

ether, cyclohen_l methyl ether, cyclohexyl ethyl ether and
so on.: i

As phenols monohydric to trlhydrlc phenols are
suitable. More particularly, phenol and cresol are prefera-

ble.

Exemp'lfled ‘as ketones are those having aromatlc

or C1-C6 allphatic hydrocarbon groups wherein the C,-Cg

f XN

hydrocarbon si__e_,ns may-be stralgh chain alkyl group,
branched- chaln alkyl group such as sec- ‘and tert-alkyl,

alicyclic group,_or alkyl group hav1ng an alicyclic ring or

rings. As examples there are methyl ethyl ketone, diethyl

ketone, methyl:butyl ketone and cyclohexanone and the like.

Exempl;fled as esters are;those obtained by
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esterification. of axr omatlc or C;~-Cg a11phatlc alcohol with

aromatlc or Clegs.aliphatic carboxylic;acids, or phosphoric

acid, where thé*Cl—Cs hydrocarbon skeieton may be straight-
chain alkyl group, branched-chaln alkyl group such as sec-
and tert- alkyl allcycllc group, or. alkyl .group having an
alicyclic ring;or rings. As examples' there are methyl

formate, ethylfformate methyl acetate, ethyl acetate,

- propyl acetate, butyl acetate, pentyl acetate, hexyl

acetate, ethylfhexanoate, ethyl benzoate and completely
esterified products of phosphoric acid such as tributyl
phosphate. .ﬁ" - _ii

Exemplified as organic acids are aromatic or C;-Cg
aliphatic carboiylic acids or their}halogen substitutes,
phosphoric aciﬁﬂ_and partially esterified'products of
phosphoric ac1d w1th aromatic or Cl-C6 allphatic alcohols,
where the Cl’cﬁ hydrocarbon skeleton may ‘be straight-chain
alkyl group,jbranched-chaln alkyl groqp.such as sec- and
tert—alkyl,.alicyclic group, or alkyl Qroup having an
alicyclic ringﬁor rings. As examples; there are formic

acid, aceticjacrd,“propionic acid, o#alic'acid, malonic

acid, benzoic'aoia,7diethyl phosphate and the like.

Further,~exemplified as_i organic acids are
phosphoric acidIlhydrochloric acid and the like.

The . above complexlng agents 1n each complex system

can be used alone and also as a mixture”"f two or more kinds

thereof in approprlate ratios. A complex itself can be
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prepared accord;ng to the conventlonal methods. For

example, complex may be previously prepared and it is also
possible- to PUFyboron trifluoride and one or more kinds of
complexing agents.in a given ratio into a reaction system.
separately or - at once, and- cause formation of a boron
trifluoride complex in the reaction 11quid.

The molar ratio of boron trlfluoride to complexing
agent is preferably in the range from O. 01 1 to 2:1. If the
molar ratio of boron trifluorlde to complexing agent is less
than 0.01, a catalyst activity is too low to achieve the
object of olefin;polymerlzatlon. 1f the;molar ratio is more
than 2, boron,trifluoride"is too mucﬁicompared with the
complexing agentjto keep a stable cod;dination, causing
trouble in keep§n§£the molar ratio of boron'trifluoride in a
recovered_cataljst. "As a result,.it“isﬁnecessary to adjust
the molar ratioimhen reusing the recovered catalyst, which
makes the processjcomplicated undesirablp;

In preparing a complex catalyst; it is possible to

use a solventTWhich is appropriatei& inactive to the

reaction and can;dlssolve or dlsperse the complex.
Accordlng to the present invention, the complex can be
separated and recovered easily by comblnlng or agglomeration

caused by applylng an electric field. Therefore, the

complex in the ; form of liquid is des1ra 'e. However, when a

even solid complex

behaves like a liquid complex and can be treated according
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the'present invention.

“ In order to separate and recévér a boron trifluo-
ride complex.by applying an electriéifield, the fluid
containing the boron trifluoride compléx_must be electrical-
ly-nonconductive. Any fluid is not parﬁicularly restricted
so long as it is electrically-nonconductive and can disperse
or dissolve at léast a part.of pofq;,trifluoride. As
examples, there are hydrocarbon fluids,'preferably—;liphatic
hydrocarbon fluids. ..

