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DESCRI PTI ON METHOD OF RECOVERI NG BORON TRI FLUORI lmg?%wﬁ
.;CCNPLEX AND PROCESS FOR PRODUCI NG OLEFI N CLIGEWER USI NG THE gg@;ﬂﬂm'
5 "FECHNI CAL: FIELD. . - This invention
relates to a method of recoverlng a - boron trifluoride conplex such as
a catalyst which is di spersed and/ or dissolved in a fluid, and a
process for 10 producing olefin oligoners using t‘he sane. -
BACKGROUND ART Boron trifluoride conpl-ex catal ysts conposed
of boron trifluorideand a conpl exi ng agent, ligand, are used 15
wi dely in industrial E% elpitont Pé‘}gl.‘)ﬁ’ééﬁéﬁ Ner p@r/Jpggloo'ygg:hem cal
reactions such as al ation, rizat.ion, pol'ymeri zati on,
deconposi tion and dehydratlon These conplex catal ysts are utilized
in the formof various conpl exi ng agents coordi nated to boron
trifluoride in 20 appropriate ratios for objective reactions.
After the reaction using a boron trifluoride conpl ex catalyst, it is
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cat al yst fron1the reaction mxture. For this purpose, a method is
usual |y nmade used of neutralizing the catalyst - 25 wth an aqueous
solrution of basitc substanceﬁsuch as aanqnua of:“causti c soda, and then

washi ng with water. . : - 2-

Di scl osed in US Patent hb 27 027 |s anot her . method which
conprises adding a polyhydrkc_alcohol having two or nore hydroxyl
groups to the reaction mxture cont ai ning a boron trifluoride conplex
~catal yst, causing 5 additfion reaction of the alcohol with only boron
trifluoriide in the conpl-exDcBt &l §sR ToPrBnbv@ Boron trifluoride, and
deconposiing the addition product by heating to recover boron

trifluoride. SFurthernore, Japanese Lai d- Open Patent

L Publication 10 i H Rl S R UL 2, "
1 ort de aas THAGESY AR ARADREORE di¥ron onr R Daie, i YR, .,

trifluorfde to forma new . - .conpl ex, and recycling it into the reactor
for reuse. _l "hese methods, however, the boron trifluoride

TECHNICAL FIELD

eﬁtionfrelates to a method of recovering a
boron trifluori -complex such as'a%catalyst which is
dispersed and issolved in a fluid,tand a process for
10  producing olef iéomers'using the same;
BACKGROUND ART

Boren fluoride complex catalysts composed of
boron trifluori :iéd-a.complexing agent, ligand, are used

15 widely in inﬁust_ial.fields as Cataiysts for various

‘chemical rea“t: s’such as alkylation isomerization,

polymerizatior decomposition and dehydration. These
complex cata. ='--are utilized in the form of various
complexing .agent ﬁCOordinated to boron trifluoride in

20 appropriate ratios for obJective reactions.

Aft: he reaction using a‘boron trifluoride

complex cataiyst it is necessary to separate the complex

eaction mixture. For this purpose, a

method is usu 1ly - made used of neutraszing the catalyst:

25 with an aqueous so mtion;:f_bas1c subst” ce such as ammonia

or caustic soda d?then-washing with water.



-

i s separated and recovered solely, so.that an additional conpl exi ng

- .step is necessary for the reuse of conpl ex catal yst, with the result
that a nmulti-stage process is” 20 necessary and {hes i ncrease of costs is
caused. As for the o method disclosed in Japanese Lai d- Open Pat ent
Publ i cation No. 6-287211;" the reaction nixture is heated in
.coexi st ence with a boron-trifluoride conplex.catalyst, which has bad
i nfl uence on the conposition of reaction mxture and 25 restrict its use
severely. Japanese Lai d- Qpen Patent 'Publication No. 2-45429
- 3- d|sclos@?%?iﬁﬁﬁédibfu§aﬁ§ﬁﬁﬁf P - alti A2t i A7 r R cBPGFheT
bet ween olefl mat i’c. conmpou u3|ng a b LOTY: . fluori et her
conpl ex, %H&’?EBS CLOR% an‘g 118 g’f s %ﬂ:?ﬁé gs"
phosphorlc I nd or.9n triflu r1d her
conplex in. t e reac ﬁt’g% %Ygr%x 1mgft t[d nﬁg'reat uggcﬁlgnyq"s’fagé'%efore

or after t@%ntainiﬁ ch @31 e@r§?ﬂﬁﬁ¥i ¢ fé&aBﬁﬁafyééetEE the
u5|ng-t caf a s

reaction m xture, e separate st -as stan t he

next al&yl @dd%lroeﬁ&tédaho @£ “the alcohdln Wiltiss cﬁﬁ%erbdi‘aw\’&‘mfid&ide
recovered conplex is not-an ini'tial boron trifluoride ether conplex

catal yst, Hut the complexépizaiystito remove boron:trifluoride, and

decomposing thef;”ditioh pﬁoduct_by heatiﬁg to recover boron
trifluoride. | |

Furthefﬁore, Japénese Laid—openﬁfatent Publication -

10 No. 6-287211 di_ oses a method of reaction using a boron

trifluoride complex catalyst which comprises heating a

reaction mixtu :]to vaporize boron ‘trifluoride gas,
contacting the boron trifluoride gas with ‘a complexing agent
in excess relaf e to boron trifluoride to form a new

15 complex, and recyc ing it into the reactor for reuse.

In the ;methods, however, the.boron trifluoride

is separated an' ieCOverea'solely, so that an additional
complexing step 1S ‘necessary for the ‘reuse of complex
catalyst, withix- 'result that a multi stage process is

20 necessary and the 'crease of costs is. caused. As for the

method discloseb apanese Laid Open atent Publication

No. 6-287211, th_ eaction:mixture 1S heated in coexistence

with a boron t if uoride complex catal jt, which has bad

influence on t] compos1tion of reac{ion mixture and

-~ 25 restrict its use severely. -

Japanes *haidiopéﬁ Patent Puhlication No. 2-45429




a boron trifluoride/weak acid conplex ,catalyst in which et her as

. _gonpl exi ng agent has been replaced with a weak acid added | ater.
Further, the recovery is as. l'ow as aboug 27% 15 by wei ght .
A efins having vinylidene structures as. doubl e bonds in ol i gomer are
utilized effectively, because ‘t'hey react with naleic acid or else at a
.high rate. Therefore, “several methods have been proposed which
i ntroduce nmuch nore 20 V|nyI|dene structures intb“oligoner
For exanple, US Patent No. 4,152,499 discl oses a ymeri zation met hod

in which | hEEARESS Eomﬁﬁ9¢§e9f|FarryiﬂﬁeQ%%g%15whﬁﬁ&@@aF®@9 #@%
-50[err]C to +30C to o uce: ol yi sobut ene havi:ng pol yneriza

degree of JRPYM@?E 'QFH§QP95§8ﬁEFb8r&?TPPPn' | HE3R afy Qﬁn
b
T SN el T

~introduce G0g9 i dene gggﬂ t na pPQSis
Eur opean Pg?eng% 4%é2§§ - sc sgs t érEE ae:f{/‘ﬂk 50 lﬁeetnlecl gaétgt géﬁl%d by
usi ng asb0r§KEA61ftHOE'ESrp trifluoride ether complex in the reaction

system at roomdiehﬁerature at any stage;before or after the

reaction, then eparating the catalyst by settling in the

reaction mixtuf ‘and using'the eepareted catalyst as it

stands in the né alkylatlon reaction.
10 In thls'case, however, the reéovered complex is

not an initial boron trlfluorlde ether complex catalyst, but

a boron trlfluo”'

de/weak ac1d complexgcatalyst in which

ether as complegxgglagent has been replaqed with a weak acid

added later. ”futthet, the recovery is as low as about 27%

i5 by weight. -N
Oleflns havxng vinylidene structures as double
bonds in ollgomfr are utilized effectlvely, because they

react with male1c£ac1d or else at a high rate. Therefore,

several methods avewbeen proposed whlchgintroduce much more-

20 vinylidene strubtureé into?bligomer.

For ex mple USZPateﬁt No. 4_552 499 discloses a

polymerlzatlon mewhod in whlch isobutene is polymerized in

the range of temperature from -50 C to +30°C to produce
polylsobutene hav1ng polymerlzatlon dfgree of 10-100 by

25 using a gaseous boron trlfluorlde catalyst or a boron

trifluoride compl’x catalyst made by complex1ng with water



~

al cohol conpl ex catal yst conprised of .boron trifluoride and

v . derr]-Cerr] alcohols, and describes that it is possible to I ntroduce
70-90% of vinylidene double bonds at te#éntnal - positions. 10
In the production of olefin oligoners as the above, a boron
trifluoride conplex catalyst is generally used, which has each
.particular conpl exing agent selected -and its . nolar coordination nunber
is specified. Thus Ilgands bound in a conpl ex denonstrate the
desired catalyst funct| e coprdi.nati on er
Therefore, °F Jvﬁl’l‘éﬂ - con'fﬂ" &%‘a‘i’gg C%S@rfedfﬁn&sr éﬁ@ﬁﬁgﬂf ejto

Rﬁﬁngaryl ;gflﬁé-oco%é%t 98 %‘Hﬂf" e:é \\% 9 e‘%{‘é’dégéﬂﬂ% Ibrbnds aQ:OQ:recurF%éLQn

i natiron munber-rs varl N recoveri ng,
catal yst fupgtippophanges, and its read- 20 justment nust be carried out
after recovering. Therefore, the above recovering nethod is not

preferable. Eowass anasp 4 Ben®000dilngs | QB HURDEd i 5&10SE8PIERER
to conditions such as tenperature.and others, the recovering and the

reusi ngsof peNglisoratahystiss heveaisid eby hmgioaebo&ﬁml srilfa yvogdaet i on

of olefin oligoner using a boron trifluo- ride conpl ex catalyst.

- 5- alcohol complex catalyst comprised of boron trifluoride and
C;-Cg alcohols, and describes thatj;t is possible to
introduce 70-96% of vinylidene doubleﬁbonds at terminal
posltions. .

