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. :p.E SCRIPT I 0 N. 

METHOD OF.RECOVERING EIORON TRIFLUORIDE COMPLEX AND 

PROCESS FORPROi)t)CING OLEFIN OLIGOMER USING THE SAME 

. _·') ·· ...• ···· .. 

TECiif.tICAL FIELD 

This' :inJ~htion r:elates to a method of recovering a 

boron trifluo~i~e<coinplex suc·h as· a :catalyst which is 
··.·: .. :·-: :. 

dispersed arid/ci:t;;~issolved in a fluid, and a process for 
···;-_:::: .. · ..... 

10 producing olef~p<§~igomers using the same. 

.. BACKGROUND ART 

Boron' ~~·i~luoride complex catalysts composed of 

boron trifluorfd~ ·~~d ·a ~OD\Plexing agerit, ligand, are used 
.... · .. · ...... ·. 

15 widely in in,c.\h~·t.rial fi:elds as catalysts for various 

chemical rea·~:J:i.~~s such as alkylation, isomerization, 

polymerizat~6~;;~•comp6sition and debydration. 
..... , ..... , .. These 

complex catai~~~~'are utilized in the form of various 
.. ~ · ... 

complexing ag~tit·s:.,coo'rdina1;ed to boron trifluoride in 

20 appropriate rati.os'fqr objcactive reactio*1s. 

Aft.e'.r.\:the reaction' using ·a'/boron - trifluoride 
. . ..... _,·, . 

complex catal.ysj::)"-i.t i~ necessary to s·eparate the complex 
. :-· .. ·:·· '/_·.·.: .. • .. 

catalyst fro~·:·1:li~ :'.r~ac'tion mi.l!:ture. ~or this purpose, a 
:·-:·'· 

method is us\.ially'fuade: used of neutra:(lzing the catalyst 
. ····'." 

·,. 

25 with an aqueous ~~~utio~·tjf basic sµbs~~nce such as ammonia 
···.·.: ::.:· .: .. 

or caustic sodB.>~.a.lid.' then washing with water. 

: . .. :-· 
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Disclosed in us Patent No. · 4,; Z27, 027 is another 
;·.-:_·,·'.: ... ·. _;_. 

method ·which coinpr:i.ses add~ng a po1Y,h.yd¥ic alcohol having 
-:·:·.;. 

two or more hid.ro'xyl groups to the:::;reaction mixture 
: : . :; ~ : · .. . ... 

containing a bo.:ibn trifluoride complex :'catalyst, causing 

5 addition reaction'·of "the aicohol with on1Y: boron trifluoride 
·.=·:: ·..:-:-~:·: ' .. 

in the complex ·(:·a;talyst to remove bore~ trifluoride, and 
, .. · .. :: .... . . . ... 

. . . ~ 

decomposing the ··a,Cl?ition pi,oduct by heating to recover boron 

trifluoride. 

Furthe~9pe, Japanese Laid-Ope~: ;~a tent Publication 

10 No. 6-287211 di~·¢ioses a lliethod of reaction using a boron 

trifluoride co~plex catalyst, _which c·oniprises heating a 
· .. ·,'.· 

reaction mixt.11*~.t·o .vaporize boron.· 'trifluoride gas, 

contacting the b()ron trifluoride gas wit}la complexing agent 
·.·· 

in excess relati~e "to bo.ron trifluor,iide to form a new 
.. :" ·:·.: .. : .· :: 

15 complex, and recyq:J.i~g it into the reactor for reuse. 

20 

25 

In th~:~~·:m~thods, however, the boron trifluoride 
;.,: _ _.. ·. 

is separated an~·: ·;-ec:overed so:J.ely, so that an additional 

complexing step:~•·necessary for the reuse of complex 
... ·.;._,: 

' ..... 

catalyst, with~h-~esult that a multl~stage process is 

necessary and tl'le!.·:i'riC::rease of costs is ¢~µsed. As for the 
. ;:··. "\·-:;. :·'" .. . ...... 

·method disclosed·· irii.\1.apan~~ie Lei:id-Qp&n: ~~tent Publication 

No. 6-287211, the·.rea:ct:ion )mixture is: .h'iat.ed in coexistence 
... ::.:. ··>~ "·;.:. 

with a boron t:tii~·'1oride C(;lmp:l~x catalyst, which has bad 

influence on ~-h~.: compo.s:i_~iori of readlion mixture and 
. ~- ; __ ... 

restrict its u.se:.~everely. '·, 

Japanese:Laid-Op~ri Patent Pubif6ation No. 2-45429 
:_'::_: .. : 

. . .- . -~ . .- . 
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discloses a mf!thOd of carrying out alkylation reaction 

between oiefi~~~rtd aromatic comp~~~ds using a boron 
. ·\_;.· 

trifluoride ethei.:.coinplex, which comprise$ adding 0.05-2 mol 

of weak acids -~u.cl'.l as phosphoric acid:". acetic acid and 
... · 

5 phenol to a borpn~rifluoride ether complex in the reaction 
... ~ 

10 

system at room_.temperature at any stage before or after the 
•,._ ::·: >'~.- .. : 

reaction, then ~~parating the cataly~t;bY settling in the 
;• 

reaction mixture~ iand USil)g the separia·~ed catalyst as it 

stands in the ne_2t{, alkylation reaction. 
. . . . . . 
_,·.:.-· . ·.. .. 

In th.is:~ case, however, the re¢:overed complex is 

not an initial bo:tqn trifluoride ether cC?inplex catalyst, but 

a boron trif lu~J':,fde/weak acid complex5.catalyst in which 

ether as comple*i;l)g·agent has been repla~ed with a weak acid 

added later. -:F4rtber, the recovery is as low as about 27% 
·· .. -: 

15 by weight. 

20 

Olefins'' having vinylidene structures as double 

bonds in oligolD~rare utilized effectively, because they 

react with male'i:p; .acid or else at a high rate. Therefore, 

several method~-have .-been proposed which :introduce much more 
: . . ··:.:~ . 

vinylidene strubt\lr~~ into'oligomer. ;:··. 
;. >· 

For ~x'a~ple, us :patent No. 4,·is2, 499 discloses a 
. : . . J". 

polymerization :lrie~hod in which isobutene'· is polymerized in 
,._.;;: 

the range_of temperature from -50°C to +30°c to produce 

polyisobutene }1aving polymerization d~,gree of 10-100 by 

~ using a gaseous~~oron tri£luoride c~~-lyst. or a boron 
.·.· , ~ . 

trifluoride conipl~x catalyst made by contplexing with water 
.·\ ~:.·<;~~ 

. :·_:,. 

'" ··::' 
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or alcohol. This method sho~s that ~t is possible to 

introduce 60-90% of vinylidene. doub'l.~ bonds at terminal 

positions. 

European Patent 0 145 2~5A discloses that 

s polyisobutene is obtai·ned by using •. f;l: boron. trifluoride 

alcohol complex catalyst compri$.ed of boron trifluoride and 

10 

c1 -c8 alcohols, and ~escribes that ·it is possible to 

introduce 70-90% of vinylidene double bonds at terminal 

positions. 