When a boron trifluoride coyblex is useé as a
catalyst, a reaction mixture contaiﬁing the catalyét
obtained by reaction is the object fluid to which an
electric field is applied. For example, when an aromatic
compound is alkylated by olefins with_a*boron trifluoride
complex catalyst, the mixture composed of the feed, an
alkyl-substituted aromatic compound as ﬁhe product, and the
boron trifluoride complex catalyst can be used as the
object. When styrene or olefin sﬁchias isobutene is
polymerized to obtain oligome?, the mig#ﬁre containing the
feed, oligomer and the boron trifluoriééscomplex catalyst
can be used as the object. Further, iqgé reaction.where a
Cgq aromatic fraction obtained from a napgﬁha cracker or a Cy
fraction containing isobutylene and otpé;s is Supplied“as
feed to produce petroleum resin or poljﬁu;ene respectively,
the reaction mixture containing the feedi ietroleum resin or

polybutene as the product, and the boron. trifluoride complex
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catalyst can be used as the object for. applying an electric
field.. :

The eron trifluoride complex is Qenerally
dispersed in fhe abovewelecérically—pbnconductive fluid.
Thus, a boron f:ifluoride cdmplex is:hardly soluble in an
electrically-nongqnductive fluid. However, not only when it
is just dispe:séd-with cloudinesé, But also when it is
dissolvéd and i$7tranéparent at a glancé, the compiéx can be
separated and recbVered by applying an;elgctric fiéld or by’
changing the condit;ons in applyihéLan electric field.
Accordingly, thg'form of complex infthe fluid; whether
dispersed or.dié#olved,_is not so iméprtant. However, as"
mentioned above;:thé complex must be inkthe form of liquid,
and when in the-form of solid, it is liquidized for use by
dissolving or:digpgrsing in a suitable éolvent.

Accordihg fo the present inveﬁtion which comprises
applying the following direct and/or aiternating voltage to
an electrically-nonconductive £luid in which a boron
trifluoride complex is dispersed and/@?'dissolved, it is
possible to agg;omerate and settle tﬁé.diséersed and/or
dissolvéd complgk}catalyst without chénéé?g the molar ratio
of boron triflUQride complex to coﬁfiexing agent and
separate it from'the-reaction mixture: -

In the present invention,zfﬁe reason why the
complex is'separated by settling by aé1iying an electric

s follows. As for

voltage is not clear, but it is surmised:
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a boron trifluoride_complex, it is ségposed, althodgh the
complex itself or the liquid drop iégelf.containing the
complex is not charged with electricity,-there is an
electric polarization or an electric dev1at10n between boron
trifluoride and ligands. When an electric voltage is
applied to the complex molecule, the electrlc polarlzation
diminishes paftially and an electriclienﬁlsion among the
complex molecules disappears, so‘fhat comclning or
agglomeration among the complex molecules is caused. It is
supposed consequently that the combiqed or agglomerated
complex is separated by settling owing;to a_difference of
specific gravity to form a lowefnlayer under the
e1ectrically-noncondnctive fluid ccntaining the complex, and
can be separated from the electrically-ncnconductive fluid.
As an electric voltage appliedéco an electrically-
nonconductive fluid such as hydrocarbcnﬁreaction mixture,
either a direct voltage or an alternaﬁing voltage may be
used. Both direct and alternating voltages can be also

applied independently at once. The elecf;ic voltage can be

generated by means of a_conventionaffCOnstant—voltage

generator. An electric field strengt ‘generated from a

direct and/or alternating voltage can_éébarate the complex

easily so long as it is 0.001-40 kV/mm preferably in the

range of 0.01-1 kV/mm. Further, somecfﬁuctuatlon of the
electric voltage can be .allowed. :Iﬁ an electric field

strength is less than 0.001 kV/mm, the ccmplex can be hardly
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separated by settling. On the other hand, if an electric
field strength is more than 40 kV/mm, a 'dielectric breakdown

phenomenon and side reactions such as electrolysis of the

components take place._ Both cases are undesirable.

A distance-between the electrodes to which a
direct and/or alternating voltage is Qpplied is selected
appropriateiy, for example, from the range of 0.1-100 cm,

preferably 1-50 cm. 1In the present invention, any apparatus

-for applying an electric field can be used without any

restriction on its shape or structure, so long as it

contains the means of applying an electric field to the

. object fliuid between at least one pair;of electrodes. As

for the shape of electrode, any shape such as plate,
substantial cylinder, hollow cylinder and sphere can be
used. The surface of electrode can be porous or netlike. .

Thus, besides parallel electrodes, these can be suitably

- combined into a pair of electrodes. In this case,

separation efficiency can be adjusted sﬁitably by varying
the distance (space) between electrodes together with
varying an electric voltage to be appiigd, and it is also
possible to reverse fhe polarity; of electrodes
appropriately. Furthermore, plural pairéiof electrodes can
be combined together. .Because the .object fluid is
electrically-nonconductive even though¥containing boron
trifluoride complex, an electric curréht{hardly flows when

an electric voltage is applied, so that -the electric power
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consumed is very littie. In this point, the present
invention is also very profitable.