10 In theﬂproductlon of olefin.oligomers as the
above, a boron trifluoride complex catalyst is generally
used, which has;each particular compleéing agent selected
and its molar coordination number'iSESpecified. Thus,
ligands bound in.a complex-demonstratefthe'desired catalyst

15 functions by specifying the.coordination,number. Therefore,
when a complex catalyst is recovered’and'reused, it is
necessary to reoover'the complex without any change in
coordination number. lf the coordination number is varied
in recovering, the catalyst function changes and its read-

20 justment must be- carrled out after reciver;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 hayp-scarcely been done

25 in the production of olefin'oligomer usiné a boron trifluo-

ride complex catalyst.
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. The object of the present invention is to provide a nmethod for

.recovering a boron trifluoride conplex as it stands, for exanple,
in the state of mamintaining activity efs - " a catalyst, froman
el ectrically-nonconductive fluid ~5 containing the conpl ex dispersed
and/ or dissolved therein, ©: and a process for producing olefin

. _oligonmer characterized by o recovering and reusing the conpl ex
catal yst. ' , DISCLCSURE CF | NVENTI ON - 10 .
A first feature of the present invention relate to a nmethod_of

recovering.a boron trTFFuBPﬂ&Etceﬁngﬁ'ﬁﬁﬁﬁ?“t inv§nttﬂﬁqﬁ$sﬁg BYPYIRRg a
eS| n o REEbRh Ha ey BRTnk” & Boran, fir 5 THEE k) Bamil SR g L VO
di ssol ved, { ?gnggy ?39a%§§?n9e {Re LPgeROLEN %{ht%fﬂ g ?§9§9L%

settling it Tromthe Pieal ? Honconauct rve™ en regoverlng

the Eg%ﬁf§%%(x¥?bﬁ(an electric &y no%éﬁﬁ&@%éf@%u@i&&dthe

pr esent [ nvent lon relates | to a net recovering a boron

trifluogi decsReRkBxngh thiee comple dLbP¥Pséa’ 8halea! WissdMAIE theteth!i
field strength of . - direct and/or alternating voltage is in the

range of 0.&Rd-a process £6rkb%ﬁﬂuc1ng olefin oligomer Achéradtésitedebypf
the present invention relates - : to a nethod .of recovering a boron
tr|fIuor|dereooweexngnahdereus;nQSthaboonplexscatehyste wherein the
tenperature of the ": electrically-nonconductive fluid while applying
a direct o : '

.. DISCLOSURE OF INVENTION , -

10 A fipet_feature of the presept invention relates
to a method of;teootering.a-boron ttifluoride oomplex which
comprises applYiﬁg_a direct .and/or alte;ﬁeting voltage to an
electrically—noﬁoohductive fluid in whioh boron trifluoride

. complex is dlspersed and/or dissolved, thereby separating

15 the boron trlfluorlde complex by settllng it from the
electrically- nonconductive fluid, and then recovering the
separated complex,of

A secopéufeature of the presentzinvention relates

to a method ofjﬁeoo&eting a boron triflnoride complex in the

20 above first fe turet wherein electrlcﬁfleld strength of

direct and/or alternatlng voltage is in: the range of O. 001-
40 kvV/mm.

A thlrd feature of the present invention relates

to a method of recoverlng a boron trlfluorlde complex in the

25 above flrst:feeture, whe;eln the t'ﬂperature of the

electrically-no@dooductive3fluid whilé applying a direct




.

- 6- and/or alternating voltage is in the range from-100[err]C to

+50[err] C A fourth feature of the present invention

“rel ates to a method of recovering g :boron trifluoride conplex in the
5 above first feature, .wherein .the conpl exi ng agent which forms a
conplex with boron trifluoride is a polar conpound." Afifth
feature of the present invention rel ates - to a nethod of recovering a
boron trifluoride conplex in the above fourth feature, wrerein the

pol ar conpound is the one 10 selected fromthe group consisting of water,
al cohol s, and/erh@rkem‘qang vRatagss i ide e srangee£somci ARy P des
and aC|ds : Arsixth feature of the present invention relates
to a nethod*23@’ ?ecoverlng a boron trlfluorlde conplex in the 15 above
first feature, mhergln rati o trifluoride t
conpl exi ng agent in tﬁe ﬁgBe29P§“Fﬁ Prre Lthe' B pﬁ%ﬁﬁﬂ§fﬁﬁﬂﬁ?§ QJF?gaE9§.
A seventh fgatur he.p ept e h )
€8, ¢ e o& (SE £8§80&ﬂﬂ¥ 3 i>8£’?§ Lii}zgfu jde’ o@g?&{: 9{4 Ohe

recoveri ng a boron uori-de conpre OVG ure,

wher ei ngt heggLge! rf:ﬁ?styfgﬁmu%héﬁeln tHid %meieaufwgraa%@mﬁiehd

forms a complex with boron trifluoride 1s a polar compound.
A fifth feature of the present inventhh relates
to a method of recoverlng a boron triflgqride complex in the
above fourth feature, wherein the poiar.éqmpound is the one
10 selected from”the groap consisting of water, alcohols,
ethers, phenols,fketones, aldehydes, esters,'acid anhydrides
and acids. | . |
A sixth feature of the presenthinvention relates
to a method of recovering a boron trifluqride complex in the
15 above first feature, wherein the molar ratio of boron
trifluoride to ¢§mplexing agent in the;complex is in the
range from 0.01:1 to 2:1. |
A sevehth feature of the preseﬁt‘invention relates
to a method of;re¢QVering a boron triflud?ide camplex in the
20 above first featare;:whereih the‘eleetré§ally-nonconductive
fluid 1s a hydrocarbon fluid. - ;

An eighth feature of the present invention relates

to a process for .producing olefin ollgomer which- comprises

the following steps from (I) to (IV),:_

25 : (1) polymer1z1ng olefin in a 'féuid phase in the

presence of a boron trifluoride complex catalyst comprised
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- An eighth feature of the present invenfion relates to a process for

; produci ng ol efin oligomer which conprises . the“fol!om@ng steps.fron1(l)
to (1V), 25 . (1) polynmerizingzalefin in“a liquid phase in the
presence of a boron trifluoride conplex catalyst conprised

.- T- of boron trlfluorlde and a conpl exi ng agent, _

. (11) after polymerization,~ applylng a direct and/ or alternating

. voltage to a reaction mixture in which boron trifluoride conplex

catalyst is at least partically .. 5 dispersed and/or dissolved, thereby
separating 'the me&riﬂuokﬁ%ﬂw mwmlexngg cagentto the di f ference of
specific gravity, e T I11) recovetfiing the separated

conpl ex -cat al yst by (IIQet,at:q*F?nﬁ PPd-rﬂ'l‘%€ilzééb¥‘an;rﬁ9QhYéngarﬁl digect
quU| Qhase by using .~ at |east a part of

V) pol
&Z)rﬁgoire"? ard e ttsgﬁaxu ' vErBegE’ e reg;mqa Fiatite dp ion
TR oy BUIOR EELENERrige LOnB BhORER ] DL L Q0N ML RLET LRIV
i 'ﬁiggﬁl%daﬂ3@ﬁgréf§'§@ba§a§%%8ythe complex

15 feed m @iligetded h§n&/8’.:“

catalyst by se_ ling owing to the difference of specific

gravity,

(IX -recovering the separated .complex catalyst by

settling from the'reaction mixture and

10 olymerizing olefin in liquid phase by using

ofﬁthefrecovered complenfcatalyst.
h feature of the present invention relates
to a processl_ quroducing olefin olipomer in the above

*wherein the concentration of olefin in a

eighth featurﬁ

15 feed mixture. inmthe liquid phase polymerization is 5% by

weight or more.hf;
A tenth*%eature of the present invention relates

to a process for producing olefin oligomer in the above

eighth feature herein the molecular weight of the olefin

20 oligomer is i _ range of 100- 100,000.

Accord grto the present invenljon it is possible

to recover.a: lex catalyst easily w1thout changing the

molar ratio of boronwtriflgoride complekzjnly by applying an
electric fiels 3Asiaf%esn;tg the recogered complex can be
25 reused. R

Further,ntheiaboye'method'caﬁﬁbe applied in the




wei ght or nore. : Aitenth feature of the present invention

relates to a process for producing olefin oligonmer in the above
ei ghth feature, wherein the nol ecul a~ ®ei-ght of the olefin 20 oligoner is
in the range of 100-100; 000. " - According to the present-
I nvention, it is possible . to recover a conplex catalyst easily wthout
. changi ng the nolar ratio of boron trifluoride conplex only by applying
an electric field. As a result, the recovered conplex can be 25
reused. Furt her, the above nethod can- be-applied |in the
- 8- Prfuetiono R o LeELPN OHIGRMRF USERY £ RPBAM LTifbupgdde

TolTage t bonkex, Extabisth: (e Trrert 8 Brhithloateo Bt bYoam  at e
the boron thidduanide GeTRlEde 5vfatehyst DyadRldhNOxipEuERe rEREH,0N
m xture, tO recover t‘e;conﬁiex cataly§¥ mﬁﬁhout anfgghange I n

coor di Nat | gy ymer {WEREBAOT dd QUlfloraPRUchE. HEYBR k@1 dr $88"BmpLex

The anount "o on tri In cation “pol'ymeri zation o

olefings waddlivetd P0dePrPing £R8M thelhreabdidif }gei:eéﬁfe,cowoag&b%é:o be

polymerized. After the reactions o .
the complex cata;yst without any change in coordination

number of 1igands; and to reuse it as it¥$tands._ _
The amount of boron trifluq;i@e used in cation
polymerization 6f‘blefin is ﬁsually O;OOOi}O.S mol per 1 mol
10 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
16 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
20 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 triflgéride and various

o form a complex

25 polar compounds. -Boron trifluoride’is.ap.

with polar compounds such as oxygenécoﬁﬁaihing compound,
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"~ as the above, at least a part of boron.trifluoride conplex catalyst is

-.stably dissolved or dispersed in the reaction m xture, and it is very
difficult to recover the dissolved - 9o+ dispersed conplex catalyst |ike
this. Therefore, it is .15 very hard to separate boron trifluoride

.~ conplex catal yst as ~it-stands fromthe reaction mxture and to reuse

. dt. The present invention relates to a skill for recovering a

conpl ex catal yst dissol ved or ‘dispersed in a reaction. m xture, reusing

it, thereby reducing the catalyst cost and 20 the |oad of succeeding

steps nitrogen- c?ﬂEapFE§QnF°WRPBﬁ§|@WQM$W1QKFIEQR#¢¥RkPQncﬁﬁpéund

detail in the foll ow n A boron r|fluo I de conplex in the

* bresent FoEtus karios, Eeﬁa 18 oA G REL U PO P CORTRARR ThaR 25
pol ar COITpOILJQ ios.Bor‘l‘pxetsreféﬁ 'Clgee +% %% % %%L%%?a Cogpltypicallytgs

pol ar- conpounds “such as oXyg:

-9- - cafhl §89t ﬂu Y% £2880URd AN SHLRUT - cﬂ%ﬁé?b% C%@P&Hd
t

in various ratio vari ous nolar coordi “nat’i

These C@”D'@%E%lfﬁﬂdearcﬁ:mlﬁﬁéﬁé@'&Qéhy neinly aF@téai%tlsyé*@r w&&rhy Kénds
of reaction. Therefore, béron -

described in the following.

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

boron trifluorideiby physical or chemical bonding strength.

10 Exemplified as the complexing agents are organic or

1norgan1c compounds that is, oxygen-containing compounds

such as watep;;alcohols, ethe:s, phenols, ketones,

aldehydes, estéys, organic acids andﬁacid anhydrides,

nitrOgen-contai; ng compounds, sulfur-containing compounds,
15 phosphorus-co: ining compounds, inorganic acids and so

forth. Boron:ttiiluoride can form complexes with aromatic

compounds such¢a ;benzene besides the above compounds.

Further) complexing agents which form boron

trifluoride complex catalysts suitable in the present

20 invention w1ll'be'described in the follow1ng, although they'

do not restrictp he 1nvention.

That : isT exemplified as alcohols are aromatic or
Ci-Ca0 aliphatic alcohols, where the Cl‘czo hydrocarbon
group may be straight -chain alkyl branched-chain alkyl such

25 as sec- and tert-alkyl alicyclic, or alkyl having an alicy-

clic ring or rings. As examples, there are methanol, etha-



5 trifluoride conplexes used maiply as catalyst will be described in

- .the follow ng. Compl exi ng agents used for preparing the
conpl ex catalyst in the present i-n\ddnt4 on can form conpl exes with
boron trifluoride by physical or chenical bondi ng : strength. 10

- Exenplified as the conpl exing agents are organic or- I norgani c

. .conmpounds, that is, oxygen-containing conpounds - - such as water,
al cohol's, ethers, phenols, ketones, al dehydes, esters, organic

acids and acid anhydrides, : ... . nitrogen-containin npounds
- sul fur-cont & 4m?¥9?ﬁkﬂ%dsb“t§9°lphGgHWGQEim: %éhﬁﬁg BBRYBNALs, octa-
. inorganic acids and so fort vorlkde can form.co

with arorrat oL, no Wﬁ}wn‘a@ S o N eﬁ?g bgg t‘ fhé’yg&gvgxgo%ou%n
Furt her, % % r)cg‘ ag%nutzgth@zl ctﬁmqgé% YL also t‘{% fd uori de conpl ex

catalysts S I'n the pre§e nventi1on w ‘be -described in the

fol l owi ng, although t .ﬁfﬁghrgg éfﬁgfﬁ‘grél¥hdég”ﬂgd(ﬂﬁ aromatic or
That is, exenplified as alco S are aromatic or . Cerr]

al i phatisc algcohels, aheps dtiec Che/ddoEhedn hydous) bahere tHeOUp e
straight - chC%h %E&I b?anched cﬁgln al kyl sugh 25° as -sec- and _1W¢bd)

tert-al kyl, l’ﬁ}dﬁtyﬁhlr@mrorsleék;ltohﬁ\ma}g ba sitlrayl-ght chah.lnc alikyl ogroupgs.