In tha production of olefin oligbmers as the 

above, a boron trifl~oride complex catalyst is generally 

used, which has each part.icular compl_ex:ing agent selected 

and its molar coordination number ts $pecified. Thus, 

ligands bound in ••. a complex demonstrate 1:he desired catalyst 

15 functions by speqifying the coordination number. Therefore, 

when a complex catalyst is recovered and-reused, it is 

necessary to reqover the complex without any change in 

coordination number. If the coordination number is varied 

in recovering, the catalyst function ch~ges, and its read-

20 j ustment must be ·.carried out after redq,;ering. Therefore, 

the above recovering method ·is not pre£~~Ci;bl.e. 
·.···; 

However, as the coordination b~er is susceptible 

to conditions such as temperature and otl;lE!'.rs, the recovering 

and the reusing of complex catalysts ha'f:e .. scarcely been done 
·\: .·· 

25 in the producti_on of olefin oli9omer us.:+ng a boron trifluo­

ride complex catalyst. 
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The obj~ct of the present inv,ntion is to provide 

a method for r~covering a boron trifiU,oride complex as it 
: .. ~· . • . '· .. ' ·!. 

stands, for exi!Jlipfe; in the state of m~intaining activity of 

a catalyst, fx:.o~ an elec:tri.cally-no.nconductive fluid 

5 containing-thepp~i:>lex dispersed and/or.di.ssolved therein, 

10 

. ., . . 

and a· process f()r~producing olefin olige>mer characterized by 

recovering and : ·r:eusing the complex catalyst • 

. · J):J;SCLOSURE OF INVENTION 

A f ir$t feature of the present invention relates 

to a method of. r~qovering .. a ·boron tr if luori.de complex which 

comprises appl.ylri:g a direct and/or alternating voltage to an 

electrically-n011:9e>1lductive fluid in whiqh boron trifl.uoride 

complex is disper~~d and/or dissol.ved, thereby separating 

15 the boron trif·iuoride compl.ex by se~.tl.ing it from the 

electrically-n,c:>P,gonductive fluid, and then recovering the 

separated compl.ex. 

A second ;eature of the present invention relates 

to a method of ·ieqove_ring a boron trif l:Uq~ide compl.ex in the 

20 above first fe'.~t\.li-~:; ~herein electric ·field strength of 
. .. . . .. . . . . . . ·. : . :· ~ . 

direct and/or a].tEirn'ating voltage is in;¥he range of 0.001-

40 kV/mm. 

A third· ;feature ot" the presel')t' invention rel.ates 

to a me·thod of r,ecovering a boron trifl.µgride compl.ex in the 

25 above first . feature, whe~ein the t~rnperature of the 

electrical.ly-no~cooductive ·fl.u:id while{ appl.ying a direct 
•. ~· . . .• .. 
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and/or alternating v:~_!_:tage is in the rap.ge from -l00°C to 

+50°c. 

-- A four th feature of the presellt invention relates 

to a method of recovering a boron triflU:c;>ride complex in the·· 

5 above first feature, wherein the complS,xing agent which 

forms a c~mplex with boron_ ~rifluoride is a polar compound. 

A f iftp feature of the present invention relates 

to a method of recovering a boron trif luqJ:ide complex in the 

above fourth feature, wherein the pol~r compound is the one 

10 selected from ~he group consisting of water, alcohols, 

ethers, phenols,. 'ketones, aldehydes, esters, acid anhydrides 

and acids. 

A sixth feature of the present invention relates 

to a method of ·recovering a boron trif luQride complex in the 

15 above fi~st feature, wherein the molar ratio of boron 

trifluoride to (::cunplexing agent in the. complex is in the 

range from 0.01:1 to 2:1. 

A seventh ·feature of the present. invention relates 

to a method of re¢qvering a boron trif luo#'ide complex in the 

20 above first feati:U,r~, ·. wherein the_ elect:tj_cally-nonconductive 

fluid is a hydroca_rbon fluid. 

An eighth feature of the p:tese~t invention relates 

to a process f 0 :rr_ producing olefin oligpnae,r which- comprises 

the following st~ps from ( I ) to ( IV) , 

25 (I) polymerizing olefin in alAquid phase in the 

presence of a borc;>n trifluoride comple:x:>¢atalyst comprised 
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. . . 
of boron trif l(IOride and a complexing agent, 

(II f.'·a.fter>:polymerization/:":applying a direct . . . . ··. ~ 

and/or alternat:;ng vo·1tage to a reaction mixture in which 

boron trifluoi:-ide· co~plex c:atalyst i~ -.at least partially 
;. 

5 dispersed and/Qr;.dt.ssolved, thereby se~21,rating the complex .· . .-: ...... · .... 

10 

catalyst by $e-t;tling owing to the dif.ference of specific 
.; : 

gravity, 
· .. : ... · 

(IIi)>:r:f!9pvering_the separatedcomplex catalyst by 

settling from:~~ereaction mixture, and 
.. 

( IVJ_)po],ymer;i.zi11~ olefin in iiquid phase ~Y using 

at least a par~'.<~f·:.the .recovered complex--catalyst. 

A· n!i.l,.~~ ,J~Et.ture 'Of the present invention relates 

to a p~ocess f''c):t· ;.producing olefin ol;i.gomer in the above 

eighth featuJ:'e;< -~herein the concentra1:ion of olefin in a 
:·: 

15 feed mixture iii the l·iquid phase polymerization is 5% by 
.• 

weight or more .. · · · 

A tenth :£eat.ure of the present invention relates .· .. ·:= .. . :. 

to a process f pl:-· producing clef.in ol~gomer in the above 

eighth featur~r-··\rihe#ein th.e molecular 'w~ight of the olefin 

20 oligomer is in'. ··:th.e ,range of 100-100, 000 •. · 
; .. :· 

Accordi.~~;j" '· to.· <the ·present invention, it is ·possible 
:·: ... :,:: ~·.·->::: 

to recover a .dbmplex:cataJ.,yst easily without changing the .. 
molar ratio· o~>:bbr~n .. t:r;iflµ9ride comple~)c:mly by applying an 

electric fie-1~·2· .. 1\s .a 'res(ll·t., the reco~!red complex can be 

25 reused. 
. ........ 

Fur~h.~r, the-above method c~ri·:·be applied in the ··,.·, 

.-:.:··:-.:· ·'':. 

': .. :··:. 
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production of ol•fin oligomer using a~boron trifluoride 
~ .. 

complex catalyst. That is, it is po·s'sible to apply an 

electric voltage to the reaction mixture after 

polymerization, to separate the boron trifluoride complex 

5 catalyst by settling- from the reaction ·m;~xture, to·recover 

the complex catalyst without any change in coordination 

number of ligands, and to reuse it as it-stands. 