The temperature of.elecfriéal}y-nonconductive
fluid when an electric voltagé is applié§ is not especially
restricted so long as it is within the fénge from -100°C to
+50°C. ﬁowever, when the treatment is carried opt in the
presence of catalyst, it is_preferablé'to select a range of
temperature lower than the reactioh téﬁperature,_so as to
prevent as far as possible the comesition_of reaction
mixture from changing due to an effect qficatalyst.

 Further; the time interval of applying an electric
voltage is hot especially restricted. Fpr example, when an
electric voltage is applied in a batch #ype, it is usually
possible to select appropriately out of'the-range from 1
minute to 1 hour, depending on the conceﬁtration of complex,
the kind of ligand in a complex and so forth.

During the period of applying ah electric voltage,
the electrically-nonconductive fluid is preferably left
still without stirring and the like.}_Although a boron
trifluoride complex can be separated byéﬁnly leaving still,
but it can be separated and recovered m.mﬁ more quickly and
easily by.applying an electric field jéihtly than by only
leaving still.

Although leaving still'isgpreferable while
applying an electric field, it ié'pgt§ible to flow an

electrically-nonconductive fluid so longfas the separation
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of complex by settling is not disturbed. Therefore, it is
possible also to utilize a method which comprises flowing
the fluid 1nuag appropriate piping, applying an electric
voltage to the;e;ectrodes of appropriate'shape installed in
the piping,?add separating the céﬁplex by .settling
continhously.ifi ;;

In agplying an electric voltéée, if the viscosity
of electrically-nonconductive fluid as the object is very
high, separatida of the complex cataiyst by settling is
insufficient. ;?:om thisppéint of view,itﬁe viscosity of the

electrically-ngp@pﬁductive fluid as'theﬁobject~for applying

‘an electric voltage is preferably 10,000 cP (centipoise) or

less at the temﬁeiature while applying-aﬂ-electric voltage.
Further, it is possible to adJust the viscosity of

the system w1thin the above range for applying an electric

voltage by adding an inactive solvent to the fluid.
Althoggh the eoncentrationepf complex in the

electrically~nngqnductive'fluid as the;gbject for applying

an electric véltage is not especially'restricted, it is
usually 0.00l%fpy weight or more preferably. If the

concentration}ﬁf;ébmplex is too low, there is a tendency

that the effestfby applying an elect ic voltage is not

demonstrated sufficiently. Though thé upper limit is not
set, it is usuai;yzlo% by weight or less

‘In afreaction which is carried out with boron

trifluoride as’ catalyst the catalﬂst is prepared by
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coordinating complexing agents selected ﬁepending on the
object reaction in appropriate ratios.

Exeﬁplified as reactions us;ﬁg boron trifluoride
as catalyst are those which comprises ddﬁtacting an aromatic
compound and an olefin with a boron trifluoride complex
catalyst to promote alkylation, and obtéining alkyl-substi-
tuted aromatic compounds. As examples,:there is alkylation
in which aromatic compouhds such as-benzene, tﬁiuene and
xylene, and olefins such as ethylene, propflene, butene and
butadiene are -used. | )

Exemplified as reaction solvents in.thé above
reactions are hydrocarbons inactive to the reaction, that
is, n-paraffin such as ﬁ-butane.and;;éoparaffin such as
isobutane and isooctane, and also the_ﬁeaction feed itself
such as benzene and toluene. With the:alkylations, for
example, ethylbenzene, propylbenzene, buty1benzene and
butenylbenzene are_produced;

Further, exemplified aé reacfions using boron
trifluoride as catalyst are also thoéé.which comprises
polymerizing one or more kinds of unéaturated aromatic
compounds such as styrene and vinyl tolugpe_or olefins ‘such
as butene and isobutene. Exemplified'éé;solvents for the
reactions are hydrocarbons inactive toéfﬁe reaction, that
is, n-paraffin such as n-butane and iggparaffin such as
isobutane and isooctane, and also the reégtion'feed itself.

With the polymerizations, olefin oligomeréﬁbf relatively low
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molecular weight are produced. Eor example, oligomer of
styréne or isobﬁténe can be obtained.

By using as a reaction feed.the fractions from a
naphtha crackei, for”exémﬁle, a cg-aromatic fraction
containing arématic olefins such as vinyl toluene, a Cg
fraction containing aliphatic olefins sgCh as piperylene, or
a C4 fraction containing olefins sﬁch-aéfl-butene and trans-
or cis-2-butene besides isobutylene, a#ﬁmatic or aliphatic
petroleum resin or polybutene can be obpéined.