As exanples there are nethanol, etha-

- 10 - branched- chanin alkyl group such as sec- and tert- alkyl,

alicyclic groupdﬁor alkyl group having an allcycllc ring or

'rings. As exgmp;es, there are dlmethyl ether, diethyl

10 ether,imethyie' hyi ether, dipropyl ether, .methyl propyl

ether, ethyl~fﬁ6py1-éthér, dibutyl gtherL methyl butyl
ether, ethyiﬁ ”tyi ether, propyi butyl ether, dipentyl

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

ether, cyclohe yl methyl ether, cyclohexyl ethyl ether and
15 SO on.’
As;phéhdls,[monohydric to trihydric phenols are

suitable. 'Morefpa?ticularly, phenol andzcresol are prefera-

ble.

Exeﬁﬁlifigd*as ketones are those having aromatic

20

;c- and tert-alkyl,

brénched-cha; _alky1 group such asih
alicyclic group,_or alkyl group hav1ng an alicyclic ring or

rings. As examples there are methyl ethyl ketone, diethyl

25 ketone; methy;¢ ptyl ketone, ‘and cyclqhexanone and the like.

Exemﬁlified as esters are those obtained by




 -nol, propanol, butanol, pentanol, shexanol, heptanol, octa- nol ,

-nonanol , decanol, and benzyl al cohol, cyclohexanol and so forth.
Further, diols can be al so used. - 11 - Exenplified as ethers are
those having aromatic or. 5 C(ferr]-Clerr] aliphati.c hydrocarbon group,
where the Clerr]-Clerr] hydrocarbon skel eton may be straight-chain

al kyl group, br anched- chani n- al kyl group such_as.sec- and tert-alkyl,
alicyclic group, or alkyl .group having an alicyclic ring or rings. As

exanpl es, there are dinethyl ether, diethyl 10 ether, neth et hyl ether,
di propyl -et REFETFRIRACIPRLYE a*°maEPﬁePr &amfle ¥R®¢aﬁ%ﬁeﬁxcéh9dnwlth '

i pentyl - Brofre %&bﬁhlﬁw%mé’:%e%@ﬁ%ﬁﬁ Eéyhgéiﬁa'gp%%@n
h 15 0
B oncl o) SRR, SRR Rl MGG ke 005D, SRS, pB s¥iyRle-

part'CU|ar'Ehaﬁ%@@&kfﬁ“bfﬁ§ﬁ0|bfﬁﬁcﬁéﬁtéhgin alky’

.Jﬁbrou suc? EF ﬁc-
Exenplified as ketones are ose having-aronmatic’ = err err

al i phatsc hgéoaRIONa URPUDS a 1WeSIE & tdeobher bk- G[lwﬂ group HELIR %QP

skel etons may be strai ght-chai-n al kyl group, br:dnched- chai n al
‘group such aiﬁuxclﬁodr&mg—d&kyings. KﬁléxahanBTn$MeQeiﬂﬂe|m6tﬁ?u
having an alicyclic ring or, rings. - As exanples, there are mnethy

et hyl ketonéordiatey| ethyl kéoumatm;etmgthwl yéckeamee, enrlyayd@éea&eqne
andth6|lkgropyl acetatef butyl acetate, pentyl acetate, hexyl
acetate, ethylfhexanoate, ethyl benzoate and completely
10 esterified products of phosphoric acid such as tributyl
phosphate. .f" - _ii
Exempigfied as ofganic acids are aromatic or C1-Cg
aliphatic carboiylic acids or their}halogen substitutes,
phosphoric aciﬁﬁ_and partially esterified'products of
15 phosphoric ac1d With aromatic or Cl‘cﬁ aliphatic alcohols,
where the Cl’cﬁ hydrocarbon skeleton may ‘be straight-chain
alkyl group,jbranched-chain alkyl groqp.such as sec- and
tert—alkyl,.alicyclic group, of alkyl Qroup having an
alicyclic ringﬁor rings. As examples; there are formic
20 acid, acetic;aé#d;Lpropionic acid, o#é;ic'acid, malonic

acid, benzoic acid, diethyl phosphate and the like.

Furthei;~exemplified as_iﬁgfganic acids are
phosphoric acidIlhydrochloric acid and fné like.

The . above complexing agents 1n each complex system

25 can be used alone and also as a mixture *f two or more kinds

thereof in appropriate ratios. A complex itself can be



. Exenplified as esters are those ohtained by

‘.esterification of aromatic or (Jerr]-Clerr] aliphatic alcohol wth
aromatic or (Jerr]-Cerr] aliphatic carb@axylic acids, or phosphoric

acid, where the-Cerr]-Clerr] hydrocarbon skel eton may be straight-

chain al kyl group, branched-chain al kyl group such as sec- 5 -and
tert-alkyl, alicyclic group, or alkyl group having-an . alicyclic ring
or rings. As exanples, there -are nethyl - formate, ethyl formate,

met hyl acet at e, ethyl acet ate, propyl acetate; butyl acetate, entyl
acet ate, he?ﬁepare RALEIFSingno ?ﬂ&aﬁ&ﬁ%ﬂn§ﬂﬂﬂaﬁemﬂﬁﬁe sand

conpletely sterlfl d rodu ts of osphoric ‘aci d. such_as, tribu
phosphat e. exdnp 2! *Colip eﬁg (Rf%gi INRF%RﬁEﬁFQUQP%IbHB%FC g%

Aerr). Ao pbssiviedd 'ﬁof@ﬁb?f%%ﬁﬁ??a e S e esnge o,

substi t ut es, ori;c acid,

15 phOSphO&bﬁpﬁ@ﬁﬂ&tégéﬁ’EEﬂEhC 0lg ;gﬁ r&a@isrﬂgte' 5!0%%] f&r]&og{?g%em

where the Cferr]-(err] Thydrocarbon ton may be straight
al kyl gsoupsebra&r&f@ﬂfcb@ N @tkphcl OUenguelavife SE6rmatdon oft & tukbH! |

alicyclic group, or kyl group haV|ng an alicyclic ring or rings.
exanpl es, theiélaoeiﬁerdompléﬁ iAactHe ﬁé&btﬁoﬁcldquﬁdoplonlc acid, oxalic
acid, malonic
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
10 than 0.01, a catalyst activity is too low to achieve the
object of olefia;polymerlzatlon. 1f the;molar ratio is more
than 2, boron,trifluoride"is too mucﬁicompared with the
complexing ageofjto keep a stable cod;dination, causing
trouble in keep§§§£the molar ratio of borod'trifluoride in a
15 recovered_cataljet. "As a result,.it“isﬁnecessary to adjust
the'molar ratioirhen reusing the recovered catalyst, which
makes the proceeejcomplicated undesirablﬁ;
In preﬁaring a complex catalysr; it is possible to

use a solventiwhich is appropriateiy inactive to the

20 reaction andfp “dissolve or dispérse the complex.
According to fhe:present invention, Eihe 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 des1rable. However, when a

25 even solid complex

behaves like a liquid complex and can be treated according




~7in a given r3%iBTPRED A
~= liquid.

"% acid, benzoic acid, diethyl phosphate .and the |ike. Furt her,
-exenplified as i.norganic acids are hosphoric acid, hydrochloric acid

and t'he | ke. The above égnplexing agents in each conpl ex

: system .25 can be used-.alone and also as a m xture of two or nore kinds

" thereof in appropriate ratios. A conplex itself can be

coo- 12 - prepared according to the conventional methods.. For

© exanpl e, conpl ex nay be previously prepared, and it is also possi bl e

- to put boro tr|f uor* E and ?ne or nore kinds of : conpl exi ng agents

PEGRELBR: syst em separately or at once, and

-~ cause formation of a Qﬂrﬁgder to EEPBE%Q% @%d“?@ﬂ frhtéﬁiéﬁa€££? uo-

| ar I'0 of boron t uori 0 conp eX|ng

' agent is Prei 8eatldmpll ey 289 1y Oy Ol ehéet%ijc £1b1de the #DU28

ratio of boron trifluoride to conplexing agent is less than 0.01, a

. catalyst ackéébwtainifigteRel Boron 8EDEPUSride complék) :eﬁétoseOéEécﬂrlcal-
~ polymerization. If the nolar ratio is nore than 2, boron trifluoride

i 1s too Sruchigenpacenductivehe Any fawid s ngﬁag@mtticukanpyaresabheted

- coordination, causing trouble in keeping the nolar ratio of boron

;ﬁtrlfluorldesmnlang as it is electrically-nonconductive and can disperse

| or dissolve at least a part of boron trifluoride. As
examples, there are hydrocarbon fluids,'preferably—;liphatic
hydrocarbon fluids. -

10 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

15 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

20 feed, oligomer and the boron trifluoriééscomplex catalyst
can be used as the object. Further, iqgé reaction.where a

Cgq aromatic fraction obtained from a napﬁﬁha cracker or a Cy

fraction containing isobutylene and othé;s is supplied as

feed to produce petroleum resin or polyb iene respectively,

25 the reaction mixture containing the feed,: petroleum resin or

polybutene as the product, and the boron-‘trifluoride complex



15 recovered catalyst. As a result,.it is necessary to adj ust t he
-molar ratio when reusing the recovered catalyst whi ch makes t he
“process . conpl i cat ed unde5|rably - I n preparing a conpl ex
catalyst, it is possible to- use a solvent which is appropriately
I nactive to the 20 reaction and can dissolve or disperse the conplex.
. According to the present invention, the conplex can be . 'separat ed and
recovered easily by conbining or aggloneration caused by applying an

electric i ghiay e'reer:s O as e Bl fdct edClpIPIRG bhddldckeic

desirabl e en a solvent 1Is used I'n abOve preparati on,
even solid gogphex behaves like a liquid conplex and can be treated
accordi ng - 13 - . the present
i nventi on. _ The bbromletriifsaparide aumpieselisa generdllil uo-
ri de conplex by applying an etectric field, the fluid contai ning the
borontrifIdmspersnﬂmﬁnxtManaﬁnwelekeckcaballg}ncyeqndumuixﬁiﬁbuidAny
fluid is not particularly restricted . solong as it is
electruéal|?hnenc@nduwm¢netaﬁdleawuﬁeqqnmniex isohagiddavisalublechnt an
part of boron trifluoride. - exanpl es, there are hydrocarbon fl uids,
preferably ﬁFFﬁﬁﬁ%Fél1Y'“°ﬁ?8PGE§FBUﬁ fFBFés However, not only when it

is just dispe:sed with cloudiness, But also when it is

dissolved and ie7traneparent at a glance, the compiex can be

separated and recovered by applying an electric field or by’
10 changing the condltions in applying an electric field.
. Accordingly, the'form of complex in[the flUId, whether

dispersed or.diseolved,_is not so iméprtant. However, as"

mentioned above;:the complex must be indthe form of liquid,

and when in the-form of solid, it is liquidized for use by
15 dissolving or:diepersing in a suitable eolvent.

