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CONTAI NI NG CARBON- CARBON DOUBLE BOND _ 5 TECHNI CAL FIELD 12 JU 2002 The
present inventi es to a novel nethod for renoving hal ogens 10 15 20
BACKGROUND Mﬁ]{“&%@i‘mml i gomers having regul ar repeating structural units
and ~5 such I and chlorine in ﬁl efin conpounds using i nddghiiZ0?

solid agent contiéiet ng al umi num The hal ogen is contained as trace residual
inmpurities in the olefin conpounds in the fornms of organic conmpounds,

i norganic co it ur es of nore, the method of the
present i nvegﬂmmmmw,mmmm”mm eri zedDiEr?%aI?j{aeF{ soneri zati on of

non- conj ugat ed car.gm%,ar bon doubl e bonds in the ol efin conpounds can be
suppressed substantially. Especially, even in the renoval treatnent done
for a long period t METHO® DFeBEHALOGENATING BWIROCARBONI to suppress
t he above-nentioned isonerization substantially. Still further, the present
i nvention rel ates to@WM%C%E@%C@BO&QPUB&@ BONDut ene

ol igonmers, in which the above nethod Ts applied o butene oligomers that is
obt ai red by pol yneri zati on of butenes, thereby effectively reducing the

content of termnal fluorinated tntermnals of oligoners, in
addition, converting the term na%ﬁﬁmm%ups into useful term nal
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distribution of term nal groups having a specific structure. Furthernore,

t hey can cefeiinitg aloaliafinc aci d or Thiee Haldgen nshcgitaymed das Rehyd ufezidrhal

succi ni ¢ anhydri de obtained by this reaction is further nmodified with ~ 2
~ a ~1®00Rmant1iEs innthe elefipoemepounds ¥hthe formeeal pratmie comppynds, morganic

scal e because of .their useful ness as ai?it'ves for lubricant qQils or fuel
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chl ori de conpl ex catal yst contai ning an organic vitro-conpound as

conpl exi nEspgenlly, eveti Brimseanoval ireSmdiet dutie fv.a 1ong p2ribd0tintd) vhy @resedtONG
the butene oligomers produced through these nethods, 10 fluorine atons, for
exanpl®, dweni@n Provideshe methed ttoi snppresdetheataboyemernitioned daeinarizstionch
as about 200 ppm (b i.ght) .. Wien the butene oligoners are converfed into
addi ti vess?l&?taﬁﬁ’@ﬁ]i%axuﬁi }‘%‘tb?r’ § BResenhAny ﬁ%@g%oméﬁse&ofﬁemeéi‘i’ for
addi tives LN i |1 rasi | yor | S :
01 v RIS ML B L A0 B SO BE 5 WAL YAR SARMOT IR b, popiied
appar at ustanghtehe FREAHEFORhAD i8f oBtRThé @ BRE HolyhbeRafiehy BENHwAahEON théreby
carried out using pure isobutene as a starting material and boron
trifluoridffeasvalat atduedingi the scqpusnt bofe teommald fheorindtede gpdupo nformeil tdte

content of residual fluorine as lowas 1 to 10 ppmas fluorine atom by
adj ust@ ngtarmeingds of oligomersf ith@dditien. eqnysriing the terminaddfluorinated groups

conpl exi ng 20 agent. However)..the use of .pure isohQutene is costly and it is
not advan ﬁéﬁﬁgx'tr?rﬁlﬂafﬁ?' 88&?9&?8}3’#&@% P‘c"ee.ﬁlﬁ%g?’é%‘étf‘,’e'it i s necessary
to carry out certain operations for dehal ogenation in order to obtain a
substantially hal ogen-free products. On the other hand, when inexpensive
but adi ene raffinate can be obtai BXCRGROUNBWARTI ng material in practical
working) the formation of the residual fluorine originating fromcatalysts
cannot be avoi dBdtems bhpggmass bhawing r régular i depeating edtrastwmil alutsits and
Furthernore, when a post-treatnent is adopted for renoving the residual
f 1 uordhe, vinylidemee Struchuras ai their tarminals wiemalecuwes eane @opdoimertherotalas
of. the repeatin ructur al nd the .uni form presence

the reqgularit S uni t

of 301 Gecprlpquivgn PrOBBEM PR FhEHE FeGHBHRE L ABC dEBPRUYE ISR s,
when isob n r.. -kt i raff nate. s p rized sing. cat al yst.s of
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cont ai ni ng al cohol s as conpl exi ng agents. For exanple, in Japanes

Lai d- QpenPBlhiteay] oucciivic avthf-diiik/dtalwed be tERoRAction i fihEa hesdifika. with
4,417,091), it is proposed that a butene faction is polynerized into
oligomer with a fluorine-containing nickel catalyst and the fluorine
contained in the obtained olefin trinmer is renoved by the treatnment with
silica gel, for exanple. However, as shown in conparative exanples later, m
the 10 case of polyners obtained by polynerizing C4 fractions using boron
trifluoride as catalyst, the treatnent with silica gel cannot renove
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As a further problen) it is sonetines noticed that double bonds in poly ner
are isonerized during the treatnent so that the high content of term nal

vi nyl i dene group formed by polynerization is reduced. Incidentally, each 1
~ isonerization (transfer) of carbon-car 2gn doubl e bond in pol yperjulL 4002

ki nd of chemi cal reaction, and is sonetiffes accelerated with specific

catal yst respectively. The present inventors found out that they could
acconpl i sh dehal oge nation while preventing double bonds tomisonerizing by
bri ngi ng £ S ' ' ' i t Nt 210

al uni num CAEE Rt Bep FE B b e B & PR R APt
fol | ow ng¢as JReROABsCAS A dRARGTOR Iikriédit QI &RiePellymer that has been

obt ai ned according to the description of US Patent No. 4,605, 808 nentioned
above. Wen t heThatweedulpbhisrer ohgornars as hrefdrrednd antthef foregsingabasshpy lardene
structure and containing 25 several ten to several hundred ppm of fluorine
as or gani prdducedi bre rokymerizing dusevergAuch rasoisobutens injthe prasenee of boron

i somerizatign of terminal vinyli e strycture_as si de reactjion sho in
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treated wehterglNG15,022,030e above isonerization can be hardly _ _._ 5
recogni zed. Therefore, the phenonenon that the content of term nal

vi nyl i dene st r uHbweser,samedgabd matenetoligonzrsrprioduneced tthravugh efidsecmellods,

alumna itself of accelerating isonerization, In the above exanple, the
renovidl oflupringr atems ofesoerrmplat darivad drpm Hdiephorarne tpdlupride pafalysy eftengh

content of termnal vinyliden tructyre i.s,10 | ai ned. ,Howeyer, as to
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15 pol yet hyl ene has been separated and renoved, the concentration of the
resi dual hydmgendluatids, whphomlagneause thhecosension efiapparstus randhehec psléuiion

butene polyner. In this case, dehal ogenating treatnent with an inorganic
sol i doagepter8RBPARRg al uninumis al so useful and econonmic. However,

1-butene is likgly to be isonerized to 2-butene in the sim!| r manner .to
that shown in t NEERBIE PSRN 15GAHEN Uh DR e TARRERG RS f Starting
partncul dtSridP eéildasooqoﬁ OWi?ﬁiﬂEesb'PwdaBr%t,litb Y& iB1k Jci grg@%et fteh
suppress the isonerization o -but ene to~2-but ene. en t pr esent

I nvent or 8011'1%61@@15 bPeieebriteat appatdualpflenan® aslowias SR ippat h®Muorine atom,
energetically) they hjave found out that fluorine fixed on alum na

gener at esbyewjasting ¢heimheknrirataddf boxsm tmflubride inndasalyst amd theindmalesdng hat
the 25 isonerizability of alumna itself changes and the isonerization is
accel4 at 88ent n Beweyermbheiyse pt ppze BQQEBE%T&?StQQﬁIYfHIWiIﬁ@Ohﬁéﬁ%mﬁa%@éas &

al um na form new. sfrong,Lew s. aci 4dj,c_sites.these, and the newy forned.
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i ncr easespmduleté.he total amount of the fluorine renoved b~~ defl uori nating
treatnment, that is) the fluorine fixed on alum na by defl uorinatng

treat nent. On the other hand, when inexpensive butadiene raffinate can be obtained

25 as a starting material in practical working, the formation of the residual fluorine
originating from catalysts cannot be avoided, as long as boron trifiuoride is used
as catalyst. Furthermore, when a post-treatment is adopted for removing the
residual fluorine, it causes a problem that the features of butene oligomer such as

the regularity of the repeating structural units and the uniform presence of



For exanple, in Japanese Patent Publication No. HO06-28725 (corre_ .~ 5
sponding to US Patent No. 5,288,849), it is proposed that olefins are
refined with alum na conpounds inpregnated with alkali or alkali earth
metals. That is, it is disclosed that the,isonerization of ol efins!2ablLi8f2
suppressed by inpregnating alumna with afkali or alkaline earth netals.
However, by the nethod of adding alkali or alkaline earth netal proposed 10
in the above patent, it is noticed that the ability of renoving hal ogen
such as flyorime EARNGN JR6RAASER WNRHRRAD! YByMBREOWSR, WHERC1ishuRoD" 6r

i mportant “problem en tthe above-menti oned nmethod proposed 1 n Japanese
Patent to 1RiAHIGARL F AN iHI8yAred M ekRidcath et 8f hhuRiRMhodSbde or 1ts

i npregnated with a fixed amount of alkali metal or the like so as to keep
t he i sonmerdorgliek, dhlotiawsoheirmeonerhaids ahd ahusavethel samie pheblenkes is thotase
sufficient to neutralize the strong acidic sites of Lew s acids which are
new y genexrfdoeen byiflubeidercomplentcatalysts condaiging eldobels amedmplexinpagents. e.
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renovi ng : t ﬂ?%cf : j Par-To . u

excess of apﬁgﬁ?{zgﬁsﬁ%ntl r’fg‘?j’s?ﬁ‘é@g nlglr‘l&?ﬂgccaseﬁggetqﬁce&gl g%ngrll%gt \Aﬁ?ght}f%
previ ousl i \ZRihdBé@nRd Eth Yhé bbadliked oléfi limer ié hembvk@ basthriepeseent wifthe
above Japanese Patent Publication No. HO06-28725, the renpval of fluorine is
i nsuf fi ci etifica geld foroexeonple, tHewelkarass showarinodmparativieedamsles A4 teeyenthe

t hough renoval is_ possible, which is a fatal problem The_object of the
presenf i maeeof dalymers ohtained,by pobpresizing Cofrachions using poyon triflpgpe as

i sonerizabi hty by.aluma, is t aj.ned neutral i zi sel ectd vel y the
strong Le\ﬁééalﬁéf’&f“@ tE&Bé%e%W%&f g R Wgﬁg%"géﬁg{}'“éef - of

defl uorination t R ep" h e | S rl [+ n ci. of
the present i nvéo‘n }Q{gn I se?op%@g%dg%?snéﬁﬁ%g%dfs ?’%@Fé‘ggﬁr#gt EXFRIe% gg?\’?gntn of
termnal \johhkd@re igmezd Pl hSh ot thatréfihemsidhdtithadgheavtdwt drekinipsi ne
substantially, when highly reactive butene oligonmers are produced with
boron tri fiinpliderse tgnoapc dophedk byt pblysieruztivn asmredwdedl | yImsidentzdBpl gach
avai l abl e butadi ene raffinate as a starting material. Another aspect of the
presehd i nsanerisatipy (trapfen)i ok carhenrearhonf deuble hangd 1w ralymgrcisna deind of

t r eat ment gfni l.e sulpqpr%\ssi n tdhe. i sonerj.zation of thF1 above carbon carhon
doubl e bofGEPHARI nTTastioRy s Btdn 18t HRPRRHTES (AshRieraiedyi WG  sReqigy gatalyst
gener at ed rgg}gécrgg,etbt]e process of deffuorination) when organi c conpounds are
brought into contact with an al um na-containing inorganic solid agent in
order to reduce THe peoReRNinvahted ffundesutiudht ftheprdongd i decbi®lizhdash£loge-
conpounds contai ning 15 hal ogen conpounds such as fluorine conpound as

i mpurity avedidrawihnlg mtevestisg dowdlabondsfriony oetkrizing by- eangorg pdyibiess hotod
in the structure. A further aspect is to provide a nmethod of reducing

sel ec€Pvelcpnta withipargaqis §@H£PB§EBF94‘?}“@€E&EEEBB}; which.still has the

bili f defl i d i h | i f h ]
b e 950" LR, R RO Sl bD SR kAT LRt FON G wipe has
provide t *b%ceﬁl'eyagaxe@&;éamr{ggtﬁéﬁsum;ﬁ%lkm%fr thA€ hia€ rtfes;eﬂaabt\%ﬂad bc%?@inﬁt to,

structure naintalined at 60%or nore o e content before the treatne
havi ng t hehtl dsxctpéionesBUS Patént Nopd, 606808 esléitiesheds abave. W hehathd batdne

harm ess, by polynerizing a starting material of CQ using boron trifluoride
as a cat alpedymancdergianigheontendi ofedrgéngbiimaidenavstngcture dridyhontaiharg
of term nal vinylidene strycture into atpost . i o o
25 several'ten to several hundred ppm of fluorine as organic fluorine impurity is
brought into contact with alumna, isomerization of terminal vinylidene structure
as a side reaction shown in the next formula is caused to occur remarkably as the
treatment continues. After all, the content of terminal vinylidene structure is

reduced by the treatment with alumina in a long period of operation.



treatment step. ~ z ~u~ zooz BRI EF DESCRI PTION OF DRAWNGS Fig. 1 is a
result of nmeasurenent by HSQC nethod on butene polyner. Fig. 2 is a result
of neasurenent by | NADEQUATE net hod on butene polynmer. ~... 5 DI SCLOSURE OF
| NVENTI ON A first aspect of the present ignvention relates to a ne Eoﬂ fh)r
produci ng a butene polynmer having a |low fluorine content and a hif; JUL 2002
termnal vinylidene content, which nethod conprises the steps (!) to (II1)
as follows: 10 step (I) to feed intoja pol ynmeri zati on zone a starting
material of C4 ¢o C 1. OHRE(C CHan-50 % by mass of 1-butene,

| ess than 50 %gyﬂgrr}égzoﬁ -%E{Jeng,ﬁ I(eggﬁ hag 100 % by mass of isobutene,
| ess than 50 % by mass of but anes(GHgU[E€FEC(OHY), | CHRO0(CHYss of but adi ene;
0.1 to 500 nmol e of boron trifluoride relative to 1 nole of isobutene
cont ai ned i n t h&Vhém\haitsharpalymets separaselyaprodungdoand coptaindog narfiuerile
al cohol s andl or dial kyl ethers as conplexing agent relative to 1 nole gf

i sobut ene ceBPOENAeaTs ireMedapdth auanpa,dbgatbIVeaisomenzateR safy bsuhardly

Do eny | LS R | cart
0t nes oot e oot s 8o B e aH e el e Bt of FiiRal SIRGIAHH S
mnutes t Q.4 RO §s realcsl 6&44&) bé O%t‘iﬁ%%ﬁttéd’ Aol thd @it ) Sil?ﬁgﬂgaitgc?@ of!

the effluent reaction mxture tromthe polynerization zore, n subjecti ng
the react hef]18tating onferdiatidd.l ation, if necessary, to obtain butene
pol ymer containing residual fluorine of 1 ppmor nore and term nal
vinyl i dene of 60n%herabwwe exastpdp, (He tomovalt ofedorihe chmpennd pohyamedvnt thean
inorganic solid treating 25 agent containing alumnumso as to reduce the
resi dual butend nmeolpmerehaving tthehigboventsntep termymalr vilylidensaistradturagist he
term pal vinylidene _content at 60 % rdpfrgore relative to the value before

e

the tQat FEPIRINGd s HOWEVEE RsCHO B?W%‘E?e Seartionrrmaining afterRalyigrizagiops o g

for producj a e <described i fi S i e
resi dual fﬂ%’ﬁaﬁigéﬁe S&f.ﬁ gg%ﬁfﬂzm@%ﬁdgﬁ@ ﬁgah%%{l s?%éfﬁ%%? awgégi %a’%]%e
above step,fikln. 1S 30 ppmor less. A third aspect of the present invention
relates to a nmethod for producing a butene polyner described in the first
aspect, wher ei nBebausotiieabowf uhsyarteth C, fradtioteis aassiatlyrdiurhedias 4 fieelpaakydter
obtained in the above step (I1l) is 70 %or _.~ ,. 5 nore of the content
bef or e t her afteatlrbwutenenusefebag alcp)moEom@u femadisisting the demsityrafdugh density

e 114 ot PHGISEETIenRrEA® PREA REPREABRARELTROY o OHe GERCrHTE BNl dhe ToRtue)
the fl?st Pasiseer'e . G i !
porymer CRREEITR F ket PralBptirineCRg etk S5 ARt ) B s Bhger

lower, pref ehdbbys2UeRlodtidhflg Beat3RAE waikth | Rlorghnic {18 agP@Clombhiting

present invention relates to a nethod for producing a butene pol yner

descri bedaiuwmiinemf i r St &spkotysefieard rcohemay eBgeevanddnitene e likely he bet ep
(1'11) of fThe i r_lo%gani ¢ solid treating agent containing alumnumwth the
but ene polspreerisesht@apiuigne pe the sirgilar manpar todhiag shownin: thegbqvefgamuls
but 5, hou or shorter,. si xt h. aspect .of .the present inventiqgn rel.ates to
et RO FEPSH SCRTIGIG oAb RATAHIAF 11 JedAs BIsOLE T SIRPIY A6 e usEe
bri ngi ng iP5 &nt to suppress the isomerization of 1-butene to 2-butene.

When the present inventors investigated the above- phenomenon of
isomerization energetically, they Have found out that fluorine fixed on alumina
generates new acidic sites in addiltion to those inherent in alumina so that the

1
25 1somerizability of alumina itself changes and the isomerization is accelerated.
In other words, it is supposed that fluorine atoms fixed on alumina form

new strong Lewis acidic sites there, and the newly formed strong Lewis acidic

]

sites accelerate the isomerization of non-conjugated carbon-carbon double bonds

|

on the occasion of contact treatment for defluorination. The above-mentioned
. ]



conpound cont ai ni ng a hal ogen conpound as an inpurity and having one or
nore of non-conjugated carbon-carbon doubl e bonds, into contact with an 20
inorganic solid treating agent containing alum numto renove halogelgZn mphhf
mai ntaining in the reaction systemthe coexistence of a basic subst de

an anmount sufficient to suppress the isonerization of the above

car bon-car bon doubl e bonds of the organic conpound. A seventh aspect of the
present invention relates to a nethod for 2~ renovi ng hal ogen as an

mpurity desprdhet iy Reeakad RRPEGS tothiebRidhadter ther BRBHmeS tbindued by

treating agent contarns a conponent represented by the chem cal fornula:
AL03. An ejdintdhAsRAs trftnldif, BEASRNthe M@RiHeOfixddbi ta@smt fa dydifiadid Ming
renovi ng hal ogen as an inpurity described in the seventh aspect, wherein

t he 12 Jtrblatmeff2 i norganic solid treating agent is alumna. A ninth
aspect of the present invention relates to a nethod for _renoving hal ogen as
an i npurity descFemezamplehdnsgpanesepdatentvuldiqatione Nal SHH28 08 ogerrer s
a fluorine conpound._:.~ 5 ept ct of the present iLnvention rel ates
Fo o et hGPOrORe BblS Ftet Ngon B SR oS mronoRu Bt el aph s ansd Fits
aspect) wherein the basic s IS :8..0 . I 1_.Res. o
el eventh a%ejbl&ﬁnao(foT%(gE% Seérg.ﬁféﬁ%n%yg%tv?lgﬁ%.;g%% é'sEhE‘ngeaa%%% ﬁgéqa?%r ?g\%% |’r%&
hal ogen as;afisiBRAY khyt €8S SonPadzdtiod BE ofd R lcAS BE Guppbedi By mﬁréégnatmg
tenperature OF contact of the inorganic solid treating agent wth the

or gani ¢ cofipenind withGlkel oriadhelinbehrtibmetals. | oner, preferably 20C or
hi gher but 300C or lower. A twelfth aspect of the present invention relates

to a method for Hewevem@yhthleogethabsobaddingalkaly orwikzline eaphh wesal proposep

of bringing an organi c 15 conpound cont ai ni ng, a. hal ogen conpound as an
i mpur il0y dmdthmabRye Gatent Hap @%&ﬁ?dc&rﬂtualﬁ aBilita, HoFerBayiBE b 8logsN SUnas,

into contijnuous contact,wth an _ipor i C lid treating. agent containin

2l umi num ARG Ve tRaT diereaea; FREVeERrtry Megserer et aiscd Fire pheortal
organic ¢ 9 continuously or intermttently in the amunt sufficient to
suppress the isonerization of the above 20 carbon-carbon doubl e bonds in
the organic conpaped. the tdHovbagehtlonsPealiethbdt PRopsRdcih | TH{RIHeON PREAE €S
to a method for renoving hal ogen as an inpurity, ich conprises the step
of - bri ngi NBublicagmen Pol. yiA66-268f728, milgreirenlnmala v pyévidesly toptermiatéd atith sa
produced by pol yneri zi ng i sobutene using a hal ogen-contai ni ng catal yst,
into dént dexedypiroumy of pokelmetador dheiltke s a8 ithkeapdhe lexmerzabRYY dPwnikrim

, thereby renmovjn al,ogen, , whiy e,.mai.nt ai ni the. coexjstence of a basigc
Subst ance TORHE SERUFHE Hetat PE i B R ol B PR o6 REUHENES dheciimdhe BRaske
term nal viipy bAERG;YLRHR WBiélh%rQLﬁe%ﬂ? PO ARG 357\ fHRUEkaERELAL 2SREC Eh&lgH he
present invention relates to a nethod for NP902P 101 2 J UL 2002
renmovi ng hidfogeinasomis i paeeibléy, Avha adaselmsomedzd thien Sfeqarbbnlearben duble
but ene pol yner of a high termnal vinylidene content that is produced by
pol yrrer i zi tapdsshrgine be také plpca gradugbly-acoendangite ghe dotal porquiitmfahe dhidrimsus
contact with an jnorganic_solid treati nﬁ agent cont.ai ni hg al um num ,

g

thereby r ifERIRG B #50e880hH 2 GRATAIE 4TBRERhg HOBA¥ET YehpssR RN I5tGnRTeEBtRENe
pol ymer CONLLPUONS itRTa hitHR" BhlesE V! aliall & EnATRM bRl foEhiE thd QL3HBPLESS

t he i soneriza
removing halogen rather decreases owing to a bad effect caused by the excess of

alkali.

As mentioned above, in the case of the alumina which is previously

25 impregnated with alkali metal or the like as proposed in the above Japanese

Patent Publication No. H06-28725, the removal of fluorine is insufficient, and

moreover, the duration period is markedly short even though removal is possible,
which is a fatal problem.

The object of the present invention, that is, the suppression of the



term nal vinylidene group. A fifteenth aspect of the present invention
relates to a nethod for renoving hal ogen as an inpurity described in any of
thirteenth or fourteenth 10 aspect, wherein the isobutene is a starti
material of C4 conponents containing Ies% than 50 % by mass of 1- Jt ﬁm
| ess than 50 % by mass of 2-butene, |ess than 100 % by mass of isobutene,
| ess 50 % by mass of butanes and | ess than 10 % by nmass of butadi ene. A
si xteenth aspect of the present invention relates to a nmethod for 15
produci ng: g L Is . (yater e

Pol ymer clRia R T o R ae O e ERhe X A6y s P Eroge
termnal yh@ys LERRE sHEOWhitRHe GRIWIF EentirhtbdeBy e SRRt 5PHEMubFifatibA%o
agent containing alum numto renove hal ogen, while maintaining, in the
reaction gyakemorthgke baxindésnde iebmarizabdilitysubst ance i n the anount
sufficient-to suppress the 20 isonerization of the term nal vinylidene
group, thereby Abtaspachefhecprespnt yyentiemisitaiprgvde ppnetdod elstnayeasing
resi dual hal ogen an the,c?ntégF of terninaL vin%%idene group of .60 % or
more rl atheeontgnt RE terminal yepidens gAYRTALbeAtREy daereaste leaying pe

toi ti | af. t f.or. ing.a but I .
Goscr 1 beci ohe wifedurty QofacRelfsrdln® RLSE AlebtiR PRoE arichn
f b t : i n'nn é s i ;
ooy oo PR TG b Skl TRab il RABEA RS anagipl Soshie

aspect of € present ent | tes to
pol yner dpgedd.BREl rhffirddie %l Xt@etink mafaedl) wherein the content of term nal
vi nyl i dene group of butene polyner is naintained at 70 % or nore relative
to the val ue befAabthdr &sgteneof the piekeh? idvehthoR 30D providech exethodadpactyiaf
the present invention relates to a nethod for renoving hal ogen_as an

i mpurlQ y, owhh chnsatipreatasenthwhilegyppressinadhadsorpecaiaen of égmabpne sgron-

hal ogen conpoun an inpurity into conptact, with an inorganic solid
treating %\%‘gﬁp g8ﬁf’lﬁi EPH{!}E@W h‘r?%n{ﬁnc?ﬁser‘gﬁf’é'vgh$ﬂﬁﬁ’§n?"eg'lwﬁgqlgmnﬁit?ﬁ ANy,
inthere i \ e LS . Aa.-hasi u e.l nt
uf 1 of enfoig i RuTE  Ha°pEOREL MCRERu AP RUDAT oth i DRR AR cdrlb A IR,

t he monoohgfiight iftd Weiiace WitlR aReQinfihaldo@tRimese EEoﬂgﬁﬁWédei"a%@zﬁtaﬁxe&de? t8
nmet hod for renoving hal ogen as an inpurity, which conprises the step of

bri ngi ng fedifzertheaoheéntrationtcdirasidgad fluaknean therqrganit csnpoundypeonthiningt o
conti nuous contact with an inorganic solid treating agent containing

al unmifum halogenospmprundfesuchvab fugrees) comraupdsascimppsity el haviog ak least
nonool efin continuously . .or intermittently.in.an anmount sufficient to
Suppress PG IPRIEI SRR SRR CATIAH LB HoRAUBI B SORIESES- t he nonool ef i n.
15 A twenty-firgt t,of I nv } I . 10 r

r enovi ng haloge% Qgﬁgﬁpi%%ﬁfﬁp§ Pe?%??ggégigagﬁgao Pﬁ?ﬁggglnfﬁkgﬁ&?§gﬁpgeth
aspect, Whgkeised Rom@nadiefy bf Sthitia)iwlich sbidl Raethe abityf Il vriddtd,i ty
is the one which was subjected to catalytic action with a

hal ogen- cand aensimg tdet Alupsna PO tHe towmtacy tatmedt.aspect of the present
invention relates to a pmethod for, renoving hal ogen_as an inpurity_descri bed

in t RO twenty- f Arsdill futber aspardafithe pes PBRPR 1540 BROVIAS thaFobduigneo
catalytic action with a_h en-cont ai ni ng ,catalyst is a .residual act ed
Gt fract | BAUIIR Thetnrdhintt O g7 S0tRAL BAY SRSt AL tBE preintaer at 605 O

hal ogen- cofi:aidtihe LRLENYBAoHSLAD tfeatthetl Aild ROvIER! el Aliorife rbud i/ gird
aspect of the present invention relates to a net or reégenerating an

i nor gani CpsRmhdk tre@atddhsa§NtasC PRAGEHIY HirkiThb 4 by VU16Mee DIRE | § etatfifig
step of bringing an inorganic solid treating agent containing alum num

havi ng anmateriehsddCahising \bovbn i tsiflweride rap aocatalyst vgad ddediagbtire obtdined
doubl e bonds as the result of fixing halogen, into contact with a 12 12
JuL Z5o2 pelymeers hp¥ingéhe highrempent @l derginHevinydidene Atnuctaise |inty aoposthe
above treg}in agent. A twenty-fourth aspect of the present invention

rel ates t eétﬁﬁ?ﬁéaﬂ?or regenerating an inorganic solid treating agent
cont ai ni ng al um num described in _ ..~

-




5 the twenty-third aspect, wherein the inorganic solid treating agent
contains a conponent represented by the chem cal fornmula: A103. A
twenty-fifth aspect of the present invention relates to a nethod foiZJUlﬂmZ
regenerating an inorganic solid treating,ﬁgent cont ai ni ng al um num
described in the twenty-fourth aspect, wherein the inorganic solid treating
agent is alumna. 10 A twenty-sixth aspect of the present invention rel ates
to a method for producing a highly reactive butene oligoner) which

conprises the treatnent t%R?E'P‘I?Eﬂ?EmPQFDé\T bFopRASVEN GRausi ng the but ene
oli

oligonmer to contact with an 1norganic s treating agent, the butene

ol i gonmer cont ai rg,891 89 a % Bt 8 nfe QursRicat Oy MSQERMHod bh beitbhalpolithés as
represented by the following forrmula [1] 15 60 % by nole or nore of

mol ecul es havi ngige@nisnalreyultydfi mieasupments bp TNABES (HATES nrethoé sen bade sy
the followng fornula [2] and 0.005 to 15 % by nol e of nol ecul es havi ng

f1 uori nat edblymeni nal groups as represented by the following fornula [3],

t hereby converting the fluorinated term nal groups of the formula [3] into
the te?fm nal vinylidene groups of the fornmula [2]. 13 CHa CHz-C .. ...