The amount of boron trifluoride used in cation 

polymerization of olefin is usually 0.0001:-0.5 mol per 1 mol 

10 of olefin componfiUlts to be polymerized. After the reactions 

as the above, at least a part of boron ~~ifluoride complex 

catalyst is stab;ly dissolved or dispers~d in the reaction 

mixture, and it is very di.fficult to. recover the dissolved 

or dispersed comp+ex catalyst like this.· Therefore, it is 

15 very hard to separate boron trifluoride complex catalyst as 

it stands from the reaction. mixture and_: .to reuse it. The 

present invention relates to a skill £or recovering a 

complex catalyst dissolved or dispersed in a reaction 

mixture, reusing it, thereby reducing the catalyst cost and · 

20 the load of succ~eding steps. 

The pr.esent invention ·will be ~:d.escribed in more 

detail in the following. 

A boron trifluoride comple~(in the present 

invention means a ·complex of boron trifl\l:C>ride and various 
. ' . 

' . . 
25 polar compounds. Baron trif·luoride is apt.·to form a complex 

'·;, · .. · 

with polar compounds such as oxygen-con~aining compound, 



- 9 

ni trogen·-·contain,ing compound and sulfur"':~ontaining compound 

in various ratlos~ that· is, in various)molar coordination ,. 
. . . . ·•.: 

ratios. These :complexes formed are ~sed typically as 

catalysts for ~any kinds of reaction. · Therefore, boron 

5 trifluoride ~9·~ptexes used mainly as catalyst will be 
. . ..... -.· 
. . . . ~ 

described in tl1,•=t :following. 

Comt;>~exing agents used for preparing the complex 
.· .·· ·. 

catalyst in t}:le:-.present inyention can ~orm complexes with 

boron trifluor~<i,e;:by physical or chemical bonding strength. 

10 Exemplified as .the compiexing agents are organic or 
··: .. · 

inorgani~ compdti;r:ids, that is, oxygen-containing compounds 

such as water.> ,"·al_cohols, ethers, phenols, ketones, 

aldehydes, est~r~, organic acids and-~cid anhydrides, 
•... · . 
. ,. . 

ni trogen-contairiing compounds, sulfur-qontaining compounds, 
' .. : .:·.· . 

15 phosphorus-co!)1:Ei,i~ing compounds, inorganic acids and so 

forth. Boron t~i;:f ,luoriqe can form complexes with aromatic 

compounds such-~s"):)en,zene besides the above compounds. 

Furth~r, complexing agents which form boron 

trifluoride colnplex catalysts suitable in the present 
.. · ., ·. . 

20 invention will b~ :iiescribed in the follo~i.ng, al though they 
:· ........ ::·. 

do not restrict: :fl:le ·"invention. 

That,~s; e:S:emplified as alcohq'l.s are aromatic or 

Ci-C20 aliphatic alcohols, where the.C1 -c20 ·hydrocarbon 

group may be straight-chain :alkyl, branched-chain alkyl such 

25 as sec- and tert-alkyl, a1·.;tqyclic, or al,~yl having an alicy-
··· . . ·.: 

clic ring or ring~. As exatnples, there are methanol, etha-
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nol, propanol, :butane!, pentanol, he~j!lnol, heptanol, octa­

nol, nonanol,: <:I~ca.nol, .• _ and benzyl a:lcot.91, cyclohexanol and 

so f o·rth. FurtJ;ler, dials can be also used. 

Exempiified as.ethers are tht;)~e having aromatic or 
~- , ... • 

c 1 -c20 alipha~_ic hydrocarbon group.,: where the c 1 -c20 

hydroqarbon ;sk~leton may be straight ... chain a_lkyl group, 

branch.ed-chan,iJl alkyl group such as sec- and tert-alkyl, 

alicyclic gro\l:p,- . p;r alk¥1 group having an alicyclic ring or 
.... -·. 

rings. As ex_~_mp;tes, there are d-imethyl ether, diethyl 

10 ether,· methyl e':thyl ether, dipropyl ether, .methyl propyl 
\: .. 

'·· 

ether, ethyl ·p-iC;py.l ether, dibutyl ether, methyl butyl 
·;··:··.·. : . 

ether, ethyl.· .b:~1;;Y.l ether, propyl b11tyl ether, dipentyl 

ether, . and phenyl·· Diethyl ether, phenyl ethyl ether, di phenyl 

ether, cyclohe;xyl ~ethyl ether, cyclohexyl ethyl -ether and 

15 so on.· 

As pJ;lenols, .monohydric to tr1hydric phenols are 

suitable. ·Mor~_>pa~ticularly, phenol and cresol are prefera-

ble. 

Exem:p:t'ified as ketones are ·tbose having aromatic 
·. ·::_. 

20 or c1 -c6_ aliphatic:: hydrocarbon group~, wherein the c1 -c6 
.. . ' . . . . . . ,; ~ . ·' ·, ..... 

hydrocarbon Sl;k~:;~_tbhs mi!l:Y be straigh~dchain alkyl group, 

br~nched-cha;i.11:. -~lkyl :_ gro~p such as ~~C"'.'" and tert-alkyl, 
.... . 

alicyclic grouJ>., or alkyl group having,an alicyclic ring or 

rings .. As examp];es, 't;here are methyl·. ·ethyl ketone, diethyl 
·-·::: .. _, ~. _., .. 

25 ketone, methyl.l:>U:tyl ketone, ·and cyclo}iexa:none and the like. 

Exemp~~fi~d as esters arathose obtained by 
· .. ·. · .. 

. . ··.· 
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esterification of aromatic or c1 -c6 a+_:~phatic alcohol with 

aromatic or c1-~6 aliphatic carboxy1ic a;C::ids, or phosphoric 

acid, where the" c1 -c6 hydroca:r-bon skelet.on may be straight­

chain alkyl gro4p, branched~chain al)Cyi:group such as sec-

s and tert•alkyl, ali.cyclic group, or. alkyl _group having an 

alicyclic ri-ng((:>r rings. As example$, there are methyl 
. :· 

formate, ethyl ·.formate, methyl aceta"tta, ethyl acetate, 

propyl acetate,· butyl acetate, pen.t·yl acetate, hexyl 
. ·~ 

acetate, ethyl· :he~anoate, ethyl benzo~rte, and completely 

10 esterified p~o~~ets of phosphoric aci~ such as tributyl 

phosphate. 

Exempl;~ied as organic acids are aromatic or c1-c6 

aliphatic carbox¥lic acids or their .hal.ogen substitutes, 

phosphoric aci°p.; and partially ester.if ied· products of 

15 phosphoric acid:with aromatic or c1-c6 aliphatic alcohols, 

where the c1 -c6_hyc:Jrocarbon skeleton met.y be straight-chain 

alkyl group, ·branched-chain alkyl group such as sec-.and 

tert-alkyl, ali·cyclic group, or alkyl group having an 

alicyclic ring·or rings. ~s example~~ there are formic 

20 acid, acetic acid-~·· propionic acid, o~alic ·acid, malonic 

acid, benzoic aci:d, diethyl p:hosphate ancf the like. 

Furthe·r, exemplified as ill··~rganic acids are 

phosphoric acid,·. hydrochloric acid and t~e like. 

The above.complexing agents in-each complex system 

25 can be used alone and also as a mixture ·•of two or more kinds ! . .••• ;_ . 