Accordihg fo the present invection which comprises
applying the following direct and/or aiternating voltage to
an electrically-nonconductive £luid in which a boron
trifluoride complex is dispersed and/c?'dissolved, it is

20 possible to agg;omerate and settle tﬁe.diséersed and/or
dissolved complek}catalyst without chenééég the molar ratio
of boron triflucride complex to coﬁfiexing agent and
separate it from'the-reaction mixture: o

In the present invention,zfﬁe reason why the

25 complex is separated by settling by aé'}ying an electric

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



10 When a boron triflyoride conplex-is used as a catal yst,
"a reaction m xture containing the catalgg obt ai ned by reaction is the
“object fluid to which an electri€ freld is applied. For -exanple, when
an aromatic conmpound is alkylated by olefins with a boron trifluoride
.. 15 conplex catalyst, .the m xture conposed of the feed, an
- alkyl -substituted aromatic conpound as the product. and t he bor on
trifluoride conplex catalyst can be used as the obj ect. \Wen styrene
or olefin sychcadord sepyffﬂsr&ae comPUY Te{ {784 Eﬁpggs@d" W 1ER88EL ke
ni xture contai ning the f'eed, ol i goner and the poron trifluoride
conpl ex cat goyfilex 1te@rlfbemseﬁea3ﬂ;hadab¢fep i t8&1 heeonita iniRgGCthen
where a Clerr] aromatic fraction obtained froma naphtha cracker or a
derr] cbmgel é&n ionhaitnictya rgellitwi ehe ebecaithisr stiys  stiypkieediasan
- feed to produce petroleumresin or polybutene respectively, 25 the
<. reacti on m elecsricnpeilarigatienf exd anpetlecltcam dsyuntgpn betwselnymlme as
the product, and the boron trifluoride conp
- 14 -3 trif%ﬁ?ﬁﬁﬂﬁ zhd &éQE%GsastWR@Bbﬁ&ne¥6PPﬁﬁﬁyVﬁé?ﬁgéléﬁﬁlc
field

’f : boron_trifluoride co enera
i sper sed | APPAIShSR Tie HOTELEF PRLREYARuc R SYesGFLE Poletization

diminishes partially and an electrlc_;epulsion among the

complex molecules disappears, so‘fhat combining or
agglomeration among the complex molecules is caused. It is
10 supposed consequently that the combiqed or agglomerated
complex is separated by settling owing;to a_difference of
specific gravity to form a lowefﬁlayer under the
e1ectrically-noncondﬁctive fluid centainiﬁg the complex, and
can be separated from the electrically-nenconductive fluid.
15 As an electric voltage appliedéfo an electrically-
nonconductive fluid such as hydrocarbepﬁreaction mixture,
either a direct voltage or an alternaﬁing voltage may be

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

applied independently at once. The eleq#;ic voltage can be

20 generated by means.ef a.conventienaiECOnstant—voltage
generator. An electric field strengéh_generated from a
direct and/or alternating voltage can sebarate the complex
easily so long as it is 0.001-40 kV/mmhﬁpreferably in the

range of 0.01-1 kVv/mm. Further, someffiﬁctuation of the

25 electric voltage can be .allowed. If electric field

strength is less than 0.001 kV/mm, the eemplex can be hardly



5 Thus, a boron trifluoride conplex is hardly soluble in an
“electrically-nonconductive fluid. Fbm§v§g,_not only when-it IS just
“di spersed with cloudiness, but also when it is di ssolved and is
transparent at a gl ance, the conplex can be separated and recovered by
applying an electric field or by 10 changing the conditions in applying
an electric field. Accordingly, the formof conplex in the fluid,

- whet her di spersed or dissolved, is not so inportant. However, as

menti-oned aQ@F%ratﬂﬁ:l Wpéé%tﬂﬂiﬁb be O 1 S SR8 OhahbqUisE an eldddruken
in the formo olid Is liquidized for use by 15 dissolving or

di spersing fﬂeadssttehbehsmlsvmote than 40 kV/mm, Acddellecgric bheapdesant

i nvention which conprises applying the follow ng direct and/or -

al t er nat i ngphenvagmnam and sideckeeitiicwis \swohcasdedectadlystsiafwhheh a
bor on trifluoride conplex is dispersed and/or dissolved, it is 20
possi bl e t occe@pPBRELat EakRdPiacer e Bﬁﬁhdpéﬁéﬁséﬁeaﬁﬂﬂgﬁlrabled|ssolved

conpl ex_catal yst wi thout changing the nolar ratiQ Qf boron trjfluoride
conpl ex’t o corrpl exi ngRageriitange "betyep e £lRTHTPALS bRt PO R x?ur e.

- Ln the presgl ety b Bieah ol Isoe? o BRI PR 3 oY kel
. surm sed asaEBk %@iaté?yfokor example, from the range of 0.1- 1065cm
preferably 1-50 cm. 1In the present invention, anyvapparatus
-for applying an electéic field can bé-used without any
10 restriction on its shape or structure, so'long'as it
contains the means of applying an electric field to the
- object fiuid 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
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 sﬁitably by varying
the distance (space) between electrodes together with
20 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
25 trifluoride compiex, an electric curréht{hardly flows when

an electric voltage is applied, so that -the electric power



">.a boron trifluoride conplex, it is supposed, although the conpl ex
~jtself or the liquid drop itself containing the conplex is not charged
with electricity, there is an eleck?i< polarization or an electric
devi ati on between boron 5 trifluoride and |igands. Wen an electric

. voltage is applied to the conplex nolecule, the electric polarization
- .dimnishes partially and an electric repul sion anong the conpl ex

mol ecul es di sappears, so that conbining or aggl omerati on anmong the
conplex nolecules is caused. It is _-10 supposed consequently that the
conbi ned -orCARFUIRY at &y very ddpFiR-is p&?’ét%d?ﬁﬂ'ng"et t It#’ﬁg BHRSERD a
di fference of Speci avit m a lower layer wunder the

- g fjc ar o f
el ectrical IYPHENEHG LT i?/iés‘? ?‘ﬁ‘?‘a’ %?%’l‘%al%et he conpl ex, and can be

separated fromthe elgg rF?H é%€999@1 tE&%J&f&éal1giﬁﬁﬁ?ondﬁctf§ean

el ectric voltage applie n electrically- ‘honc ve urd such

as hydrocarfdqfy d &aém O8n "bxbEtBic volt8hkNeE Apphlhieel iW/dcvcedpediall
alternating voltage may be used. - Both direct .and al ternat’i ng vol¥ages

can be 5ml sxrestricgyd iss 1oMigpesdest iy altAnae théhea@iRe ifidgm loege €an be
20 generated by neans of a conventional constant-voltage generator.
=~ An electric30eCd sHoeeyer gaorieemt thef topaxment ik rearried outalirertizéi ng
- vol tage can separate the conpl ex easily so long as it is 0.001-40
_ kVinm  prefpressnce rof heatalystangt 36 profetablento Beleicdr a stange of
fluctuation of the 25 electric voltage can be allowed. If an electric
field temperature lower than the reaction temperature, so as to
prevent as far as possible the comesition_of reaction
10 mixture from changing due to an effect of catalyst.

-Further, the time interval of applying an electric
voltage is hot especially restricted. Fpr example, when an
electric voltage is applied in a batch type, it is usually
possible to select appropriately out of'the-range from 1

15 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

20 trifluoride complex can be separated byéﬁnly leaving still,
but it can be separated and recovered méﬁﬁ more quickly and
easily by applying an electric field jajhtly than by only
leaving still.

Although leaving still ispreferable while

25 applying an electric field, it is'pqééible to flow an

electrically-nonconductive fluid so lonéfas the separation



strength is less than 0.001 kV/mm the, conpl ex can be hardly

- 16 - separated by settling. On the other hand, if an electric
field strength is nore than 40 kV/nm —a i el ectric br eakdown

phenonmenon and si de reactions such as electrolysis-of the conponent s
take place. Both cases are undesirable. 5 A di stance between
the electrodes to which a *  direct and/or alternating voltage is applied
is selected appropriately, for exanple fromthe range of™ 0.1-100 cm

preferably o0 oiiekpbNEoRkTIRN JEIVR AL e ANCAPPAALUS core. Y 1o

applying an'e dean restrrcti'on onits
shape or St@Hgsiﬁlesgls%nﬁdﬁhéilize aCﬁ&%ﬁbaswh@%ﬁ“éﬁﬁbf&séﬂpkiwwlﬁﬁl

electric fiéeld to the -~ object fluid between at | east ‘one pair

el ectrodes. the £luifonrt S&Wﬁopf;@k@tﬂﬁﬂfhg AN¥pBN A S USH aieaﬂt&tlez
substantial cylinder, hollow cylinder and sphere can be 15 used. The
surface of elcattageletaarhdeepectrsdes ot apbeopriateTlshapebd.‘nsdmw aid el

el ectrodes, these:can be sui-tably conbi ned into a pair of electrodes.
I'n this5cas&he pipipgrataod estpamatyngantbe adpmetleixskiy alsletbying
varying t he di stance. (space) between el ectrodes together with 20

varyi ng an QQ&ﬁﬂﬂQ?qR%Xfﬂﬁeto be applied, and it i:s also
In agplying an electric voltaée, if_the viscosity
of electrically-nonconductive fluid as the object is very
high, separatioa of the complex cataiyst by settling is
1d insufficient. ;?rom thisppoint of view,itﬁe viscosity of the
electrically-noncoﬁductive fluid as'the;object~for applying
'an electric voltage is preferably ‘10, 000 cP {centipoise) or
less at the temperature while applying an electric voltage.
Further, it is possible to adJust the viscosity of
15 the system w1thin the above range for applying an electric
voltage by adding an inactive solvent to the fluid.
Althoggh the concentrationipf complex in the
electrically~nonconductive'fluid as thefobject for applying
an electric voltage is not especially restricted it is

20 usually O. 001% by weight or more preferably. If the

concentration of.complex is too low, fhere is a tendency

that the effect by applying an electric voltage is not

demonstrated suff1c1ently. Though the lpper limit is not

set, it is usuallyzlo% by weight or less

25 ‘In afreaction which is carried out with boron

trifluoride as’ catalyst the catalysi is prepared by



possi ble to reverse the polarity of electrodes appropriately.

1@'ﬁFurthernDre, plural pairs of electrodes,gan be conbi ned toget her.

"Because the object fluidis el ectrrgall y- nonéonducti ve even though
containing boron 25 trifluoride conplex, an electric current hardly flows
< when an electric voltage is applied, so that the electric power

coo- 17 - consuned is very little. In this point, the present
invention is also very profitable. The tenperature of

. electrical l ¥oB2Ra9tGid VEomplexling hydtsaBetleRrtdd Cadpbhadtd oPRhied
.. 1s not especially 5 restricted solong as it is within the range from

i -100[err] C ¢bject rebOieon] &n appropriataheatide.treatnent is carried out

~in the presence of catalyst, it .is preferable to select a range of
tenperature | ower thaBxénplidded as trepetidns cuysingaboreon triflevrindeas
far as possible the conposition of reaction 10 mixture from changi ng due
to an ef f ecesofatal¥slysere those which compriges centactingi ancavamagic

applying an electric vol tage i s not especiaIL¥_restricted. For
exanpl €5 whefmRRuUNRAd andecphy ol && R afdths hpren THif nprhdeysompless.

a1y onBREhEL B! SR AR e by LR OB 1S
= 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
10 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
15 -~ 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
20 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
25 isobutane and isooctane, and also the reégtion'feed itself.