CH3 - .~ -CHz-C=CHz 2 3 CH312J UL
2002 (wherein, n repres<(ants] m&%ﬁ‘f]ﬁ}glmn%?%(,)&pre%erably 5 or nore,
and nore prefer aaphifstfééy@cggg e B%eht%%M6ara%E%¢a J5A%0H ot pgb&uahg%ent

invention relates to a ne or a producing a y reactive butene

ol i gonmer, ner€igvlyMerikpngan Sowoflagrihe etinitégt agand Hight @irffinal Wihylidéne A
twenty-ei ghth aspect of the present invention relates -to a nethod for
produci ng cantérghiwhicle asdthed compeiresahe goemps (19 és Ql)esdfollowtshe t went y- si xt h
aspect, w hick conprises the step of decreasing the anmobunt of nol ecul es
havi n§0t he 10 f Istelr i(hatedeedrfithat RAIBMETIZatPN0800E 1y stprteng rmpgeydal of C,
preferably to 0.005 % by. nole or .less_b reatin i,th the inorganic sqlid
treating SHEMONERts \ﬁ%ﬁﬁ%‘-ﬁ?%ﬁﬁssa%t%oo&(/" %’%én?ﬁsegfembqtﬁg%’nhsﬁﬁzgé‘l é§£ Yo a
met hod for 0 i i td hut eng .ol r i o/

twenty- si Xt %Srsag%gg{&? efh ’glre g%]lrtlﬂ%%g%@oﬁt ct .‘S%Eelrgéé %?ggokggigé%ﬁg/{ﬁﬁt‘%g %ne
ol i gormer wrignthies hadi 139 §8EHh A SH byl thaSAbf BUtRHERE; 0.3 toB500 8arhdROSF Bérdh 10
350C, preferably 20 to 300C. Athirtieth aspect of the present invention
rel at es t aridluveideodelativeprtodiic mude aothiiggbutene aamtamedutirntheol dbgpweestarting
described in the twenty-sixth aspect, 14 1 2 J UL 2002 wherein the
aver age comgigstalt ppe Q-&Eﬁ te 4200y maie of glcohelorndlerdialkyl ethess asmompiaxing
solid treating agent isll 'nuie gr ,aore bgt. | ess t.han, 5 hours. A :

Uhi riy- 1 PEERRRH S0 (1nmals GL dsabytRng orbwned) B the ABow REIRE Fopterial,
produci ng hi .reactive b e @l i.go i.ch. co i Steps,d])
to (IVY Sa?l g o%tg gli)&ﬁﬁghe(g%tutengitqg@? glr?g? g%‘%ltv g%’&*%liz%tgﬂm On%’%é;iﬁégflg?’orraﬁortegeof
repeat i ng palymetghtionUbéhpertukePire st eanpy éthe1botd o ngd°or i@ b ] tiand
6 0 % by nole or nore of nolecules having term nal vinylidene groups on one
si de as repsidsant tundin therdingd ofd nynfudestd 4 hpys, CHs CH2-C ... .. ( -~ CHs
-CHs-C=CH2 [ 2 }1%90_'& 10 (wherein, n represents an int e%er of 0 or nore,
prefef@bly 5 or skeR dlDatry dearvatecthe gatalyst gontaineg apchy effluent reaction

mixture from the polymerization zone, then subjecting the reaction mixture to

distillation, if necessary, to obtain butene polymer containing residual fluorine of
1 ppm or more and terminal vinyliden; of 60 % or more. -
step (III) to treat the butene polymer with an inorganic solid treating
25 agent containing aluminum so as to reduce the residual fluorine content in
the above butene polymer while maintaining the terminal vinylidene content at
60 % or more relative to the value before the treatment.

A second aspect of the present invention relates to a method for producing

a butene polymer described in the first aspect, wherein the residual fluorine



Step (1) to carry out |iquid-phase polynerization of olefin in the presence
of a boron trifluoride conplex catalyst conprising boron trifluoride and a
conpl exi ng agent, 1~ Step (Il1) to deactivate the residual boron trifluoride
conpl ex catalyst in a reaction mxture afger the polymerization, Stiep (| MU?
to obtain the butene oligoner which contains 80 % by nole or nore of
repeating structural units as represented by the followng formula [1] , 60
% by nole or nore of nol ecul es having term nal vinylidene groups on one

si de 20 agohERtEsLN el hyr shaidal 1o abbe iehaT118]s 30gpeh BPFeds0 15 % by
nol e of nol ecul es having fluorinated term nal groups as represented by the
foll owi ng fornulathi3H. aspett ofl hel pkbden? GARefition reldetd a. methdHforSpag@ivcing t 0
treat the oligoner obtained in the above Step (I11) with an inorganic solid
treati ng agbnteneopolmer descritied ymeske ifgat mspecmwherhiyd the) eantanioef tgminal

t hereb ti fl i nat t 1 nal ( , t .the 5

For mal & [ JFRYHAGRE SFTHGREIC G e R GpUpDeALt &b GUERS Sy £ TP
2] . Athirty- d t. of ;th t_i i | at t t hod
For prBauchHRg of ARG Poaepry B e BB her OBScr i bed n the.
thirty-first j Ln; td t [ ' ;
he 1) qui o phase: BoTyRerPeomg o TSP ROUERELER slftel (PRI ROL T Blidale!

10 A thirtyvihehé psipaer @éschRdPiesdit firby eidpee) WwhEALAStHO tandRirBfskel of
producing a highly reactive butene oligoner described in the thirty-first

aspect, wheneidt ihhtheceplEI) ofrhegeotgdmicmolid tae atimg hgenttdrtahmingraluminum
trifluoride in the Steg (1) is selected fromthe group consi sti E of water,
al cohol s) et herwithptienbuitenekpalymes coataignnadbe resxdaad flusripmiscOHeiodhigher
acid anhydrides. 15 A thirty-fourth aspect. of. the present invention relates
to a Het hdatrdR0°bros &eﬁgpré)‘é?ﬁag’%f %Orﬁé’(’ftei}l Eﬂb‘&%ﬁ%&&e% I described in
the thirty-first e i : ] I t i Qr to a
conpl exi ng agentA ﬁg&ag%%rc ﬁﬁ?ﬁ‘% Ff%%%tggb‘%)t&%ﬁééﬁég{ %ﬂb‘gs &lﬁlsogd{ OI; P %‘gglggeap
(1) i's inyfent PBBEMeF dOs@ibed th {2 Bick- addelhlivwhorelnh khd a8RGE ciftatfime in
present invention relates -to a method for 20 producing a highly reactive
but ene ol itgereep dEHG rafbudh@ inorgiict sulid yrdatig agepecontadhieigeaurhir@unnor gani ¢
solid treating agent used in the Step (I~ contains al um numi™ T
thirty-si »ihhadecbutese polamsrecomtaining e msidualafiverine ia Inptinvte foorionger
producing_a hi ghl y rea};:ti ve butene oligoner described in the thirty-first
aspectd 2DU BAUEMHIRULY the step of treating the ol i gomer obtained in

Step (111) with the.ino i o%’% r.eat | Ln the eégl~ t her eby
decreasing the é&m%%r%%’ %{p%@{‘?gt}ie r ﬁ%tl%&iﬂﬁgf}%@ﬁt&% tﬁaawmnegEl ?% ¥ FEBOVHIR ed
termnal g0 ags raﬁpri%?%ﬁi@d Whidth &oh@ il A tha] sie® @f OBri%eite DA €oYanic
| ess, preferably to 0.005 %by nole or l'ess. Athirfy-seventh aspect of the
present i reantduwrd cehi@irmg a halvgthochripoupd cduanngmputityghind heatig oae or
but ene ol igoner described in _the thirty-first_ aspect ) ‘
more of non-conjugated carbon-carbon double bonds, into contact with an
20 1inorganic solid treating agent containing aluminum to remove halogen,
while maintaining in the reaction system the coexistence of a basic substance in
an amount sufficient to suppress the isomerization of the above carbon-carbon
double bonds of the organic compound_. -
A seventh aspect of the present invention relates to a method for
25 removing halogen as an impurity described in the sixth aspect, wherein the
morganic solid treating agent contains a component represented by the chemical
formula: AL,O,.
An eighth aspect of the present invention relates to a method for

removing halogen as an impurity described in the seventh aspect, wherein the



5 wherein the tenperature in the contact treatnment of the oligoner obtained
in Step (I1l) with the inorganic solid treating agent in the Step (I~ is in
the range of 0 to 300C, preferably 20 to 300C. Athirty-eighth aspect of
the present invention relates to a nmetho@ for producing a highly reactive
but ene ol i goner described in the thirty-first aspect, 10 wherein thdUL 2002
average contact tinme in the treatnent of the oligoner obtained in Step
(I''l) with the inorganic solid treating agent in the Step (I~ is 1 mnute
or nore but,lasse tdlaNt e Ry Seerts bM@mi@4 | oW ng, the present invention wll
be described in nore detail. in the present inventions such as the sixth,
the twel fth andAt himthvedpeyt b5 thd preseasiavtatioh relaieganiaCmeohed dordse hoving
treated have one or nore non conjugat ed carbon-carbon doubl e bonds which
can be i shabrgenedsi aneanhunivy ededceibednth ftlnet Bith sspechi wheakoydhec bapogemnds
such as fluorine _conpound and chl ori ne conpound as inpurities which can be
adsor bed vapﬁﬁfléaﬁiacﬂ%@lm@lC‘é’@@ﬁ’t@dcopt ai ni ng al ym num such as al um na. The

Srospror e, or GaRPObSRARG DH IS SR AU A Einone
mol ecul es ga%sgebgéﬁgﬁ,g?gptbﬁgtygaregcm@&ah%ﬁe ts%gygspgegggﬁ%gﬁ P4 Pg?ﬁ%%‘?ﬁ%%%f?%g

as al um na. ani c conpoun 1cula

in mol eculas medgiitor Fdntd@Miga) i nclude C4 olef ns such as butene as the
lower limt of 25 nol ecular weight and olefins fromoligomer zone such as

diners to pol ynBms ebsveith sopgeo wfdshofpresgit invecidarrelwtieghto. aSpesthbidcfdd vy,
organi ¢ conpounds having the nol ecul ar wei ght up to several hundred

t housand temobmgidedogen taljear omuumntys descibedh inothe sbith aepeptt whdreimbdee
or gani ¢ conpounds have non-conj ugated carbon-carbon double |71 2 J UL
7002 HondtemBAtRER of SWtashOAi thedRPBEaNKoRRd dTeatingageat (Wit§ the organic

conj ugat ed doubl e .ho , . han S do, not infd ugnce,the tr.eat nent.
Further, PP fRe o onehgn el ARORY sPoishR BEveHIE ST sk dRRhoE e
nol ecul e, 38§°¢t QRYo@sr.t hey can be isomerized. 1 - 3t 5 As exanples of the
above organi c conpounds, there are unsaturated hydrocarbons having at |east
one non- conj ugapeskelfthid HebpofitHepiesean e rticnBylazeedo nRiRdd fdrebrasvinge
ol efinic conpounds are nonool efins having | ow nol ecul ar wei ght such as

1- but ene, halagenhyls- anbdmevaity3-wiichy compigeenthe igtemt ehdjringingx ame organic
vi nyl cycl ohexane, 4-nethyl-1-pentene, 2,4,4-trinethyl-1 10 pentene,

1- decehe. CHHPPRBH  CANtBIALLR | RAIAGHS CAIRROVRA, ARVAT dBIRNIEY: ARE LRAVIAE oPR OF
termnal positjo lvi s ten be al so, used. which oligo

can be- oblrrais iR B PG E folE P i Ean i Botiast Witk
ot hler Jor %3 int ﬁ%érﬁc @ehecc%a?tlringﬂ@gsil% coﬁt'&@nﬁﬁgdﬁu'hﬁﬁﬂr‘fh can Dbeo Yeffbve MHIGken

i ncl udes ol e

in zone of |ow nol ecul ar weight=—0ti goner zone of several

t housand whilolfeadihgr awbagibt subllsiancd ihto tther opgnicedonzpinmd fconeirioalkly or
hundred thousand. Wen the ol efinic conpounds are highly viscous |iquids,

it is prefeapitentlydl thecampunt pyjificeRntfiorsuppress theoisomerizationgefdbe ahpve

i npraq the.contact eff icienc3~ with the inorganic solid agent containing
al um'%ﬁm S%F(h‘?né%arg’PBrf{Oﬁ‘ﬁ’.le EQ’%&?)P? eOrEAIE ﬁ‘émlprPfi sol vents-are aliphatic
hydr ocar bon sol yepi: 2 ] xan Furt her | i,ght
pol ymer descri b}éd%%fez#&gagg%%t u%egﬁg?sﬁfﬁg 1%29{&%% vri%%%tggi ‘{Oy%i ge%ho.d fbr
appr opr i akémotintd Ay WEehhss Bal RAEHrieP TWH.{théoxﬁﬁﬁ"s@é RRE s8ép ofindihgSbutdnkhe
above organi c conpounds axe nostly those which originate from

hal ogen- cpolyaner of ackighl sesbinakb ethylitener @ditent ¢haths prcdaed b3OpPlgrisiszinghey
contain sonetines also 25 hal ogen conpounds originating fromthe inpurities
ot her t harsobatens sisang ra thedogaracaritatnimgt eatiadyss, 1tk tontact rmeithoap dumedganic
there are i né)rgani c fluorine conmpound, oqrganic fluorine conpound and

m xt wes EAR eraPgr 28SBISPRIANHE FRIENEM,or | nes thereby removing halogen,

while maintaining the coexistence of a basic substance in the amount sufficient to
suppress the isomerization of the terminal vinylidene group in the butene
polymer.

A fourteenth aspect of the present invention relates to a method for

NP902PC



conpounds such as hydrogen fluoride, boron trifluoride and silicon
tetraffuoride, 18 1 2 J UL 2002 and organic fluorine conmpounds such as
2-fluoro-2,4,4-trinethyl pentane . However, they are not limted
particularly to the above. Wen the hal oggn is chlorine, there ard 2 JUL 2002

i norgani c chlorine conpound, organic chlorine conpound and m xtures
thereof, for exanple, inorganic chlorine _ . s~ 5 conpounds such as
hydrogen chl oride and al um num chl ori de, and organi c chl ori ne conpounds
such as 2-relloing haloder asra iyppeityanhicieoinpeisesithei stepl obpagadbatéme
use fluorinated hydrocarbons having high nol ecul ar weight, for exanple, the
hydr ocar bqudymbr off sahiglpteuuied vasyliderns cehtens thatns poddweed by polobefiznsg
usi ng fluqrine-containin% catal ysts and have 10 the nol| ecul ar wei ght,

cor r espondbelyiteBe iBAEr Nadpgedi- (It alHngpiadaly ke SEOGIMGHBIP USoFRIB AR V8 AN as
fluorine conpound are usually conparati.vely lLow.in content,,and the boiling
poi nt's ar eNETEFIRC 5§ h%@tmg@ﬁgg%;ﬁSg B’F@%rﬁ:‘ﬂj‘_‘éﬁﬂﬁounds. : 'Fh‘é’?eg’fyofﬁ?mﬂf@
are hagdl e : ' {] i as
i st Par N0t Hikde HEAiRE THAT: thbHARE RN DR Pl o RERID L G
parti cul anye,phiktdrtlgGHEIY IdmintTRaHIEENE B! sifidsaNhePRIOASINAIQIUT oM
and can be over ten nmass % depending on the situation. Because all hal ogen
conpounds tafindsvinilidene groufpuri ti es in organi ¢ conpounds as nain
conmponent, they nmust be renoved as descri bed above. The hal ogen conpound in
the content of pgprifteargh 26péct of (thiel presemtsimvention relades. toHawewethodt Hex
net hod of the present invention is_algg aﬁplied to the case of suych a | ow

hal ogen cGREEVINGAAPEHY S LA yMPATI dn 1y By ofde FRITEEANLE 9Théowtaemih:

d h i i . b Dol havi h .
Corm Pl - vicngr et PRETPbeeRY B hathninbaiaiaent of b crionstts siapging

{1 uor ne- OI! aidh 50 By TS o AbGSNETRNd fiskrls@% £5 opsclREduARONEs dhio

but ene polyner contains several ppmor nore) usuall) to several ousand
ppm of fl uQD RevyRHBsaT ibsHitehtylesadB0 %Ng, Mdserof MathBes HARAEEA K0 0O % byt he
form of organic fluorine conmpound, definitely fluorinated hydrocarbon.

Furt her, trhesdwfimnadpie/nmer that is produced using the alum num chloride
conpl ex catal yst as described in the above US Patent No. 5,012,030 _can 19
1 2 J UL 2002 e sirtegnti cafpeghidnthePIpsant spyARGR ralatef glghiac method for

vi tros;conmpound .as ,conpl exno_agent. . Thi s _but ene pol contajns usually 10
Vo' selr aPronaeLEii R BHVERPOR Pirk SrBRnses P Sfert O briRgs p{jfenty notmle:
chlorine i§,3HRRASAd bty B drd R FeQldl T hOLEER! fndF 18008 i
definitelf ¢ o?%%atggghygrocgrboné e 58Nbreover, tﬁglgﬁgggg?gan%ﬂal
fraction renmgplidémy gadieintdheonaky Math zat irvrgahicColid afdaitity 6genPeo@=SRing
treated for defluorination according to the present invention, because it
cont ai ns falueiinm conpodndesrovehhaoger whitpomathtasningpin ithy reFttdon |systeme
or chlorine in this case is al so supposed to be in the form of organic

hal ogen c&ﬁ‘éo‘i?ﬁ&?“i@cq H?tahgaﬁ’ﬁl %‘%ﬁtﬁg,ce t‘ﬂetthﬁr SRR oFHcient oto, SUDRresst Bife
poly w.l 1 be_expl ain erein boron trifl rige mpl.ex,type caf al yst
o gy "irrrmraeRtby HIE el el VIR o, M oBRTRAGE s BEhTRatne
or 3 Star oRthiRMETAR!ph 6 16QNR chifyd] SRRINEBACahA T YIB! LR IHePRiZLNC
(reaction zone). As continuously operating reactors, any type that can
carry out vibylhdeaogriu €f SEed orf R1vpy 2éladivé tatthe vialge beford €rdsgatbntsuch as
stirring-type reactor and | oop-type reactor. The unreacted conponents, the
but ene pol yner p seventeanth taspecteat therpreisent dnventien melages doad yeetlddodorout

tomthe polynerization zone. As a typical starting material of C4, there is
the fract ipd'ﬁgg‘ﬁ)‘@gaéi gﬁéel?eapr’YIﬁS{' esﬁﬁ%&ﬁ s tiléf sIXteardh agpecictwheyein the

but adi fr. i aEt i flow 20 f f. I

crackPRg dFoRer PRI P b HekoRer SRR TS SRR st oD PR ar gLt
Ki f hyd : . '

or oduce | over” of o (e ReaR aorarhof Rhe Brbgthl TSI IpIAL; (BTY AU b

starting fabeaédlg aSbubeiaGlodyfmse ddsbribbatin tthe OfikéddithNapdRNePhaeiNeile as
i sobutene as ol efins. The above fraction is the nost general as a starting
content of terminal vinylidene group of butene polymer is maintained at 70 % or

more relative to the value before treatment.



25 material for butene oligoner, and is econom cal. However, it is hard
particularly to obtain a butene polyner that does not contain hal ogen using
t he above starting material. Accordingly, the present invention exhibits
the effect nost strikingly at this pointySpecifically, a starting ermlembpl
of C4 conprises less than 50 mass % of 1 2001 2 J UL 2002 butene, less
than 50 nmass % of 2-butene) less than 100 mass % of isobutene , |less than
50 nmass % of butanes and | ess than 10 nass % of butadiene (total: 100 nass
% . \Wen a starii RgndtRERIH alspét of th¥dpAGRLPOMVERtIbAT FilEGsCES tRinfethAUNLS
of 1-butene and 2-butene in addition to isobutene is polynerized using a .i
5 cat al ystemboingeXtadipkeén BSran tmiphirityy i wihichooheprisat ahyskte arimidginabl e
proportion of fluorine atons is inevitably m xed into the pol yner product
in many casesoldie coyiEinalg edmdogen icompoinGlas pacimpurifgsintosteatacinyith an
material of C4 contains unsaturated conponents conprising about 1 tq 40
mass % pHETERAN yohddaeatpgtagend Wwetauegoglyminumt ene, HhseMOYe thplagemmss
% of 2-butene, about 10 to 80 mass % npreferably about 40 to .70 s %.of
sobutbne™ TF AR R 8 A e g ee e P ErabaR it h beid SR Gty

| ess of b ' at urat OfRNg I S} 3 s %
of but ane?lié(ﬁ'(tjgl (ﬁgxﬁn%?s'ﬁ %ﬁ&? ggt@o%&ﬁ%%? massrl%;(?ﬂ gﬁ%tzblggon%g%t{o%% r?)gnng?m
limted apoh@98f & Honbdldfin.t he above range, and the C4 15 fraction
cont ai ni ng i sobutene which is contained in a deconposition product of

cracki ng from aAFG&easetle saapiebe df atiey prasentelihveastion trobrtesl toc naekethodaforbe
used. Further, the fraction having the conposition nodified by appropriate
nmeans canréyeovwd hedogempsaan Ampasiyoswhichn cpmpriseshtheador ehkginging a
Definitely, the conposition cag be nodified (?y distillation, by addjn

| Sobutene iR [RET AOBTOBIPR e CBHOERE SATBANRE. RS Gt (IBHRIIIE, Dt @atitpus

i sobut ene _t i_g Lzation by a.sli rj g e the
concentr af?l}c){r? gé)fvgl?gg%? é%gfg%ﬁg csé)fﬁrd y H? %Q%léf ggggﬁ 5%%?%%&%1th al yti cto
hydr oi sOngsh 3¢ hiafikehnO wififlHfe8 diriea GARRAMDRAAQinRb tROM SR cHytiabbaEyNY
t he conposition through various physical and chem cal operations. 25 The

| ar ger t her ixstebuiiteatlsomnt £ntridintisudhiene td avupprdssahe isorheriksdeh iofkatlson-
However, in a butadiene raffinate, for exanple, the isobutene content is at
nmost 70 neabow dnulde bomrde ofthe pepgroplefitt.r om FCC or the like is usually still

| ower_in isobutene content. As catalysts for the polynerization of
| sobtne, 1 uof h%ewﬁgaﬁtn?ﬂgect o 1tHe, P3p9amt ByS™ Pagjgt% K @ method for

pr ef er abl I i.he-caontai ni ts i ne .conpoypds
et m xed {ROPRE pridien Sa i ENeits FakBin fy 355 SPEihe LA BE FATREIRGS
or its cogphex, GakabihStheCRdnBSlefisednthiifAz GhhAloBE cEAHRANALSs S8LmPurdd RS
inpurity. = . .~~ 5 As to fluorine-containing catalysts, the kind'is not
limted ashd amp ashichusrdsneuagctetbuni tytadlgtin aedon rwathpro tiabdgethicontgining
use. Definitely, besides boron trifluoride type catalyst, there is a

catal yst edw@dysted by bringing a bival ent nickel conpound into contact with
trifluoroaceti.c such as

hal o i zed hydrocar byl al ugm num an aci d, t he
Cat algiht f or medAy AT erAEbH GIIPBYE B CROPT T ipERBER el o & method for

di chol oro ' H%;‘%:a ri I 2] T, Y/ ' - e
fluorine- g%rg%ggﬁlrﬁu % a a?%s 1‘@1’%’% ?)%géﬂl?%@Egggﬁeﬁe%f%g%?esﬁ%bgﬁ%? teiR
Publ i cati gie Nonostefid $hdR wWOsiljsRendonathRtidadtrnewithNe hatogbhledd?dining
Preferabl e fluorine-containing catal ysts aré those of boron trifluoride
type. Thesstatpdtaliy st yesidamal eshreat@da (ofrpotioh zehitadmed dhemi thd prodasétowfof0. 1
to 500 mole 15 of boron trifluoride relative to 1 nole of isobutene as a
starting hutend polymerewidj abelagan-containengronadystansingiaghi stafrtipgtmaterpadl yrer
obt ai ned accordi ng‘gto t he gresent %nl\{enti on can be. carrjed out by

cont rét 1 i ng t hef BRERYYGHIFE ASELSY OF &he RYCSRRt ARYRRHOML Felates to & methodyfor

amount of I 1 fl uot] al yst .is | than this range, the ..
reaction fsé)ed’%? f |E (rr:lgl ¢ lAt éﬁ%%g%éce§3hg]¥feﬁginf§ ﬁ%riiﬁa% Fa]inf‘ngtall%ég’r%“&’ ﬂ)h]tchan
this rang i : t; Y r - g

cat al yor - compHRetPURE A ot B AR WU, OGRS SR ciuling
pref er abl alhbaiwamt r i # uohhdtig wpe iAateakydt shilite_oft hstiterififigandh®njugated
oxygen-cont ai ni ng conpounds as conpl exi ng agents. Exenplified as oxygen
cont ai ni ngadwmpcands dbnldh kondst ay the aeshly sifsfiminghhdlogem, intdfdonvactdwitir e
wat er) 25 al cohols, ethers such as dial kyl ethers. Water) al cohols, dialkyl
ethers or m xtures thereof can be fed into a polynerization zone in the
ratio of 0.03 to 1,000 mmole of the total anpbunt of conpl exi ng agents
relative to 1 nole of isobutene in the stating material. If the anmount of
conpl exing agents is nore than this range, the reaction is difficult to
proceed. On the other hand, if it is