.. ,: .:: ·. 

thereof in appropriate ratf"os. A complex itself can be 
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prepared acco::rding to the conventiqnal methods. For 
·,;:· 

example, compie~\inay be previously prep~red, and it is also 
. -

possible··· to put boron trifluoride and one or more kinds of 

complexing agen~s in a given ratio into a reaction system. 

5 separately or '.at once, and· cause fq~mation of a boron 

trifluoride comp.l~x in the reaction liquj;d. 

The m9lar ratio of boron trifluoride to complexing 

agent is preferably in t~e range from 0.:01:1 to 2: 1. If the 

molar ratio of boron trif l,uoride to compl.exing agent is less 

10 than 0.01, a ca~alyst activity is too low to achieve the 

object of olefin.pol,ymerization. If the ·molar ratio is more 

than 2, boron_ tpi.fluoride is too much·compared with the 

complexing age0~ to keep a stable codrdination, causing 
. . 

trouble in keep~tjg ·t;he molar ratio of bo·rpn·· trifluoride in a 

15 recovered _catalys_t. As a result, it is necessary to adjust 

the molar ratio wn~n reusing the recovered catalyst, which 

makes the process complicated undesirably·. 

In pr~:P.aring a complex catalyst;, it is possible to 

use a sol.vent:which is appropriate1y inactive to the 

20 reaction and C:~h .·dissolve o~ d:f,.sp~rse the complex. 
·.: .. ; 

According to ·th:E! present invention, tpe complex can be 

separated and recovered easily.by co$in.ing or agglomeration .......... ·::;'', 

caused by appl.yir:ig an electric fiel~d.. Therefore, the 
··:· .· '.~;:. 

complex in the•form of liquid is desi,ra]:)l$.. However,. when a 

25 sol vent is used iri 'the above preparation'~-:" .. :even solid complex 
. _·,_:. 

behaves l.ike a l:i,.quid complex and can l:>e: treated according 
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the present invention. 

In order to separate and recov~r a boron trif luo­

ride complex by applying an electric field, the fluid 

containing the boron trifluoride complex must be electrical-

5 ly-nonconductive. Any fluid is not particularly restricted 

10 

15 

so long as it is electrically-nonconductive and can disperse 

or dissolve at least a part of boron trifluoride. As 

examples, there are hydrocarbon fluids, preferably aliphatic 

hydrocarbon fluids. 

When a boron trifluoride complex is used as a 

catalyst, a reaction mixture conta~ning the catalyst 

obtained by reaction is the object fluid to which an 

electric field is applied. For example, when an aromatic 

compound is alkylated by olef ins with a boron trifluoride 

complex catalyst, the mixture composed of the feed, an 

alkyl-substituted aromatic compound as the product, and the 

boron trifluoride complex catalyst can be used as the 

object. When styrene or olefin such.as isobutene is 

polymerized to obtain oligome_r, the mix:t\lre containing the 

20 feed, oligomer and the boron trifluorid~ complex catalyst 

can be used as the object. Further, in., .. a reaction where a 
·.··.· .. 

··:. 

Cg aromatic fraction obtained from a nap):it_ha cracker or a c4 

fraction containing isobutylene and ot;t\ers is supplied as 

feed to produce petroleum resin or poly;J~ene respectively, 
, . . . ~ . : 

25 the reaction mixture containing the feed:,:-,.~etroleum resin or 

polybutene as the product, and the boror{'trifluoride complex 
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catalyst can be used as the object for,a.pplying an electric 

field. 

The b~ron trifluoride complex is generally 

' dispersed in the above_electrically-J:tonconductive fluid. 

5 Thus, a boron trifluoride complex is hardly soluble in an 

electrically-nonconductive fluid. Howeyer, not only when it 

is just dispersed with cloudiness, but also when it is 

dissolved and is ·transparent at a glanc~, the complex can be 

separated and recovered by applying an e;Lectric field or by· 

10 changing the conditions in applying ~n electric field. 

Accordingly, the form of complex in the fluid, whether 

dispersed or.di~solved, is not so important. However, as 

mentioned above, the .complex must be in 'the form of liquid, 

and when in the.form of solid, it is liquidized for use by 

15 dissolving or di~persing in a suitable solvent. 

According to the present invention which comprises 

applying the following direct and/or alternating voltage to 

an electrically-nonconductive fluid in which a boron 

trifluoride complex is dispersed and/or dissolved, it is 

20 possible to agglomerate and settle t~e dispersed and/or 

dissolved complex.catalyst without chang;ng the molar ratio 

of boron trif luo_ride complex to co~plexing agent and 

separate it from the ·reaction mixture. .. 

In the present invention,. 1;:he reason why the 

25 complex is separated by settling by appiying an electric 
·'.":;· 
·; .·:· 

: .. ·.:· 

voltage is not clear, but it is surmised:<as follows. As for 
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.. 

a boron trifluoride complex, it is sqpposed, although the 
.. 

complex itself or the liquid drop it~~lf containing the 
. ·:· 

complex is not charged with elect~~city, there is an 

electric polarization or an electric deviation between boron 

trifluoride and ligands. When an ~1ectric voltage is 

applied to the complex molecule, the e~~ctric polarization 

diminishes partially and an electric .·repulsion among the 
.. 

complex molecules disappears, so that combining or 

agglomeration among the complex molecule~ is caused. It is 

supposed consequently that the combi-n,ed or agglomerated 

complex ·is separated by settling owing to a difference of 

specific gravity to form a lower~;, layer under the 

electrically-nonconductive fl.uid containing the compl.ex, and 

can be. separated from the electrically-~O!lCOnductive fluid. 

As an electric voltage applied>to an electrically-

nonconductive fluid such as hydrocarbo!lreaction mixture, 

either a direct voltage or an alternating voltage may be 

used. Both direct and alternating vo~tages can be also 

applied independently at once. The elec~ric voltage can be 

generated by means of a.conventionaiSconstant-voltage 

generator. An electric field strengt~~~ene~ated from a 
.·, .. 

direct and/or alternating voltage can se!parate the complex . '· . 

e~sily so long as it is 0.001-40 kV/mm,:·preferably in the 

range of 0.01-1 kV/mm. Further, some"~tuctuation of the 

electric voltage can be-allowed. IfC an ele.ctric field 

strength is less than 0.001 kV/mm, the coznp.lex can be hardly 



5 

10 

- 16 -

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 ~ndesirable. 

A distance~between the electrodes to which a 

direct and/or alternating voltage is applied is selected 

appropriately, for example, from the range of 0.1-100 cm, 

preferably i-so cm. In the present invention, any apparatus 

·for applying an electric field ca~ 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 fluid between at least one pair.of electrodes. As 

for the shape of electrode, any sh~pe such as plate, 

substantial cylinder, hollow cylinder.and sphere can be 

15 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 suitably by varying 

the distance (space) between electrodes together with 

20 varying an electric voltage to be applied, and it is also 

possible to reverse the polarity. of electrodes 

appr~priately. Furthermore, plural pairsof electrodes can 

be combined together. Because the-object fluid is 

electrically-nonconductive even though,containing boron 

25 trifluoride complex, an electric current;;_,hardly flows when 

an electric voltage is applied, so that th,e electric power 
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consumed is very little. In this point, the present 

invention is also very profitable. 