With the polymerizations, olefin oligomeréﬁbf relatively low



. the kind of ligand in a conplex gnd sqQ forth. During the
-period of applying an electric voltage, the el ectrically-nonconductive
*fluid is preferably Ieft - still witR8ur stirring and the like.
Al t hough a boron- 20 trifluoride conplex can be separated by only | eaving
still, ~but it can be separated and recovered much nore quickly and
easily by -applying an electric field jointly than by only | eavi ng
“still. Al though leaving still is preferable while 25

appl yi ng anﬁ%fﬁédi%ﬁi%?égﬁﬁtﬁéﬁé%Péggggﬁ.tOﬁgfwﬁﬂgmpﬁgh oligomer of

el ectrical | y-noncon : as the separa
- 18 - styrefle o2 Rls®buténteiden’ Be bbtldhed.StUrbed. Therefore, it is

possible also”to utilize a nethod which conprises .flow ng the fluid in
an appropriate pipi ngByaidtidasacteattion feedVAHeldErdoOtibRselteeh ades

of appropriate shape installed in. 5 the piping, and separating the
conpl ex by seighth@ crackentjnfouslgxample, a Cq aromainptyfaraa@bion
electric voltage, if the viscosity ~ of electrically-nonconductive fluid
as the @bj econtaiming aromayhc edediiais osuch #ise wionpl exodateneg st abgg
settling is 10 insufficient. Fromthis point of view, the viscosity of
t he fraction containing aliphatic olefins such 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.

10 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

15 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

20 recovered catalet will be describéd:és foiloﬁs, which
overlaps the above descriptions partiallﬁ,

More pafticularly, the above p#Ocess for recover-
‘ing and reusing is comprised of the fSiléﬁing steps from (I)
to (IV): ' o

25 (I) polymerizing olefin in a-#§§uid phase in the

presence of a boron trifluoride comple#f&atalyst comﬁrised



el ectrically-nonconductive fluid .as the object.for applying an
-.electric voltage is preferably 10,000 cP (centipoise) or | ess at the
tenperature whi | e appl yi ng an electr|1:2@oktage - Further, it
is possible to adjust the viscosity of 15 the systemw thin the above
range for applying an electric vol tage by adding an inactive sol vent
.to the fluid. : "Al t hough the concentration of conplex in the
el ectrically- nonconductlve f|UId as the object for appl yi ng an

el ectric vq | S ,not_.espec restr.ict.ed IS 20 usually 0.001% by
wei ght  or rﬂf‘trggﬁ e‘fra?bﬁlgp rzﬁ complcedﬁé'&ta nr gn of conplex is too
low, there is a tend aftelhaé B&g{.igﬁtt %apg ] 1ﬂ%pgér eﬁ&&i&:t

voltage is not trated I ent Imt Is

not S@nd /dr 'éltéﬂ?étih Ov/él?fla 'Q@taoi'eaéﬁion #2xture in whildh &
reaction which is carried out with oron trifluoeride as catalyst, the

cat al yst i bar@patedfdioride complex catalyst is.at least pa2tly dis-
coordi nating conpl exi ng-agents sel ect ed depending on the "~ obj ect
-reacti d i peappedpensdt/or adissolved to therebybwepairiited e r cavipiles
using boron trifluoride - as catalyst are those which conprises

_cont acti ng catalpsst ihy settdmmgunM&ng &Ocﬁeﬂ#ﬁﬁﬂ#%ﬂgemﬂ nspectifiisi de

conpl ex
gravity,

(III) recovering the complex-cafalyst separated by

settling from the reaction mixture, and=ﬁ
10 (IV) polymerlzlng olefin in a liquid phase using
at least a part of the recovered complex catalyst.

First,tin the step (I), olefin,is polymerized in a
liguid phase in the presence of a boronftrifluoride complex
catalyst compriéed-of boron trifluoride:and a complexing

15 ageot. |

Olefins to be used here are mainly butadiene,
isobutene, butene-1 and cis- or transeﬁutene—z.' Besides
these, however, any olefin can be ueed so long as its
cationic polymerlzatlon can be caused by a boron trifluoride

20 - complex catalyst. For example, other than the above Cy

olefins, CZ‘CZO allphatlc oleflns's'ch as ethylene,

propylene, isoprene, pentene and hexene.ﬁ; Cg-Cjpo aromatic

olefins such as styrene and vinyl tolu ”e, and alicyclic
olefins such as DCPD can be used as feed:;fThese olefins may
25 Dbe used for polymerizatioen either alohe;or as a mixture

thereof.



*fcaialyst to pronote al kyl ati on, and obtaining al kyl -substi - tuted
aromati c conpounds. As exanples, there_is al kylation . in which

aromati ¢ conpounds such as benzene, t 5l #@n& and ~ xyl ene, -and ol efins

such as ethyl ene, propylene, butene and 10 butadiene are used.
Exemplified as reaction solvents in the above - “reactions are
-hydr ocarbons inactive to the reaction, that" IS, n-paraffin such as

n- but ane and isoparaffin such as ‘i sobutane and |sooctane and al so the

reaction feed itself

ot i Ul AAS nﬁ'ﬂﬁn t gt
al kyl ations, for et enzgﬁggqg%%%gﬁggﬁgéﬁé 8 u??ﬁgéﬁEéﬁé
bup,eR¥ f?ewi%ﬁﬂw“¥ﬂ@eﬁan e of 5-100% bFUkiYht Xeipl ithiged
as reactlons usi ng boron trifl uorlde as catalyst are al so those .which

and

conprises

conpounds such as styrene and vinyl toluene or olef ins such as but ene

O nd@h ¥ et ZdRJoFN& Dé £ N & i DdﬁsOftwélﬁaE'%r Pedwaigyt| Can

and i sobut eeeonomieygll iYo=sl &s poageidte fisr unldesirablyeagpteats aBesides
hydr ocar bons inactive to the reaction, that is, n-paraffin such as

n- but ané andliefuipas af 8od vants aghizh angﬂnmaqﬁimmjt@ooeaamionwmaalb@ the . .

reaction feed itself. Wth the polynerlzatlons ol efin oligoners of
rel atively pgmropriately used, for example, hyd recquans including n-

10

15

20

25

paraffins such-as n-butane and isoparaffins 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, alcohols, ethers,

phenols, ketones, aldehydes, esters, organic 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 the 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



.- mol ecul ar wei ght are produced. For exanple, oligoner of styrene or
- -.1 sobut ene can be obt ai ned. By using as a reaction feed the
fractions froma napht ha crackers, - exanple, a CJerr] aronmatic
fraction 5 containing aromatic olefins such as vinyl toluene, a (Jerr]
- fraction containing aliphatic olefins such as piperylene, or ac

. fraction containing olefins such as 1-butene and trans- or
€i s- 2- but ene besi des |sobutylene aromatic or aliphatic petrol eum

resin or p%gﬁgﬁ E%&orl b%%”“?%acglo?ar ar£”§§4ygﬁ %%Pg%%ythe

ol efi ns, -boron "ex ar € én u

above et Nl i cred rfeoysrgr,faférm&ntarsa uar Uhe" R AU DoEron

utilized for pol ymeri zati1 on, cost of catalyst can be reduced, and
further envdrfé)rﬁm{géllfmluim@fcdw $pobhe Sﬁaa’tuét tife ¢eom khe c:aemg@
avoi ded, so that a considerabl e amount of profit . obt ai ned.

Then, a prcress If aimodey i i&Zinurd.efin wth a - - boron trifluoride
conplex catal yst, for recoVering the conplex.cétalyst after

pol ymerS zation, and fRiveneush mghe hetepO( 1T coaedidectt ahggorwalliteymat-

- described as follows, which - overl aps the above descriptions partially.

More parti d{nmrvqltm d®veppliess £q ckhecrepstion migtprgdinewbii®his
conprised of the foll owi ng steps from(I) to 1)

ponmH|Z|H?%Péfﬁ¥i%lﬁ°F%ﬂﬁdiﬁhéﬁa*%aﬁﬁepart1§r§g§2§r§ﬁéi%B@dﬁr
trlfluorld%fé) ega%gl%ﬁeééggrgziarate the complex catalyst by

settling owing yo.a difference of spec;fic-grav;ty.

10 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 comg;ex catalyst-dispersed or: dissolved therein.

The nq@per average molecular.weight'of the olefin

15 oligomer whichffs'obtained by polymerizing olefin in a
liguid phase is- preferably in the range of 100-100,000. If
the molecular welght is less than 100, it is too small for
useful olefin ol;gomer. If the molecular weight is more
than 100,000, tﬁe;amount of a diluting solvent necessary for

20 separation increeéeS'too much to be economical.

In apﬁiéiﬁg an electric voltage; if the viscosity
of the object reécg;on mixture is extreméiy high, a complex
catalyst can noﬁlbe separated by setfiﬁng sufficiently.
From this point of view, the viscosity of the reaction

25 mixture as the oﬁject for applying.an eiectric voltage is

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



-21- of boron trifluoride ang conpl exi ng agent,

B (I'1) after polynerization, applying a djrect and/or alternating

‘voltage to a reaction mixture in which = - boron trifluoride conpl ex
catalyst is at least partly dis- 5 persed and/or" dissolved to thereby
separate the conpl ex catalyst by settling owing to a difference of

:_ specific gravity, . . ‘ (I'1'l1) recovering the conpl ex catalyst

separ at ed by settling fromthe reaction mxture, and 10"

(1V) pol y”%’aézé o%%?%gihgt él'écﬁ#‘ﬂ: RigSEage! ngln ordé} lt%a%tdj%é@r§hé’f

t he. recovere , In the I

olefin lSl%éﬂﬁ@fh%%@é'%ithin tﬁlguténgﬁas%dllﬂJE%PGéSQBQQQN%EtéK”E@
trifluoride conplex cat al yst conprlsed of boron trifluoride and a

conpl exi ng agpropgditely added to thé gbiatticon bfiinkiddieté Rhdcmidnhy
but adi ene, | sobut ene, butene-1 and cis- or trans-butene-2. Besides

t hese, homayhmctnﬁqrvbkiaQE(is1anplmam so long as its cationic

pol ynerization can be caused by a boron trifluoridé 20 conplex catalyst.
For exampl e, other tBih 2pplyioge ay electyief vngta@{eertc]ﬁ ther reagitiomt i c

ol efins such as ethyl ene
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 which is dispersed or dissolved is

10 agglomerated or combine& together by aﬁplying an electric

voltage and separated by settllng owingﬁtc'a difference of
specific gravity. - l

The conditions in.applying"adﬂelectric voltage

such as electric field strength andsgadistance between

15 electrodes are as mentioned before. Tpaﬁiis, electric field

strength can be in the range of 0.001;$0 kv/mm, and the

temperature in the range from -100°C to +$O°C. The time for

separation by settling is not especially restricted as

mentioned before, and usually can be selected from the range

20 from 1 mlnute to 1 hour depending on theﬂextent of leaving

still.

- Then, in the step (III), the; complex catalyst

separated by settling from the reaQ§ion mixture is

recovered.

25 By withdrawing the complex-catmiyst separated by

settliﬁg continucusly or intermittehtly,with appropriate



propyl ene, isoprene, pentene and pexene-1, Cerr]-Clerr] aromatic

ol efins such as styrene and vinyl toluene, and alicyclic ol efins such
"as DCPD can be used as feed. These oFefPns may 25 be used for

pol yneri zation either alone or as a mxture t her eof .