22 12 JU 2002 less than this range, side reactions are caused to occur in
a |l arge anount, which are both unfavorable. Al of the above-nentioned

wat er, al cohols and di al kyl ethers form conpl exes together with boron
trifluoride in a reaction system Therefgse, the ~. ~ 5 method Z

adopted, which conprises preparing a conplex conprising a conple ?d@LJGBnt
such as water, alcohols, dialkyl ethers or m xtures thereof and boron
triffuoride beforehand separately outside a pol ynerization zone, and
feeding i it Qu@scaﬁa&tﬂfa}eﬁy%eﬁelnﬁum&%mémngemmv %mmea@mt@qcﬁﬁs
anot her node of polynerization according to the present invention, which
met hod 10 agenApri ses feeding boron trifluoride and the above coaneX|ng
agent into a polynerization zone separately and causing themto forma
conpl ex in the potweety-foatrtloraspecteot the phesardsmvehtiveexfilagesbior ermethod for
trifluoride and a conpl exi ng_ agent separately into, a polynerlzatlon system
t he ampunteZeREraEingsar sReNRERI¢ svlb @it @gswtar@nﬁmagxaﬂvmm% ,
al cohol s d dlalkxggﬁthers rel.ative ﬁS .10 a star

hydr ocar boRe ¢HiF e PRPEHe vdhgrein £ ﬁéngggq}’é%(ﬁo ag‘?’ht 8‘?’6‘@1‘“? &
d b | k tl
b Oh 't he SHERGRERF SRt he AR FRE . B elneei nfoed st ook, Tt i %

advant ageous t o aagl,bsty ﬁml agpmt 00 thd Yr8Serdtf iﬁdéiﬁ{ddi@eﬁreés ith Sa ZHe )@ for
ratio relative to a conp exi ng agent keeping up with the above changes

qui ckly. [regeridthsingarpds@gahic selidroreatingvagealtl contairisgdlmaisin @éseaibeldsin

di al kyl ethers or a m xture thereof separately fromboron trifluoride into
a react i onhe twentisfaiush @ispect, adwrein Q}ﬁemwgwlwbﬂdksafana agent koyaluaniner s as
conpl exi ng agents are as foll ows g exanpl.es of al cohol s, therﬁlaf?
aromet¥c or C ot WYaWﬁha&%p@dap 3he| RreseR lage%%aﬁ tes ¢prafapthod for

pr opanol I tanol nopan I dec no
and benzypr%ci%%ﬂgl Oﬂea)?gﬁgfbau%ge Oﬁ‘lég% %&{] ?(ﬁ)l 1Jéseca ol LB otﬁ) of
the above Lm0 1%90@& PRabiide %ﬁ‘agﬁéﬁg' %@%téh@&lfg@n&'} 9&%5%&1‘? th an,

branchi ng, and nmay be linear al Kyl group, sec- or tent-branche

12 JU 20%gganidipolid dreditye imgeﬁt kiHe Butune, oldgorabK ybneHifilg 80 dyinile or
rings. These al cohols can be used singly or as a mixture of appropriate
ratio. Asmmanqﬂ weatmgl krluctiirad hayits as frepresentedbynthe followigg foomaladll,
allphatlc thers ha |n a single kind or different kinds of

hydr otr b8H * ¥b@ fe g mpre of molsciles HATHIH T TRRL MInYHIAT ETOMPRAR OB id)

hyl h h h
i but y! - oo re‘?ﬂr%‘*ﬁ%b Bl e f?ﬁ%v?yﬂge?{a&?*‘tufﬁf 4. 3005 87 98V B ELdIe of
di pentyl %&@éule@%vﬂﬁgnﬂﬁoﬁﬁéfw t&tnmral gaiaﬁpylasewp'ﬂes@ﬁmr Tﬁdﬂ}ﬂh%’ll/dwm

et her, cycl ohexyl nethyl ether and cycl ohexyl ethyl ether e skel etons of
the abovef@mutla [BZQheydby ceuivamingstheofludrinateddteemidahgrmpsfofitha fofmnda [0
and may be |inear alkyl group, sec- or tert-branched al kyl group and

al i cycl i ciziokifle tgrmipal vinyiidene sgeepgpolidie farmudg [2) ngs. These di al kyl
ethers can be used singly or as a mxture of appropriate ratio. As to

conpl exi ng agents such as water and the above al cohol s and di al kyl ethers,
nore than one kind thereof can be also used as a m xture of appropriate 15
ratio. Polymerization with boron trifluoride type catalyst is carried out
in a liquid-phase, the polynerization tenperature is in the range of -100C
to +~0C, preferably -~0C to +20C. If the tenperature is |ower than this
range, the polynerization rate of isobutene is suppressed. On the other
hand, if the 20 tenperature is higher than this range) side reactions such
as isonerization and rearrangenent are caused to occur, and it is difficult
to obtain the intended product of the present invention. - As to the type
of polynmerization, any of batch system or continuous



system can produce butene polynmers having a high content of term nal 25

vi nyl i dene structure. However, fromthe viewpoint of industrial production,
a continuous nethod is nore econom cal and effective, therefore, an exanple
of continuous polynerization will be explzained. Generally, in the g$§% f
continuous system the contact time of a starting material and a Z |9@t
is inportant. In the polynerization according to the 11 ~a ~t~~l 24
present invention, the contact tine is preferably in the range of 5 m nutes
to 4 hours. If the contact tine is shorter than 5 m nutes, sufficient
conversion rate of isobutene cannotHbe |obtai ned, and further, excessive
equi pnent is required for rlenovinglthe|reaction heat. On the other hand, if
the contact tinme is |lon CH>—G hours, -ecohdnical | oss

i ncreases, and further) side reactlon quch as isonerization and
rearrangenent of the producied but eéddspdlymer can be accel erated. Therefore,
both cases are unfavorable. After polynerization, a reaction fluid
cont ai ni ng unreacted conponents the produced butene pol yner and the

catal yst flows out froma polynerization 10 zone as descri bed above. In the
next step, the above reaction liquid is subjected to deactivation of

catal ysts using an appropriate deactivating agent such as water, alkaline
wat er and al cohol accordi ng-tRat-heceaitrent i onal net-hogd.c After the
deactivation of catalyst, neutraligation and water washing are 15 carried
out if necessary to renove the resCdsie of catal ysts) then appropriate
distillation renoves unreacted conponents to give a butene polyner. The

but ene pol yner obtai ned as above can be divided into a lighter fraction
(hereinafter, sonetines referred to as "light polyner"”) and a heavier
fraction by further appropriate digtillations. 20 As nentioned above, a

but ene pol ynmer containing the ter P3| vinylidene group in the ratio as

hi gh as 60 % by nol e or more { | atlve_to total te[m,nﬁlsgroups can be
obtained by carrying out a liqui d- hase pol ymeri zati oh of isobutene using
boron trifluoride as a polymerizatsgn catalyst and water, alcohol, dialkyl
ether or the like as a conpl exi ng agent. However, the butene pol yner 25
contains 1 ppmor nore of fluorine atomas the residual fluorine) which is
usual |y S"HsFedy hoPRresAttsarebategan of O qeviese. preferably Soer mgqsenandgmeret he

situation. ﬁye 18 i du h flyorine is an organic fluorine which cannot be
renoved V€ B8P 3&%‘)?}? doggl(ta)‘)t he conventional deactivation and the
fol 'owi ng wat erA‘Q@%Hkyg‘-geve tt%ﬁas}:)e%t oftnd gy‘?gsegﬁ‘?ﬁ%hﬁﬁﬂlﬁ?at%%etgﬁateﬁ{bt%dtiﬁf

above butene ol'i goner’) an e structur nd the conten Ins at the

term gal @oaupird £ MERISUFRdtiae GItehe gligomiehewiBidindhdaserddite sbid ard4timer
patent application by the present inventors (Japanese Lai d- Open Patent

Publ i cat i agenteont#ligs al6#Z08m. 5 As to the nol ecul ar skel eton of butene

ol i goner, the apalytical technol ogy. by NVR has nade a great progress._in
recent years, o tt”t%‘tty‘zﬁl%kgglsa?l?% Qf”e‘gﬁo@ireﬁ%t BRESDGERN Elabetto hmethed oy ve

i nformati on,concer Ri. t he connection,.of car,bon.skel et.on. in organi ¢ _high
ol ecul art O NEBE fi, PR BEhaS PligomtE a3 EIT I ARt Repedt
spect r um @pgyCagmPeiset MHE st cFOdULELdiAR Ble GRRAM of molecules having the

10 fluorinated terminal group to 0.05 % by mole or less, preferably to 0.005 % by

mole or less by treating with the inorg;nic solid treating agent.

A twenty-ninth aspect of the present invention relates to a method for

producing a highly reactive butene oligomer described in the twenty-sixth aspect,
wherein the contact temperature of treating the butene oligomer with the

15 1norganic solid treating agent is in the range of 0 to 350°C, preferably 20 to 300°C.
A thirtieth aspect of the present invention relates to a method for

producing a highly reactive butene oligomer described in the twenty-sixth aspect,



10 hydrogen and that of carbon-carbon) which includes HSQC (' H Detected

Si ngl e Quant um Coherence) net hod and | NADEQUATE (I ncredi bl e Nat ur al
Abundance Doubl e Quantum Transfer Experinent) nethod. As to the butene

ol i goner obtained according to the present invention) Fig. 1 shows? atlL 2002
exanpl e of the result by HSQC nethod, and4Fig. 2 shows an 15 exanple of the
result by | NADEQUATE net hod. I n HSQC net hod, taking chemcal shift of

"H NMR as absci ssa and chem cal shift of 13C-NMR as ordinate, the crossing
poi nt of a peak of 'H NVR and a peak of '3C NWR indicates that a carbon and
a hydr ogerVVkeyere sifenavatageo cankast paale apetieghingctieal hwgaeneligomor kitéhthee
connection of carb n-h&%&ggen in 20 a.nolecule c ?e known, . Further, in

: n
| NADEQUATER BRGSO 0 1G] 116, B8 el LD #1 T9re DREIRIR AT BBSHFSsa and the
frequency of carbon. as «rdinate he ~equency. Qf carbg orr.espondi,ng, to a
beak-on The. abedt ST SEE AREH of Whe Bres inentRne e ey 16 BrcHi 1Py
drawn fro - {1 | - f
cor respondau t st Bty 8RRy B AaGhas iR HETRRR (Pre OV
for ner5 cathasbtah@Re Shillendr o REOGEH WoRsaidi B rSPCATSA nad]d dhenGar foRspteng
arranged one after another, the connection between carbon-carbon in a
nol ecul e, sthaturs, usias henrepkedeatted byathebfelllvmong formoln [ljeameas ¥ dyembte of
HSQC net hod and | NADEQUATE nethod, it = 26 was found out that 80 %or nore
of the repeerei sigmelecudeuhavingntarsnispl yindidenshgrompsomaene il gs reprérented
present invention are conposed. of the structure as represented by the
foIIomﬁng%W&$ﬁJPﬁ°WTTgﬁﬁggu§ﬁ@%@of terminal groups is usually tert-butyl
group. The nunber of n of repeating structural units as represented .it 5
by the formula [1] is O or re, pcCekerjably 5 or nore, further preferably
16 or nore, and the upper mt is}200.| CHs CH2-C ..... CH3 As nenti oned
above, 80 % or nore of Bat+ & tural unkt-sl{of Jthe nol ecul es of
but ene ol i gomer obtai ned acfordinglto the present invention are 10 conposed
of conpletely |inear nolecules, whPth skfucture is useful as raw materials
for an additive of lubricants and for an inprover of fuel detergent. The
but ene ol i goner having the polyner structure connected b3~ isobutene
skel eton regul arly has the nunber average nol ecul ar weight (M) in the
range of 500-15,000. Further, it is obvious that it has a narrow nol ecul ar
15 wei ght distribution) because the value of dispersion degree (Mv 1™ ~In)
is in the range of 1.0-2.5aCterdt 6g= OHthe neasur-enerft2kly a - ge
perneati on chromat ography (GPC). Silnce the nol ecul ar weight distribution is
narrow as above, it is possible toCbetain the product having a fixed
viscosity In the following) the kinds of olefin structures and their
conteb®s i(Whereinpm remreieris gr doprasriaf Gerduers inseterably fher merenend| mgesrer
according to,t ese i ntion, it has been found out that there are

sbeeraSuPlasuts oo B

vari ous i d in accordance with a polynerization

mechani sm pr opo u -y P r 1 i

o120 (1076) . SHEP (Rt ag the pragia e fResigton SUPER P predtan
and so fopfhy boRnOltefflubridd Uekiiilex Otatalfst! @bMpPRing’ BoRdnOftrifidRR Qlddoogrer

is inportant. ~z ~a ~ zooi 27 A pair of olefin carbons in butene
ol i gorer icsmoddaapedeat, each i nherent

15 Step (II) to deactivate the residual boron trifluoride complex catalyst in a
reaction mixture after the polymerization,

Step (III) to obtain the butene oligomer which contains 80 % by mole or

more of repeating structural units as represented by the following formula [1],

60 % by mole or more of molecules having terminal vinylidene groups on one side

20 as represented by the following formula {2] and 0.005 to 15 % by mole of

molecules having fluorinated terminal groups as represented by the following

formula [3].



chem cal shift in the range of about 110-150 ppm As shown in Fig. 1, the
ol efin carbons of vnylidene structure represented by the follow ng formula
[2] correspond to the peaks at 114.4 ppm and 143.3 ppm and the olefin
carbons of ~~ 5 tri-substituted structuresas represented by the fohl ﬁm{nl(ﬂ
formula [4] correspond to the peaks at 127.7 ppm and 135.4 ppm Fuf £hdi 2002
the anount ratio of each type of double bond connection can be expressed by
the ratio of the area of each detected peak. -CH2 -C= CH2 --~-~ [ 2] CH3
-CH=C-CHa ----- [ 4] CH3 10 The butene oligoner according to the
present invention contains 60 % b5¢€H¥ol e or nore of nol ecul es having the
term nal vinylidene structure, preflerably 80 % by nole or nore. Because the
but ene ol i goner accordi ng t-e- CHe—pCesemt i nventiom-corntdilns such a | arge
anount of the termnal vinylider~elgroup, when it is used as a starting
material for nodification by addi n§Hwal efic acid or 1 ~ hydrofornyl ating,
the nodification rate is high. For exanple, polybutenyl succinic acid can
be produced in high-w.eld. b reaction of  addin lefic id. wewer ,
here is a probl gr‘r%’ t(m Lq §5eyattﬁ@et gﬁgﬁrﬂy 0 F%‘Ei‘ﬁdo‘% ﬂ%ﬁ 3& Veo%%%%w&'dg% Aot
consi st ot : e WalVAN! g b er

group hav%%rg%%ééj]%:dggr Fl%g?lg% tﬁg(ré{r# ﬁgl (Yégr u%ggﬁrﬁﬁc{%ggogs% e%?febsv%n%lggp%%y
the foll Oﬂu%glcfe(?rtma'f@ee{ BdnvertHeS AubHAAYE® de A8 11981 DYrodfpRUAK represented-bg the
2002 28 CH3 - CH2- CGF ..... (3) CHs - ~.~ Up to now, it has been well
known % hatforabals [320Rtopiermmihal vimidemegtronps asirgpreasthteg] by bbe forntiulaf [2)i0r i de
catalyst remain in butene oligoner. In this case , the fluorine content is
obt ai ned by analythinty-sérongr agpast off theupzesrenponyeptionyrebatenconetmethask for
VG ckbol d copbysti Oﬁpéﬁf S K-2541) and col ori tré&oa flyorine (#'P\lES

K- 0101. 31PTaHCIEEI & tHERIY FacHEe RBItGRE oBBoRSH: daseibed | inoen s HEST 8FRAY ve

to the total i | e - i e 0 .
whet her t h@?ﬁ@o?ﬁ%ﬁ%&%%ngﬁ{&%gt%ﬁlﬁé %1%%%%@? ng??‘%g%a%r %(giﬁ%&l'
fluorine ¢opBAWIAhe ISWE\Blis at healt PR B mREhod conprises deactivating a
reaction liquid containing 10 unreacted conponents flowi ng out froma

pol ynED i zati on Aockirty-beirgr ashece dofbthiee peesadty imvendioth belaoes to i d Imethodefdry pe
conpl ex catal ysts using a basic substance such as_an aqueous sol ution of
sodi um hysrokicag ahighlzmeectiye fhutere wdigempsodasdribpd iat e thisty-Aost aspect,
Therefore, it was, supposed that the residual fluorine does not originate in
| nor gani ¢ HHETBH ARS COMRIEFEE SBRRT TTHREGR FRMRLEY TiSh SATOR vl in the

ri T uor 360 Da e df TR he gtk (i iy B SReR ABURTE held PRERD.

present i RYEMHQ! 81dk5desdaferd) ok SPhRldchds ANE adfdoyeh¥dri@ed. ne conpound by a
silica-chromat ography widely used in |aboratories. As a rESUt, it has been
20 matfe cl ear t Hathirtyfouimbk adpecs of thleapedehy ideentimo seldtes tof a method for
trifluoride are conmbined with butene oljgoners to_formarganic fluorine
conpounds PTedir¢inara hyghly negetive dieee odegmercdgscribedia dhenpuotifinetsaspect,

I d by NWR il] be [ d | .y f d hat 80, %
Tore” n nOUSFUbEAT SpRLE TG OF TGP ArSUMTEe op “DRPBEIERRR e b bR o
' f ] h
as T epr esepluetelit REy1D OMITH Boldln cADS.AN) R AP rhRTATHY SRR oS

termnal tertrary or1 de epresen formula

~ .MI 29F1 29A0tﬁin§3ﬁ¥t}pjd§ﬁect of G2 predent ti®entidh id18tdces!ld RétHadClor
anal ysis, the nol ecular weight distribution of this fluoride was confirned
t 0 be2® he psadmciag 4 haghlyfreaiotive livdeeae alligpareT ddsaribed ial 8fd thirty-firstahspertich
as vinylidene group. .5 Accordingly, the nunber of npoles of butene oligoner
f1 uori nat &thegein pder aporgeamc jsolid drenting agantbused | imuithee§terr BV goptains: he
foll owi ng procedure. At first, the concentration (usually in ppn) of the
cont ai nediﬁ)ﬂﬂéﬂﬂé atons is obtained by the above-nenti oned W ckbol d

conbusti on-col Oy [Eﬁﬁ-rty-sﬁ&h aspect of the present invention relates to a method for

producing a highly reactive butene oligomer described in the thirty-first aspect,
25 which comprises the step of treating the oligomer obtained in Step (III) with the

1norganic solid treating agent in the Step (IV), thereby decreasing the amount of



fluorine, then the weight of butene oligoner fluorinated at the termnal in
a 10 product is obtained using the product of the above cal cul ated val ue
multiplied with the average nol ecul ar wei ght of butene oligoner. TZ?n .
because the butene oligomer fluorinated ?g the term nal can be con 'd%“é@”
to have the sane nol ecul ar weight as that of the butene oligoner having
other term nal group) the nunber of nol ecules of the butene oligoner
fluorinated at the term nal can be 15 cal cul ated by dividing the weight of

the buteng, leEQ%ggfj%{ihE%E%&Qnﬁedt a@niiﬁsg'gg@lgsbys HYreR¥RIA0y TRE Efﬁﬂhﬁ[a

wei ght of the p a result of the it was found ‘out that
there are[@];i@@@s%lwpﬁ%léof lader prdérblnto D5 BIHY Malsol Ieskhe range of

0. 005-15 % by nol e of the butene oligonmer fluorinated at the terminal
cannot be i gnor edthirtpseventhhasgeco dif the gire2énb itemticol rejaves tadiar methyd dor as
additives for lubricant or fuel oil in _engines, which deteriorates the

val ue of mroducing athighiysraastive butieaeoligomerpdensrbedhather shigti-Gmet 8bpepdmer
fluoripated at th?l term nal is.foilmad. Thus, the Er(&stg_@t ]iéjnventorbs carrjed
out the forheFRimghentemgreratyre imdbhedsantast Hsabmept iR thsr pigomar obtained; vh

fluid, whigch ai.ns ron 25.trif i | ysts..fl ow
out from SBIC(@%W _ttggﬁ_ %%ag‘.‘é Réﬂg%?éeéstg% ?“é?’?t V%ggg% %ﬁ@?ﬁ‘ﬁt 1&étﬁt%’afh"“t ﬁaén%%grm
of BF3 befo@roewpﬁob@glrg@gég@ (_;;t@?@@cr@d into 30 ~2~u~2002 BF~ with one
fluorine atomrenoved. Fromthis tact and the above-nentioned result
concerni ng the detkirtyeailithnagied: s e peddene iakehtion eleree ol h gaeEiod for
fluorinated at the termnal, the nmechanismof formation of the butene

ol i gonmer foruducingt & dhighlyt teactivenhutane cdigoeerpdegooibed. inStHentleisty-fimst agpadhe
manner of alteration of the formof boron tritluoride , the follow ng .

anal yi19 calwhrreir dhagaverprge wantactt time; Wathe tieatmesdrofethaaicemen obrayned in

| e, trifl. id yt I I dt t with
aducous soitti G SRR AhEiHATEATicAPHS, CSAABE RSP iy APEURP ARV by damitesS
nol e of b\%.ﬁé\’;e q\ge Rs8tRak @ sfrom1l nole of boron triffuoride according to

the follo reaction formula. 2BF3 + 3CaCh + HBO --~ 2H3B03 + 6HCL +

3CaF2 The concenhrtakifolowing, tHepresertinkBatis N il Ndseribed ikAvFe @¥tail.
titrating the forned hydrogen chloride with an aqueous al kal i ne sol ution
havi ng a known dorthel ptegestichvasicudsuch By dhesixidh, dhe potedfthi amd hiyel tesendy-
15 Further, the concentration of boron jn the solution can be known b~T
titraipng thivd 1B6PeEsadhe PrAarie RERRAUNGSy 1 e HEeatBdyvhareAne o8 mOrAUNANDY

th t hod f ' th f,_bar.i L d.i d it.h JI'S
KB3631001 MR FR CHTHELGHAVR SIBND RO PaR AT 6aR P EB AL 18 At FHICgr | o
aci d 1 or oy 4aLes: $8hihh,ABERA X BRHHAY oBL SRUNARAEL LM Ad RN Lh RlindThe

boric 20 acid content can y titrating t ornmed conpl ex havi ng
strong acicdiipound &3 ahpaciteaysvBickalchRebeohaédrbed hbyi fibraakitowslidoa@Bhid V.
then the concentration of boron is obtained fromthe boric acid content.
The pract icontainsehrlymenfioy  est i nsudhops odupunen {Tihief hbeve degarsie dconmpdurels
presegt i nven#li on.is as follows, First, a po4 y%i zation |iquid containing
bor on295 {APf pave iRedeTe pomes Mychxat FXAEGR anG PhRFPRRRSWOT dY2iders fungtemahe

chi'or  de- ORPE BB 2EBRHR AR il mBl B A IR he a8n g el g, s,
cont ent o ofUTE s P e e B, e, composi t1.on ratio of both the
atons. As a reshirthé&s the drpgnicadompdunds3drenat partiotd@dy limited in molecular
weight, and they can include C, olefins such as butene as the lower limit of
25  molecular weight and olefins from oligomer zone such as dimers to polymers as
the compounds of high molecular weight. Specifically, organic compounds
having the molecular weight up to several hundred thousand can be used as the
compounds of high molecular weight.