The temperature of electrically-nonconductive 

fluid when an electric voltage is applie.4 is not especially 

5 restricted-so long as it is within the range from -100°c to 

+50°C. However, when the treatment is carried out in the 

presence of catalyst, it is preferable to select a range of 

temperature lower than the reaction te~perature, so as to 

prevent as far as possible the compo$i ti on of react.ion 

10 mixture from changing due to an effect of catalyst. 

Further, the time interval o~ ~pplying an electric 

voltage is not especially restricted. For example, when an 

electric voltage is applied in a batch :type, it is. usually 

possible to s~lect appropriately out of the range from 1 

15 minute to 1 hour, depending on the concentration of complex, 

the kind of ligand in a complex and so forth. 

During the period of applying ~rt electric voltage, 

the electrically-nonconductive fluid is preferably left 

still w~thout stirring and the like. , A1though a boron 

20 trifluoride complex can be separated by only leav:i.ng still, 
·.·'··' 

but it can be separated and recovered mµch more quickly and 
··':: 

···.: .. 

e~sily by applying an electric field jdintly than by only 

leaving still. 

Although leaving still is]preferable while 

25 applying an electric field, it is Po~·sible to flow an 
·:<.: . 

electrically-nonconductive fluid so lon~ ·as the separation 
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of complex by settling is not disturbeq. Therefore, it is 

possible also:<1:o utilize a method whi9h comprises flowing 
. . 

the f+uid in all;· appropriate piping, a~plying an electric 

voltage to thEl electrodes of appropriatf! shape installed in 

5 the p,iping, ,,an(i separating the coiDplex by . settling 

continuously. 

In a;>i;)lying an electric vol t~~e, if tJ::le viscosity 

of electrically~i'lonconduetive fluid a~: the object is very 

high, separatio.n of the_ complex cata.J.yst by settling is 

10 insufficient. Jrom this point of view,·· _.the viscosity of the 

electrically-nOJ:l.(:;oriductive fluid as the>c:>bject for applying 
······.·. . 

15 

20 

25 

an electric vo~ta:l:ge is preferably ·10,000 cP (centipoise) or 

less at the t~pearature while applying · an -:electric voltage. 

Furtt\E;!r, it is possible to adj.~st· the viscosity of 

the system with~n the above range for ~pplying an electric 
{ ..... '~ •' 

... 

voltage by ad.d,ing_· an inactive solvent to· the fluid. 

Altho~gh the concentration~£ complex in the 
.-

electrically-noncc:>nductive fluid as thepbject for applying 

an el.ectric vo),tc;ige is not especially:<restricted, it is 
. . . ,, 

usually 0.001%by weight or more p~~ferably. If the 
.. :. 

concentration 6f>6omplex is too low, there is a tendency 
: .. ':,··, 
. ~·:. : ' 

that the eff-ec:t:· by applying an elect:":fic voltage is not 

demonstrated s~µff iciently. Though the?~pper limit is not 

set, it is usua~J.t 10% by weight or less:~'. 

In a :reaction which is car:di~d out with boron 
. ·:,:· .... 

trifluoride a$·cataly~t, the catali~~ is prepared by 
. ' . ~ 
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coordinating complexing agents select.ad depending on the 

object reaction in appropriate ratios. 

Exemplified as reactions using boron trifluoride 

as catalyst are those which comprises contacting an aromatic 

5 compound and an olefin with a boron :t.rif luoride complex 

10 

cata~yst to promote alkylation, and obtaining alkyl-substi-

t~ted aromatic compounds. As examples, there is alkylatiori 

in which aromatic compounds such as l)enzene, toluene and 

xylene, and olefins such as ethylene, propylene, butene and 

butadiene are-used. 

Exemplified as reaction solvents in the above 

reactions are hydrocarbons inactive to the reaction, that 

is, n-paraffin such as n-butane .and .i,soparaff in such as 

isobutane and isooctane, and also the reaction feed itself 

15 such as benzene and toluene. With th_e alkylations, for 

example, ethylbenzene, propylbenzene, butylbenzene and 

butenylbenzene are_produced. 

Further, exemplified as reactions using boron 

trifluoride as catalyst are also tho$e which comprises 

20 polymerizing one or more kinds of uns'.aturated aromatic . 

compounds such as styrene and vinyl tolu~ne or olefins ·such . ~ •.· . 
.. 

as butene and isobutene. Exemplified a:~ solvents for the 

reactions are hydrocarbons inactive to ~he reaction, that 

is, n-paraffin such as n-butane and i~ciparaff in such as 

25 isobutane and isooctane, and also the reaction feed itself. 
;.···:, 

With the polymerizations, olefin oligomers .. of relatively low 
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molecular weight are.produced. For e~ample, oligomer of 

styre~e or isobutene can be obtained. 

By using as a reaction feed the fractions from a 
. 

naphtha cracker, for example, a C~ aromatic fraction 

5 containing aromatic olefins such as yinyl toluene, a c5 

fraction containing aliphatic olef ins sµ(:h as piperylene, or 

10 

a c4 fraction containing olefins such as 1-butene and trans­

or cis-2-butene besides isobutylene, aromatic or aliphatic 

petroleum resin or polybutene can be obtained. 

In polymerizing olefins, boron trifluoride complex 

catalysts are often used. If the above method for 

recovering a boron trifluoride complex can be utilized for 

this polymerization, . cost of catalyst :·.can be reduced, and 

further environmental pollution due to ·the catalyst residue 

15 can be avoided, so that a considerable amount of profit is 

obtained. 

Then, a process for polymeri•ing olefin with a 

boron trifluoride complex catalyst, for recovering the 

complex catalyst after polymerizat.ion, and· for reusing the 

20 recovered cataiy~t will be described:as follows, which 

overlaps the above descriptions partially. 

25 

More particularly, the above p:i:ocess for recover-
-· ., 

·ing and reusing is comprised of the follpwing steps from (I) 

to (IV): 

{I) polymerizing olefin in a.J:iquid phase in· the 

presence of a boron trifluoride complex,.':catalyst comprised 
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of boron trifluOt"ide and complexing agerl,t, 

(II) after polymerization, .~pplying a direct 

and/or alternating voltage to a reactio~mixture in which a 

boron trifluoride complex catalyst ~s.at least partly dis-

5 persed and/or dissolved to thereby separate the complex 

c~talyst by se~tling owing to a diff~rence of specific 

10 

gravity, 

(III).· recovering the complex catalyst separated by 

settling from the· reaction mixture, and 

(IV) polymerizing olefi.n in a li.quid phase using 

at least a part of the recovered compl~x.catalyst. 

First,•in, the step (I), olefin.is polymerized in a 

liquid phase in the presence of a boron.: i;rifluoride complex 

catalyst comprised .. of boron trifluoride· and a complexing 

15 agent. 