-22- I n polynerization, the concentration of olefinis
.preferably within the range of 5-100% by weight. [If the concentration
of olefin is |less than 5% by meight, an econonmical loss in practice is

undesi rab! Yn@hfa" £roRE e eactscH Hydien SUHE Lanlie o8 &1L BRCLLNC bk

reaction can ppropri at or exa ydroca

i ncl udi ng nrecovergar%EBhn%héuQBaé%iBnbﬂiﬂﬁﬁré”d |soparaff|ns such as
i sobut ane and i sooctane. Exenplified as industrial feeds are C5

fraction containing aFueheéemdé] NSiAuCHhas sﬂéprnammylenelémﬂnC41s
fraction containing olefins such as 1- but ene and - trans- or
cis-2-butenpplgméﬁhzeduxniaobm¢whé phdse usinguiaindeast a part of the
nmenti oned before, inorganic.or organic polar ‘conpounds can be used as
conpl exPng aggnvsradlGbmpéenlaat§5Y5§enplex with boron trifluoride.

Exenplified as the polar =~ . conpounds are, as_the above, water, alcohols,
et hers, . - Because the molar coordlnation ratio of the

complex catalyst-which has settled Fq,fgrm a lower layer is
substantially not changed from thafébefore uéé in the
reaction, the catalyst has the same‘acﬁivity'as before and
10 can be reused as it stands for the'reection. Th&e, by
reusing cataljSt, it is possible:to r;duce the catalyst
cost. - |
In thefsecondror.later reaetion, a new boron
trifluoride complex catalyst can be added appropriately.
15 For example, the;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 olefin oligomer. 'Furthef,,it is possible not
only to supplemeﬁq the complex.itself,_bﬁy also to add boron
20 trifluoride and a complexing agent:aeeébmplex components
simultaneously bfwseparately. Furthermoge, when reusing the
recovered catalyst, diluting agengs can be added
approprlately. B . _

In polymerlzlng olefin where the catalyst is

25 reused, the same reaction condltions'can be used as in the

initial polymer;zatlon. For example, it is possible to



B phenol s, ketones, aldehydes, esters, arganic or inorganic acids, and

-aci d anhydri des. The nolar ratio of boron trifluoride to
conplexing 20 agent in a conplex can B& n the range of 0.01:1-2:1, as
ment i oned above. In the above reaction, boron trifluoride in a
catalyst is usually used in the ratio of 0.0001-0.5 nmol to 1 nol of

~ .olefin to be pol ynmeri zed. The reaction itself can be 25 carried out

according to the conventional nethods, either in . a batch type or in a

f1ow type. é%&?%#?ké@e g%gkggtntlnuouelgépsepaﬁate and r cover . th%?’I

tenperature™a e reaction are no ecla restric

pref erabl e aggaskgfet atchechgerom eﬁtéma. fxsefnthe ?régént ofgenba 08k ng&%hl_;c to

+100[err] C an time e rang roml mnute to 4 houfs

Then, in thgnskgBctrhit vaitagest aﬁﬁdk@&ﬁéhbeﬁ:ﬂét recoverbBJcsebliage into
applled to the reaction mxture in whic boron trifluoride is at |east

partly di speheepclymerizatich ssoheeddmtimecablys enarthternd totosmt by .
catal yst by settling owing to a difference of specific gravity. 10
In |iqubd pHawevemeaerfbatthe recolelred, cahalyst apptbpumameiyuveried
obt ai ned, which is conprised of the

polymerization conditions can be also used.

After separating catalystzfrom the reaction
mixture, - the objective olefin oligomer can be obtained by an
appropriate separating means such as distillation. When a-

10 little of complex catalyst remains inmthe olefin oligomer
obtained, it can be removed if necessary by the conventional
methods of remo#ing.catalyst, for example, an appropriate
neutralization step. The removal of ‘the remained complex
catalyst can be carried out easily, 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 13c-NMR spectra of a boron trif;ggride diethyl ether

200 complex before and after reaction.

BEST METHOD FOR CARRYING OUT THﬁ;INVENTION

In the following, the present. invention will be

described in more detail with. ekamplee.fii
25 <Productlon of Boron Trifluoride Complex Catalyst>

A complex catalyst was prepared by injecting boron



% produced ol efin oligoner, unused reactants and .a boron trifluoride
~conpl ex catal yst dispersed or dissolved_therein. _ The nunber
average nol ecul ar wei ght of the olefin 275~ ol i gomer which is.obtained by
polynerizing olefinin a liquid phase is preferably in the range of

- 100- 100,-000.. If the nol ecul ar weight is less than 100, it is too
~.small for useful olefin oligoner. |If the nolecular weight is nore

t han 100, 000, -the amount of a diluting solvent necessary for 20

an oot 1 cEoAreane 1 a° (RERA AP 98, 989" UREG o compiening apelt HERY 09

i 5 ext remel ¥ehbgh 0 T GONPL8X restraidfihy Sthead nidle dife SERRNRE AL ESEL | | Ng

sufficiently.. Fromthis point of view, the viscosity of the reaction
25 mixtureudtilthenideCéobeinRYNoMIr#01i6l eelaidied OthéUpriedetermined

preferably 10,000 cP (centipoise) or less at the tenperature
- 24- valuéen dpptl pargiaulerdgt menticnedadn detailerthe admpliexése
tenperature within this range, an inactive solvent can be - '
. appropr$ at esyseepdd ke the degompesitionrvere wrieppred and ginaserved
. voltage is applied. 5 By applying an electric voltage to the
“_reaction bPelayxthecdecarepsifgon tempesrtureppdiseyvedans of the above
<Equipments for Experiment> | ’
A l-liter four neck flask is éguipped wi;h a pipe
for introducing nitrogen gas, a stirriﬁg apparatus, a bomb
i0 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'éxte;nal electric source
which can provide a stable direct or alternating voltage is

15 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> .

20 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 complégw(izl mol adduct),

25 thereafter reaction was carried out for 30 minutes with

stirring violently.



met hod, the conplex catalyst is separatgd by settling to forma | ower

l.ayer in the reaction mxture. In other rds, the conpl ex catal yst
which is dispersed or dissolved is 107 gTonerated or conbi ned toget her
by applying an electric vol tage and separated by settling owing to a
di fference of specific gravity. - The conditions in
applying an electric vol tage such as electric field strength and a

di stance between 15 el ectrodes are as ment i oned bef ore. That IS,

electric field stgg@g}htggn Qe raqgﬁ%rr]g QQ%% gy&Qg%rangsthe

tenperature in the range from-10 err Cfo +5

separ ati on hapcidd i t@ tﬁonﬁﬁrQEDQEIQhé&tféaéélQheQH$5reactﬂ3H“édiﬁ¥50n
before, and usually can be selected fromthe range . froml mnute to 1

hour dependikepton-251%C eft@nt anf ekeerhay electihclbource for 30 mind¥&d, in
the step (111), the conplex catalyst . separated by settling fronrthe
reaction n|mh9@gupon 198 eBogepddcoltirless, trandSpaventdnppeg Layer

conpl ex cat al yst separated by settling continuously or intermttently
with appropdiiiwid and 1.78°g of colorless, transpasent lower lemans

from the r eq.?i.tc}ucn)’.% 3 esi}ee r[s]eptahreatce%npvllet)ga Caant %!n%sétrf%%re t?I:%::'m.ed.

The upper layer oply was withdrawn, neutralized
with a dilute agueous solution of sodiﬁm hydroxide:-and then
'diétilled by a vacuum d;stillation'ﬁo'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 preserved;ia;aﬁother vessel.
The above flask was charged again with.foo g of isooctane as

15 diluting solvent, and provided anew withaloo 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

20 - other vessel together, after that polymerizing 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 ieathe first time to

25 carry out the separation with an inferface formed. The

upper layer only was withdrawn similarly as in the first



i recovered fromthe reaction mxture. Furthernore, in the
““step (IV), olefin is pol yneri zed,in a liquid phase using at |east a
‘part of the 5 recovered conpl ex cafa?gsf - Because t he
nol ar coordination ratio of the - conmpl ex catal yst which has settled to
forma |l ower layer is substantially not changed fromthat before use
~in the reaction, the catal yst has the sane activity as before and 10
-can be reused as it stands for the reaction. Thus, by reusi ng

catal yst, i{imd, PQRyd bhEutealaRiks ienCal diflite aqueis solution of
In the second or later reaction, a new boron trifluoride conplex

cat al yst cagofsundhsBrRNPiae] i aEeky. thbt thy comversionhhan®Heyaldl yst
i's suppl enented with the new one by the anount.corresponding to that

of the conphexre determinbgst which has been | ost out of the reaction system
together with olefin oligomer. Further, it is possible not only to
suppl enent t he conpl eXheét sbd¥e brocefivvetvasdoepeated threertines;ithatind a
conpl exi ng agent as conpl ex conponents si mul taneously or separately.
Furt herfror el Swhed qutisi pglomerizing cHrpeF iQnal yYersi GrR¥RdefeRdtcan
be added qggrp riately. I n polynerizing olefin where
the catal ysPuFeessivelResed, the same reaction conditions can be used as in

the initial pol yARLI 38LI0M 1 agdF £¥§IRu%obtadiedOSEtRBC t1e first

polymerizing reaction was measured by 139—NMR. -
Fig. 1 is a measurement on l?é-NMR spectra of a
10 boron trifluoride diethyl ether complex before and after the
use in a reaction. The pumerals on thg 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
15 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
20 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 rgqgtion.

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

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



- 26 - pol yneri ze ol efin_contjnuously, separate and recover the
"catalyst at the sane tinme by the presenj nethod of applying an
‘electric voltage, and recycle the rec® 9eﬁ-cataly$t into t he

pol ynmeri zation -zone continuously or intermttently. 5 However, as for the
recovered catal yst, appropriately varied pol yreri zati on conditions can
. be al so used. After separating catalyst fromthe reaction

m xture, the objective olefin oligoner can be obtained by an -

appropri at etr?épﬁiéééngném@&é ﬁHC Q?tﬁbﬁ%!&lﬁ'ﬂ&sh' ;4 rdbieliltle of
conpl ex catalyst remarns 1n i emgie I'noli gomer obtained, 1t can be
removed i f necessary by-the conventi oRglpie 1- NMethods of renoving catal yst,
for exanple, an appropriate neutralization step. The renoval of the
remai ned compegition CEdAV¥BEicéANobe caviekd ofit easi | Recbespyseral nost

all 15 conphedecat al ystIsalsubtena alrcadlYigemewed. Complex Catalyst

BRI EF DESCRI PTI ON_OF DRAW NG Fig. 1 is a graph show ng the
results of neasure- ment on 13C-NWVR spectra of.a boron trifluoride
di et hylS ether R0 conpl eX8RfmeE¥and af94+¢7 rebdti on. 85.1% BEST
- METHOD FOR CARRYI NG QUT. THE | NVENTI ON Co-
_ - 4 97.7 mol% 93.8 wt% 84.7%

<Example 2>
After polymeriiingfreaction waé carried ;ﬁt in the
same way as in Example 1! a 500 v altegnating voltage was
10 applied into the reactién mixture for 30_minutes, whereupon
197.5 g of colorless, transpérent upper layer liqﬁid and
1.71 g of colorléss, tranéparent‘lowg;;layer liguid were
- separated with an interface formed.
Similarly as in Example 1, the upper layer only
18 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-
20 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. J i
The above procedure was repeatedfthree times, that
25 is, four polymerizing reactions _@é#e carried out

succeésively. The results on polyméri#ation in the upper



" In the following, the present invention will be described in nore
‘detail with exanples. 25 <Production of Boron Trifluoride Conpl ex

Cat al yst > A conpl ex caraﬁ}sr was prepared by injecting boron
-27- trifluoride (purity 99.7% into a conpl exing agent kept

bel ow OC while restraining the increase of tenperature, until nol ar

-coordination ratio reached the predeternined value. Not particularly
mentioned in detail, the conpl exes - susceptible to deconposition were

pr epar ed a”ﬂ?gé‘is%rn"é‘%he ralEboys! Q?&ed%‘iﬂ:;% *kOEhEeEB %%%@Qk?gﬁzved

.<Equi pnent s ter four
_emupped\Mgthﬁgaedown 150%Hé“16@69'thbir%$”h€§saﬁ%éﬁtrHHEkged
apparatus, a bonmb 10 for storing gas, a pipe for ‘injecting gas, a

t her monet er (288overy) arfOfle NELYEE Shd afoliowh! eeaetAon= willlll 8r shbeh
el ectrodes .conprised of two flat plates are installed in the flask
W th andrabaec2.of 5 nm Further, an external electric source

whi ch can provide a stable direct or alternating voltage is 15 secured,
and theStwo output |ines are connect eFakilieh Z2ach of two parallel

el ectrodes. However, the external electric source i s kept suspended
until an eIeB??PElOEItaQQHVQrSion of Yield of Recovery of
Order Isobutene Oligomer Complex Catalyst

1 97.9 mol% 94.5 wts  81.8%
4 97.8 mol% 93.6 wtd - | 80.7%
10 <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. |

15 After the reaction, a 500 VJﬂirect voltage was
‘applied to two parallel electrodes in fhg 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

20 liquid were separated with an 1nterface formed.