The above organic compounds have non-conjugated carbon-carbon double



boron trifluoride in a reaction |liquid obtained according to the present
invention , the atomc ratio of fluorine and boron is [3 - (nunber of noles
of produced fluorinated butene oligoner)/(nunmber of noles of BF3 fed in a
reaction zone)] : 1 in all cases, which geans that a catal yst havi h@ JUheg00?
formof BF3 before ._ ..~ 5 poly nerization has changed into the one having
the formof BFI by the sanme nunber of noles as that of the produced
fluorinated butene oligonmer. By the way, mthe above, the nunber of noles
of the proggedahliuen BRbeSnREeasublel KEHEY ofMasoreRtiairngd obohfizated double
above- nenti oned W ckbol d conbustion-colorinmetr3~ on fluorine. 10 In the
above pol ywwmidiszas ietg 8§ teeys@amnbt hgflnedcerthel tro trbetitadi Rurehe aftfvonat @ots nng -
boron trifluoride type conplex catalysts, the alteration in the form of
borors tricbhugdtdé damdle hends comparcpntajnedinwmneonolsiculeh@stangie thley gamebe
fluorinated at the term nal can be expl ained according to the follow ng

f or mat i on IAERAEARS M 12 JUL 2002 CHs zHC = C~ |, CHs Ca defins F~i ~~~~gFz

08 15 0 L B U e g el 6 e i

Pat h- 2 I - C : - O L [
e 1 e RetrbRng A g e D s Ceaa e MNP o3 R R
U~z 33 Injthaesibone EQEAMIMA a2 ¢havlciictdogntiiitlshanf mutoeNgirl haaRs 1ok~
pol ymeri zati on proceeds by coordination of the BF3 type conplex catalyst to
t he ol ef i nBolenulkrswaighinguoht 25 i labutdneh Ul-aktbye 1rlaftenaat3emeTindnl -bineeme)s & -

t he but ene ohgoner cations generated by the growth of polyner are

cheni cal | yentenrabl Ehexere,- vinylogcighezane, ndareihvbdrpestener n?dad-trgpethyl-1-

PO e B 1 PSS PSRl %Rt ACTRY
d ition. . I IS, ~ . t
secomost kel ASpERTALE ROk B0, L SECHER o i 50 0 e

ei ther theppse@y0holfRid2ing dPePnd SudleHBYSbutOnd G5 ThéndiHEL NS n0btheP Wrdrds
having the term nal vinylidene group as shown in the above fornula, or the

proton of asnteenoleeulnd weighy, thipwide ramge/exh be used nwhidhirmieded Cgolefin fend ng
the tri-substituted double bond. However, when the path-2 mechanismis
fol | oned, of lowtmakecylamgwetghtl sligemien gonh@ffseveral thousane inimelecylag wpeighd,

t he deconposed catal yst of BF~ R .represenfs a hydrocarbon group.) are
formed? THRAd g’é‘,th? ymegrzone oﬁpgﬁra& ?‘SEI{]?NSE’(’}% deconposition of
conpl ex cat al ystyyi i i t 0] CAl | o fqr uf ene
oo T ooy e AP RS bR 3 b SATERS LD, ' R

into the @R OheBidR e tneBMRIVINTE ivhedet 8 20 REPIRY chithed ¥BilcibSey
deconposed. Incidentally, when a starting material ‘of pure isobutene is

pol ymer i zeehthstiheg ihargamid soliduagénte conypagningnphexnimanal yst s,sucheabduflansina.

ol i gonmer having the residual fluorine atQqm.content as |ow as 5 ppmor so

can be pr denfceplifipd msuthe Beayisaly ents eve rdipigia hedrocarbgmsalvesss puek s n-

Publi 56“ i %%x’;gé al_de7 iszo %9{a3r31e. Further, a light polymer described later can be used, as
long as the viscosity is appropriate.

Although the halogen compounds contained as impurities in the above
organic compounds are mostly those which originate from halogen-containing
catalysts used for producing the organic compounds, they contain sometimes also

25 halogen compounds originating from the impurities other than catalysts in the
starting materials.

As fluorine compounds, there are inorganic fluorine compound, organic

fluorine compound and mixtures thereof, for example, inorganic fluorine

compounds such as hydrogen fluoride, boron trifluoride and silicon tetrafluoride,



25 (corresponding to US Patent No. 5,674,955), a polynerization techni que
whi ch gives butene oligoner using a butadiene raffinate as a starting
material and boron trifluoride type conplex catalysts is disclosed.

Therein) it is described that the contentgof nol ecul es having the tetiJiali2002
vinylidene group is 80 noles and the buténe oligoner having the fluorine
atom content as | ow as 40 ppm or 34 1 2 J UL 2002 | ess can be obtai ned.
However, in the nmethod described in the above specification, the butenes
content in,putgalene RiceHa ec%ﬁb@ﬂnﬂ§ CAENErLG 3 Nuord2ad 4 abike Ayl feh@We
price is reducedto the level by 20 %or nore lower than the initial one by

hydr ogenatf @feldy, Bhékehrd Aot Bidited pagticilladyltodhe @davent of the _ .~ _ 5
term nal vinylidene structure and. reduce the fluorine atomcontent to 40

ppm or | ess. As Wheni ded hatupendisnghlorind)etHerevarel inorganier ehlorhe atmpeund,
alteration of the formof BF3 and_the formation of butene oligomer ‘

f 1 uor i nat eazanic ¢idoriae romnoundeard meixjuresithezeefe foraerammplyy inpegatiie gblorine
i nfl uence gi ven %y but.enes ticularl3~ 10 gther than isobutene in a .
Startifg FAFBIURCSoFUEh 3 HATRER | SUPPGR. St cABrBIMm cRloPley 2ad eEanic

[ i . d d i i ' f di ffi d
bor on 111 (FUG PaEoRyetS i ds SRR L HRE M BeitHheor "ot ene ohgorer s
fluorinated at tﬁ‘lf‘rt%@f,rlicQé"alﬁ%@éib@et@‘(&%%ﬂ&e@ﬁéﬂ@ﬁfbcﬁﬁoﬁﬁvié!gta%l P

been a big problem how the renaining butene 15 oligonmer fluorinate

term nal GaglcbglarewRYEkt, tfom dxranplee vihea by irqvaoboiee dviidheare Prodaedl as by-
fluorinated at the termnal w thout reducing the term nal vinylidene

cont ent. TFredpetsehenipwemeozmng alefinsohsing fhunrinecaitlaemngycdtaldits gndheave
foll ow ng neans. That is, they found out that the termnal of oligoner can
be al 1@r edber Brplooancveighsr faTaLRPTGHRE | {0t S0QRAMREYN (AT GIDGY nQY DPTRy| | Hhpwe

group as represented hy.the follow ng fornula,, by treating the oli,ggner.
obtai ned (IvFEh Apapaveds Jaeh e MibrRe sfmtiudy she ot mbrrrre BT i -
of the pr i [ oF 15495, 5 < =C-F ly CH3
e 1 o ofknt, At dhiling Fopkiediclood B (oot of he GV ofgfihmipolunds
JU 2002 GHRrSlite HidyCafe BH2AIG Lpartél hndl remidved Grithieoavantioaub Bepdarting
but ene ol i goner obtained in the above Step (111) contains 0.005-15 nole %
of nol eculmesabasucigas destfllatoon.nat ed termi nal groups, the content can be
reduced to 0.05 nole %.or less, further preferably 0.005 mple % or |ess b5~

treatithg with anfhaovghghs eondent @f hadegemneprapewrd iEppt Hapited pagtigplarly, it is
converted into . buten havi ng

L or et o 1 SEOURS 81 S SOENE Lot DGRt engeal aoErs ana
Wien the Goadi b ggp&fxditnrge@ﬁ TRP it atf. | MBe&hse LP hafipea’ g‘dxﬂﬂoﬁﬁase a;'é, as it
were, impurities in organic compounds as main component, they must be
removed as described above. The halogen compound in the content of ppm-level
20  is usually too small to remove. However, the method of the present invention is
also applied to the case of such a low halogen content advantageously.

As the olefin oligomers among the organic compounds used in the present
invention, butene polymers having the terminal vinylidene structure obtained by
polymerizing C, fractions using fluorine-containing catalysts are exemplified as

25 described above. This butene polymer contains several ppm or more, usually 10
to several thousand ppm of fluorine atom as impurity, and the fluorine is
supposed to be in the form of organic fluorine compound, definitely fluorinated

hydrocarbon. Further, the butene polymer that is produced using the aluminum

chloride complex catalyst as described in the above US Patent No. 5,012,030 can



about 100 % and the selectivity for vinylidene group is 80 nole % or nore.
As a 10 result, not only harnful fluorinated termnal group can be renoved)
but also the yield of butene oligonmers having the termi nal vinylidene group
can be inproved to sone extent. In Step ~, the butene oligoner which is
brought into contact with the above inorganic solid agent contai nl hduL 2002
alumnumis not particularl3~ 15 limted, as long as it contains 80 nole %
or nore of repeating structural units as represented by the formula [1], 60
mol e % or 19 B ta@hEanabr J4rY nhi BN ni R a8 o} e 2

as repr esgg?‘ggog%etgﬁﬁgﬁﬁal a?‘[ 2] and 0.005-g\155 nol e %g?rml ecul egﬁﬁavix%g
fl uori nat gdeher nThil bgtmepgog&néxeﬁbﬁa&ﬁs asuaylyt 16 to devkrd]l Whbu2®O@ B3fin of
formula [3]. However, the butene oligomer which has been subjected to the

t r eat ment chinrotediabgmt @s utm@wtmvsmn%mdamds the edhdoribk yis uswppostthen bhen the
contact treatnent of the butene oligoper is carried out as described above
in this Sfepg ofipeganic ghisinesempoweddelinitely chippmaeddiydigsarhon. -~ 5 may
be omited as | as deactivatio f. catal yst has been finished..In. the
fol ot ng, the MESPKENEBMIROSIOH forGarreR EOPAIBSEATIH e RARRS T Oh
such as deffyori.nati d chl.ori 1 O ' Lt he. prese

i nventi on@(\fm' #'r:%c 18§e>°<% a?%e%},ggpér}gg \(téérdz;gf){/ &V&Wr%agtg%rg%%cbgdg% ait(giﬁlg %trﬁsn%nr;cum
. further,prafienabbycaride it N@ndgieRt MR ‘oA oRindMoRachIbPint oSt IANGR
which is subjected to dehal ogenati on of the present invention is an organic
conpound g@puaitpi NThhdlwgare codplovindsinathis rpse id ylsartipposedto bvrig the form
non- conj ugat ed car bon-car bon doubl e bonds as descri bed at the begi nning of
t hi s descof ptgaomc heldgegesomapaind.i n hal ogen conpounds are fixed in an

i norganic solid_15 ag contai ning al um nu and as result, halogep. s
renovEd. The i ndR & goqicmm & §nPr%ﬁﬁf’é’PnPﬂ]§h§I Vifu F@%P@%W&bl‘?ﬁfﬁg
one containing a, conponent repr.gsent b he chem cal .formul a: A1203. The
nat ur al OFX%V%?%%'[VIV ﬁeﬁﬁﬁﬁﬁ?‘ﬁ‘ gn Hggflg%g’é%éé%%%%e 8 Setlé}s MSRY as it contains
a component reppese g&ll){iﬁe} ep ARt aaly ﬁ&l&%ﬂr?mf;éjc%%nu%ﬁsgp%%gﬁg%hef or a

i norganic solid agent ere are 20 allumna, silrca~alumn orth.
Al um na i starsett pARbeadlIYC, AmnthiniagliRbbaten2nih Ki polydieridatiosr ¥éidreaction
structure can be used. These may be al so the ones fornmed with appropriate
bi nders. FEomelexadysl eontiomeBEslyi alpeyatingi reditorsal aninéyrearthaé gaopugdrry out
appropriately and cl assified for use. Though the surface area of the

i nor gethi c 2BBFGRTIai§heat remppyal| and pEEripg qanche ased, such as stEREIty PR FeaRor2~

f 1- [.q. h he i i i h | um
o od 1 BRRRgoPHEPe gRAReRn Trb eRGier Hubnpleddy, BEF BlauhiS Poingt JFaig"®"
ot her netahg thd LhEidRNLNRE cOXiadBhg INARYIMISS o R ABHNEe SOFRRHNR 0P oY

| oading of alkali netals or the |iKe by other appropriate means. However,
nei t her | oadi ngAgoa tygdtdli eadrtog matérial zof~C;, thez &s thbofractisn udiahfiiene
necessary) and alum na containing 0.5 % by mass of alkali metal or alkaline
earth net zainnieh vduckodilefh pHepeairacting gumdlﬁae tihem €5 franticgy flomiog yout

subj ected_to | oadi 0 difjcation is Law.in price) which jndi es al so
That fhe Srodsantackenal thirmel Sirrisinnge ob duiaiel gt hradking (EED hah
havi ng non ' r -.car o) : [ ' br ought
havt g nOBe IR £ RO R IOR, UL, Gk BT O,
pol yner, guathi8nkhs pRB8ud IoWerAVAAY sREE RS %E'lgﬂ@ﬁ& addifrofgRMe! Vahi Ay &ise,
catal yst. However, it is not limted whether deactivation and water "washi ng
are foll ovke shyrtihgtrhhtertdlois. cHaradberizedhin that asicoytdins hi-bhtends &s well as

preferable to dilute with an inert solvent in order to inprove the _
ef fi ci encysobutene asomiefins.wi The i slrvgaitastion| i the ermosh geageak assacstaxting

Such 52 nEHUERRS G ITBrAERET R 6 REOMORE oHONSHE 1 1o pBR G

be used al$0,35;2 S yiERt- p(\)%?nnert Igl?atl id%QE 19(%' %(r)rx?trairix Shé’l%ggn aﬁsi%gs %é’ ®Kove
starting material. Accordingly, the present invention exhibits the effect most
strikingly at this point.

Specifically, a starting material of C, comprises less than 50 mass % of 1-



15 unreacted C4 fraction is renoved froma reaction mxture and a |ight
polymer is recovered by distillation then used. O herwi se, after only
unreacted C4 fraction is renoved froma reaction m xture) the m xture
containing a light polyner can be used d%ectly for the contact treatnent
with an inorganic solid treating agent. e tenperature at the cq 3’{9}209’[
the inorganic solid treating agent such 20 as the one containing alum na
wi th a butene polynmer depends on the kind of inorganic solid treating agent

and the amv&ﬁ?qgscst ?gaxgggig}as%u%%@lﬁﬁté& hesUesy 10 WeMEr% dftisdbueher gésa,bl y

in the range o further _ preferably in the range of 20C t

300C. If thentmResat W ef Butdh@abidniess ThAhg@masa M bhikutadige, (tet4f i10ic
conpounds to be treated begin to be deconposed, though the 2~ concentration
of the resighsal%)hal Bgdem is stechime dna@rithefo€Chehydrangrboshennt heengetanur e
is lower, the concentration of the residual halogen is not or hardly.
reduced. Aceoidsegllybutsoetpnshdditene iy addianmin EobyirnemAdyrmerized Wing e

nor el ¢ S0l S Log, Sent Buch 28, Lhe. on S 2L gl m A e
I th tq.0f . i .Can . 1t
o5 10m0 25,05, RIPUE P! 0o P A0 e SERUEAIme Rl

shorter t%}h}tgs%s_range, the contact is generally insufficient, and if it
is longer, the cost of equipnent increases unfavorably. = .~ 5 As the

met hod for cont @&k, typital ebmpabitiorsyBC pfradtion @Btd staetidgistarialadiC heontand
In the case of a continuous system the types of fixed bed, fluidized bed
and so founbatamatéd compdnents campxisingcabart bfo 40 avassshy préferably|abaut Whetoor
down flow type can be adopted. The state of the surface of alum na after

t r eat Hent 4Qiepsy Heolabdusen® ahoyt datn 40 sassdorteabutenesgbant 10¢a 8kmass it na
was anal yzed. usji.ng .t h rface analyyses such _as_Xsr Wffracti and XPS
(X ray phbtoeteur et R to J0CHRS ¥ Shasdbyiudy et whbef dees e 10-A%Rs T
when t he 1 i | S C t lLLuQy | LAyl

group canijgéefglcf:%?lig i gé?‘géd (ggﬁéf% o@s&n\fggfgsggs&tg{ﬂﬁrnei I%{dlgj%gli‘%r#w édlﬂﬁ&%m
Pof yi sobut&melishils tBeuflov® 3@ae4IsON. of buthdies(Eotad oS i) getidhiat00 Reass %).
fluorinated termnal 5 10 PIB CCH2F~ /HO AIOG 0O F -O A 0 -A 1 2 JUL 2002 H
CH3 O || The ¢rmhp&iGoGHs () ligBledjasulongsas tiniein dtieiahayearangey ldrdke ke ¢ oup
according to the follow ng steps. First) the fluorine atomin a butene

ol i gokrer fnagsionneardaInng: lebutans which 4 sontHiRed 18y decomprsition Productial

conbi nation on_the sur%Qe 0 alllif)m'% After%ﬁhat, t he above fl uorine ajom
t r ansf er s CEHEO"E 1980 & BHCAe deRTPSAAPOSE difi el 38 Eotso Al ChAcks AR S UEes):
and (B), in whi ¢ 00U Sfet BRcLibHORARRLL thd &oll fRhtigh %Bdiﬁedswpgﬁﬁgcl&ia e
converted into a termnal vinylidene group. Further, because a conpound of
AlF3 havi pgeamshigghbadisedidsylong @ctltk tempoditidatiedhatheaibodkel rarighe DrAGiitedy of
treatment is considered to be term nated at the point when the above

al um na déberpowiosition pandecmodifigd hudlisB)latios, byradsling Asokaitene, tobincrease
carrying out the present Step (I~) it is pqgssible to produce 40.12 J UL
2002 the b}a%éﬁ@cwt#@eﬁﬁrofwoggrw,é)ysﬁlam@f:ﬂggrfﬁ?@meap olgpmerigaton by a

raffinat eslight polymerization to reduce the concentration of isbutene, by carrying out a

reaction such as catalytic hydroisomerizaztion to reduce the concentration of 1-
butene, or by altering the composition through various physical and chemical
operations.

25 The larger the 1sobutene content is, the more favorable the C, fraction is.
However, in a butadiene raffinate, for example, the isobutene content is at most
70 mass % or so. The C, fraction from FCC or the like is usually still lower in
isobutene content.

As catalysts for the polymerization of isobutene, fluorine-containing



commercially available at |low price and a boron trifluoride type conpl ex
catal yst, which oligoner does not substantially contain butene oligoner
fluorinated at the term nal and contains highly reactive and useful

termnal vinylidene groups in - .~~ 5 thg,anount not |ess than that E)gf%’iéﬂﬂz
the treatnment. That is) this butene oligoner has an advantage of reacting
with mal efic anhydride to formthe reaction product in high yield owing to
the high content of the term nal vinylidene group. Further, because it does
not subst ' 53r& AR te [ f infag echtat enbapal )
t he evol u??%dr%?%% Pﬁgjori neﬁsi%)ﬂat?%m her\g%lr@r{olsgﬁg?gleidgﬁﬁlttle everys\%\ﬁg&nﬂet #gbd{',
but ene ol iNgEMRIe @6mipbEnderdetainived iif the pesducthef duesm polymsr Useimpuaitya
raw material for goods causing | ess environmental pollution. By the above
reacti on pgohanuanvhlohsleporsss bbmiplgx haisnlypserapbe pesd dhemathlarine uwn pairatsom
transfers onto the alum num and the al um num 15 deconposition products (A)
and (B) aget fuxa@ds 1MpagEydeconposition_products, _have relation to the

formation of acidic sjtes. That.i.s, when organi ¢.cqompounds. such as  butene
pol ymeh i's br oughit (4 HUSTEERERIHPENCEAIY HHor G358 o BOY TR AR IERE a5

cont ai ni ng,_al um num f or . dehal age (e} ORQ.:aci dic..slt :

f or med by%ﬁlgrlﬁlﬁeﬁs alfnéﬁgltgu%hmasecggﬁf? %gﬁ&%éet ggf)%%:‘ %(eegg%'oe?ﬁghﬁﬁgﬁ\éga%f%es
solid t reﬁgfdwtﬁﬂﬁahdﬂpﬁ@ catdlyksS tRERN L A ahtd198r ARALMIEDLE GridriRe N FRHANY
doubl e bonds 1 n organi c’conpounds are isonerized because of the strong

aci di ¢ si hegkel Fesmpyan®! mtovbeitadt witharialoganipedinigydrocirbyllr ahirthiby and
dehal ogenation is a butene polyner containing a |arge anount of the

term nal vriflyborometicgaoid, stble hal threncatalyst mbemmedybyletrtevagsiat | ofh, nitkeolugh
the 25 position of doubl e bhond jn vinylidene group is noved

b
i sonetl zabeptaneate epe dickMoresibelaupinym,gnd QFPREALIG %Cifle)éuTéEd‘?i"la}Pnt

addi tion, en 1l-butrene or the like islt% be treate(g .bdeehan eﬁatd Lt
e seen | HAKCT-ERE alEon BecOBHuPBE oA B i oheRReh, 1y JARARGRT - LAu-Chen

1 5 y Do : 41 12
302002 SRUEEREFHATHRRRE ST LA bRk oS PO oo o1’

when organi ¢ coppefnsibleCidrhéibtitainihd @QalystO BRSO thskeaT bakoh HFfiioridedtyfe.
havi ng one or nore non-conjugat ed carbon-carbon doubl e bonds is brought

i nt o cont &tesavicatrlgstsi aterfgdnnto s poiymerieatipngongenthe eateadhd Agoad@himuotet o
remove_hal ogen, the 5 dehal ogenati_on is@garri ed out in the condition that a
basi cl&ubst Apren sTiEimoBideFplaYe torl maleof 1eshwiene jas 3 statng smtepademihe

h ffici ' i i .he .ab .
car bon- caPABHT TS & WorBC S e R ANEBh SOIBE: CBYAERA My pRdorbEnod

of treati pgest,efh‘% iPOQﬁﬂéﬁicﬁns&J tsbrideahi B c@ﬂ%ﬁﬁ%%bgﬁgﬂt%gﬁ%gbﬁ% Bn@s

al um na previously wth a basic 10 substance Is not so e because
t he abovethsamnizaificaalyst.c dfshe abyourteofYoron grifitiodide 44 daalyreué Yedsahard
by dehal ogenation. As a specific nethod of adding a basic substance) when
an or gani thisorgrgendhandactiomiin diffacaltcenprongeds| Pnbtheugtiteri mand.cidrit as mdrer
dehal o ena]%lion in a fixid be]d§o a fluidized bed, . it is possible to feed a
basi c=@ubhandbis 5aRgmitrRBA rcyfqrnwsl traf utere MOIYEER gectmes (aer and the
conpound. Funther..i.n the ¢ f Ln ac a basi c substance can
be fed al g%yﬁlg%}ecrdr%ttl?cerﬁ? ?%/S i?sf\?rgﬂawﬁ?% i %@nﬁgpt"%‘{“&l%ubstance is fed
intermttently, phirths PrEERIAL KOrbA Qﬁﬁh&i&@%ﬁ&%&ﬁd s Qfﬁtﬁos%‘l@oﬁhﬁ'ﬁﬁ%g
before or immedi ately after the i1 sonmerizability of af,um na starts to
increase akygén-chetainiigebmpoeatsead coinpléxingeagemani Exxponploiieod ¥ biygen-
alumna is continued. Further, when dehal ogenation is continued w thout
coexi st encen@inmbhesnposuds wincke candormecatslysty withbboromytrafluatideiame water,

increased while the ability of dehal ogenation_is maintained at a constant
| evel 25 t ajeohglsoethars paedl 1as hiakkylj ¢thers.  Water, alcohols, dialkyl ethers or

mixtures thereof can be fed into a polymerization zone in the ratio of 0.03 to
1,000 mmole of the total amount of complexing agents relative to 1 mole of
1sobutene in the stating material. If the amount of complexing agents is more

than this range, the reaction is difficult to proceed. On the other hand, if it is



into contact wwth a basic substance and so reduce the isonerizability to 25
regenerate alumna while maintaining the ability of dehal ogenation. As an
exanpl e of the nmethods, after the dehal ogenation treatnent of a fixed
anount of organic conmpound is carried outgocontinuously using a fixed bgdy| 2007
it is possible to stop the feeding of the organic conpound to be treated,
feed a basic substance separately in a systemto bring it into contact with
al um na and reduce 42 1 2 JUL 2002 the increased isonerizability to
regener at gqoal YA NAhaSrAkd, RMIANCEIoRRldrd AURBE to Fchgr W 89ar@d h&lodrdie which
dehal ogenation treatnment” of a fixed anmount of organic conpound is carried
out in a batdhbthysifawordlileli s possi ble to wi thdraw t he organi c conpound,

i ntroduce a basic substance to bring it into contact with alumna, and ~
reduce the increfBedf ithemabpveabidntionedo watgen@ieoholsland rialkileetinmounforof a
basi ¢ substance used here is generally very.small therefore it _is usually
pr ef er abl eomplsrenhgogathen V&léh?%f’nvﬁf%%“ MdhimR Egaciongsystemng Tharsiars. ther t

li qui d. | foi i quid. th h
o ogén dhatiad &Y U ednatac. Whinto CARBSIFe SR YRRrEE fe PO RESAT TR A 10
i soh . i . _
o Cour oo opEe SRR foeh SADEL WHRE: AR, ERANA EleATC: MBSERAS CheafOtE. |
be al so usgRoastANSEFERNbefAShiRE Bamiratdyboheige 4Spslyafaoiidiy zto?x_et, gﬁnd

present invention, basic nitrogen-containing conpounds are exenplified.
Speci fi c asdmgniit riagem reactiomtsiseemg coepthundshé nabthdd pannbe yadgsedndary
and tertiary organic amnes . These conpounds can contain weakly acidic
parts suclarashennbuleydf pplymenizationzaceordvglte thepeesantfinventien owgiah meshodhes
are anmi nes such as nethyl am ne, djnethylan ne, ethylam ne, diethylani ne,

tri et AP arfoRPIIHRoS ‘iéﬁfo’n orqrg ¢ ozesi]epﬁngﬁtﬁe,am‘resas §PR% AgFnt nto a
2- et hyl hexylam ne, .diisobutyl anl n sec- ine, .teft-butylamne,.

et oot OMeEEagon, 300 AenAl ATy, S AEHETIRE bk EpREEE in the
triallyl agidiemeaiyahiohCzolenayl A1E Bfe of fiehenedbat BaubaseEIY enegiamac
tretranet hylet hyl enedi am ne, diethylenetrianine, triethylenetetramhe, ahd
t et r aet hylfpemit agdpaeatelfti RS 5 yolymseridalioRt systeu by MmOyt aitits, of complex
3-(di met hyl 2~ ami no) propyl am ne, and 3-(dibuttyl am no) propyl am ne;

oxyam nes couurrests sweh resxbqrooprifimimds, Batsrhalopbolspanididiallyl athiers relative

3- (2-ethyl hexyl oxy) propyl am_ne; hydroxyl am nes sych as,

N- et APl ettRaAoFERFtNE) TatRrtl nek Gyl gya%ew o8 rf@n Rensefi &R hihes SAMOITARERcES

N, N- di but y(i el p}gngl %r‘givge) N- net hyl di et hanol am ne)