Olefins to be used here are ~ainly butadiene, 

isobutene, butene-1 and cis- or trans-b~tene-2. Besides 

these, however, any olefin can be u•~d so long as its 

cationic polymeriz~tion can be caused by· a boron trifluoride 

20 · complex catalyst. For exa111ple, othet' ·~han the above c4 
. . . 

olefins, c2 -c20 aliphatic olefins ~~ch a~ eth~lene, 

propylene, isoprene, pentene and hexen~~.J'.:. c8-c10 aromatic 

olef ins such as .styrene and vinyl tol:W7I)e, and alicyclic 
: . ·.~· . 

olefins such as DCP.D can be used as feed. · These olefins may 

25 be used for polymerization either alpne or as a mixture 

thereof. 
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In polymerization, the concentration of olefin is 

preferably within the· range of S~ioo.{.by weight. If the 

concentration of olefin is less than 5% by weight, an 

economical loss in practice is undesirl:lbly great. Besides 

olefins, srilvents whi~h are inactive to reaction can be 

appropriately used, for example, ___ hydrocarbons including n-

paraf fins such as n-~utane and isoparaf fins such as 

isobutane a:ad isooctane. Exemplified as industrial feeds 

~re c 5 fractio~ containing aliph~tic olef ins such as 

10 piperylene, and c4 fraction containing_olefins such as 1-

,butene and trans- or cis-2-butene, and further isobutene and 

n-butane. 

As mentioned before, inorganic or organic polar 

compounds can be.· used as complexing ag,ents which form a 

15 complex with boron trifluoride. Exemplified as the polar 

compounds are, as the above, water, .alco·h.ols, ethers, ... 

phenols, ketones, aldehydes, esters, organic or inorganic 

acids, and acid anhydrides. 

The molar ratio of boron trif1;µ.oride to complexing 

20 agent in a complex can be in the rang• of 0.01:1-2:1, as 

mentioned above. 

In th~ above reaction,· boroh:trifluoride in a 

catalyst is usual1y used in the ratio of·0.0001-0.5 mol to~ 

mol of olefin to be polymerized. The re~ction itself can be 

25 carried out according to the conventional.methods, either in 
'··.::'. 

a batch type or in a flow type. Although the reaction 
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temperature an~ the reaction time a~e not especially 

restricted, it ii; preferable to select. the temperature from 

the range from .;;;100°c to +100°C and the'time from the range 

from 1 minute to·4 hours. 

T-hen, }n the step (II), a direct and/or al ternat­

ing voltage is · 'pplied to the reac.tion mixture in which 

boron trifluor~de is at least partl~ dispersed and/or 

dissolved to ~~ereby separate the complex catalyst by 

settling owing to, a difference of specific gravity. 

In liquid phase polymerization of olefin, the 
.·,, 

reaction mixtur~ is obtained, which is_comprised of the 

produced olefin· oligomer, unused reac-tants and a boron 

trifluoride compJ_ex catalyst dispersed or. dissolved therein. 

The number average molecular weight of the olefin 

15 oligomer which .is obtained by polymerizing olefin in a 

liquid phase is · 'i;>referably in the range of 100-100, 000. If 

the molecular we.:i..ght is less than 100, it is too small for 

useful olefin oligomer. If the molecular weight is more 

than 100_, 000, the amount of a diluting sol.vent necessary for 

20 separation increa~es too much to be econo~ical. 

In appl~ing an electric voltage, if the viscosity 
· .. ·•. 

of the object r~-~ct:i,on mixture is extrem~ly high, a complex 

catalyst can no~ be separated by settling sufficiently. 

From this point.Df view, the viscosity of the reaction 

25 mixture as the ob.ject for applying an e~ectric voltage is 

preferably 10, 000 cP ( centipoise) or less ·:at the temperature 
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when apply:i.ng an electric voltage. In order to adjust the 

temperature within this· range, an inactive solvent can be 
:·._ .. ;: 

appropri~tely added to the reaction m;xture to which an 

electric voltage is applied. 

By applying an electric vol t.~ge to the reaction 

mixture containing a complex catalyst" :b; means of the ~bove 

method, the complex catalyst is separated by settling to 

form a lower layer in the reaction mixtu]:'e. In other words, 

the complex catalyst which is dispersed or dissolved is 

10 agglomerated or combined together by applying an electric 

voltage and separated by settling owing-to a difference of 

specif:i.c gravity. 

The conditions in :applying an. ,electric voltage 

such as electric field strength and a~istance between 

15 electrodes are as mentioned before. That is, electric field 

strength can be in the range of 0.001~40 kV/mm, and the 

temperature in the range from -100°c to +S0°C. The time for 

separation by settling is not especia~1y restricted as 

mentioned before, and usually can be sel·ected from the range 

20 from 1 minute to 1 hour depending on the,_extent of leaving 
: :····':'/ 

25 

still. 

Then, in the step (III), the\C::omplex catalyst 

separated by settling from the rea¢,;~·ion mi_xture is 

recovered. 

By withdrawing the complex -ca~~iy-st separated by 
... 

settling continuously or intermittently:with appropriate 



25 -

means from the :reaction system, the coft.lplex catalyst can be 

recovered from .. t;ne reaction mixture ·. 

Furthermore, in the. step; (IV), olefl.n is 

polymer:i.zed :i.n..a. liquid phase us:i.ng at.least a part of the 

5 recovered complex catalyst. 

10 

Becatrse the molar coord:i.nation rat:i.o of the 

complex catalyst· which has .se:ttled tq. fpz:m a lower layer is 

substantially not changed from that~before use in the 

reaction, the catalyst has the same activity.as before and 

can be reused ~s it stands for the reaction. Thus, by 

reusing catalyst, it is possible to reduce the catalyst 

cost. 

In the second or.later reaction, a new boron 

trifluoride complex catalyst can be added appropriately. 

15 For example, the :complex catalyst is· su,pplemented with the 

new one by the a1nount corresponding to t;hat of the complex 

catalyst which has been lost out of t&e reaction system 

together with o:Lef in oligomer. ·Further, it is possible not 

only to supplement the complex itself, b~~ also to add boron 

ro· trifluoride and a complexing agent as complex components 

simultaneously or·~eparately. Furthermo:re, when reusing the 

recovered · cataJyst, diluting agen:t:s can be added 

appropriately. 

In poly~erizing olefin wher~~the catalyst is 

25 reused, the same reaction condi tiom=! . cari: be used as in the 
. ~.. . 

initial polymerization. For example,'.~t is possible· to 
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polymerize olefin continuously, separate ~nd recover the 

catalyst at the same time.by the present.method of applying 

an electric voltage, and recycle the recovered catalyst into 

the polymerization zon_e continuously :or:<.i-n.termi ttently. 

5 However, as for the recovered catalyst,c:Lppropriately varied 

polymerization conditions can be also used. 

After separating catalyst ~rom the reaction 

mixture,· the objective ol.efin oligomer can be obtained by an 

appropriate separating means such as distillation. When a· 

10 little of complex catalyst remains iri the olefin oligomer 

obtained, it can be removed if necessary by the conventional 

methods of removing catalyst, for example, _an appropriate 

neutralization step. The removal.of ·the remained complex 

catalyst can be carried out easil:y, :because almost all 

15 complex catalyst has been already removed. 

BRIEF DESCRIPTION OF DRAWING 

Fig. 1 is a graph showing the·results of measure­

ment on l3c-NMR spectra of a boron trifluoride diethyl ether . ·,. ·; .. 