In polymerizing olefins, boroﬁ trifluoride complex
catalysts are often used.: If theiabove mefhod for
recovering a boron trifluoride complexﬁ¢an be utilized for
this polymerization, .cost of catalyst?éan be reduced, and
further environmental pollution due to~£he catalyst residue
can be avoided, so that a conéiderable;amount of profit is
obtained.

Then, a process for polymerizing olefin with a |
boron trifluoridé complex catalyst, fbr recovering the
complex catalyst after polymerization, and for reusing the
recovered catalet will be describéd:és foiloﬁs, which
overlaps the above descriptions partiallﬁ,

More particularly, the above pﬁOcess for recover-

‘ing and reusing is comprised of the fblléﬁing steps from (I)

to (IV):
(I) polymerizing olefin in a.i$quid phase in the

presence of a boron trifluoride comple#f&atalyst comﬁrised
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of boron trifluoride and complexing ageﬁf:
(II);after polymerization;:?pplying a direct

and/or alternating voltage to a reactibp5mixture in which a

boron trifluoriﬁe.complex catalyst is;at least partly dis-

persed. and/or diésolved to thereb§ sééarate the complex
catalyét by sétfling owing to a diifgrence,of specific
gravity, o

(III) recovering the cbmplex-défalyst separated by
settling from the reaction mixture, and=f¢

(IV) ﬁolymerizing olefin in é:liquid phase using
at least a partﬂbf‘the recovered complex catalyst.

First,tin the step (i), olefin;is polymefized in a
liguid phase in the presence of a bpronftrifluoride complex
catalyst compriéed-of boron trifluoridgtand a complexing
ageﬁt. |

Olefiqs;to be used here are mainly butadiene,
isobutene, butene-1 and cis- or trans?ﬁutene—z.' Besides

these, however, any olefin can be used so long as its

cationic polymerization can be caused by a boron trifluoride

. complex catalyst. For example, othefgyhan the above C,

olefins, Cz-czofaliphatic olefins'§iph as ethylene,

propylene, isoprgne; pentene and hexenérﬁ; Cg-Cjp aromatic

olefins such as styrene and vinyl tolﬁ'”e, and alicyclic
olefins such as DCPD can be used as feedlifThese olefins may
be used for polymerization either alﬁhﬁ;or as a mixture

thereof.
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In polymerization, the céncen#ration of.olefin is
preferably within the range of 5;100§fby weight. If the
concentration of olefin is less fhaﬁ-S% by weight,.an
economical loss in practice is undesi:éhly great. Besides
olefins, solvents which are inactivqﬁto reaction can be
appropriately used, for exampleh_hydrdéarboﬁs including n-
paraffins sﬁch-as n-butane and'isofaraffins such as
isdbﬁtane and isooctane. Exemplified as industflal feeds
ére'cs fraction containing aliphatic olefins such as
piperylene, and ¢4 fraction containinguolefins such as 1-
sbutene and trans- or cis-2-butene, and_further_isobutene and
n-butane. _

| As mentioned before, inofgaﬁic or organic polar
compounds can be used as complexihg égents which form a
complex with boron trifluoride. Exemplified as the polar
compounds are, as the above, water,ualcohpls, ethers,
phenols, ketones, aldehydes, esters, 6rganic or inorganic -
acids, and acid anhydrides. ' |

The molar ratio of boron triflyoride to complexing
agent in a complex can be in the rang§§of 0.01:1-2:1, as
mentioned above. - -

In theée above reaction,-boroﬁ?trifiuoride in a
catalyst is usually used in the ratio of?§;0061—0.5 mol to 1
mol of olefin to be polymerized. 'The'regétion itself can be
carried out according to the conventioﬁéi;methods, either in

a batch type or in a flow type. Although the reaction
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temperature apg the reaction time are not especially
restricted, it ie preferable to select. fhe temperature from
the range from —100 C to +100° c and the ‘time from the range
from 1 minute to: 4 hours. L

Then, 1n the step (I1), a dlrect ‘and/or alternat-
ing-. voltage is: applied to the reaction mixture in which
boron trifluor;de is at least partlzfdispersed and/or
dissolved to gﬁereby separate the cehplex catalyst by
settling owing pé.a difference of specificigrav;ty.

In 1i§ﬁid phase polymerization of olefin, the
reaction mlxture is obtained, whlch is comprised of the
produced olefin;oligomer, unused reactants and a boron
trifluoride compiex catalyst-dispersed or: dissolved therein.

The nq@per average molecular.weight'ef the olefin
oligomer whichffs'obtained by polymerizing olefin in a
liguid phase iSﬂp?eferably in the range of 100-100,000. If
the molecular weipht is less than 100, it is too small for
useful olefin diigemer. If the molecular weight is more
than 100,000, tﬁepamount of a diluting solvent necessary for
separation 1ncreases too much to be economical.