N ( 2- am noe ﬁy fetaha_no! anm ne, and 3-ani no-1-propanol; and pyridines such as
43 1 Z JI1T 2002 pyradi ne l%%@u@é“aﬂ%@hg%ly%&eﬁé(ﬁhg A0 Iﬁ%kygﬁiéy%i?é
~-al anine are effective. wever, the amnes to be used are no

parti cul arkegphngrivupedrémptigewithotle elangd ef codtemtbatior of wosteannesobheas fn ed
as weak bases are preferable. The basic substance used according to the
present i rfeedtsiterk,ild IgAdyrItag@®useisapdiusy the-amoune obbgaen dridhiepidenanias ng
been treat ed, for deflporination af]tseer the treatnent. Acc rcl_itﬁr:gk)y, en the
compodfd HROIATgrARR TBIAtIEn P BofqRPieHING @BBRE ﬁfﬁeamgf HP Kitthr § R¥t copngeR

e e WREKRY EAAUAY fAhole iR KIS B lod 1050 YAS Dokt SRBRIR, diaticy)

separ at ed ease usin : operation of ’dis
favorably.eth@rd b admPktiire Thetdd® sBpState BURSHABSRN Gifffori8E tnttHS reA&iH 1dne

enough to suppress the isonerization of non-conjugated carbon-carbon doubl e
bonds i n ams desgaibed atmveound. As nenti oned above, a basic substance is used
in order to neutralize the acidic sites newy forned by hal ogen atons fixed
in an inorgani c SrRdifc aleehplsrapddmikylethess as somalexing agentsHomeasfollaws. | s

aboveZnd 1 he ‘stABRSRIFPIES ShFHPEOS: FRT® ATGTRBANG 6 Lt B8 Cen L BEABH RIcaNSLS
I soneri Zatsi,u%rf') %fs %&l%la%ogoggﬁaﬁorl,e propanol, butanol, pentanol, hexanol, heptanol,
octanol, nonanol, decanol, and benzyl alcohol, cyclohexanol and 1,4-butanediol.
The carbon skeleton of the above C,to C,, aliphatic alcohols is not limited on

degree of branching, and may be linear alkyl group, sec- or tert-branched alkyl



great in acid strength, and specific acid strength varies dependi ng on each
organi ¢ conpound. In general, a basic substance does not largely influence
-the treatnment of " ?0 defluorination itself, even if it exists in excess in
a reaction system Wen it is in excess, gghere is an econoni cal

di sadvant age that the operation of separafing the |arge amount of bh3iJiL 2062
substance is required after the treatnent of defluorination. Further, the
degree of isonerization of non-conjugated carbon-carbon 2~ doubl e bonds

cont ai ned éggugnd&r gge'yal&g@pﬁ%ﬂ,%ﬂmﬁm g269p leynt AR Fingd. bhaBalyddHidk

t he organitc conpound Wth various instranments. Therefore, "as to the anount
of the basie suliséRBERIYELEs aMmisRarbLapptoprimevation, it is necessary for

t he amount sufficient to suppress the isonerization of non-conjugated

car bon- car bon dAAdkrampiets of alledi diethergethere aSpacomiacal éry C, to 43,,~alp Hatlic
2002 0.00001 mole or nore, preferably 0.0005 nole or nore, further

pr ef er abl ylByhédiethensehayingr eingle kiasl ¢r difipsenhkindscofrydrecabon gronpsosuch
hal ogep at ons. exi sti in. a.r tion t nder the caontact treatnment can
Coeriep |t bR el CitrebRter rRelin el S trse Py et et ropy

i ndi cates t n r u C i i n.an
organi c cgﬁrggﬁne&thgkﬁﬁgygtﬁéﬁéra{%iﬁg i%(%l r’m}nger%ﬁyﬁgr anlgtéﬁ Tt gglhﬁ ngsgvoll ?t et
agent. WepobPELaRAva HRFOEHentfCathet Sand tpueiyyw@dﬂy?fetﬁwgﬂﬁ%e}l e®hPEether,
sufficient to suppress the'isonerization of non-conjugated cafbon tarbon
doubl e bOlﬂiﬁhéﬂylamthégaaydoh@fmomﬁhyl fethee amdueyclohegylbashyl sthei.anckhd s
| ess than this range, the 10 isonerizability cannot be sufficiently
reduced, whieldtons ofitfimaboebCeto Cf, Hytdeocanbontis gfot dirhded onsddggeant brascliing,
excess, though the ability_of dehal ogenation is not sq largely hindered, it

is ecéfonaedl mAsIPskmean aJeduEorn, shet of fertceranchad ralksberowp and: alisyelin
Ui tabl o EBEVY BTOTEHE SRSLATo b COBCURBIG TICY edbertIGEIE <Eherseas 1 towst
t he resi dg%%g%%egnﬁ&aﬁsé%pgﬁggﬁb& gopounds such as ol efinic conpound

to be treate en the ance i1s fed intermttently, the anpunt
sufficient to suppieesm Yéﬁiﬂgﬁggﬁiﬂs?sﬁlbh'dstﬁla@t AEtlsd 06 ACbHbIE axid 8mMl ch
are formed b3T al um na having fixed hal ogen atons such as fluorine is
required. eShexs, mozl than 80e kived thereof canhedal30 2i1sed| &8 amixsnee pf ppptepraitey
0.001 nole or nore, further preferably 0.002 nole or nore of an inorganic
sol i d1®redffiRg agent relative to 1 nole of hal ogen atonms fixed on al uni na.
| f the anount of basi c..subst n&e i s an _this

PGB ¢ . | . srt s rarhge it g(i »

unf avor abl e for TtHEPSEFAUPRAEHR Berqh AFuerides tRE SAtAYET IO SPTYCE ot Y éhce
25 contin - j - h L

dehal Ogengﬁig%ﬁhsés%b%ﬁlfgé{%’éﬁld;?oﬁﬂé&lﬁ{?g%a{%u?%?ﬁéé%%%%g{ I 50@% ke t%oaé’

di sadvant aggeferablyn H50aC tohe20tCt Ifnthes as@petDure cigOdodierNthdrh ehiX 6268, Ofhe
basic substance. Therefore, it is usually suitable to limt the anount to
200 nol e @olymesizatioat rate b isobutiepeofs shppresdseden Qn othe pileyd hamdarif the

i norgani c solid agent such as al um na. 45 A sinple standard far |
det er i ni A§TPEER st highey thap F8i rangss 1side £ea3Iqns %-H'é’eﬂs Asomerizaion and

atom contariapeenat af, shifed SRy ABCRTR, BERRNE) L Pokdbo Y iBEFsd

or | ess, iptrogg& el fst sdidvea®ohhe range of 1 to 50,000 ppm, 5
preferably 1 to 10,000 ppmrelative to_an organi c conpound to be treated.

Further, when thg asothy tpfe afbpslymeridasion)ceny of paRhNENRGm ort bshtbh@saNt
invention, it is possible to regard the amount to be or having been

renoved, wstdmi sapalpcodwteebutasedpolymdre falvagena cbiglencordént of aetriningal
material, as the anount of halogen to be fixed on an _ingrganic solid agent.
For e%anplvanylidensysericiurea Heweyetaframanihe Hiewpoinb of griestriedl pragmctiont ed
conti nuousélo}/ltitn%o%%rr%%fhod is more economical and effective, therefore, an example of
continuous polymerization will be explained.
Generally, in the case of continuous system, the contact time of a starting

material and a catalyst is important. In the polymerization according to the



out dehal ogenation and reduce it to the aimof 5 ppm it is possible to
regard the ampunt corresponding to the difference of 95 ppmas the anmouhi Ju( Lol
of hal ogen atomto be fixed and determ ne the anount of supply of the above
am ne or the like. Wen a certain anount g)f hal ogen has been treated

W thout am ne or the like 15 being added“,Z t he amount of the ami ne or the
like to be fed can be also calculated, regarding the difference of the

hal ogen atom contents before and after the treatnent of deffuorination as
the_amount,oled N7 0ALBACPAO YK DG RARP ibiiBfkrabkeh khe BB T iR URRIY
of a basi &Tsubstance 18’ in excess) the |sacfva t age ow ng to the excess iIs
actual |y mpegks i Blt8e RRtddirtifens shher then isNansees CowBlictht 280t r36i€ RadSof

al um na having the increased isonerizability is brought into contact with a
basi ¢ subsichutené ranhdebet chtmagah)earad éuttheraéxoessize yguipthentng tdymired for
isonmerizability while maintaining the ability of dehal ogenation, the anount
of 0.0000temobVmothermeactipr dieatabOp Qh@gmbehéagﬁquf ¥be econsagistithe ¢¢ dengayr t o

1 I f hal fixed he i i lid, o hi

case, T he B fSha{ | OPEBRITAr T o AREE ot 4 HaF DN MG TEaEHER eFbite 2
th i Jimtito th basi b . it

o lsed 1 roriG sz cetd ' Pyt EpBRERL O e Bb Epily HRREE, mEBERYS oo i
S unecongmidelaiedn SEREIBe, dokhleedlifd GhBRL-ANE! 2 MaXi mum of 200 mol e of

basi ¢ substance 1s bro Into unitormcontact wmth 1 nole of hal ogen
atons fixed on Aftrbpdigmbrizao2)Q2 rédt@ion dedrbatHaidgd uhkeaited GoagfiHenttiCh
as the one containing alum na. The conditions such as tenperature for the
above regehempabdoced bntdree pelyentredndpiheogatiadyst| owé out examph epolyimerization
tenperature range of_ -100C to +400C can be sel ected. When only regeneration
i s catQ®i edomries dgserabrAabe¥Re i ncreased _ ~~~ 5 i sonerizability through the

treatnent with si c _substance w thout sinul taneouys dehal ogenation, i

5 posei bl 6 to CRRBE SR, e Ui RO R PS THIARCEY (P A RyataR O
dehal ogenat cartyi E r h t . .
romovi ng. Sealys iR bRRrAat fede RARDbecot ol AARRE dRRUigk ERicr,
to obtai nahRe]esHaARiceortdn £ eH PR Bénweitibrd Mé@odni ¢ conpound having the
reduced concentration of residual hal ogen. Wth the treatnent of

dehal ogenati on Afworthendedaiviatmnpofsataiystnnentradization asd poster Washiagadxeai n
t he organi ¢ conpound, such as ol efinic conpound which has the residual

hal ogEn cewrestt oati Bnpeseseney &p gremaevec bhp Jestiuecafi catrlystsaChepnappromgiatess,

pr ef er abl m or | ess as_a hal,ogen_ at o nd .has the isonerizatiop,rate
of non- coﬁ}%ggﬁ&f‘ Crgpb%vr?_scmg%cqagugq%p%ﬂg ﬁ%i fY&i ﬁeﬁu%ﬁnel @QL""Pﬁ%_n '

preferabl y,t&as ﬂ&??ﬂxe@oo%aihgat BET aRsS &@blbe | foRielindnA% "/%gﬂiﬁ?t flatiohh®

anount of non-conjugated carbon-carbon doubl e bonds having the term na]l

vi nyl i dengnhereinfear @omiles mefertad fieds alight pYyaherPhaad Phehelcatirictidn Hyor
nore, 20 further preferably 80 % or nore conpared with that before the

t r eat nent fafthde hppogemaite dustillibienebt ai ned or gani ¢ conpounds- such as an
ol efinic conpound or its nodified one do_not substantially contain the
resi d¢fal hal ogeAssnentigaed pheys.ebutenerglymer cppt@ining:thetesnypahEnylideae

Lo sl PRSI U U 8 e B SOl kB
12 k2R, ST T R U IS MEAGE o0

t he prese I'nventi on W cribed’in nore deta

<Exanpl e ispbutene usindbérPne@ifhodOduGt hOIYmdriiadich ERaYHEtIaHd Wrb&r, hE@Hol 0N
vessel of 4 liter was fed a C4 fraction (23.8 mass % of 1-butene, 12.4 nass
% of 2- butdsal&yhethdrlob thedskeyaofa complexeng)agedt.2 Hawever, ahebbb@Enespaiymer
saturated conmponent, and trace_of butadiene (total: Z00 mass %) at the

f1 ow 4@t ecomtaans iltppm parmpruel luering atommssthegasidundfhroring, fwlichi ig aisually

5 ppm or more and a maximum of several hundred ppm depending on the
situation. The residual fluorine is an organic fluorine which cannot be removed
even by carrying out the conventional deactivation and the following water

washing.



10 and 0.14 mass % of ethanol relative to isobutene were introduced
separately into the reaction vessel. Polynerization was carried out
continuously using the tenperature of -10C and LHSV of about 1 h'1l. (Step
of deactivation and water washing) The oQLai ned reaction |iquid vvasﬂrg&tmﬂ
with an aqueous solution of 2 15 NaOH to“farry out the deactivation gtn
neutralization of catalysts) further) washed twice with dem neralized
water. After washing, it was dried and distilled to obtain butene pol yner
havi ng the nunb ayen r [ f 0,1: [ IH

vi nyl i dene cont grrhe é*%lg%q@gﬂagkgf# %’1’2 Orf \é@% ua(IV%fInt]J-tc?r%l%n%h Ogﬁ%}éﬁatnr@ at’i orsl’tro“Im}ﬁe
ppm 20 (Hehdboh@MVINehAS ot GFetiednihh erd e hréGhedaired RLHHIAR to the
(produced by I'FP Procatal yse K K. ) trade name: 'PSG D25) was dried under
reduced prgsiode daberibOL inora Fohaur Spat@noungplicatial thyclthe peddeat O1bvefitvtd
1.4 mmin dianeter and filled into a fixed bed vessel having a capacity of
100 cnB. 2Z%afdmesedrandrOben dagepoP ubbeatias Ndi. Hi@@6W&)h_a sol vent of

i soparaffin so that the viscosity at 25C woul d_be 30 é)oi se (3 Pas), and was

carrie® through4she® Bsopelesaéaeekalewncet hiptene pligpmes, therpealitisab tephmolpmy
Sanpl llected at the time when the ratio of .t hroughput .t Kk
Vol e at D NOG 1P 2B s BBt HEET IR 00T J671% nbaD A GARS bROE dRarod

| t af i Y i dual | 1 | 2002
e mambor sy Bfen SeNBRA ALY O Yyd I ERLIR cohtt B tne onhethiop’6F

Shi madzu Eofiphn skélReort S‘i‘ﬁrﬂrgﬁhith@h' b1 6P Bb APounak NITHRRHE4YS e Bhe
JEQL Ltd. (N hon Denshi K K')) and the residual fluorine .~ .. b5

concent r atisoiy usiwigdiihekbiond} epbatrumehnyg.cabhdeteesiihe Thefcommastioh nd datBon-
residual fluorine concentration and the term nal vinylidene content after

t he ti@at mydrogare agdothati of Gbba-carbambwhich vkdwdes C4AH Detactédpglsr

I 1 I 150C791 9183/ 91881 911 I 130¢911 91881 91 I 1
or T 591160 GeBETeRe) FRedsd s TN AR QAL sredible NatppuAbRReR s
Resi dual i i f t L tion:

esi dua fﬂo 3{1% %}aci&ﬂgne%%ﬁéff&)@xiﬁ@ri?%@%@ét%? (ppm Lower section

Term nal vin ne conte _ ore treatnment) 15 _ <Conparative
Exanpl e 1> A butagng, pRb WiRENS MigdehdrNGbtARh&EE eddr qatt,h@f?ﬂeséﬁp,mm%on,

residual fluorine concentration of 130 ppm and the Term nal vinylidene

content ofF1881velsowk hut exhrhpleb0f thaviresuln-bie HSRCI methodyr and FigpRosteowdean
contact efficiency. 20 The viscosity of this liquid at 25C was 5 cP (5

nmPa~s}? | sxempde opthefreslt by dNADBAR paTEmethass put 27 g of silica gel
(trade nane: Silbe produced by M zusa I ngust ri em cals, Ltd.)
havi ng been heah%d rm&lth%‘g Fkingy mm\rg’g gl 9¥dﬁ%236u??%ﬁsaatand
150C, and 04X e khl . roomste ature for. 1 _hour ..,

term nal 6%’%%1&&9%%&(;8%\??5%? %SSP gcﬁgagedlr’@&lﬁe&%%l?‘ rp?lﬁg Otfraegfa %rﬂf mﬁ]/a?%% %

and the flaw@ra I%%aRQﬁT‘%INN@ixﬁﬁc%@‘tbﬁ@%ogéﬁb%}éﬂd hfh}td}@g&@%&g‘égpéﬁ'ﬁn%uﬂoene

pol ymer obtained by polymerizing _ .~ 5 CQ fraction using boron
triffuori declhpeattaleyonnettadotogachearahpothich the mownadction bf carbun-kydiogesi img
the treatnent with silica gel. <Exanple 2 to 5, Conparative Exanple 2 to 5>
( St ar 29 ng armeacudg cdmbeJgIoferi zat i on) But adi ene raffinate (a residual

substance remi i 1o &' 58 INABEGUAPE mefhod, taking the chemical shift of *C-NMR

as abscissa and the frequency of carbon as ordinate, the frequency of carbon
corresponding to a peak on the abs;issa is found on a vertical line. When a
straight line is drawn from that position parallel to abscissa, the peak of carbon

25 corresponding to a point on the line is the carbon connected with the former
carbon. When similar procedures are repeated and the carbons are arranged
one after another, the connection between carbon-carbon in a molecule, that is,
carbon skeleton can be known.

From the measurements of HSQC method and INADEQUATE method, it



10 of butadiene froma C4 fraction of an ethylene cracker) containing

i sobutene was used as a starting material. The conposition of C4 fraction
is as follows (% b3~ mass). |sobutene 50.9 1-Butene 23.2 1 ~ cis-2-Butene
2.8 trans-2-Butene 6.4 |sobutane 5.4 n-qﬁaane 11.3 0 Total 100.0

(Speci fications of polynerization apparatus and procedure of

pol yneri zation) Polynerization was carried out using a continuous apparatus
described in the following. That is) a |oop type reactor having an internal

votume of yhol ihitid 38t WAt ST ohiRr MBrERIIGRCESeAMPEL P VERIR R Phutene

stirrer, a cooling apparatus equi pped wt vices of recycling a

| ow-t erfp%ﬁ%é&h@rm@bm;i?%%easfé@ht HevantienSiranéorh SHRA" af YhE stAlctupé &fs of
raw material, an inlet of BF3 gas catalyst, an inlet of conplexing agent, a
t enper at urepriesch et ioy thé foltdwimsgr formtul @11 Jandae staet dfeterm3NalTie upisge afsvadly
starting material as nentioned above was introduced into 1 2 J UL 2002
50 the retatdutyt growp.f | Dhe mamebesf ofin|dfirepeptingiaibuctuzaljunits SaseenresentiedBF3
gas and 0,14 mass %.of conpl exi ng ageni (et hanol selected at this Exanple)
Pelat ive bB thEoUTaNS Wbne ) ot mBekse Suctart v origt BAre BTy pasissahly dher
respective inlet tf‘o carr¥i O-l%t- gebyrreri zation continuously. The conversion
rate of i BBGt 2N PH BPELLAY &nE Yaf finate was cal cul ated using the change
of conpositions neasured b5~ a gas chromatography on a feed material and a
reaction |iquid before and @fter tdg;rgaction. The reaction liquid flow ng
out after the reaction was |introduped ijnto a deactivation vessel

successi vely, and washe j He eH ¢ st-ed—agqueous sol.utfan)of 10 sodi um
hydroxi de until the residual BF3 cpnpl dgx catal yst was deactivated. After
that, an organic phase was [separat@ds firom which phase the unreacted part
of the starting material and the |ower faction having the carbon nunber of

24 or | distilled out b disti Ll ation But i
bt ai ned 11 om {6 TEREPRThgOBFOUILT) STITE L S ETRFSREE TEROFal BANERY thac

nmol ecul ar i u I : ]
nmol ecul arm\ggée‘ﬁ'g{:%%ffaﬁn%%{] Ee&g@gﬁ‘%ﬁﬁéﬁ‘?;’%n cofg?%r%# ﬁd;tt?%rpqc%% e% éﬁén&?on are
st ruclgur egorhpoddie dTDb&ﬁgleQélyt b ahib]l¥R1Es, TRASEE estrivt iV Ris (BRAAI falsC 4w,ONS
of inorganic solid treatnment apparatus and procedure of treating) Activated
al um na (prateriabdfopian &RliPiveadtlabyisants. dhd fdrr aad empaower PSaEPdetB2ganthavi ng
been previously dried under_ reduced pressure at 150C for 2 hours was filled
into a fixed befhgedadenaaoliggmar chpying ythy nodymers stmysuze uaenrecied by

Bed vesso BB BECIRER CoFviAr Bt 4Re drTEPeT s R POleCT bt (Me) 15
i nternal hemperal ur aopl1 5860, PRLLURILIGDRAOL AL GALIDIY QRN B olkhRIe:

t r eat ment erature ’in the range o e procedure 0

i nor gani cwedlitddistEideRM, Yesadse the lvaldge Jfi dispirsidie deptaneVid/MIONH i &hiened
by distillation in Step of polynerization is diluted with a sol vent of

i sopar af f rangeo aflj d-2ttheacdosdng t o ath@5@dasuadrmant 3bypoi sgel 3pPampatibhe
obt ai ned diluted solution was sent to the above fixed bed ~112J Ul

2002 vessehromgieeraphy (6 (entSinenphe snolesutar watghtpdistribationgisusamew @sa
uni form val ue accor di to the experinmental condi.tigon. The space velocity
(Vs of bt izoPiscida 5 obYain tHE e oh Aoy % Sorel SicPEtTed at < he tim
when the ratio thor I t..t.he
anal ysis. cli SEﬁ'h%angP g‘gu értthgk]g?lg'% gﬁ_dg?ﬁg{}? 1e.ﬁ‘]“;etho élqggﬁét?‘eg’ﬁ&&?‘{?é‘& Bi'thb
assi gorenteramichall gt Glipwiltbeodesefibefief i n structures in the mol ecul ar
termnals were neasured in the sane way as in Step of polynerization. All
t he experi nent simghe atenieedignmenacarding to ahehpresbov énpeityomr itzhas deen
procedure _and. t he Br ocedure of inorganic solid treatnent. 10 The .

t enper at ufamdppupdhppdheratare vagins womensi of donbld hondimemecordancehwith an

Tabl e 2. Tabl Experi T rature T r Pol rizati
abl e p811§n$e§zau ﬁa mrre\:,\c%ta%gsmerrrggpgste eby e%gfxgé uete g{., 3 % oymeart gcg

Symposium No. 56, 191-202 (1976). In improving the properties of additives for
25 lubricant and so forth, the olefin structure of the terminal group of butene

oligomer is important.



(~C) Tenperature of Inorganic Solid Treatnent (~C) Exanple 2- 10110Exarrp| e 3-
20110Exanpl e 4- 10130Exanpl e 5- 20130Conp. Ex.~'"' 2- 1010C0np

2010Conp. Ex. 4- 10230Conp. Ex. 5- 20230 - Note (*) Conp. Ex. COthaJUsMU&Ze
Exanpl e The conversion rate of isobuteneg~the yield of but ene pol ymer, and
the to nunber average nol ecul ar wei ght (%/{1) and the nol ecul ar wei ght
distribution (MvV WMnh) of the obtained butene polyner are shown in Table 3.
52 Table 3 Results of Polynerization ~ ~ V.~ ~UUL ConversionYield of Rate
of But enegut eneAngﬁngf bREBUESARBR! YMBdeXk_oligdi®r a5~ dMbctddVaViEXBMRIR rént 4
Conmp. Ex. 2, 49gl1,643.511911. 58Exanple 3) 5 Conp. Ex. 3, 5g2.244.622491. 67
The cont erhsnAtalt il geutassehefVabrattiNe- 150 m)mal A sidwrdnerigr Quphablbfirhe
fluorinated term nal group respectively in the butene oligoner after 5

pol yner i zahtlmms déactnyladéron stucatrel yepreaemitedi iy | thet ifolowanrgl fomntiHe [2]
but ene oligoner after inorganic solid treatnent are shown in Table 4. Table

4 Con”ant §ome$m<éég|tben@sﬂ at}s&ﬁﬁﬂ@gtﬁqw W&ﬁpmfgr lﬂaz Piefim garbans ahd
Di Al S T a

% E:t uo? ?ﬁéﬁQwéﬁS{tm%ﬁF?%%ﬁbe O Py LA D e tolpig BB f4 i spond

0, F T

a1 2ranet (e SaAR R, 425 Bih Ro el A MRS, FAZ RS AEtARAfo of each

285_0. 628%%909%961&1 b&td céﬁﬂéeti!&?é&)n e GifResdet b 8RO rﬁ%ﬁ?& tHRCHHR- of~¥ach
5840. 62530 In the butene polynmer obtained in each Exanple, 90 % or nore

of the nugbkedcted pehk. repeating structural units had the structure shown in
the formula 10 [1], whether the inorganic solid treatnent was carried out
or not. 12 J U L 2002 53

—OHz=—C==CHz - (2]
I
CHsa
_—CH f— C _CHS ----- [ 4 ]
|
CHa
10 The butene oligomer according to the present invention contains 60 % by

mole or more of molecules having the terminal vinylidene structure, preferably

80 % by mole or more. Because the butene oligomer according to the present

invention contains such a large amount of the terminal vinylidene group, when it

1s used as a starting material for modification by adding maleic acid or

15 hydroformylating, the modification rate i1s high. For example, polybutenyl
succinic acid can be produced in high-yield by a reaction of adding maleic acid.

However, here 1s a problem? that is, the terminal group of butene

oligomer does not consist only of double bonds such as vinylidene group, but the

terminal group having the fluorinated terminal group structure as represented

20 by the following formula [3] i1s also produced as a by-product.



<Ref erence Exanpl e> (Experinent of isolating the butene oligoner
fluorinated at the termnal) The isolation of the butene ollgonerlzJULﬂmz
fluorinated at the termnal was carried out according to the follown
procedures. ~ 5 First of all) 5,500 g t he butene ol igomer which mas
obt ai ned b5~ pol ynerization and distillation in Exanple 2 and cont ai ni ng
0.62 % by nole of the nolecule having the fluorinated term nal group was
diluted with dehydrated n-hexane so as to obtain 73 mass % This m xture
liquid was put in a separable flask of 5 liter, and 500 g of dried silica
gel (WAKO CEL) was put in the mxtgHe 10 with stirring. After adding silica
gel, stirring was continued for 24|hours. After the prescribed period of
time, stirring was stopped-antHiheCrw-ft ure was al l-ewed 39 stand still, then
t he supernatant |iquid of hexane whs renoved b3~ decantation. The | ower
phase of solid consisting of mainl@Hsilica gel was washed entirely with
dehydr at ed n- hexane, and then filteer The supqrnatant liquid 1~ separated
by decantation d t he masg%%g uﬁf of de ted hexane re conbi ned
t oget her, and t @ PO®nit 512 kpowRAtfa PR 9T Hgfdpe atoms
subj ected to fi

was desorﬁggl%t{l#’g}ll ?O aglqﬂ%?l 'l%t SIQF{%IH?% ﬁ?% @,965 rg&g Y 1 {mg%ageel

e quan ene C OI’I e se ect'éd as a

desor bi ngyjd gllﬁoghnezgor(tgﬂ & %@ﬁﬂeﬁ%ﬁ%mbﬁ%ﬁ@%&'ﬁﬂéﬁh@f‘ onbul@ékEee%]y%éﬂ%EFer

fluorlnated at the termnal) The viscous 'subStance obtained afte

desor @ i oth@meahod of WikkbeRstynebudtyord\RSAK - 25490 ainldesdl driinlelsy 610 Iﬂtm\Mrﬂg(JIShe
measuri ng nmeans necessary to determne the constitution are (1) 'H NWR (2)
13C- NMR aKd01@3).31pEnliMRlculhtingadhel weight ofreanstained fluozimt atoabs selatiae goshewn
in Table 5to Table 7, respectlvely 25 54 Table 5 Results_of measurenent
by ' H Nthc[tabggelgbt wizthecsranple. i ntletgfares it Vepsr ot thagy %mﬁrbawv@ﬁhﬁr tge

Spl j.tt tternBandi ng .for As t.0, 38 br oad- CH
"Qhob. 15s Ha'rle? eﬁ%ﬁo@ie%ﬂ&tﬁnogéﬁ%%%%#gnﬁe%&awr opgen ARPERE fopppund.