20 complex before and after reaction. 

BEST METHOD FOR CARRYING OUT THJ,0:>· INVENTION 

In the following, · the pres.ent:'invention will be 

described in more detail with. examples .• · 

25 <Production of Boron Trifluoride Compl~x ·. Gatalyst> 

A complex catalyst was prepared ·:._by injecting boron 
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trifluoride (purity 99.7%) into a complexing agent kept 

. below 0°c·while restraining.the incre~se of temperature, 

until molar coordination ratio reach~d the predetermined 

value. Not particularly mentioned in p~tail, the complexes 

5 susceptible to decomposition were pr.epared and preserved 

below .the decomposition temperature and served. 

<Equipments for Experiment> 

A 1-liter four neck flask is equipped with a pipe 

for introducing· nitrogen gas, a stirring apparatus, a bomb 

10 for storing gas, a pipe for injecting gas, a thermometer and 

a cooling vessel at low temperature, and parallel electrodes 

comprised of two flat plates are installe.d in the flask with 

a distance of 5 mm. Further, an ·extern-~l electric source 

which can provide a stable direct or al~ernating voltage is 

15 secured, and the two output lines are connected with each of 

two parallel electrodes. However, the external electric 

source is kept ~uspended until an electric v6ltage is 

applied after the end of reaction. 

20 

<Example l> 

Under a nitrogen.flow, the above flask was charged 

with 100 g of isooctane (extra pure) as. dilut~ng solvent, 

and provided with pure isobutene while being kept -2s 0 c with 

stirring in the flask, and then supplied with 2.09 g of 

boron trifluoride die~hyl ether complex· . ( 1: 1 mol adduct), 

25 thereafter reaction was -0arried out for 30 ~inutes with 

stirring violently. 
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After the reaction, ·a. 500 V direct voltage was 

applied to two parallel electrodes in tl:le reaction solution 

kept -25°C from an external electric source for 30 minutes, 

whereupon 198.3 g of colorless, transparent upper layer 

5 liquid and· 1.78 g of~colorless, transparent lower layer 

liquid were separated with an interface ·formed. 

The upper layer only was wi-;hdrawn, ·neutralized 

with a dilute aqueous solution of sodium hydroxide, and then 

"distilled by a yacuum distillation ~o remove isooctane and 

10 ·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 pr.eserved:in.another vessel. 

The above flask -was charged again with. 100 g of isooctane as 

15 diluting solvent, and provided anew with 100 g of isobutene 

while being kept·-25°C with stirring in the ·flask, ~nd then 

supplied with 0.31 g of boron trifluoride diethyl ether 

complex corresponding to the amount of that lost in the 

first reaction and 1.78 g of the complex preserved in the 

20 other vessel together, after that polymerizing reaction was 

carried out. 

25 

After the reaction, a .500 · V '(lirect voltage was 

applied into the reaction solution from an external electric 

source for 30 minutes similarly as in the first time to 

carry out the separation with an int•rface formed. The 

upper layer only wa$ withdrawn simil~rly as in the first 
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time, and neutralized with a dilute aqueous solution of 

sodium hydroxide, after that the conv~~sion and the yield 

we're determined .• 

The above procedure was rEapeated three times, that 
. · .. 

5 is, f:ou:r::. polyme·rizing reactions were carried out 

successively. 

The lower layer liquid obtained after the first 

polymerizing reaction was measured by l3c-NMR. 

Fig. l is a measurement on 13c-NMR spectra Qf a 

10 boron trifluoride diethyl ether complex ·before and after the 

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

indicate the chemical shifts expressed in ppm as compared 

with the peak of tetramethylsi.lan.:a : ( TMS). In the 

measurement by 13c-NMR, boron trif luc>ride diethyl ether 

15 complex having the molar coordination ratio 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 is varied, two peaks 

show shifting. However, when a l3c-NMR measurement was 

carried out on a sample of the boron t:r;if luoride diethyl 

2o ether complex obtained after the end of ]f:eaction, peaks were 
-· 

found at the same locations as those meet.sured in an unused 

complex catalyst. Thus, it was found o,ut. that the complex 

had the same molar ratio as before the reaction. 

The results on polymeriza.tion • ~n the upper layer 

25 and the ratio of the amount of the compl:~x catal:yst settled 

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

Reaction 
Order 

1 

4 

<Example 2> 

Conversion of 
Isobutene 

98.0 molt 

97.7 molt 

Table 1. 

Yield Qf 
Oligomer 

94.7 wt% 

93.8 wt% 

Recovery of 
Complex Catalyst 

85.1% 

84.7% 

After polymerizing reaction wa$ carried out in the 

same way as in Example 1, a 500 V alteJ?nating voltage was 

10 applied into the re~ction mixture for 30 minutes, whereupon 

197.5 $ o~ colorless, transparent ~pper layer liquid and 

1. 71 g of colorless, tran-sparent lower.: layer liquid were 

separated with an interface formed. 

Similarly as in ·Example l, the· -upper layer only 

15 was treated subsequently, and the conversion of isobutene 

and the: yield of olefin oligomer were determined. 

The lower layer was preserved in another vessel. 

The above flask was charged again. with isooctane and 

isobutepe, and then supplied with 0.38 g_of boron trifluo-

20 ride diethyl ether complex ( l: 1 mol ad_ciuct) lost in the 
:;: 

first re~ction and 1.71 g of the co~pl~* preserved in the 

other vessel together, after that pol,ymer.~zing reaction was 

carried ·ou·t. 

The above procedure was repeated.three times, that 

25 is, four polymerizing reactions were 
. ~ : : . ~ ;· . 

carried out 

success:l. vely. The results on polymeri.z:ation in the upper 
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layer and the ratio of the amount of t~e complex catalyst 

settl•d down in the lower layer to;~ts amount charged 

(recovery) in the first and fourth reactions will be shown 

in Table 2. 

Reaction 
Order 

1 

4 

Conversion of 
Isobutene 

97.9 mol% 

97.8 molt 

Table 2 

Yield of 
Oligomer 

94.5 wt% 

93.6 wt% 

Recovery of 
Complex Catalyst 

81.8% 

80.7% 

10 <Example 3> 

15 

Polymerizing reaction was carried out in the same 

way as in Example 1, except for usin,g 1. 6 9 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 layer 

liquid and 1.44 g of colorless, transparent lower layer 

20 liquid were separated with an interface formed. 
: '': .. ~ 

Similarly as in Example 1, tb• upper layer only 

was treated subsequently, and the conversion of isobutene 

and the yield of olefin oligomer were det·~rmined. 

The lower layer liquid obtain~d after the first 

25 polymerizing reaction was measured by 1:~(;-NMR similarly as 

in Example 1, whereupon it.was found o~~that the catalyst 
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was·boron trifluoride ethanol and did not-varied in molar 

coordination ratio. 

The lower layer was preserved in another vessel. 