In applylng an electric voltage, if the v15cos1ty
of the obJect reaeg;on mixture is extreme;y high, a complex
catalyst can noﬁlbe separated by setfiﬁng sufficiently.
From this point of view, the viscosity of the reaction
mixture as the eﬁjeet for applying.an eiectric voltage is

preferably 10,000ch (centipoise) or 1esefat the temperature



10

15

20

25

- 24 -

when applying an electric voltage. . Iﬁlotder to adjust the

temperature within tﬂl;'range, an 1nactive solvent can be
appropriately added to the reactlon mixture to which an
electric voltage is applied.

By applying an electric voltage to the reaction
mixture containing a complex catalyst by means of the above
method, the complex catalyst is separated by settling to
form a lower layer in the reaction mixture. In other words,
the complex catalyst whieh is disperaed or dissolved is
agglomerated or combine& together by aﬁplying an electric
voltage and eeparated by settllng owingﬁta'a difference of
specific gravity. - |

The conditions in.applying"adﬂelectric voltage
such as electric field strength andsgadistance between
electrodes are as mentioned before. Tpatiis, electric field
strength ean be in the range of 0.001;40 kV/mm, and the
temperature in the range from -100°C to +$O°C. The time for
separation by settling is not especiaily restricted as
mentioned before, and usually can be seleeted froﬁ the range

from 1 minute to 1 hour depending on ta Eextent of leaving

still.

. Then, 'in the step (III), the:quplex catalyst
separated by settling from the reaction mixture is
recovered. |

By withdrawing the complex-cat -yst separated by

settliﬁg continucusly or intermittehtlyﬁwith appropriate
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means from the-ﬁeaction systen, tﬁe-éoﬁﬁlex-catalyst can be
recovered fromzthe reaction mixture . K
Furéhermore, in the-stepé(IV), olefin is
polymerized inyé}liquid phase using at;ieést a part of the
recovered complei catalyst. .'_ |
. Becau;é the molar coordin&;ion ratio of the
complex catalyst:which has settled Fq,fétm a lower layer is
substantially not changed from thafébefore u;é in the
reaction, the catalyst has the same‘acﬁivity'as before and
can be reused as it stands for the'rééction. Th&é, by
reusing cataljSt, it is possible:to r;duce the catalyst
cost. - |
In théfsecondror.later reaétion, a new boron
trifluoride complex catalyst can be added appropriately.
For example, thé;complex catalyst isjs#ﬁplemented with the
new one by the.a?punt corresponding to #hat of the complex
catalyst whichfhas been lost out of tﬁe reaction system
together with oléfin oligomer. 'Furthef,,it is possible not
only to suppleméﬁq the complex.itself,_bﬁy also to add boron
trifluoride and a complexing agent:a§ §bmplex components
simultaneously bfwseparately. Furthermogé, when reusing the

recovered catalyst, diluting agenﬁs can be added

appropriately.

In polymérizing olefin whgné;the'catalyst is
reused, the same reaction conditionsfégﬁgbe used as in the

initial polymerization. For éxampié,?it is possible-to
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polymerize olefin continuously, sepérate'and recover the
catalyst at the same time by the presehi_method of applying
an electric voltage, and recycle the recovergd cafalyst into
the polymerization zone confinuouslyﬂorgintermittently.
However, as for the recoveredmcatalyét,3gppiépriately varied
polymerization conditions can be also ﬁééd. _ |
After sebarating catalysf?from the reaction
mixture,  the objective olefin oligomer can be obtaghed by an
appropriate separating means such as disfillation; When a-
little of complex catalyst remains inmﬁhe olefin oligomef
obtained, it can be removed if necessary by the conventional
methods of remo#ing.catalyst, for examﬁle,_an appropriate'
neutralization step. The removalﬂof'thegremained complex

catalyst can be carried out easily, because almost all

complex catalyst has been already removed.

BRIEF DESCRIPTION OF DRAWING
Fig. 1 is a graph showing the results of measure-
ment on 13c-NMR spectra of a boron trif;ggride diethyl ether

complex before and after reaction.

BEST METHOD FOR CARRYING OUT ?Hﬁ;INVENTION
In the following,-the preé#nffinvention will be
described in more detail with.ekampleé.;i¥
<Production of Boron Trifluoride Compiegiéatalyst>

A complex catalyst was prepafediby injecting boron
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“trifluoride (purity 99.7%) into a cbmplexing agent kept
"below 0°C while restraining the incrqﬁse of temperature,

"unfil molar coordination ratio reachéd the predetermined

value. Not particularly mentioned in déféil, the complexes
susceptible to decomposition were'prgparéd and preserved
below the decomposition temperature andfserved. -
<Equipments for Experiment>

A l-liter four neck flask is éguipped wi;h a pipe
for introducing nitrogen gas, a stirriﬁg apparatus, a bomb
for storing gas, a pipe for injecting gés, a thermometer and
a cooling vessel-at low temperature, and paral1el electrodes

comprised of two flat plates are installed in the flask with

'a distance of 5 mm. Further, an external electric source

which can provide a stable direct or alternating voltage is
seéured, and the two output lines are cdﬁnected with each of
two parallel elec;rodes. However, the external electric
source is kept suspended until an eléctric voltage is
applied after the end of reaction.