BC- e g}—iOSSI fel ‘cat’i on QPE@ tbgﬁtséa on%f%q?l%qt%?s\?g%%nt de‘gdsé}%gtgggng

(pp
(s) 4uh§éact§@ confSonentd - ﬁodvﬁ‘)% 032 #ofS k- PolymeriZhtién (2bhe, IheSptsthuceds. 1
(a % o (d), 58.1 (d), 58.8 (d)) 59.5 |dl-CHD- ~2' 48.7 (s)-C(~Hs)zF76.0

(q) -~( CI—Is)mt%rNotp@iymE) andaksaroad thﬁluaaldt mtstoompleml mlmhaumageat bbgic
Pol ari zation Transfer); s: primary secondar tertiary and q

quat er nar 9ubstaneQ)sucéoﬁ>@| AY BABERRS ﬁoaltg%vafngo%ﬁm rhxﬁrows%u%d]er%wﬁgr
The under i ned data _correspond. to th?nl nt erﬁ] ar b(%ns in a chai,n };abl e
7 Resul t s Bf)rlr?gag%xpgﬂgmi ﬁg water pashing. erefore, was supposed that

residual fluorine does not originate in inorganic fluorine compounds, but
15 originates in organic fluorine compounds formed in the manner that fluorine
atoms originating in boron trifluoride catalyst are isolated and taken into butene
oligomer.
The present inventors succeeded in isolating the above fluorine compound
by a silica-chromatography widely used in laboratories. As a result, it has been
20 made clear that fluorine atoms isolated by decomposition of boron trifluoride are
combined with butene oligomers to form organic fluorine compounds.
Further, when the isolated organic fluorine compound was analyzed by
NMR as will be mentioned later, it was found out that 80 % or more in number of
repeating structural units of oligomer has the structure as represented by the
25 formula [1], and one side of terminal groups has terminal tertiary fluoride as

represented by the following formula [3].



[376. 00 MHz, CDC13, external standard: BF3MeOH (on the market)] Chem cal
Shift bSplitting Bond Constant Bondi ng for(ppm PatternAssi gnnment - 16.7

mul tipletJ(CHs-F) _ 21 - 23 Hz ~3' -C(CHs)zF Note (3): This result 17 jul 0@
indicates that the termnal is a fluoringged tertiary carbon. 55 12 JU
2002 From the above NWR analysis, it was found out that nost of the viscous
substance isolated in a series of isolation experinents has the structure
show n in the followi ng structural fornmula, that is, 80 % or nore of the
anount of the repeating structural units consists of isobutene skel eton and
one of the termnal - crs. 5 grougHd s conposed of a specific structure of
fluorinated tertiary carbon. CHa CH3 CHs sHC-C CH2-C CH2-CG-F CH3 CHs ~ CH3
<Exanpl e 6> (Step of pol ynert zati-om)—Bpt adi ene raffi-ndte8 froma C4 faction
of an ethylene cracker was fed intgd 10 a recycling type reaction vessel of
4 liter at the flowrate of 4 |itercH®er hour, and 0.15 % by mass of boron
trifluoride and 0.14 % by mass of ethanol relatiye to isobutene were

i ntroduced separately intqQ the reactli vessel . Pol ymerj zatio s garried
out conti nuousl ‘éﬁt{"?heasr ¥§S t?é{:flﬁgféfl Yélsofthgj!’ééec V&%&&gégﬁrﬁw%n
the butadieng ratfinate is shown in Tabl.e 8. The analysi s .15 carried

out using® tg’é%afilhcfrb(ﬁ%t“é%sr 5%%@“{’?%305?%&%%?%?%;3% é%ny O‘kl'zg\é\gblgen&o SRRt
Content ( }{ae\ﬁég olefin terminals such as vinylidene gro

mass) | sobut 0. 51- but ene23. 22- but enel0. 6n- bﬁpénelo. 8l sobut ane4. 9But adi ene
traceTgt al 100. O Accordinkly thelntim¥RODHI(:Hokis of bdtart bMgdmen fAchn#@earat the
washi ng) The reaction |iquid obtai ned above was treated wth an aqueous

sol uti on akr@ifaiNaCHprodwarcay eutalchlated actordag tmthenfbllomung piroceskuiren of
catal ysts, further, washed three tinmes with dem neralized water. Affer .
washing, it was 4fr f&gt. athp copcentratipn (wspaklyt By oMY ghpdserntasred dlunrined
by distillation.

A R N IR O L

ﬁgg?fégbmﬁ eZ _%uttiégev}gi%? o bJ@Weeoﬁg&fﬁQP%}Enaqgﬂt £0thd /8rMWnal in a

' 2- buggnelFodicd i 3peABed! SahYttheeSrodiidt 3¢ theeibveedAbalatfd vdlue multiplied

with the average molecular weight of butene oligomer. Then, because the

butene oligomer fluorinated at the terminal can be considered to have the same

molecular weight as that of the butene oligomer having other terminal group, the

number of molecules of the butene oligomer fluorinated at the terminal can be

15 calculated by dividing the weight of the butene oligomer fluorinated at the
terminal by the average molecular weight of the product.

As a result of the above, it was found out that there are butene oligomers
fluorinated at the terminals in the range of 0.005-15 % by mole of the butene
oligomer fluorinated at the terminal cannot be ignored in using the product of

20  butene oligomer directly or as additives for lubricant or fuel oil in engines, which
deteriorates the value of product.

At this point, there is a problem how the butene oligomer fluorinated at
the terminal is formed. Thus, the present inventors carried out the following
analysis on the form of boron trifluoride in a reaction fluid, which contains boron

25  trifluoride type complex catalysts flowing out from a polymerization zone. As a

result, it was found out that the form of BF, before polymerization is altered into



10 (Step of defluorination) Then, activated alum na (produced by IFP
Procatal yse K K., trade nanme: PSG D25) was dried under reduced pressure at
200C for 2 hours) ground and classified as particles being 2 mfmmto 3.5 nm
in diameter and filled into a cylinder %ﬁfsel whi ch was equi pped wi 2 JUR 2002
fluid inlet at the bottomand a fluid outlet at 15 the top and having a
capacity of 10 liter. At the fluid inlet of this cylinder vessel was
connected a line for feeding the unreacted C4 conponent recovered

previ ousl ng%mnrﬂx?e nfaéng;wﬁ%nﬁeem@@a.! UPEhRaHi 8 FaBO8AE tRECYbRMSIEnS@nkhat
the concentration would be 4 ppmrelative to the unreacted C4 conponent.

The tenperallf @ofkedeh U Aatdritinktivatl BEthe Wagu2the, ofntet hetenleowligbmicat €
of the unreacted C4 faction mxed with ammonia was 100 m per hour. After

t he def | upubnahbted)at thatteeminsll ahé edechamesmuded fermpamnras the bueetedligsmar
5, ~z ~ a ~ zoo2 sanple at appropriate intervals up to 1,000 hours after
t he st artfluprineterbat thetareingdpee heP3epeses- of 1-but ene and 2-butene and t he

Gependi ng. on ¢ | 1 eSRERHUE &t BEFRENOE AIerREOR ¢8| Wfaforim Of Doren tBride,
ggg\(lzﬁnit :]arg}cifg Og%%gptg%%gﬁ)gcg% Q%L?Tcé' W G0 ﬁlOfHeeﬂltdungéor}cg?néd GRLTRI. are
(h) 2404807501, OP%EQ%BIJ R AN BErotZifdaridé 8r Hf colnPlek 88 aused to react with

f
(99 Concentration 819.719. 7of 2-Dbutene (% Concentrationof Remai ni ngl

or lessl o dq@eshs @biutess éf edlchas Jhlodé,n® ni¢lerdf hsfdroped a2hlortdExadpl endle 10
The experinment was carried out in the sane way entirely as in Exanple 6

except t heftbarinandaredsrmet featdddmolthef baonl trflzoredes Acsamding thatdlecfollowing
wherein 1-butene is isonerized into 2-butene obviously. Table 11 Tine
(h) 240480Ez0nopdoté@nt rati on of 1-butene (9% 42.242. 040. 638. 2Concentrati on

of 2-butene (% 9 -20.021. -0 ratj f iningl or |essl or
lessl or lessl %}st gs@f@é%ﬁ 2%6( ﬁﬁﬁk&%gaﬁgﬁﬁaml e 7> The
experinent was g rcbﬁ@eﬁ’cglhfigﬂ dBuSANE &ﬂ@h;a%ci}hﬁoﬁxé’a@*b‘é n G O tft?é‘@n§

silica gel (trade nane: ead N, produce zusawa | ndustri-al

~U~ ~oaz i fhMBdCEYrogehthlotay iwigh h@esqlhwaised kulidersothitinl havin®getmown

current at 150C was filled into a cylinder vessel instead of alumna, and

t hat the nomaglignsuckass sedinimetiydrxide ot petasstwmtlerdroxtdeur e. The

concentrations of 1-butene and 2-butene_ in the copponent after 5 the

treatl®ent wer e hBttherafhe ronsepiaatian: of PREI: 1Bethy SolHoR (3Rt RENKDOVRAPY| s
tion not not.i ged. Howev

| PO R 52 ok Bl St PRSI LISue DoRnlEALLAD BLMS KRy
renoving fregidet ol Riie BRY oftbhtelf B&lic atf M cBorfance with JIS K8863-
1991. That is, the above method takes advantage of the fact that boric acid
forms a water soluble complex having strong acidity with mannitol. The boric
20 acid content can be known by titrating the formed complex having strong acidity
with an aqueous alkaline solution having a known normality, then the
concentration of boron is obtained from the boric acid content.

The practical technique for estimation on boron trifluoride used in the

present invention is as follows. First, a polymerization liquid containing boron

o
ot

trifluoride type complex catalysts is withdrawn directly, and the liquid is
subjected to absorption in an aqueous solution of calcium chloride in a closed
vessel. Then, the above-mentioned two step titration is carried out on the water
phase of the absorption liquid to determine the contents of fluorine and boron

and obtain the composition ratio of both the atoms. As a result, as to the form of



10 (Step of polynerization) Butadiene raffinate (the sane as in Table 8)
froma C4 faction of an ethyl ene cracker was fed into a recycling type
reaction vessel of 4 liter at the flowrate of 4 liter per hour, and 0.15 %
by mass of boron trifluoride and 0.14 % §y mass of et hanol rel ativéZt L@
anount of isobutene were introduced separately 15 into the reaction vessel.
Pol ynmeri zation was carried out continuously at the reaction tenperature of
-10C. (Step of deactivation and water washing) The obtained reaction liquid
was treat gdrov tAflaBriA@UR0d ses@aldt 11§0ibbAINeDECédrdeiag Ey thélbrédeat invention,
deactivation and neutralization of catalysts, further, 20 washed three
times wit hheemonar atatie of vidnwemne Afrtdebovnars hEn[@, - (tumber df i mdleandf plreduced
unreacted C4 conponent was recovered by distillation to obtain butene
pol yner héviompatheé bniahe chgomeayeymbet of moloepfBE ded in30oeaction eenel ndl
vinyl i dene group contept of 91 %and the residual .flugrine con f 76
ppm (St ep? O?ﬁdg‘?ﬁﬂsuo‘?’ Hdy i%%n%é%ﬂétfv% &7 Eﬁi‘}%g( og‘ﬂfd%d"}oﬁd:&efore
Procatal yse, K. K., _trade nape. PSG D2 wa ri.e nder. re d,prgssure at
2000 for BORBRTRzOPB Ry EEeichoaty Pey 088 BEVBE M et 8BRS S MR,
in diametgr ahd £ it i pggi S : ' ' of r10
cnB. In 1 8 part(f)sit yoqﬁ%g g tglfa%t iﬂeﬁgeggve céta e%gé)%g?gérg;?u%!gégggg#ﬁ'oong%eof
59 ~ Z ~uwaA0Qh thd effeweanheenusitérf off iles T i prolice®® TRucnatedObMaiHe Of
i soparaffin (trade name: N sseki |sosol 300, produced by N ppon
Pet r ochenbligbmeCovas thihihedvhy thedsbveemeadiioned tWekbokl cmnbystidgheokirtmetigd
starting material for defluonnation was fed into the above packed vessel.
. sopdluydsingondi ti ons for defluorinating treatnment, the tenperature
was 170C and V was.1l h-1., After the start-up of defluprinat.in
{reatont) the 7 4HEGOVF AURNPSEZRHERRI Braaity atphakah bybekiend gatsnate
col | ected . i i . a he
u@hPo AR i OPL b o %g%@%%b@%ié}aﬂ&?ﬁ% {80t Firoh

start-up to rmeasure ter ny roup content an € resi dual
fluorine gqnasAideatddthd BecbPnpad AR BALYEBH of tAE BUtehe blig¥Rle2 RidFRh SeH! A
wei ght was neasured using GPC (produced by Shimadzu Corp.)) the term nal

vi nyl i denthe terineimtal eanrig d¥Rinededeosting to tkefolldwing fsirmamidiemebhalisks.) and
the residual fluorine concentration using Wckbol d-colorinetry. 15 The
changes depending on the tine after the treatnent in the residual fluorine
concentration and the term nal vinylidene content after the treatnent are
shown in Table 12. Table 12 Tinme (h)2855507161, 0601, 3901, 7932, 030Cont ent

of Term nal Vinylidene91909191919291G oup (9% Conc. of-Remainingl orl orl orl
orl orl orl orFluorinel essl essl essl essl essl essl ess(ppnm) 20 <Exanple 8> The
experinment was carried out in the same way entirely as in Exanple ?



except that butene pol yner containing |ight polynmer, which was obtained by
6 01 ZJ UI 2002 distilling away only unreacted C4 conponent after
neutralization and water washing, was used as a starting nateri al fpz L
defluorination (the residual fluorine cgpcentration: 188 ppm, and 't JP ﬂWé
anount of triethylamne v~~as 200 ppm. The results are shown in Table 13.

. - _ 5 Table 13 Tine (h)285550?161, 0601, 3901, 7932, 030Cont ent of Ter m nal

Vi nyl i dene91909190919191G oup (% Conc. of Renmai ningl orl orl orl or Fluorine
| ess | ess |l ess | essl34(ppm <Conparative Exanple 8> The experi nent was
carried out in the sameygy as in the above Exanple ? except that
triethylam ne was not ded and the treatnent tenperature was 10 reduced to
110C. The results MR d0 550 houppcafter the start-upygre- ghown in Table 14.
Al t hough the tenperiat dxe was | ower yhan thhat used in/ExanpNe 7, the

i someri zation of viinyli @&Re structur® aovapced. Bag e 14 Ti nEHs
(h)118285550Cbntenﬁ of Term nal AVi ny[i dene gpguph(9682?964Cbnc. of
Renmai ni ng Fl uorine (ppn) 9911 15 <Exanple 9> (Step of polynerization) The
experinment was carried out in the sane way as in Exanple 6 excefpt that 0.82
% by mass of bo } -ee—0- % t er and 61 12
JU 2002 0.02 % by nmass of ethanol were added to isobutene as catal yst and
conpl exng agents. (Step of deactiGsaDiedm@and wat er washi ng) Further, the
deactivation and water washing were carried out in the same 5 way as m
Exanple '6 to obtain butene pol yner having the nunber average nol ecul ar

wei ght of 1,462, the term nal yinylidene group content of 88 % and the
residual fluorine concentratign of 7 ppm (Step of defluorination) The

defl uorination treatnment was carried out in the same way as in 10 Exanple 6
except that butene pol yner obtai ned above was used as a starting materi al
for defluorination, that amonia was m xed before the inlet of the

al um na- packed vessetmalgpbhe fl ow rate corresponding to 5@*?f2rrélative to

but ene pol yner and that €he mixture @ fed i nt gHsN® packdd_véssel under
the pressure of 2 MPa, The changes dgpendi ng onjtheftipg gfter the
treatment in :I._o_t_hei{ﬁ'éis@&u-a-l f bHGH- CHBt g od—td?é‘ha\n‘i nal

I |

CHsa 3 {n

vi nyl i dene content after the |
CH

CHa FunnBF2
HnnuéR
Path-1
Path-2
CHs CHsa
| | Hz2
3aHC—C CHZ—? C_?=CH2
I
CHa CHs | CHa
CHs3 CHs CHs
[ | H2 |
3HC—? CH2—(|3 C—?—F + BF20R
CHa CHa | CHs

NP902PC



treatnment are shown in Table 15. Table 15 Tine

(h)1182855507168381, 000Cont ent of Term nal Vi nyli dene888888888888 - G oup
(% Conc. of Remainingl orl orl orl orl orl orFluorinel esslessl essl eb%lygb 02
| ess(Ppnm) <Conparative Exanple 9> 20 Aft%% silica gel (trade nane: Silbead
N, produced by M zusawa I ndustrial Chem cals) Ltd.) was heated under dried
nitrogen current at 150C, 27 g of the silica gel was put in 100 mM of the
starting material for defluorination of butene NP902PC 12 JU 2002 62

pol yrrer obtai nedy! fud HBoADOEnEXANPhR HanRA! BJ bRt WA ERLE! S ilb: iR 1

hour. The term nal "vinylidene content after 't eatment was 9

t her ef or e )|, BOABFiLZAbA ProvEs chrdifatibR WEBE BFNgyfceedlpRix £4tdBFdtN® the
concentration after the treatnment was 104 ppm Accordingly, when. nol ecul ar

wei ght i sohfidatga @arbinghabtarialbef e dpene peffinatet r Thenpbecarsehtisi butaegel
cannot sufficiently renove fluorine. <Exanple 10> (Step of polynerization)
The aboveoihgntieoratiobatgadematedinf thengroavthtdiodrmer aze bgeﬂimlbf Bhstahde, 1070

i ntroduced into a continuous vessel type_reactor. having a capacjty of 2

i t er)d whiveayswels DppchentRer Iar (AT RIRAGIRE dlolymerizatign et Pe assimegefhrag is, a

e t onperchAs g HRETa TP Ko TPRSRER e thr oo PARS AAshaRt where ti
hl or i de~gi | , i pum: | de- 0
Coordi nat Ly R affaiCEe R Ehy AIUBIMIAS bEERE Sopdbes offalfof T Rergdyond

g/h to caygathopy polynmerization. (Step of deactivation and water washing)
The catal yst of the obtained reaction |iquid was deactivated with an
agueous sol uti olWldén bhémhiabH, meetaniszm usnfadiowed] ad pfdaposaddyt Peskds gioakrasof
| oa~ nol ecul ar wei ght_ having the carbons nunber as_|ow as 20 or |ess and
bei ngl@Qer ebove.deishen thel paokop. offmetbphgroun i remoreditoifoppua dritena oliggnegr

and the obtai ned, but ene I r,had the term nal doubl e.bonds content of 82
5%t he. nuBBRIE PP o EBRL MG A GHUT 151 SRO A Che, AHOTE, TEEHLE H 05 ke
concentr at.i ofe .1 t e : i i on). R Act i Ny
(pr oducedpﬁcgt%flllcl‘-f lﬁrgglé %?éaﬁ’ gegl ﬁgﬁé& ]gfr% eoq'%gﬁg%%gé %‘é%% mg}s/éoéfg%eggﬁlrﬁgtﬁle
reduced prgssiHstitate 2Q0HIEYond. hours, ground and classified as particles
being 0.5 mMmmto 1.4 mmin dianeter and filled into a fixed bed vessel
havi ng a capaci Howxdvet 03 thé npdtho2 partlsamgmris Sollbwelie aabatend wigdener
pol ymer was added 400 ppm of 63 12 JU 2002 triethylamne, and further 10
partslby hagwmothaflueripated sermingaranpiang thexdecorapesedneaseluat of RESIR B0,
produced ?gprlglsgggsn apﬁ;[yrdgggz?r%]ogalg%\%).) ’arlét ?('n)mg\ﬁs That is, the fluorine anion
generated by the decomposition of complex catalyst is combined with a butene
oligomer cation to form a butene oligomer fluorinated at the terminal, and the
complex catalyst 1s changed into the form of BF,OR at the same time when the
20 complex catalyst is decomposed.

Incidentally, when a starting material of pure isobutene is polymerized
using boron trifluoride type complex catalysts, the butene oligomer having the
residual fluorine atom content as low as 5 pPpm or so can be ﬁroduced without
removing fluorine. Besides, in Japanese Patent Publication No. H07-268033

25  (corresponding to US Patent No. 5,674,955), a polymerization technique which
gives butene oligomer using a butadiene raffinate as a starting material and
boron trifluoride type complex catalysts is disclosed. Therein, it is described

that the content of molecules having the terminal vinylidene group is 80 moles %,

and the butene oligomer having the fluorine atom content as low as 40 ppm or



added to adjust the viscosity. The obtained starting material for
dechlorination was fed into the above packed vessel. 5 As the conditions
for dechlorinating treatnent, the tenperature was 190C and WHSV vvaszag[ h?{@
After the start-up of dechlorinating tregjnent, the treated |iqui Ul
outl et of the packed vessel was collected as a sanple at appropriate
intervals up to about 1,800 hours after the start-up to neasure the

term nal vinylidene group content and the residual chlorine concentration
in the 101hyt eaa nRl WHAmelhe Huweleravier atie Métod! Aesvabadt inaghdTegsdvieed
usi ng GPC (produced by Shimadzu Corp.), the term nal vinylidene content

usi ng NMRspedifidarien, tiye bafkndst conteht knrbudadsdrie Kaffinake amhichhe ¢esmduealally
chl orine concentration using Wckbold-colorinmetry. 15 The changes dependi ng
on the tiawadébler at ndawnprice iip reducadetn dhellevdlir A4 cummene lewenthand hehe
term nal vinyli deng content after the treatnent are sﬂommiﬁiﬂ Tabl e 16.

Tabl e 16 Tl (Medyshydmsenation, vs91defnta mawmtath sHech a high content of the

of - Term nal 82828382 281Vi ny| i denex o (% .- Lons. of Remai nin 5 or5 or5
or5 ory o?%m& Ivé??%ﬁg%l?eegépééglee%%%%d; céastﬁee@?lé‘gg PR Conqgﬂgicﬁ%? AP 52

| NDUSTRI Aiensé‘PPL' CABI LI TY A butene pol ynmer obtained according to the present
i nvention has a high content of term nal vinylidene group).and can react
advant ageously Wistdhribed hecrahgtd (e Bfiowh itk dtRirk NtHy atbvei Atdkatiow ik,
because it does not substantially 5 contain the residual fluorine, the

evol ut i onf@im bf BI,i ared tiee fdrenattioosPbetend sligdrhér Auerimatedan théeetmirediare
oligoner or its nodified product is burned. Therefore) it is also useful
from the vonsigerast tofbecpgnsashhenthe dinest anflience gbvasobar butenesr paritcularlyhe
present invention,.

it is possible.to produce hi ghly reacti.ve bytene
ol goMtbr DA (AT iSpbHLSR SR SorteEHBedRataTal el Co ol GOITBERZOTIAG ¢ RBeTSRTA nal

vl d ) . L . ne.
by ol yroft 31 o8 TAfis P EhisSRlerS 12 R KRR Sl mi RN Y bk Bleid?
commer ci ab-h ¢ anei d:abiherdt tAflRMAR tiR cothblex@cd@lyiis! thd foehhdon Gt ke
type conplex catalyst, then treating with an inorganic solid treating

agent. Fuphpemer@foorigiangd 4o thé cerpiieadodnhovienaveidedi t is possible to
renove a 15 hal ogen effectively and econoni cal Iohgrom an ol efinic conpounds
cont ai ni ng t he Aeshentibnédhbgen ibdaabeenpubig probiemdioybbe aemiazhing butene
preventing . the i sgrreri zatci on of non-conj ugat egﬁ car bon-ég{rbon ﬂoubl e baqnds
as t he bi @bé%‘ineEi HOFIBALE ot gbeseinal ) gan | TBOYe ey ADE ppavitgbly
met hod f or oduci ut I : j N o uor i tent and

I PYHC 0B SGRA! YURLIR Nk Bk LLNRT | WRRER EALADE e

hi gh terntha vinyl'idene conpri ses
terminal vinylidene content. The present inventors have solved this problem by

finding the following means.
That 1s, they found out that the terminal of oligomer can be altered from
20  the fluorinated one into a useful terminal vinylidene group as represented by the
following formula, by treating the oligomer obtained in the above Step (III) with

an inorganic solid agent in Step (IV) of the present invention.