The above flask w~s cha%'.9ed again with 100 g of isooctane as 

5 diluting solvent, and provided anew.with:lOO g of isobutene 

while being kept -25°C with stirring inthe flask, and then 

supplied with 0.25 g of boron trifluo~ide ethanol complex 

(l:l mol adduct) corresponding to the ~ount of that lost in 

the first reaction and l.44 g of the complex preserved in· 

10 the other vessel together, after that polymerizing reaction 

was carried out. 

The above procedure was repea~ed three times, that 

is, four polymerizing reactions were car~:Led out successive-

ly. The results on polymerization in~pe upper layer and 

15 the ratio of the amount of the complex ca:talyst settled down 

in the lower layer to its amount charged· (recovery) in the 

first arid fourth reactions will be shomi· in Table 3~ 

20 

Table 3 

Reaction Conversion of· Yiel.d of Recovery of 
Order Isobutene Oligomer .complex Catalyst 

. :·~ ·:.~: 

1 98.3 mol% 78.5 wt% 85.2% 

4 97.5 mol% 77.3 wt% 83.8% 

<Example 4> 

Polymerization of isobutene w·as carried out using 
':·-:.:::.:·./_·. 

~ isobutane as solvent. That is, a fl~jk was charged with 
.· .. >--.:: 

200.0 g of isobutene ·diluted with i~~butane, arid then 
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supplied with 1.64 g of boron trifluoride diethyl.ether 

complex (1:1 mol adduct) while being kept 125°C, thereafter 

reaction was carried out for 30 minutes with stirring 

violently. 

After leaving still, a 500 V direct voltage was 

app~ied to two. parallel electrodes in th~ reaction solution 

kept .. -25 ° C from . an external electric source for 30 minutes, 

whereupoti 193.5 g of colorless, transparent upper layer 

liquid and 1. 39 .g of colorless, tr:ansp.arent lower layer 

10 liquid were separated with an interface formed. 

Similarly as in Example 1, the upper layer only 

was treated subsequently, an'Cl the conve,.rsion of isobutene 

and the yield of olefin oligomer ·. were ·determined. 

The lower layer was preserved:in another vessel. 

15 The above flask _was charged again •£th isobutane and 

isobutene, and then supplied with 0.25 g,of boron trifluo-

ride diethyl ether complex correspondi~g to the amount of 

that lost in the first reaction and 1.3~ g of the complex 

pre~erved in the ·o:ther vessel togEi1:;her, thereafter 

20 polymerizing reaction was carried out. 

The above procedure was repeate~ three times, that 

is, four polymerizing reactions were carried out successive-
:··-·· .. 

1y. The results on polymerization in t}ie upper l.ayer and 
,_;··;':··. 

the ratio of the amount of complex cataly:~t settled down in 

25 the lower layer to its amount charg~d ·(_recovery) in the 

first and fourth reactions will be show~::J.h Table 4. 
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Reaction 
Order 

1 

Conversion of 
Isobutene 

89.5 mol% 

88. 5 molt_ 

<Comparative Examples 1-4> 

.. 
34 

Table 4 

Yield of 
Oligom~r 

85.3 wt% 

84.7 wt% 

. Recovery of 
:complex catalyst 

84.8% 

84.2% 

In Comparative Examples 1~4, polymerizations 

were carried out in the same conditions as in the first 

polymerizing rea~tions of Examples 1-4_ respectively, but any 

10 electric voltage was not applied to the ~eaction mixtures. 

While they were left still after the reaction with 

its temperature being kept, the boron ~rifluoride complex 

catalyst in every Example was.held incthe state of being 

dispersed in the reaction liquid, and wa-s not separated by 

15 settling as it was. 

INDUSTRIAL APPLICABILITY 

The present method, wherein the electric current 

flowing through a fluid by applying an electric voltage is 

20 zero or very weak, hardly consume the .electric power and is 

economical. Moreover, it does not change the composition of 

the.fluid such as reaction mixture and does not give any 

25 

other effect than separating boron tri-·fluoride complex~ 

Therefore, it can present an industrially useful process. 
·'. .. 

Furthermore, in proaucing ol.ef:in ol.igomer using a 

boron trifluoride complex catalyst for the react:ion, it is 
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possible to separate the complex catalyst by settling from 

the· reaction system and recover it ~nan industrially 

economical an·a .easy way by applying a direct and/or 

alternating voltage into the reactio?'l mixture produced. 

5 Moreover, ··the catalyst does not lose its activity and can be 

utili.zed repeatedly. 

The conventional processe~ for separating and. 

removing the used catalyst utilize the methods which 

comprise neutralizing with aqueous solutions of basi6 

10 substances such as ammonia and caustic soda and washing out 

by water. From the washing process, a .. large quantity of 

waste water containing fluorides as ne~tralized products of 

used alkaline compound and·boron:tr~£luoride has been· 

discharged. By recovering the catalyst in a high recovery 

15 according to the preset inventio?'l,· the problems of 

environmental pollution accompanied with the disposal of 

industrial wastes can be greatly reduced .. 

20 

25 
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WHAT IS CLAIMED IS: 

-1. A method of recovering a boron trifluoride 

complex which comprises the steps of applying direct and/or 

5 alternating voltage to an electrically-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

nonconducti ve fluid, and recovering then the separated 

10 complex. 

15 

20 

25 

2. A method of recovering a boron ~rifluoride 

complex as claimed in Claim 1, wherein electric field 

strength of said direct and/or· a·l ternating ·voltage is in the 

range of 0.001-40 kV/mm. 

3. A method of recovering a boron trifluoride 

complex as claimed in Claim 1, wherein the temperature of 

the el~ctrically-nonconductive fluid while applying said 

direct and/or alternating voltage is in the range of -100°c 

to +50°c. 

4. A method of recov~ring a boron trifluoride 

complex ~s claimed in Claim 1, wherein said complexing agent 

which forms a complex with boron trifluoride is a polar 

compound. 

5. A method of recovering a boron trifluoride 

complex as claimed in Claim 4, :wherein said polar compound_ 

is one member selected from the group consisting of water, 

REPLACED SHEETS· SG 
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alcohols, et~ers, phenols, ·ketones, aldehydes, esters, acid 

anhydrides an~ acids. 

6. A method of recovering a· boron trifluoride 

complex as cla~med in Claim 1, wherein the molar ratio of 

5 boron trifluoride to complexing agent in said complex is in 

10 

15 

the range of-0.01:1 to 2:1. 

7. A method of recovering a boron trifluori_?e 

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 s~eps of (I) to (IV): 

(I) polymerizing olefin in a liquid phase in the 

presence of a boron trifluoride, ·compJ.ex ·catalyst which 

comprises boron trifluoride and a complexing agent, 

(II) 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/or dissolved, so as to separate the complex 

catalyst by settling owing to the difference of specific 

20 gravities, 

(III) recovering the complex catalyst separated by 

settling from the reaction mix~ure, and 

(IV) polymerizing olefin in -liquid phase using at 

least a part of the recovered complex catalyst. 

25 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 polymeri~ation is 5% by 

weight ·or more. 

10. A process for producing olefin oligomer as 

claimed in Claim 8, whe_;rein the molecular weight of said 
.. 

5 olef-in oligomer is in the range of 100-100, 000. 

10 

15 

20 

25 
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