<Example 1> _

Under a nitrégeh.flow, the aboﬁe flask was charged
with 100 g of isopcfane (extra pure) aéjdiiuting solvent,
and provided with.pure isobuténe while béing kept ~-25°C with
stirring in the flask, and then supplged with 2.09 g of
boron trifluoride diethyl ether complég;(izl mol adduct),
thereafter reactioﬁ wasucarried out_fsr 30 minutes with

stirring violently.
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After the reaction, ‘a. 500 V direct voltage was
applied to two parallel electrodes in the reaction solution
kept -25°C from an external electfic séurce for 30 minufes,
whereupon 198.3 g of coloriess, transpareﬁt upper layer
liquid and 1.78 g-of’coloxless, tranSparent lower layer
liquid'were separated with an interface:forméd.

'Thé upper laygr oply was-withdrawn,'neutralized

with a dilute agueous solution of sodium hydroxide:-and then

'diétilled by a vacuum distillation'to'rémove isooctane and

lighter fraction, after that the conversion - of isobutene

participating in the polymerizing reaction and the yield of
olefin oligomer .produced were determined.

The lower layer was preserved;ih;aﬁother vessel.
The above flask was charged again with.foo g of isooctane as
diluting solvent, and provided anew with 100 g of isobutene
while being kept -25°C with stirring in the -flask, and then
supplied with 0.31 g of bofdn trifluq#ide diethyl ether.
complex corresponding to the amount of that lost in the
first reaction and 1.78 g of the complex preserved in the
other vessel together, after that polymgpizing reaction . was
carried out. o

After the reaction, a.500;Vi§ifecf voltage was
applied into the reaction solution ffom é; external electric'
source for 30 minutes siﬁiiarly as iﬁ the first time to
carry out the séparation with an inférface formed. The

upper layer only was withdrawn similarly as in the first
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time, and neutralized with a dilute aqueous solution of'
sodium hydroxide, after that the convgrsion and the yield
were determined. | o

' The above piocedure~was repéa#ed three times, that
is, four polymerizing reactions were carried out
successively.

The lower layer liquid obtained after the first

polymerizing reaction was measured by 139—NMR. -
Fig. 1 is a measurement on l?é-NMR spectra of a

boron trifluoride diethyl ether complex before and after the

use in a reaction. The numerals on the axis of abscissa

. indicate the chemical shifts exprégsed:in pPpRm as compared

with the peak of tetramethylsilané}(TMS). . In the
measurement by 13C-NMR, boron triflucride diethyl ether
complex having the molar coordination rafio of 1.0:1.0 shows .
two peaks of 12.9 ppm and 69.9 ppm due to carbon atoms of
diethyl ether. When the molar ratio iéfvaried, two peaks
show shifting. However, when a 13C—NMR measurement was
carried out on a sample of the boron #pifluoride diethyl
ether cémplex obtained after the end of.#éaction, peaks were
found at the same locations as those megéured in an unused
complex-catalyst. Thus, it was found oyf.that the complex
had the same molar ratio as before the rg@gtion.

The results on polymerizatioﬁfih the upper layer
and the ratio of the amount of the cpmp;gx catalyst settled

down in the lower layer to its amount charged {recovery) in
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the first and fourth reactions ﬁill be shown in Table 1.

- Table 1
Reaction Conversion of Yield of f Recovery of
Order Isobutene Oligomer . Complex Catalyst
1 98.0 mol$% 94.7 wt% 85.1%
4  97.7 mol% 93.8 wts% 84.7%

<Example 2>

After polymeriiingfreaction waé carried ;ﬁt in the
same way as in Example 1! a 500 v alternating voltage was
applied into the reactién mixture for 30_minutes, whereupon
197.5 g of colorless, transpérent upper layer liqﬁid and

1.71 g of colorless, tranéparent‘lowe;;layer liguid were

- separated with an interface formed.

Similarly as in Example 1, the upper layer only
was treated subsequently, and the convefsion of isobutene
and the:yiéld of olefin oligomer were defgrmined.