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

The lower layer liquid obtaiqéd after the first

25 - polymerizing reaction was measured by ¥3¢-NMR similarly as

in Example 1, whereupon it was found out that the catalyst



¥

" applied after the end of reaction., ., <Exanple 1> 20 Under a
-nitrogen flow, the above flask was charged with 100 g of isooctane
(extra pure) as diluting sol vent, - 8Ad-provided with pure isobutene
whi | e being kept -25[err]C with stifring in the flask, and then
supplied with 2.09 g of boron trifluoride diethyl ether conplex (1:1
-nmol adduct), 25 thereafter reaction was carried out for 30 mnutes with
stirring violently. - 28 -

After the reaction, a 500,V ditect |t _appli 0,

par al | el eI%C%r%gggq|$é%£}?§5%§%o#£§§é§¥2#ﬁé dié Rggt95ﬁ¥%§rﬁéyﬁé%ﬁfan
external el ggbrisnsPibhCrifio30 m nutes, wher eupon 198.3 g of

col orl ess, fransparent upper [ayer 5 liquid and 1.78 g of colorless,

transparent |ower |ayghe lower 1Gldk W& §£e§éEbEQ Wt laridthdy evéasel .
f or med. The upper |ayer only was w thdrawn, neutralized

W th a dil utke 24b60gS£38EK! w88 €hafg§edusyayfrwxtAe100ng bfedsooctane as
distilled by a vacuumdistillation to remove isooctane and 10 |ighter
fracti oh, adikPutihgtsbleent)vendi providesioamewnarith 10y tofi pabbugene t he
pol yneri zing reaction and the yield of ol efin.oligomer produced were
det er m ned.while being kept -25°C with stirring inﬁ;he flask, and then
supplied with 0.25 g 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 complex preserved in
10 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

15 the ratio of the amount of the complex chalyst settled down

in the lower layer to its amount charged (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
20 : .
1 98.3 mol$ 78.5 wt% 85.2%

4 97.5 mols 77.3 wts - .  83.8%

<Example 4> | o i '
Polymerization of isobutene wgwacarried out using
25  isobutane as solvent. That is, a flask was charged with

200.0 g of isobutene diluted with isobutane, and then



. The 1 ower |ayer was preserved in another vessel. - The above flask was
“-charged again with 100.g of isooctane as 15 diluting solvent, and
provi ded anew with 100 g of isobutene- 33 - while being kept -25[err]C with

stirring in the flask, and then supplied with 0.31 g of boron
trifluoride diethyl ether conpl ex corresponding to the anount of that
-lost in the first reaction and 1.78 g of the conplex preserved in the
20 other vessel together after that polymerizing reaction was

carried out ter the reactjon, 500_V direct volta

appl i o |nt%“PFfé"reé%10"ﬂBH 10164 |Qh>rPfrBﬁF&ﬁ‘ éi&’e?%'é?ré'l"@ct‘ﬁ%thg?:éa%b?fe
f 30 t t t

Conaration SotRteR (R L) palc afghrEy whine' Bing) kept {F31¢, “thetpSrter
Wt*mraw"f%&%h@iahaé'é‘éQPrﬁH&“ ut ﬁor(ﬁ?uwinutes witq tirr#ng )

29 - I'ze € agueous so I on

sodlun1hydr§§5£@htf§ter -that the conversion and the yield wer e

det er m ned. The above procedure was repeated-three tines,

that & is, four petpFeledvithg '£6£110N8 500 & dprétedvoltage was

successi vel y. The lower layer |iquid obtained after the
- first 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
10 liquid were separated with an interface:fprmed.

' 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.

15 The above flask was charged again wiih isobutane and
isobutene, and then supplied with 0L25'§§of boron trifluo-
ride diethyl ether COmplex correspondiﬁg to the”amount of
that lost in the first reaction and 1.39 g of the complex
preserved in the other vessel together thereafter

20 pOIYmerizlng reaction was carried out. - o

The above procedure was repeateaZthree times, that

is, four polymerizing reactions were carr ed out successive-

ly. The results on polymerization ih_f_e upper layer and
the ratio of the amount of complex catal at settled down in
25 the lower layer to its d@mount charged?;recovery) in the

first and fourth reactions will be shown in Table 4.



k4

. polynerizing reaction was measured, by [err] C-NWR Fig. 1is
a measurenent on [err] G NWR spectra(ﬁ 5%110 boron trifluoride diethy

et her. conpl ex before and after the se in areaction. The nunerals on
the axis of abscissa i ndicate the chem cal shifts expressed in ppm as
conpar ed wi th.the peak of tefranethylsilane (TMS). In the
-measurenent by [err] CG-NVR, boron trifluoride diethyl ether 15 conpl ex
having the nolar coordination ratio of 1.0:1.0 shows two peaks of 12.9
ppm and 69.9 ppm due to carbon atons @hkple 4 di ethyl ether. When the nol ar
ratio is varied, two peaks “show shifting. However, when a [err]C NWR
measur enent Riction Caldnwskibn OF 2 SARBRI @£t he bormbdvezfglruﬂfl de
diethyl 20 cadear conpl exsstiitened aft @lidumeand of CamslenrCatmhkst were
found at the same | ocations as those measured in an unused conpl ex
catalyst. Thus, 1t was found out that the conplex. had t he sanme nol ar
ratio as before the reacti @3f8.5 mol¥ 85.3wt¥ esul ts on SI8Freri zation
in the upper layer 25 and the ratio of the anount of the conplex catalyst -
settled dowf in the | Rrd 1MBAk to i 8k charged (8&ctRery) in

- 30 - the first aqp four h reactions will. be shown in Table 1
Tabl e 1 <Comparative Example )

In Comparative Examples 174, polfmerizations
were carried out in the same conditions as in the first
polymerlzing reactlons of Examples 1-4 respectively, but any

10 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

15 settling as it was.

. INDUSTRIAL APPLICABILITY

- The present method, wherein the electric current
flowing through a fluid by applying an e;ectric voltage is
20 zero or very weak, hardly consume the.eieotric power and is
economical. Moreover, it does not chanpe the composition of
.the'fluid such as reaction mixture ahd does hot give any
other effect than separating boron trlfluorlde complex.

Therefore, it can present an 1ndustr1ally useful process.
25 Furthermore, in producing olef}q_ollgomer using a

boron trifluoride complex catalyst for the reaction, it is



¥

Reaction Conversion of Yield of Recovery of O der

| sobut ene aigoner - Cbnplei Cathlyst 5 1 98. 0 nol %
94.7 W% 85. 1% 4 - - 3589+ 7 mol % - 93.8 Wt %

84. 7% <Exampl e 2> After polynerizing reaction was

carried out in the ~ sanme way as in Exanple 1, a 500 V alternating
~voltage was 10 applied into the reaction m xture for 30 m nutes,

wher eupon 197.5 g of colorless, transparent upper layer liquid and.

1.71 g of colorless, transparent |ower |ayer |iquid were separ at ed

with an int PPESdPl® fRSeparate the compdex catalyet by Sekpling frem

upper | ayer %ply 15 was treated suhsequently, and,the convarsion_o&

i sobutene The FRackd QR pYSHeR) 2P, TRFQBREr Ierirqarerhpfiygtrially

The | ower | Qyern 43S dU £SRPde bl ANRLOCT Y CRRElr v sng TBSBIRYE, (ARYopPS

charged agarn w sooctane en~supp

0.38 g of ba&%ﬁ?éfcku& vlea égggc@feté}yé P%QEH%‘HT% thiel V%géauqt)

|l ost in the Irst “reactio 71 g of the conplex preser I'n the

ot her vesseMokaaokhel thal takalijak BRkX btz 1Bde’ €26t BRRiVATY and &ah' bRd
out. - The above procedure was repeated three tines, that 25-

is, four peliyjaeedrepeateddi.ons were carried- out successi vel y.
The results on polynerization in the upper ' _

The conventional processes for separgting and
removing the used cataiyst utilize :the methods which
comprise neutralizing with aqueousf§olutions of basic

10 substances such as ammonia and caustic soda 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

15 according to the preset invention[’the problems of

environmental pollution accompanied with the disposal of

industrial wastes can be greatly reduced..

20

25



X e el

:-se'?tll ;ad down in tlhgyF(r)vxgpdl ;Cgrr?gl |Ot gf atrgﬁn?ngﬁgﬁ gg]:j the Cclmumm“ml"m" l"l

the first and fourth reactions will be 8Bown - in

Table 2 . Reaction Conversion of Yield of Recovery of

O der | sobut ene A i goner Compl ex Cat al yst -1

97.9 nol % 94.5 Wt % 81. 8% 4 97.8 nol % 93.6
wt % ' 80.7% 10 <Exanple 3> : Pol yneri zi ng Teaction was
carried out in the sane way as in Exanple 1, except for using 1.69 g
of boron  WHAT, IB| GBAIMEDeIfAnol _conplex (1:1 ol adduct) as a conpl ex
catalyst. 15 -After the reaction, a 500 V direct vol tage was
applied to two parallel etectrodes in the reaction sol ution kept

- |, el f
13?3:5] SffLSF’O?Peié“frr”irfg%a?e houl sk fagupeaRd G WoFn, pre 19S5 TR
nioriace (oPRRRER" WRLhoUBhprIKRE, KR %ﬂy&ﬁsdﬁfﬁeﬁ?’?ﬁ%a&fpﬁ%%%pé?%yer

only 5 V@3cbradkithgs WRARUEI LY a@“@léé%rEEQ!Q&&HBhdSndGE¥&$Snfluld
and the yield of olefi'n oligonmer were determ ned
in which at least a part of boron trifluoride complex is
dispersed apd/or dissolved so as to separate said boron
trifluoride complex by setfling from said electrically-
nonconductive fluid, and recovering then the separated -

10 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.