5to (Ill): step (1) to feed into a polynerization zone a starting nmateri al
of C,, conponents conprising |less than 50 % by nmass of 1-butene, |ess than
50 % bar mass of 2-butene, less than 100 % by mass of i sobutene, leJﬁ an
50 % by mass of butanes and | ess than 10 % by mass of butadiene,1@. t¥£500
mmol e of boron 10 trifluoride relative t@ol nol e of isobutene contained in
said starting material, and 0.03 to 1,000 mpl e of al cohol andl or dial kyl
et her as conpl exing agents relative to 1 nole of isobutene contained in
said starting material, and carrying out |iquid-phase polynerization
continuously at a poLm, i zati ) eratgne in the range of -100C to +50C
and for a residence {img in thelran e of mnutes to 4 15 hours, step (I11)
to deactivate tah catal \st 1¢ont i idi_ipe_effluent reaction mxture from
the pol ymerization zpne, f%en spbj ecting fhe reaction mxture to
distillation, if necggsary, to @bia n butgys pol yner containing residual
fluorine of 1 ppmor no and terninal vinylidene of 60 %or nore. 20 step
(I'1'l) to treat said butene polymer wifh an inorgdnic solid treating agent
contai ning alum numso as to reduce the residual fluorine content in said
but ene pol ymer whil e maiChisai ni ng CHe [term nal vinylidene content at 60 or
more the terminal vinylildege contknt |befigre the treatment. 2. A method for
produci ng but ene poHgrelC CHarn@d—ir CaltH225 wherein the residual
fluorine content in the lpollymer obtaiined il the step (111) is 30 ppm or
less. 3. A nethod for pfb@ici ng Hedene pol fer as claimed in daimi,
wherein the content of term nal vinylidene structure in the polyner
obtained in the step (Il11) is 70 %or noredglrative Jhe content before
the treatnment in said 66 step (111). 4. thod fqr p ogpcing but ene
polymer as clainmed in Claim1l, whegei gybhed eHa LUK eaat@mctcin the
step (IIl) of inorganic solid treating agert ¢ontainijng plum numw th the
but ene pol ynmer containing residual 5 fluorioms|is from o 3Hz 5. A

met hod for producing butene polyner as clainedin Cainmrl, wherein the
average contact time in the step (I11) of the inorganic solid treating
agent containin 1 1 t r (Wa]l t r esidu
Fluorine 1o 1 m ot b e Melepe) OFantbl RELEICRY (ROTIRE' Qe (D) Epppeas
renmovi ng h@bogars aslank séfpbldciyes Mviak thetfhagiwaep tes@inilhgroapeptidf content
bri ngi ng an organi ¢ conpound contai ning a hal ogen conpound as an inpurity
and havi ngcaonke oeduwadet®.Odomoteot omglesedfurshémpredetzdly do0dh edledtor less by
contact with an inorganjc soljid treating agent containing alumnumto

r enove Shal GgeHngwWhith & nimosganisisey diHeatiB&88fBh 15 systemin the coexi stence
of a basic substance in_an nt .suffjcient to_suppress the isonerization
of said car bon-cli?ﬁg‘ﬁr’d%wgqugﬁégn?ne geer %ltrnatzli §u§%r%‘%ucﬁéy&ft.e adgﬁ%tml%an?or
renovi ng hal Re68r<Aa AR WBRHIH $ihyBidlehb rdBS and (#h-81BsRtutehotible bBARd by this
inorganic solid treating agent contains a conponent represented by tﬁé
chem cal fieatthant. A1When2theSconditieh lvf drdaiment s \viphignizatd O tisa cardy e BionNiBLE ii§ Y
as claimed in Caim?7, wherein the inorganic solid treating agent is

al um na. Sabontrdh¥d andrthecsadedthgth rogenlidena groumis 8¢ ynale % bnimmeng. i ds a

C aim6, wherein the hal ogen conpound,is a fluorine cqnpound. . A _net hod
for réE’Dvi’??@uﬁaln(%é’ﬁbéglaéﬁﬁ}‘hgﬁg?‘t"?t% t%nn%rﬁi@rmp €pBihp wmoe élfo the
basi ¢ subst.apgceris i [ i G am . ] t for_ fenpvin

ol ogen oo iBE Bt biATBREAnBE: RESR fheRefha bhyndli B8l Bln BE TR BT
contact ofysajfe bR@ani c solid treating agent with the

In Step (IV), the butene oligomer which is brought into contact with the

above 1norganic solid agent containing aluminum 1s not particularly

15 limited, as long as it contains 80 mole % or more of repeating structural units as
represented by the formula [1], 60 mole % or more of molecules having terminal
vinylidene groups on one side as represented by the formula [2] and 0.005-15

mole % of molecules having fluorinated terminal groups as represented by the



organi c conmpound is fromOC to 350C. 12. A nethod for renoving hal ogen as
an inpurity, which nmethod 12 J Ul 2002 67 conprises the step of bringing
an organi c conpound contai ni ng a hal ogen conpound as an inpurity and havi ng
one or nore non-conjugated carbon-carbon,doubl e bonds, into contak? JUi 7062 an
inorganic solid treating agent containin% alum numto renove hal ogen, while
feeding a basic substance into said 5 organic conpound conti nuously or
intermttently in the anount sufficient to suppress the isonerization of

sai d car bqgglﬁarabqg]s_d%mvaomg bllrddi® oRL SRR wAREPAUS hock? supid¥eld1d {1

renovi ng hal ogen an I npurit Ich conprises the step o I ngi ng

but ene polydmim&aft LEYANhgTBtRe @bol€ midthal iyﬁ%mﬁpms@am ent that is 10
produced by pol ynerizing i sobutene using a hal ogen-containi ng catal yst,
into contact w When theot@act tsedtintertr eftthegbwigaet okgorhar ns ngaralednonums
t hereby renovi ng hal ogen, while nuintaining the coexistence of a basic
subst ance denctibed aovetinstih$ itepndistdlatigpadtes deastivetionr ardtwaverovashmg
term nal vinylidene group in said butene polymer, 15 14. A nethod for

r enovifg mabeeﬁ%te%r@ﬁ ﬁ)ﬁ‘@rqst achiyiage ﬁaﬁwé&hﬁﬁgegl@éauﬁhe ri ngi ng
but ene pol ynmer of % Pk, NDr e term.nal_vinylidene content that is
produced by pol ;ﬂe?ﬁ%iﬁ)&oiw%gu&i’ﬁe%ﬂ%altﬁbené Wd%%g@ﬂ-(‘:%?f@é?‘h‘i RPPdarageps for
into cont i N j 4 at,i.ng - Gent ai. .1 i ,
[ L0 Cont Bk ksl BOIN GeAbkdatioRALpAIaRARRHaRORALARIG WA B
20 pol ynepregiiti REGMShon Owill Nber siplhfidd, ypféfefenﬂ;(amuntthwfafgeﬁlteaénﬁa@nmg
suppress the isonerization of said term nal vinylidene group. 15. A nethod
for renoviaigmitaimogen ggusther ppeferallyawithl thiersgtnit cotainmg 8lwmir@. ai m 14)
wherein the TSobutene_ is a starting material of C4 conmponents containing

| ess than 50 % Bhengybsteince- piiehels [subiectedhtosdebalpgenationopt 2thes nyasente,

| ess than.100 %b}/ mass of. isobutene, less than 50 %b l&n%ﬁ{ of butanes and
| ess t han AP 1538 STRAME FOTROMRE, Copga1an nf‘Eﬂm%(r‘ 2HYPBUFER @nd

pol yner, i.C rises. thb p ri.ngj I conpt.ai nj 1
o or bRt oft AR RSk Gk Bl e oo R AL RUNE HEo B M Ao 8. AL s
into cont aekiihB ARhis"W@aptionsol id treating 68 1 2 J Ul 2002 agent
containing alumnumto renove hal ogen, while nmaintaining) in the reaction
system the coeHabgntaatomsaibdsilogan shpuamdsnatendix@doimtar ansrgymie solidhe
i sonerization of said termnal vinylidene roiﬁé;thereby obt ai ni ng but ene
pol ynEd ceseat APmigiam gpplmrpn U san ﬁsmesqsa\%alh eggisrreameiedne Teninoaganic

e TR SN L0, o TOES LR e Lo alie B
16, wh I i I t | .
er e'chEa%e%??éﬁ%@{en&% 1RO6E 9196}11%%3 £ QUL ?&E{Jb po ﬂ-LEEan{i'frEFBT %{#rgtrhegg:

treatnent 1s pm-or l[ess 18. A net or producdi ng but'ene po

clai med i inédgdinie 48bsthPchRahbubdE a6A0hENREs i@ fcoh ik tAkombBMbh I e&1freg6 el Of
but ene polynmer is maintained at 70 % or nore relative to the value before
t r eat nent bylthe gheetibddfdrorulaefdydng Asispgeificamoaganiepsolid wgents, cthere are
conprises the step of bringing nonool efin containing a hal ogen conpound as
an i npdri eyumiey cHitaalungnen agd spofoghhi ¢ Advminat iedisedg pagferablyont4s rong

alum numto 15 renove.hal n, while maintaining, int reacti Qn system
The coex| ETBTIBA oY HBAICE DA IFCY Al ST R ERHf AR to iRASE ThaY pes riges
the isonerlzats f : e d e | efi

et hod T eroued nf B R I gl AR pyllabe
bringi ng mdneehgichi Kogtctind Mgprdphitelyeind elHReHAd RS 8. | MhehizhYthe i fae
continuous contact with an inorganic solid treating agent containing

al um num twez efcthe imakgayen, sohddi 4 gerftemdnotglimibek particdarbndei1s nsoakpiid the
monool efin continuously or intermttently in an amount sufficient -to
supprégs taeee §bAeri0 1% n of carbon-carbon doubl e bonds of the nonool efi n.

21. A hod f i hal ) ) i i | ai ned i d ai. 19
o A 20, whEHETAC 4 HOREOTE o BReR REeh 25 RAFERencaR Homed s By

( v " oh . et ' ! ! I hal
cont i ni nitoPEndlEn "Bl R HAT Btk RCLERNS SAtA HeGIAGE et il 16’ 38°"
cl ai med i @oxcﬂl?éfrﬂ)g&?sﬁvlgﬁrgkf&é%rdotﬁ@f"?:Qin%foiuﬂdﬂp&cBy%dﬁ%&ﬁ&fk‘%ﬁ hRtals or

catalytic action w
the like by other appropriate means. However, neither loading nor modification




12 JU 2002 69 hal ogen-containing catalyst is a residual unreacted C4
faction obtained fromthe production of butene polynmer with a

hal ogen-cont ai ni ng catal yst using a C-, starting material. 23. A nmethod for
regenerating an inorganic solid treati ngr@gent 5 containing al um pgmp \?m'zch
conprises the step of bringing an inorganic solid treating agent c r‘!gl ng
al um num havi ng an increased ability of isonerizing non-conjugated

car bon-carbon doubl e bonds as the result of fixing hal ogen, into contact
with a basj i ESR AR I hi f '
treating a%sgr?t% .Hp?Lgég%gagbnﬁé%%%a%%%?eg%r%%tan anllni%lng'r%gg(ﬁlb%: %glslé)o? etkdl:
treating agepd] &OALkailliHeNchrah YRe 1aleNsash @k FodRHNIiB ded] NTAS, alWASHAI thatadk Ghot
inorganic solid treating agent contains a conponent represented by the
chemi cal f@rhatdy stbii3ed 26 loaing ol anlodificatiegas dovatn pgicen wiioh gadicataoilsd
treating agent containing alum numas clained in Caim24, wherein said

i nor gani ¢ Baitithe IHesentaimvagtiagdpadventdgeeina. 26, A method for producing a

hi ghly reactive hutene oligomner, i ch conprises the treatnment to renove

hygroé@n fluorid %9%3&1}%@%@%@(1 aRe D&g?@mgatteg% FacaThgn Aoyple bond,

i norgani ¢ spl id. treating. agent i €10l j . CORt.Aalni 80 9%

ot e o ron Bt it kG MentBFThig Wbt ERUE bR TR R At Rgeh Do

foll ow n a 6 e C hawi . Jxal
9 &0l biddene Qofgoézge/r, "Rhit Obe NHeC oBE HRES y%\ﬁﬁlg %\ésﬁfggérl%@aéa[ 5o

vi nyl i dene groups on one”si as represented by the W n

and 0. 005 deuctivathdey ofrebealobt. MHlewevés ibavimg hikdited Reiedet alofictiaghti@houRg
as represented by the followng fornmula [3], thereby converting the

f1 uori nat edatearwastnggredfplowed dayi distillatioha [3] into the term nal

vi nyl i dene groups_of said 25 the formula [2]. 70 CHa | cH2-c .... CHs _
.~ 10cH2 - C= When the viscqsity ©Huigh, dHgs preferable to dijutq with ag inezpgolvent
(wherein, n represents an itgte r. of Ofﬁ@%m)re Ereftgrablé S.0r . reg and
more pr ef éPaBTSPT FOAPPEOYSD thoPtcepey 0l the, santast RHBRATERIE Relif tpeating
reactive b h 9T, cl 3 Ipgk Pnd J | o PR i
solid trea eﬁ’ggasglght corllltrglﬁlr?é ?I‘um ngnrr(%rte S%@%’%eﬁ%%%??%pro ug#’ﬁg&%@ﬂb&
hi ghly reagfivagshiicBng #lHesaNBandSisehekdiRy] and tHeod bHvebm eWtiohBd UM oiPdel Ne
step of decreasing the anmount of nol ecul es having the fluorinated term nal
group to Ca@bbeobsedmals as d eskvebl. bWhereshe dighti pélytdesr isnusgdrascasailvent,
treating agent. 29. A nethod for producing a highly reactive _butene ,
ol i godBr asnxeagtere§.ifraation 1d pEnOVRefrem at teacHeR BB Ure 8pdr adighs pelymer is

treating tr@%oxpeur:[e%nt?y %gsltg?ar{?orn then used. Otherwise, after only unreacted C, fraction

1s removed from a reaction mixture, the mixture containing a light polymer can
be used directly for the contact treatment with an inorganic solid treating agent.
The temperature at the contact of the inorganic solid treating agent such
20  as the one containing alumina with a butene polymer depends on the kind of
inorganic solid treating agent and the amount of the basic substance to be used.
However, it 1s preferably in the range of 0°C to 350°C, further. preferably in the
range of 20°C to 300°C. If the ten;perature of treatment is higher than this
range, olefinic compounds to be treated begin to be decomposed, though the
25 concentration of the residual halogen is reduced. On the other hand, when the
temperature 1s lower, the concentration of the residual halogen 1s not or hardly
reduced. Accordingly, both cases are unfavorable.
The contact time of the inorganic solid treating agent such as the one

containing alumina with the organic compound such as butene polymer is not



with the inorganic solid treating agent is in the range of 0 to 350C. 15
30. A nethod for producing a highly reactive butene oligonmer as clained in
Claim 26, wherein the average contact tine in treating the butenei ol i goner
with the inorganic solid treating agent i,g 1 m nute or nore but dsdll; Hgh s
hour s. 12 JU 2002 71 31. A nmethod for producing a highly reactive butene
ol i gonmer, which conprises the Steps of (1) to (I~ to obtain the butene

ol i goner containing 80 / by nole or nore of repeating structural units as
represent qg]umédtaﬁelon Asoméqgmo%'h'ﬁ‘ék@hé hesiand] BatogéndarBé SeMicdd Hokever,

nol ecul es having term nal vinylidene 5 groups on one side as represented by
the followtng fauidiyl an[ e, ridpe CF2HGut. 1 .mifute~td 10HBoufsHpr&FeCkBlv~~H1t [s 2
] CH3 (wherein, n represents an integer of O or nore) preferably 5 or nore,
and nore phetmratian thisnmaiget 6he@Onjacstiegepierally insuificienit anidgfiit1phasger.
pol yneri zation of olefin in the presence 10 of a boron trifluoride conplex
cat al yst @bmﬁstspﬁvgqlu@mﬁmtmmrqa@@as naéavrably. corrpl exing_agent, Step (Il) to

deactlyatethe r esi,dual ntrifluorid ex  cat al in a reaction
b urB at ter t U Hof SIRSAG aPY Bitagh AP, oF P ORosYShEm: Of S B o T

whi ch Contbg S d[80 %)B%'lég%eeof cojn§14@511%1¥}stéx§8?}sl/lg E@genzc%irﬁ')?etﬁ@& ﬁjl.?fitl;edaged

represente he™f owng formi e or nore o

mol ecul es abﬁvwgo&ﬁrd@nnﬁé u\ééalyl hdene @rQ4Ry ONNeweany ¢ @ﬁﬂb%p{y%%%ﬁ g6whY
the followng fornula [2] and 0.005 to 15 % by nol e of nol ecul €S havi ng
fl uori nat ¢ibwt eype ceaxh baradepsedas represented by the following fornula [3].

?2 12 J UL 2D02 CH3 - CHz- CGF .. CH3 -. cli Step (I~ to treat the

ol i goner obt ai nédthd stata @fstﬂEpS(ltﬂabe ofi aliming racftqamr&atmﬂntdwnﬂea&llengba‘@ent
to carry out the reactl on to renove hydrogen fluoride, Sreby converting
f1 uor +Hat e@oxEAF ahd g&rsak;@ga%g%p%@e jna méassapa}m aufpa; @urface
term nal VI n Ilden S_as resent ed e for nmet hod
for produdPig’&ht %258%4)%&% g ?(g)én@{] Ty p(hng?‘%ﬁ%"%ﬂ s@eﬁFrr?lS%PY)
wherein t I i

pol ymer i 2281 %ﬁ%?ﬁszﬁé“f &I*f?“?@%%%ﬂlﬁggéﬁi‘* B8 yBtmian S hipdoibl (e RiRRSrea

produci ng feorhifiidrydd eaeinylrlebyt@bep @hn%msﬂﬁr@aalsrfsnovl@ in CI aim 31,
wherein the conpl exi ng agent formng a conplex wth boron trifluoride in

said Step (1) is selected fromthe group consisting of water, alcohols,

et hers, phenols, ketones, al dehydes, esters, organic acids and acid

anhydri des. 34. A nethod for producing a highly reactive butene oligoner as
claimed in Caim31l) wherein the nolar ratio of boron trifluoride to

conpl exing agent in a 15 boron trifluoride conplex catalyst used in said
Step (1) is in the range of 0.01 : 1



to2:1. 35. A nethod for producing a highly reactive butene oligoner as
claimed in Caim31l) wherein the inorganic solid treating agent used in
said Step (I~ contains alum num - 20 36. A nethod for producing a highly
reactive butene oligonmer as clained in im31, which conprises] ergl%ggp
of treating the oligomer obtained in step (I1l1) with the inorganic soll
treating agent in said Step (I~, thereby decreasing the anmount of nol ecul es
having the fluorinated term nal groups as represented by the fornula [3] to
0.05 % by nmole or less . 2~ 3?. A nethod for producing a highly reactive
but ene ol i gomer as cl ai med §® O ai m 31, wherein the tenperature in the
contact treatnent of the olli goner 73 12 J Ul 2002 obtained in Step
(1'1'1) with the indtBnrec—s@Tdtr@&ing agent in said Step (I~ is in the
range of 0 to 350C, 38. A neth hor produci ng a highly reactive butene
ol igonmer as clainmed in O aiFpm)31, ppwherein the average contact time in,, the
treatnent of the oligoner T Bbtai:hed jn_Step (I1]) with the inorganic solid
treating agent in saé\d Ste;il(l~ Rl m"{llute or nore but |ess than 5 hours.
AL 9. AY% A9. A A TAY. A[9. A3 VAT ANAY AL A35Ir. A Al _.AsL.Ar. A
LA _.AI9. A AL A9 AL.A i(% AYL. A. AYf L AhL. ABN . A". A(L. AY; % AYu. A9. A
% Al 9. A". ASL. A L. AN 9. A% AN AL. AL. AYY. A; s% AF_. A. AF53% Al . . A3. AuY
JALLA AR A A LA A% A3, Au9. ;]Aaz ALLCAYTL. AL A% AaYL. AYl . A9. A A% Ay/ 4] _oft];
-u f9] wnmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
a]J ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c<a] cRa! 90} [ GXqy2z
aj ZA} xsni c”Y] ca] ca] c™a] ca] ca] ca] ca]Fca] ca]'_(fa] ca] ca] ca] ca] ca]‘g %ca] caljca]calc
]c #’?Si5$$‘%a
r(

a] ca] cal calcalca]calcalca]calca]calcal O rp I flr""""J#U# Y Y8880
Er: +} §<s ni de] ] ca] TaTTalTarta) caear @ ¢k &Tté]]-cra] taRbPcarc@rcaiedz cal cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cia! : +++& wii, , B-|.
[N//"0t01]111110292222213t 334H5W6>sni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
aJca]ca]c(a] calca]ca] ca]ca]ca]ca]calca]ca]ca]ca]ca]ca]ca]calca]ca]cal W66| 7
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- 109CC& (Qﬁﬁ’ydride to form the reaction product in high yield owing to the high content of
the terminal vinylidene group. Further, because it does not substantially
contain the butene oligomer fluorinated at the terminal, the evolution of fluorine
10 to the atmosphere is little even when the butene oligomer or its derivative is
burned. Therefore, 1t is useful as a raw material for goods causing less
environmental pollution.

By the above reaction mechanism, the possibility has been proposed that
a fluorine atom transfers onto the aluminum and the aluminum

15 decomposition products (A) and (B) are formed. These decomposition products
have relation to the formation of acidic sites.

That is, when organic compounds such as butene polymer is brought into
contact with an 1norganic solid treating agent containing aluminum for
dehalogenation, strong acidic sites are newly formed by halogen atoms such as

20  fluorine atom fixed to the inorganic solid treating agent. Then, it is seen that
non-conjugated carbon-carbon double bonds in organic compounds are isomerized
because of the strong acidic sites. For example, when an organic compound to be
treated by dehalogenation 1s a butene polymer containing a large amount of the
terminal vinylidene group, the halogen is removed by dehologenation, though the

25  position of double bond in vinylidene group is moved by isomerization,
and the high content of vinylidene group is reduced. In addition, when 1-butene
or the like is to be treated by dehalogenation, it is seen that 1l-butene is
1somerized to 2-butene as a by-product.

As the measures, a basic substance 1s caused to exist in a reaction system
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10%& () W({eha?cggoe]i}a]f{jo%u 1s carried out in the condition that a basic substance such as
ammonia or amines exists In a reaction system in the amount sufficient to
suppress the isomerization of the above carbon-carbon double bonds of the
organic compounds. By the way, the method of treating the inorganic solid
treating agent for dehalogenation such as alumina previously with a basic

10 substance is not so effective, because the above isomerization is caused by the

strong acidic sites newly formed by dehalogenation.

As a specific method of adding a basic substance, when an organic
compound and alumina are continuously brought into contact for dehalogenation
in a fixed bed or a fluidized bed, it is possible to feed a basic substance

15 continuously into a fluid comprising an organic compound.

Further, in the case of continuous contact, a basic substance can be fed
also intermittently into a fluid. When a basic substance is fed intermittently, 1t
is preferable to begin the supply of basic substance before or immediately after
the isomerizability of alumina starts to increase after the contact treatment of

20  the organic compound with alumina is continued.

Further, when dehalogenation is continued without coexistence of a basic
substance and the isomerizability of alumina is increased while the ability of
dehalogenation is maintained at a constant level, it is also possible to bring it
into contact with a basic substance and so reduce the isomerizability to

25 regenerate alumina while maintaining the ability of dehalogenation.

As an example of the methods, after the dehalogenation treatment of a

fixed amount of organic compound is carried out continuously using a fixed bed, it

1s possible to stop the feeding of the organic compound to be treated, feed a basic

substance separately in a system to bring it into contact with alumina and reduce
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The amount of a basic substance used here is generally very small,
therefore it is usually preferable to bring it in contact with alumina after diluting
with an inert gas or liquid. As examples of inert gas or liquid, there are gases
such as nitrogen and air, or aliphatic hydrocarbon solvents such as n-hexane and

10 1sohexane. The above light polymer can be recovered and used as a solvent. Of
course, the organic compound itself to be treated for defluorination can be also
used as a solvent.

As the basic substance used according to the present invention, basic
nitrogen-containing compounds are exemplified. Specific basic nitrogen-

15 containing compounds include primary, secondary and tertiary organic amines.
These compounds can contain weakly acidic parts such as carboxylic group in a
molecule. '

Exemplified as organic amines are amines such as methylamine,
dimethylamine, ethylamine, diethylamine, triethylamine, propylamine, isopro-

20 pylamine, diisopropylamine, 2-ethylhexylamine, diisobutylamine, sec-butylamine,
tert-butylamine, tri-n-octylamine, di-2-ethylhexylamine, allylamine, diallylamine,
triallylamine, aniline, benzylamine; ethylenediamine, hexamethylenediamine,
tretramethylethylenediamine, dieth;jlenetriamine, triethylengtetramine, and
tetraethylpentamine; amines such as 3-(methylamino) propylamine, 3-(dimethyl-

25 amino)propylamine, and 3-(dibuttylamino)propylamine; oxyamines such as 3-
methoxypropylamine, 3-ethoxypropylamine, and 3-(2-ethylhexyloxy)propylamine;
hydroxylamines such as N-methylethanolamine, N,N-dimethylethanolamine,
N,N-diethylethanolamine, N,N-dibutylethanolamine, N-methyldiethanolamine,

N-(2-aminoethyl)ethanolamine, and 3-amino-1-propanol; and pyridines such as
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The basic substance used according to the present invention is usually

5 separated from the crganic compound having been treated for defluorination
after the treatment. Accordingly, when the compound having the boiling point
sufficiently different from that of the organic compound treated for defluorination
is selected, it can be separated with ease using a simple separating operation of
distillation favorably.

10 The amount of the basic substance to be used must be only enough to
suppress the isomerization of non-conjugated carbon-carbon double bonds in an
organic compound. As mentioned above, a basic substance is used in order to
neutralize the acidic sites newly formed by halogen atoms fixed in an inorganic
solid treating agent containing 3_1351_1_1_3_1_1_91 . However, it is difficult to

15 determine the amount of the acidic sites newly formed as above and the strength
as acidic sites. The acidic sites influencing the isomerization of double bonds are
great in acid strength, and specific acid strength varies depending on each
organic compound.

In general, a basic substance does not largely influence the treatment of

20  defluorination itself, even if it exists in excess in a reaction system. When it is

In excess, there is an economical disadvantage that the operation of separating

the large amount of basic substance is required after the treatment of

defluorination.

Further, the degree of isomerization of non-conjugated carbon-carbon

[\]
[@]]

double bonds contained in an organic compound is often easily identified by
analyzing the organic compound with various instruments.

Therefore, as to the amount of the basic substance used in the present
invention, it is necessary for the amount sufficient to suppress the isomerization

of non-conjugated carbon-carbon double bonds to exist together. Specifically,
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If the amount of a basic substance is less than this range, the

10 isomerizability cannot be sufficiently reduced, which is unfavorable. If the
amount of a basic substance 1s in excess, though the ability of dehalogenation is
not so largely hindered, it is economically disadvantageous in that the cost
increases for recovering the excess of basic substance as mentioned above.
Therefore, it is usually suitable to limit the amount to 200 mole or less relative to

15 1 mole of the residual halogen atoms in organic compounds such as olefinic
compound to be treated.

When the basic substance is fed intermittently, the amount sufficient to
suppress the isomerizability by the strong acidic sites which are formed by
alumina having fixed halogen atoms such as fluorine is required. Specifically,

20 the ratio of 0.00002 mole or more, preferably 0.001 mole or more, further
preferably 0.002 mole or more of an inorganic solid treating agent relative to 1
mole of halogen atoms fixed on alumina.