The lower layer was preserved_in another vessel.
The above flask was charged again_with isooctane and
isobutene, and then supplied with 0.38 qﬁof boron trifluo-
ride diethyl ether complex (1:1 mol éqguct) lost in the
first reaction and 1.71 g of the comp1§§1preserved in the
other véssel together, after that polyméiizing reaction was
carried out. | i

The above procedure was repgatedfthree times, that
is, four polymerizing reactions _@é#e carried out

succéésively. The results on polyméri#ation in the upper
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layer and the ratio of the amount of the complex catalyst
settled down in the lower layer toiits amount charged
(recovery) in the first and fourth reactions will be shown

in Table 2.

- polymerizing reaction was measured by I3¢

Table 2
Reaction Conversion of vield of - Recovery of
Order Isobutene Oligomer Complex Catalyst
i 97.9 mol% 94.5 wt¥ 81.8%
4 97.8 mol% 93.6 wtd - 80.7%

<Example 3>

Polymeriiing reaction waé carried out in fhe same
way as in Example 1, except for using 1.69 g of boron
trifluoride ethanol :complex (1:1 mol adduct) as a complex
catalyst. |

After the reaction, a 500 V direct voltage was

‘applied to two parallel electrodes in the reaction solution

kept -25°C from an external electric source for 30 minutes,
whereupon 198.3 g of colorless, transparent upper layver
liguid and 1.44 g.of colorleés, tranéﬁarent lower layer
liquid were separated with an interfacefférmed.

Similarly as in Example 1, tﬁé_uppet layer only
was treatéd subseguently, and the convefsion of isobutene
and the yield of olefin oligomer were detgrmined.

The lower layer liquid obtaiqéd after the first

-NMR similarly as

in Example 1, whereupon it was found out that the catalyst
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was boron trifluoride ethanol and did not'varied in molar
coordination ratio.f- |

The lower 1a§er was preservéd in another vessel.
The above flask was cha:ged.aéain with_ldo g of isooctane as
diluting solvent, and provideh anew'witﬁgloo g of isobutene
while being kept -25°C with stirring inf#he flask, and then
supplied with 0.25-9 of boron trifluo#ide ethanol complex
(1:1 mol.adduct) corresponding to the a@qunt.of that lost in
the first reaction and 1.44 g of the éé@plex preéerved in
the other vessel together, after that boiymerizing reaction
was carried out. | _

The above procedure was-repeaﬁgd three times, thaf
is, four polymerizing reactions were carried out successive-
ly. The results on polymerization injthe upper layer and
the ratio of the amount of the complex.ééxalyst settled down
in the lower layer.to its amount charééd'(recovery) in the

first and fourth reactions will be shown in Table 3.

Table 3
Reaction  Conversion of’ Yield of . Recovery of
Order Isobutene Oligomer . - Complex Catalyst
1 98.3 mols 78.5 wt% 85.2%
4 97.5 mols 77.3 wt$ = .  83.8%

<Example 4>

Polymerization of isobutene W" . carried out using

isobutane as solvent. That is, a £leé :was charged with

200.0 g of isobutene diluted with i;ébutane, and then
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' supplied with 1.64 g of boron trifluoride diethyl ether

complex (1:1 mol adduct) while.being kepf 125°C, thereafter
reaction was carried out for 30_minures with stirring
violently. | B | ‘

After leaving still, a 560 V:hirect voltage was
applied to two parallel electrodes in the reaction solution
kept. -25 C from an external electric source for 30 minutes,
whereupon 193.5 g of colorless, transparent upper layer
liquid and 1.39 g of colorless, transparent lower layer
liquid were separated with an interface:formed.

' Similarly as in Example 1, the upper layer only
was treated subsequently, and the convers;on of isobutene
and the yield of olefin oligomer=were:determined.

The lower layer was preserredfin another vessel.
The above flask was charged again wiih isobutane and
isobutene, and then supplied with 0L25'§§of boron trifluo-
ride diethyl ether c0mplex oorrespondiﬁg to the”amount of
that lost in the first reaction and 1.39 g of the complex
preserved in the other vessel togé@her, thereafter
Poiymerizing reaction was carried out.-'ef

The above procedure was repeated;three times, that

is, four polymerizing reactions were carried out successive-

ly. The results on polymerization in t:e upper layer and
the ratio of the amount of complex catal st settled down in
the lower layer to its amount charged

first and fourth reactions will be shown;iﬁ Table 4.
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Table 4
Reaction Conversion of Yield of - = Recovery of
Order Isobutene Oligomer .- Complex Catalyst
1 89.5 mol% 85.3 wt% 84.8%

4 ’ 88.5 mol% 84.7 wt% 84.2%
<Comparative Examples 1l-4> ' |
| In Compar;tive Examples 1-4, polfmerizations
were carried out in the same conditions as in the first
polyherizing reaqtions ofaExamples 1-4 respectively, but any
electric voltage was not applied to the reaction mixtures.
While they were left still after the reaction with
its temperature being kept, the‘boron trifluoride complex
catalyst in every Example was.held in:the 'state of being
dispersed in the reaction liquid, ahd_was not separated by

settling as it was.