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

20 | 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

25 complex as claimed in Claim 4, wherein said polar compound

is one member selected from thé group consisting of water,
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" The ‘lower layer liquid obtained after the first 25 pol ymMUWHHﬂIIM'
was neasured by [err] CGNVR simlarly as in Exanple 1, MK el "i Wk

found-out that the catalyst - 37 - - 32°-

was boron trifluoride ethanol and did not varied in nolar

coordi nation rati o. . The lower |ayer was preserved in another
.vessel . The above flask was charged again with 100 g of isooctane as
5 diluting solvent, and provided anew with 100 g of isobutene whi |l e
bei ng kept -25C with stirring in the flask, and then supplied with

0. 25 ag cohdisy,orethers uphehols hadtetonesp| akdehydes$ ] : espersada@gdd)
corresponding to the anount of that lost in the first reaction and

1. 44 egphydridesc el @cifseserved in 10 the other vessel together, after

t hat pol ynmeri zing reaction was carried ouf The above

procedure was PepeaheBefthO%k ¢ nEeCoVRIing 2 bpron Gxifirerdtesing
AT e AL BB BOSET LY Singgesn e e BB Bt of (e
P i R R S R R R
Tabl nd range 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.

10 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,

15 (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

20 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.

25 ' 9. A process for producing olefin oligomer as

claimed in Claim 8, wherein the concentration of olefin in a

This Sheét Has Been Reﬂ]aced

LD




ca

Teotutone e Toner ool ox Taa Yst 20 : 1OHIITIIIMIIILHIIHIIL|l”lll
nmol % . 78.5 wt % 85. 2% - 38 4

wt % 83. 8% <Exanpl e 4> ' Polynerlzatlon of

i sobutene was carried out using 25 isobutane as solvent.- That is, a
flask was charged with 200.0 g of isobutene diluted with isobutane,
and t hen - 338 - supplied

h flygord . ethe
Adduct ) 6%?% ‘2.0'?‘1“89 b 1354 L favbe Breee P°1Ym?=é§§?%§ﬁ%a1§ L

out for 30 g %¥ (fglrrlng violently. Af ter
| eavi ng st|II a 50 rect voltage was applled to two paraIIeI

el ectrodes in the reacigon gopgbrads for kePbaud2hg' diefiR %te"rr nad

el ectric source for 30 m nutes, wher eupon 19375 g of co ess

transparentdnaEMeaaiﬁrc1aim|8guwﬁe@édn1ﬁH%Ehéﬁeéﬁh%H‘ﬁé&gﬁ£38§p§3¥3
| ower layer 10 Iliquid were separated with an interface forned

Simi | ar By asliefifxaidigonier tite irpie lryrje @ 100-100)@00.r eat ed
subsequently, and the conversion of isobutene and the yield of olefin

ol i goner were determ ned.

10

15

25
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*The | ower |ayer was preserved in anothe( vessel 15 The above flask was
*charged again with isobutane and |sobutene and then supplied with
0.25 g of boron trifluo- ri de dietl38 -ether conpl ex corresponding to
t he anount of that lost in the first reaction and 1.39 g of the
conpl ex - preserved in the other vessel together, thereafter 20

pol yneri zing reaction was carried out. o The above procedure
was repeated three tines, that is, four polynmerizing reactions were
carried out successive- ly. The results on polymerization in.the upper
| ayer and the ratio of the an®dudtSof £ catal yst settled down in
257 the lower layer to its anpunt charged (recovery)"in t he first and
fourth reactions will be shown in Tabl e 4. '

- 34- : Tabl a o nver ﬁon
of Yield of Qec%c\’/]é?? otfrifluoéid@g SOﬁ‘plles%bﬁgg‘ngéé Qe%‘l’égﬁﬁr ,
Conpl ex Cat gh¥sb t hangi : lar &9 §dEIPx %

84. 8% £ ut changing 1-5 m& %f O 5%ion ra%io Wg‘hfplying a

<CbﬂparﬁtlV&lEé&Epbﬁﬂ/br4hlternating volta e to'BnCBIBéEQEbﬁﬁlﬁxﬁGBE%% 1-4,
pol yneri zati-ons were carried out in the sane conditions as in the

first ductive fluid in which at least a part of boron trifluoride
complex is dispersed and/or dissolved, and separating the
- boron trifluoride complex by settling from the electrically-
nonconductive fluid. By utilizing this method for the
10 preparation of olefin oligomer using a boron trifluoride
complex catalyst, it is possible to reuse the recovered

catalyst as it stands for the reaction;

15

20
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polyner|2|ng reactions of Exanples 1-4 respectlvely, but any 10 electric
‘vol tage was not applied to the reactlon nlxtures Wi | e they
were left still after the reaction with -~ - its tenperature being kept,

t he boron trifluoride conplex catalyst in every Exanmple was held in
the state of being di spersed, in the reaction liquid, and was not
separated by 15 settling as it was. | NDUSTRI AL
APPLI CABI LI TY The present nethod, wherein the electric
current fl ow ng through a Eguid y app ying an electric voltage is 20
zero or very weak, hardly consu el ecthic power and is

econom cal . Moreover, it does not change the conposition of the fluid
such as reaction m xture and does not- give any other effect than
separating boron-trifl LBUT'oﬂeTr?ﬁl}%b?Xde/Dieth}E%ﬁfﬁW€om§1texcan present an
industrially useful process ernore, 1n producing

olefin oligoner using a 13C-NMBSpectrai 6f ucd: |1dmo;@r§ad§ét§at alyst for the
reaction, it is

possi bl e to separate t he conpl ex catal yst by settling from t he
reaction systemand recover it in anfindustrially

After recovery ' -

m - A L 1

Before use | TMS

. . :

120 100 - 80 60 40 20 0
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e IPos o
£cononi cal ppl y| ng a direct and/ or alternating
Vartage e SMIETHEHN ﬂliﬂf iure produced. 'S REPEAGEMENT-SHEET
-~ does not. | osé& ifs &act vrSty*and can be ut| i zedrepeatedly.
The conventional processes for separating and removing the used
catal yst utilize the methods which comg®B i-se neutralizing wth aqueous
sol utions of basic 10 substances such as amoni a ahd caustic soda and
washi ng out by water.  Fromthe washing process, a large quantity of
wast e wat er containing fl uori des as neutralized products of used
al kal i ne corWfAMJIRArCLAIMED IS i fl uori de has been - -discharged. By
recovering the catalyst in a high recovery 15 accOrdlng to the preset
i nvention,” the probl ens of envi ronnment al pol lution acconpanied with
the disposal of lnctustAlﬁletmtcﬂstmebﬁl@rae%wn rteHU§6dde compk%
25 which comprises the steps of applying direct and/or alternating voltage
to an electr1ca11y-nonconduct1ve fluid in which at least a part of boron
trifluoride complex whi i ' i
complexing agent of a polar compound, is dlsp_.ff ed and/or dissolved so
as to separate said boron trifluoride complex- by settling owing to the
w from said electnc ally nonconductive fluid,
and recovenng then the separated complex ithmaintaining
o 2. A method of recovering a bot’qﬂ'___triﬂuoride complex as
~ claimed in Claim 1, wherein electric field strexg""._'_ 1 of said direct and/or
alternating voltage is in the range of 0.001 - 40:kY,/mm.

3. A method of recovering a borbﬁf_t_riﬂuoride complex as
claimed in Claim 1, wherein the temperatﬁfé of the electrically-
nonconductive fluid while applymg said direct and/or alternating voltage
is in the range of -100°C to +50°C.

4. Amethod of recovering a boron trifluoride complex as
claimed in Claim 3, wherem said polar compoun __ §__'one member selected
from the group consmj:mg of water, alcohols, ethers, phenols, ketones,

aldehydes, esters, acid’ anhydrides and acids.

triflucride complex as
- boron trifluoride to
0.01:1 to 2:1.

5. Amethod of recovenng a bor
claimed in Claim 1, wherein the molar ratic
complexing agent in said complex is in the rang

_6. A method of recovering a bor
claimed in Claim 1, wherein said electrically-
hydrocarbon fluid.

trifluoride complex as
nconductlve fluid is a
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‘bo‘?gnt ri mgr: geﬁwmn@u“ Ilm)rrprl ses t helst Qp?%m@wﬁﬁﬁ-‘e%éET

) and/ or alternating voltage to an el ectr3gall y-nonconductive fluid in which
.1 east a.part of boron trifluoride conplex which:is formed by boron

'. tl‘ifl uoride with a conplexing agent of a polar corrpound I s dispersed
and/or di SSOT ved so as to separate said boron trifluoride conplex by

setit| | ng owi ng to the di fference in specific gravities fromsaid

el ectrically nonconductide f Aui BEOCgAS f@copmdu@nghm\eﬁmeoﬁgpg{@t e@hidp! ex

w th mai nt. armmgmub&haﬁoubw&héxt@?of at)lt p).borontrifluoride to
conpleX|ng agent od of recovering a boron

trifluoridé conplex as. CQEPW@?W%P%P in\Adiquid phass in thé peésbr&brcﬁ‘ngt h
of “.said di re%tboa‘nw mﬂabmimaomlp@e;v@amggtlﬁhicﬁ EQRprRRE S Hon? éxondd'
kV/ mm . ‘and a com%le;'iv%é gghpgg 0 a bor ‘on t ri fOPUOI’I 5rrp| ex

as’cl ai rred in Caim S rer ot t.he el ectrically-
nonconduct ive fluid whi I(H)ap%ﬁtyl‘ n¢godyingrizationt, amjﬂpmgal hermumgaﬁgy(ﬁage

isiin ther alg&nﬁnnéGQﬂ%%‘du%tQ r'b%@hﬁfxeln%(ture in w}alcpna&llﬁﬁﬁrl él' p@ﬁgerokl (r)]

of recover| %Eﬁn t.rif de copplexas cl
sai‘d’ pol ar €0 Hariggee ércastéiséﬁitléddlﬁpmedhm@'nmmssrﬂnsd séo ag tef

wat.er-; al colfscpa;cam fthlesconb(fmlc‘a,talg%tto ssetﬂlg hyi 6ShES SyieRsLd
anhydri des %@cﬁfd g§ Bﬁ E d of. ecogeérldﬁg%ylb‘iﬁéﬁ—
trifluoride conple 2o (?Isalrred in Clalm 1 V\,hereln-'-t-he nmol ar ratio of
boron trifluoride to coflbxecnyeripgthe nom@ﬂdx cata) séﬁaﬂa’ie&hﬁy £&@Hﬁg°f
0.01:1 to 2ffom the reactio t i ; - ' na. 3

tri-fluoridesigc e ,.--Inmnc‘i‘ﬁ.e, ? 2
nonconduct|3

MAn compe | aVﬂaﬁ@fx@ﬁ%ﬁﬂé‘ﬁ if'R skl 1
V\Mh corrpb §§§fttﬂ8 re%‘lreorvé"dn mpl% a%aly(sl WB g &asTeh

._ .B8: A process for producing oleﬁn ohgomer as claimed in
Cla1m 17, wherein the concentration of olefin in‘a feed mixture in said
| :hqu1d phase polymerization is 5% by weight or more

9. A process for producing oleﬁn ohgomer as claimed in

: _:._Cla1m 7. wherein the molecular weight of said. oleﬁn oligomer-is in the
range of 100 -100,000.
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TI) poLynerlzlng olefinin a I|qU|d phase in the presence of a boron

trifl d | tal yst which b
- compl exi 'ngeaggﬂf’ of 5 pol ar compound. oo 2T REPLACEMENTSFEET

:.polynerizat , applying .a direct and/or alternating voltage to a
_reaction mi:ture in which.at least a pad8 ef boron'trifluoride conplex
-catalyst i's-di spersed and/or di ssol ved, S0 as to :: ‘separate the conpl ex
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