. INDUSTRIAL APPLICABILITY

The present method, wherein the electric current
flowing through a fluid by applying an g;ectric voltage is
zero or very weak, hardly consume the.eiégtric power and is
economical. Moreover, it does not chanéé the composition of
.the'fluid such as reaction mixture ahdl@oes hot give any
other effect than separating boron t:ifludride complex.
Therefore, it can present aﬁ industrialli;ﬁseful process.

Furthermore, in producing oléf;q_oligomer using a

boron trifluoride complex catalyst for the reaction, it is
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possible to separate the complex catalyst by settling from
the reaction system and recover ifiin an industrially
economicai aﬁa.eaSY way by applyiﬁg a direct and/or
alternating voltage into the reaction mixture produced.
Moreover, -the catalyst does not lose iﬁé activity and can be
utilized.repeatedly. |

The conveﬁfionai processes for sepafgting and
removing the used cataiyst utilize :the methods which
comprise neutralizing with aqueousf§olutions of basic
substahces such as ammonia and caustic éoda and washing out
by water. From the washing prdcegsﬁ a -large quantity of
waste water containing fluorides as neqfralized products of
used alkaline compound and-boronvtriiluoride has been
discharged. By recovering the catalyst in a high recovery
according to the preset invention[’the problems of
environmental pollution accompanied with the disposal of

industrial wastes can be greatly reduced..



10

15

20

25

WHAT IS CLAIMED IS:

e HIIIIII IIIIII IIIH IIIII II llll

- 36 -

e oLe

“1l. A method of recovering a boron trifluoride

complex which comprises the steps of applying direct and/or .

alternating voltage to an electricel1y-nonconductive fluid
in which at least a part of boron trifluoride complex is
dispersed and/or dissolved so as to separate said boron

trifluoride complex by settling from said electrically-

nonconductive fluid, and recovering then the separated -

complex.

2. A method of recovering a boron trifluoride
complex as claimed in Cl;im 1,lwherein electric field
strengfh of said direct.and/or?alternating'voltage is in the
range of 0.001-40 kV/mm.

3. A method of recovefing a boron trifluoride
complex as claimed in Claim 1, wherein the temperature of
the electrically—nonconductive fluid while applying said
direct and/or alternating voltage is in the range of -100°C
to +50°C. “

| 4. A method of recovering a boron trifluoride
complex as claimed in Claim 1, wherein said complexing agent
which forms a complex with boron trifluoride is a poiar
compound.

5. A method of recovering a boron trifluoride

complex as claimed in Claim 4, wherein sald polar compound

is one member selected from the group consistlng of water,

U —— REPLACED SHEETS SG

Thls Sheet Has Been Rei aced [J Description : paged ..=... to paged

[ Drawing(s) : paged ... to paged
["] Abstract : paged ..7w... to paged

| EYClaim(s) . : paged .36... to paged ..

----------




- 37 -

alcohols{‘ethers, phendls,'ketones, aldehydes, esters, acid
anhydrides anﬁ acids.

6. A method of recovering a boron trifluoride
complex as claimed in Claim 1, wherein the molar ratio of
boron trifluoride to complexing agent in said complex is in
the fange of 0.01:1 to 2:1.

7. A method of recovering a boron trifluoride
complex as claimed in Claim i, wherein said electrically-~-
nonconductive fluid is a hydrocarbon fluid.

8. A process for producing'olefin oligomer which
comprises the following steps of (I) to (IV):

(1) polymerizing olefin in a liquid phase in the
presence of a boron trifluoride complex catalyst which
comprises boron trifluoride and a complexing agent,

(I1) after polymerization, applying a.direct
and/or alternating voltage to a reaction mixture in which at
least a part of boron trifluoride complex catalyst is
dispersed and/of dissolved, so as to separate the complex
catalyst by settling owing to the difference of specific
gravities,

(III) recovering the complex éatalyst separated by
settling from the feaction mixture, and

(IV) poiymerizing olefin in liquid phase using at
least a part of the recovered complex catalyst.

9. A process for producing olefin oligomer as

claimed in Claim 8, wherein the concentration of olefin in a
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feed mixture in said liquid phase polymerization is 5% by

weight -or more.

10. A proceés.for producing olefin oligomer as
claimed in Claim 8, whexein the molecular weight of said

olefin oligomer is in the rangé of 100-100, 000.
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