If the amount of a basic substance is less than this range, it is
unfavorable for the same reason as that in the case of allowing coexistence

25 continuously. If the amount is added in excess, though the ability of
dehalogenation is not so largely hindered, it is economically disadvantageous in
that the cost increases for recovering the excess of basic substance. Therefore, it

1s usually suitable to limit the amount to 200 mole or less relative to 1 mole of the

halogen atoms fixed on an inorganic solid agent such as alumina.
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Further, when the amount of a basic substance 1is gletermined in the

present invention, it is possible to regard the amount to be or having been
removed, which is calculated based on the halogen content of a starting material,
as the amount of halogen to be fixed on an inorganic solid agent. For example,

10 when a raw material containing 100 ppm of halogen is fed continuously to carry
out dehalogenation and reduce it to the aim of 5 ppm, it is possible to regard the
amount corresponding to the difference of 95 ppm as the amount of halogen atom
to be fixed and determine the amount of supply of the above amine or the like.
When a certain amount of halogen has been treated without amine or the like

15 being added, the amount of the amine or the like to be fed can be also calculated,
regarding the difference of the halogen atom contents before and after the
treatment of defluorination as the amount of the halogen having been fixed.
Even if the amount of supply of a basic substance is in excess, the disadvantage
owing to the excess is actually negligible.

20 Further, when the inorganic solid agent such as alumina having the
increased isomerizability is brought into contact with a basic substance in order
to regenerate the alumina by reducing the isomerizability while maintaining the
ability of dehalogenation, the amount of 0.00001 mole or more,_preferably 0.0005
mole or more is used relative to 1 mole of halogen atoms fixed on the inorganic

25 solid agent. In this case, the aim is simply regeneration and not dehalogenation,
therefore there i1s no upper limit to the amount of a basic substance. However, if
it i1s used in large excess, the operation of recovering the excessive amount is

uneconomical. In general, it i1s sufficient that a maximum of 200 mole of basic

substance is brought into uniform contact with 1 mole of halogen atoms fixed on



111 SHz#10%1& () - 9! YA0%M& () - f z#10%M& () - &YA0%ME () - z#10%M& () - z#10%m& () - T3
}ASHE 1! 10m 10m 10m 5f #10%r&' () - ! y19%40%m& ()-![ -f#10%m& () -

., &10%m& () - *940%m& ()-!nUaBSH= 1! 10" 9%40% ()-!8 %A0%J& ()-z#10%& () -
#10% ()- @109 ()-09S10% ()-2ydESH= Lye 10z#10% ()-z#10% ()-H 7 Jy
109& () - SL0%& () - 9409 () - SH109%& () - dl ?dBSH= 1!

10! ~1 L* 94.09& () - (z#109%& ()-3 &

109& () - S@109& () - @z#109%& ()-s! Y409 ()- ?+2dESH= 1! 10!8

109%& () - 69 O3 olahi OSHID Uk at el 2% QYEH (k- thb%%l&%ﬁﬁnaﬁéﬁ‘i@a() 2~q{ Y7
111 KOSYA0%& () - -1 0SULO%& () -- 1t SYA0%& ()--!1 .&ML0% o & ()- 10 10 10Y I:

109%& () - qc=#vpWAbk Ydoriditions %keH&aq Stedperature for the above regeneramon can be
| 99A09& ()- !el WA0YE ()- ! pf &LOYK ()- I af &109%&' ()-! SYL0%& ()-- ps~_

1! ! p@#108@eted AppiHr)ateh] oReximpld) the tb@peral@Rr4nad of —q@m@ t())-HZ)O C
cQ- @ @1!! pSHIQW& ()- " nAOY%& ()-! nYAOYEES ()- nYAO%& () - #10%& () -
Z#109& ()ca@k@d@le@eﬂl | féhen oudy ryeeneratign (ip-qarried out to reduce the increased

5 isomerizability through the treatment with a basic substance without simul-
taneous dehalogenation, it is possible to select the more moderate conditions than
in the case of dehalogenation.

By carrying out the treatment for dehalogenation, then removing excess

of basic substance and, if any, a solvent, it is possible to obtain the organic

10 compound such as olefinic compound having the reduced concentration of
residual halogen.

/ith the treatment of dehalogenation according to the present invention,
it 1s possible to obtain the organic compound such as olefinic compound which has
the residual halogen concentration in the organic compound reduced to 40 ppm or

15  less. preferably 30 ppm or less as a halogen atom, and has the isomerization rate
of non-conjugated carbon-carbon double bonds maintained at less than 40 %,
preferably less than 30 %, further preferably less than 20 %. That is, the
amount of non-conjugated carbon-carbon double bonds having the terminal
vinylidene structure can be maintained at 60 % or more, preferably 70 % or more,

20  further preferably 80 % or more compared with that before the treatment of
dehalogenation.

The obtained organic compounds such as an olefinic compound or its
modified one do not substantially contain the residual halogen such as fluorine.
Therefore, when they are burned, the evolution of halogen such as fluorine to the

atmosphere is little, so that they are also useful from the viewpoint of

]
ot

environmental protection.
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Into a recychng type reaction vessel of 4 liter was fed a C, fraction (23.8
mass % of 1-butene, 12.4 mass % of 2-butene and 51.6 mass % of isobutene, 12.2
mass % of butanes as saturated component, and trace of butadiene (total: 100
mass %)) at the flow rate of 4 liter per hour, and 0.15 mass % of boron trifluoride
10 and 0.14 mass % of ethanol relative to isobutene were introduced separately into
the reaction vessel. Polymerization was carried out continuously using the
temperature of —10°C and LHSV of about 1 h™%.
(Step of deactivation and water washing)
The obtained reaction liquid was treated with an aqueous solution of 2 %
15 NaOH to carry out the deactivation and neutralization of catalysts, further,
washed twice with demineralized water. After washing, it was dried and
distilled to obtain butene polymer having the number average molecular weight
of 1,300, the terminal vinylidene content of 91 % and the residual fluorine
concentration of 78 ppm.
20  (Step of removing the residual fluorine) )
Activated alumina (produced by IFP Procatalyse K.K., trade name: PSG-
D25) was dried under reduced pressure at 150°C for 2 hours, ground to particles
being 0.5 mm to 1.4 mm in diameter and filled into a fixed bed vessel having a
capacity of 100 em?.
25 The former butene polymer was diluted with a solvent of isoparaffin so
that the viscosity at 25°C would be 30 poise (3 Pa‘s), and was carried thrc;ugh the
above packed vessel with varying temperature and WHSV. Samples were

collected at the time when the ratio of throughput to packed volume attained 24

to measure the terminal vinylidene content of butene polymer and the
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5 concentration using lckbo)ld-colorlmetry.
The results of measuring the residual fluorine concentration and the

terminal vinylidene content after the treatment are shown in Table 1.

Table 1
WHSV
1h' 2h’! 4h™!

o lorless | 1orless | 1orless
180°C | “79i91 | s3m1 | ssen

o 1orless | 1orless _
130°CH “g101 | sesm1

o lorless | 1orless _
10°C | “g191 | 90/

o 1 or less 2 _
0°C | "g191 | s9ro1

o 3 _ —
0°C 1 g0/01

J Upper section: Residual fluorine concentration

after treatment (ppm)

Lower section: Terminal vinylidene content
(%, after/before treatment)

<Comparative Example 1>

A butene polymer having the molecular weight of 1,800, the residual

fluorine concentration of 130 ppm and the terminal vinylidene content of 88 %

was diluted to 50 % with n-hexane in order to improve the contact efficiency.

20 The wviscosity of this liquid at 25°C was 5 cP (5 mPa's). Into 100 ml of this
diluted polymer was put 27 g of silica gel (trade name: Silbead N, produced by

Mizusawa Industrial Chemicals, Ltd.) having been heated under dried nitrogen
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" 10%& S) i d;r? /Q'r%%%ogl) ‘using boron trifluoride as catalyst, fluorine cannot be removed
sufficiently by using the treatment with silica gel.
<Example 2 to 5, Comparative Example 2 to 5>
(Starting material for polymerization)
Butadiene raffinate (a residual substance remaining after the extraction
10  of butadiene from a C, fraction of an ethylene cracker) containing isobutene was

used as a starting material. The composition of C, fraction is as follows (% by

mass).

Isobutene 50.9

1-Butene 23.2

15 cis-2-Butene 2.8
trans-2-Butene 6.4

Isobutane 54

n-Butane 11.3

0 Total 100.0

(Specifications of polymerization apparatus and procedure of polymerization)
Polymerization was carried out using a continuous apparatus described
in the following. That is, a loop typé_reactor having an internal volume of 4 liter

was set up, which reactor comprises a variable stirrer, a cooling apparatus

o
(@]]

equipped with devices of recycling a low-temperature medium and of adjusting a
constant temperature, an inlet of raw material, an inlet of BF; gas catalyst, an
inlet of complexing agent, a temperature indicator of polymerization and an
outlet.

30 The liquefied starting material as mentioned above was introduced into
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the reaction. '
The reaction liquid flowing out after the reaction was introduced into a
deactivation vessel successively, and washed with a diluted aqueous solution of

10 sodium hydroxide until the residual BF, complex catalyst was deactivated.
After that, an organic phase was separated, from which phase the unreacted part
of the starting material and the lower fraction having the carbon number of 24 or
less were distilled out by vacuum distillation. Butene oligomer was obtained
from the remaining product, and the yield was calculated.

15 The molecular weight of the butene polymer was measured by GPC, and
the molecular skeleton and the assignment and determination of olefin
structures in the molecular terminals were measured by NMR.

(Specifications of inorganic solid treatment apparatus and procedure of treating)
Activated alumina (produced by IFP Procatalyse K.K., trade name: PSG-

20 D25) having been previously dried under reduced pressure at 150°C for 2 hours
was filled into a fixed bed vessel having a capacity of 100 cm®. The alumina was
ground to particles being 0.5 mm to 1.4 mm in diameter for use. The fixed bed
vessel could be heated with an external heat source, by which the internal
temperature of each part could be controlled uniformly at the treatment

25 temperature in the range of 0°C to 400°C.

The procedure of inorganic solid treatment is as follows.

First, the butene oligomer refined by distillation in Step of polymerization
is diluted with a solvent of isoparaffin to adjust the viscosity at 25°C to about 30
poise (3 Pa's). The obtained diluted solution was sent to the above fixed bed
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determination of olefin structures in the molecular terminals were measured in
the same way as in Step of polymerization. |

All the experiments were carried out according to the above
polymerization procedure and the procedure of inorganic solid treatment.
10 The temperatures of polymerization and inorganic solid treatment are
shown in Table 2.

Table 2 Experimental Temperature

Temperature of | Temperature of
Polymerization | Inorganic Solid
Treatment
(°C) (°C)
Example 2 -10 110
Example 3 - 20 110
Example 4 - 10 130
Example 5 -20 130
Comp. Ex.” 2 - 10 10
Comp. Ex. 3 -20 10
Comp. Ex. 4 ~—10 230 _
Comp. Ex. 5 — 20 230 -

Note (*) Comp. Ex.: Comparative Example

The conversion rate of isobutene, the yield of butene polymer, and the
number average molecular weight (Mn) and the molecular weight distribution

(Mw/Mn) of the obtained butene polymer are shown in Table 3.
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Conversion Yield of But Pol
Rate of Butene utene Folymer
Isobutene Polymer
(%) { _. (%) ~e Mn_ Mw/Mn

Example 2, 4
Comp. Ex. 2, 4 916 43.5 1191 1.58
Example 3,5 .
Comp. Ex. 3, 5 92.2 44.6 2249 1.67

The contents of the molecules having the terminal vinylidene group and

the fluorinated terminal group respectively in the butene oligomer after

5 polymerization, deactivation of catalyst and distillation, and in the butene
oligomer after inorganic solid treatment are shown in Table 4.

Table 4 Contents of Molecule having Each Terminal Group

After Polymerization After Inorganic Solid
and Distillation Treatment
Terminal | Fluorinated | Terminal | Fluorinated
Vinylidene | Terminal | Vinylidene | Terminal
Group Group Group Group
(mol. %) (mol. %) (mol. %) (mol. %)
Example 2 85 0.62 86 1 0.00
Example 3 84 1.17 85 0.00
Example 4 85 0.62 85 "0.00
Example 5 84 1.17 84 0.00
Comp. Ex. 2 85 _0.62 85 0.06
Comp. Ex. 3 84 1.17 84 0.12
Comp. Ex. 4 85 0.62 47 0.00
Comp. Ex. 5 84 0.62 53 0.00

In the butene polymer obtained in each Example, 90 % or more of the
number of the repeating structural units had the structure shown in the formula

10  [1], whether the inorganic solid treatment was carried out or not.
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carried out according to the following procedures. )
5 First of all, 5,500 g of the butene oligomer which was obtained by
polymerization and distillation in Example 2 and containing 0.62 % by mole of
the molecule having the fluorinated terminal group was diluted with dehydrated
n-hexane so as to obtain 73 mass %. This mixture iquid was put in a separable
flask of 5 liter, and 500 g of dried silica gel (WAKO GEL) was put in the mixture
10 with stirring. After adding silica gel, stirring was continued for 24 hours.

After the prescribed period of time, stirring was stopped and the mixture
was allowed to stand still, then the supernatant liquid of hexane was removed by
decantation. The lower phase of solid consisting of mainly silica gel was washed
entirely with dehydrated n-hexane, and then filtered. The supernatant liquid

15 separated by decantation and the washing liquid of dehydrated n-hexane were
combined together, and the solvent was distilled away.

As to the silica gel subjected to filtration and washing, the substance
adsorbed by silica gel was desorbed with a large quantity of methylene chloride
selected as a desorbing liquid.

20 (Determination of the constitution of butene oligomer fluorinated at the terminal)

The viscous substance obtained after desorption as above was measured
by NMR as described in the following. The measuring means necessary to

determine the constitution are (1) lH-—NMR, (2) BC-NMR and (3) *F-NMR. The

results of measurement and analysis are shown in Table 5 to Table 7, respectively.
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Notes (1): Measured by DEPT (Distortionless Enhancement by
Polarization Transfer); s: primary, d: secondary,
t: tertiary and q: quaternary

(2): Bonding group in a growing chain of isobutene polymer;

The underlined data correspond to the internal carbons

in a chai

n.

15 Table 7 Results of measurement by *F-NMR-
[376.00 MHz, CDC],, external standard: BF,MeOH (on the market)]

Chemical Shift &
(ppm)

Splitting
Pattern

Bond Constant

Bonding for
Assignment |

-16.7

multiplet

J(CHs-F) =
21-23Hz @

-C(CHa)zF

Note (3): This result indicates that the terminal is a fluorinated
tertiary carbon.



1090N$& () - FL10% 9% ()- 33y10% 9%& ()- 3y#10% % ()- 5UUUUM W] [ : bUs

3. #10% % ()- @- 10% 9%& ()- s*10% % ()- 3( 10% %& ()- 3&#10% %& () -
33%#10% 9%& () - VV\ZV\XXXXXXVU4 fY10% % & ()- 10% % & () - 10r %d.0r %d.0r %

F@Bf #10% % ()-° $3940% % ()- FL110% %' E}- XXXYYGZOZl [:vU4 " 10% % & ()-3
ny#10% % & ()- 9%40%: & ()- | %0%%6& () - . 10% % & ()- ' 10% B K6
QZPZUZVZWZXZYZM ZhL, 4VcH10% % &' () - VcH10% % & ()-#3b

QOVCHLO% % & () - VCHLO% % & () - VCHLO% % & () - VCHL0% % & () - ~ZcZhZi Zj Zt Z~Z_ 2,
4VcH109%/cH10% %ot 1iVE HBBY% WM an % %a& fohn#3But that most of the viscous
G(VCHL0% % & () - VcHL0% % & () - ~2227727_ %, 4NcHLOW/CHL0% % & () - VcHL0% % & ()
- VeH10% %s&beianieHORt&d & () se#s dﬂisﬁﬁ&%%:&efﬁnmm deyattiitsshown in
GVCHLO0% % & () - VCHL0% % & () - VeH10% % & () - VCHLO% % & () - #3b
(ZZ277777gKe 4otles0ng ostan¢turyk Hnossbs, &bay -18380 % or more of the amount of the
GVCHLO% % & () - VCHLO% % & () - VCHL0% % VCHLQ9% % & () - 72777720 C+AVCHL0%
% VCHL0% FeREFHDYSHIWAElupits \9@11&1@% @0%)1 e leton and one of the termina
GVcH10% % & VcH10% % Y4 D+4\Vc % % \[cH O(V % & VcH10% % &'
() - ka&0%€%"§£} § Wﬁﬁ%/%d%fgf é\b‘&ﬂi’@%ﬁ athJZ’f lﬁf’éfé‘) 110% #3b
GVCHLO% % & () - VCHlO%%&' ()-VcHlO%%& ()- VCHlO%%& () #3b G[[[[

[ C+AVCHLO% #VCHL0% % & () - #3bcHa
GVCHL0% % & () - VCHL0% % & () - VHL
["[#] $[ % * [ +[ CGFAVCHLO% #Medilo
GVCHLO0% % & () - VCHL0% % & () - VHL
F(f) 10%&' ()-sVCHLO% % & () - #3bCHa CHa
GVCHLO% % & () - VCHLO% % & () - VCHLOT6 % & () - 111 obus

FL10% & ()(@10%10%1 %F(f)lO%?/e& ()-s VF(f)lO%-%-& ()-s F(f)10% ~& ()-s

F F(f) 1008&X3mBIE 6/ | [ bU4 F FO %40% & () Y80% (_& ()- Fzl0% & ()-

FY @ 10% 0 F3940% & () -! b4 F F 10%& ()- F
10% & () - 4(5/‘&9%% f&?‘i%’m #gfgﬁ%(‘é ()- F #(10%%)()- FS10% !&[() “““ aal [(bUSf)F
F3(109%& () -3 F Q%K Ao ratrifiabs HOK & ¢) aEm@*%@%hgetﬁ Ied:esérlagﬁ’é#w(a)s feEmto
10%4 & () - a[ aabOc8ccc| [:-410(F FL9°/<100/¢(& ()- F7 - F5z#10% &

, 9409, &a(decyclifi@ @%pé 'réaétion vedlel GF¢4SLifer- ﬂﬁﬁfédﬁﬂi@%éw(fhfer per hour and
Fy940% )f& ()-m FFf&10% & ()- @ Ff &10%) k& () - @ Ff &10%) k& 5

F3- 109 & ©) 1320 (10 txpsshefzbpgon trifluoxige, ani#!)o'% %6 by (ipass R ook rédative to
Fs*%d0%) p& () - 109 & yYd.0% A Fy 94 0%) k
jikkkk3T)I) E@Ab&)wenfe g(vem@/%ﬁre u%fadF separat 5@) rqﬂ%@mw%ﬁ&& lj’gymenzatmn

FI nl0%z(z& 10).1Q) #1009 ) Y8v4 10%{z& (

o ey }lfaw%%&g‘?}t?’y%ﬁoﬁ}é(@’é%%g% ﬂﬂ%« o et Bhe T

Y4.0% | & (loAyaRneIRFYE itadiene raffinate is shown in Table The analysis was

F310%(z& ()-x10%(z& ()-x10%(z& ()-x10%(z& ()-x F 10(%2(2& ()-Y

%4 0% &5 () cange# ol ueiny b4H3 chromatography (the same hereinafter).

F110%(z& ()-x10%(z& ()-x10%(z& ()- xlO%z%z& ()-x10%(z& ()-x)o3080<0=0G0

LoPoj J*10% ( z& ()-x10%(z& ()-x10% (z& Yablg8| 109&(z& ()-x10%(z& ()-x10%(z

& ()- xPoQo[o odoeooot ohL, 10%(Z& ()~ xlCWj(z ;?g x liof%z(z&' ()-x10%(z& ()-x
09

10%(z& ()-x'1toxoyooooooeG+10%Doasdne )-x10%(z& ()-x10%(z& (
)-x'"110%(z& ()-x0000000eE+109 (z& Q-1 Y (z& ()-x10%(z& ()-x'

| -10%(z& ()-x10%(z& () -x000000R8HMene 50.5
fs010%& ()-Y10%(z& ()-x"1109 ' 0% (z& ()-x'"1opppppppqgv
U4 9%B109%0& ()- S109%& ()-m 109 V&'l(but%@fmofmo% B6109%& () -

3940%&' ()-qgggqqqql BvU4 98) 20 ‘gmné)- S IT0OWR - $

10.6

n-butane 10.8

Isobutane 4.9
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Total 100.0
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(Step of deactivation and water washing)

The reaction liquid obtained above was treated with an aqueous solution
of 2 % NaOH to carry out the deactivation and neutralization of catalysts, further,
washed three times with deminera}ize_d water. é{ter wa’shing, it was dried and

the unreacted C, component was recovered by distillation. As the result of

(@]}

analyzing the recovered unreacted C, component, the concentration of the

residual fluorine was 4.5 ppm. The composition is shown in Table 9.

Table 9
Component Content
(% by mass)

Isobutene 8.4
1-butene 42.4 -

2-butene 19.7

n-butane 20.3

Isobutane 9.2

Butadiene trace

Total 100.0

10  (Step of defluorination)
Then, activated alumina (produced by IFP Procatalyse K.K., trade name:
PSG-D25) was dried under reduced pressure at 200°C for 2 hours, ground and
classified as particles being 2 mm to 3.5 mm in diameter and filled into a cylinder
vessel which was equipped with a fluid inlet at the bottom and a fluid outlet at
15 the top and having a capacity of 10 h't;r. At the fluid inlet of tgis cylinder vessel
was connected a line for feeding the unreacted C, component recovered
previously. Ammonia was mixed as a defluorinating agent previously so that the
concentration would be 4 ppm relative to the unreacted C, component.
The temperature of defluorinating treatment was 210°C, and the flow
20 rate of the unreacted C, fraction mixed with ammonia was 100 ml per hour.

After the defluorinating treatment started, the outlet gas was collected as a
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sample at appropriate intervals up to 1,000 hours after the start-up to measure
the concentrations of 1-butene and 2-butene and the concentration of residual
fluorine 1n the C, component.

The changes depending on time after Elle treatment in the residual

5 fluorine concentration and the terminal vinylidene content after the treatment

are shown in Table 10.

Table 10
Time (h) 240 480 750 1,000
Concentration
of 1-butene (%) 42.4 42.3 424 42.4
Concentration
of 2-butene (%) 19.7 19.8 19.7 19.7
Concentration
of Remaining lorless | lorless | lorless | 1orless
Fluorine (ppm)
< Comparative Example 6>
10 The experiment was carried out in the same way entirely as in Example 6

except that ammonia was not added. The results are shown in Table 11,

wherein 1-butene is i1somerized into 2-butene obviously.

Table 11
Time ® | 240 480 750 | 1,000
Concentration
of 1-butene (%) 42.2 42.0 40.6 38.2
Concentration ' -
of 2-butene (%) 19.9 - 20.0 215 |- 240
Concentration
of Remaining lorless | 1orless | 1orless | 1orless
Fluorine (ppm)

15 <Comparative Example 7>
The experiment was carried out in the same way as in Example 6 except

that silica gel (trade name: Silbead N, produced by Mizusawa Industrial
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filled into a cylinder vessel instead of alumina, and that the treatment was
carried out at the room temperature.

The concentrations of 1-butene and 2-butene in the C, component after

5 the treatment were not changed compared to those before the treatment, that is,
1somerization was not noticed. However, the concentration of the residual
fluorine was 4.0 ppm even at the beginning of treatment, therefore the removing
treatment did not have any effect.
<Example 7>

10  (Step of polymerization)

Butadiene raffinate (the same as in Table 8) from a C, fraction of an
ethylene cracker was fed into a recycling type reaction vessel of 4 liter at the flow
rate of 4 liter per hour, and 0.15 % by mass of boron trifluoride and 0.14 % by
mass of ethanol relative to the amount of isobutene were introduced separately

15 1into the reaction vessel. Polymerization was carried out continuously at the
reaction temperature of —10°C.

(Step of deactivation and water washing)

The obtained reaction liquid was treated with an aqueous solution of 2 %
NaOH to carry out the deactivation and neutralization of catalysts, further,

20 washed three times with demineralized water. After washing, it was dried and
the unreacted C, component was recovered by distillation to obtain butene
polymer having the number average molecular weight of 1,800, the terminal
vinylidene group content of 91 % and the residual fluorine content of 76 ppm.
(Step of defuluorination)

25 Activated alumina (produced by IFP Procatalyse K.K., trade name: PSG-
D25) was dried under reduced pressure at 200°C for 2 hours, ground and
classified as particles being 0.5 mm to 1.4 mm in diameter and filled into a fixed
bed vessel having a capacity of 100 cm®.

In 100 parts by mass of the above butene polymer was added 400 ppm of
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added to adjust the viscosity. The obtained starting material for defluorination

was fed into the above packed vessel. N i
) As the conditions for defluorinating treatment, the temperature was
170°C and WHSV was 1 h'!.  After the start-up of defluorinating treatment, the
treated liquid at the outlet of the packed vessel was collected as a sample at
appropriate intervals up to 2,030 hours after the start-up to measure the
terminal vinylidene group content and the residual fluorine concentration in
10  butene polymer.
The number average molecular weight was measured using GPC
(produced by Shimadzu Corp.), the terminal vinylidene content using NMR
(produced by JEOL Ltd. (Nibon Denshi K.K.) and the residual fluorine
concentration using Wickbold-colorimetry.
15 The changes depending on the time after the treatment in the residual

fluorine concentration and the terminal vinylidene content after the treatment

are shown in Table 12.

Table 12

Time (h) | 285 550 716 | 1,060} 1,390 1,793 | 2,030
Content of )
Terminal o1 | 90 | 91 | 91 | 91 | 92 | &
Vinylidene
Group (%)
Conc. of - _
Remaining lor lor lor lor lor lor lor
Fluorine less less less less less less less

(ppm)

20 <Example 8>
The experiment was carried out in the same way entirely as in Example 7

except that butene polymer containing light polymer, which was obtained by
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Conc. of
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<Comparative Example 8>

The experiment was carried out in the same way as in the above Example

7 except that triethylamine was not added and the treatment temperature was

10 reduced to 110°C. The results up to 550 hours after the start-up are shown in

Table 14. Although the temperature was lower than that used in Example 7, the
1somerization of vinylidene structure advanced.

Table 14
Time (th) | 118 285 550

Content of Terminal

Vinylidene Group "(‘_’_A») 82 7 64 .

Conc. of Remaining
Fluorine (ppm)

15 <Example 9>
(Step of polymerization)
The experiment was carried out in the same way as in Example 6 except

that 0.82 % by mass of boron trifluoride, 0.89 % by mass of diethyl ether and
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(Step of deactivation and water washing)
Further, the deactivation and water washing were carried out in the same
5 way as 1n Example 6 to obtain butene polymer having the number average
molecular weight of 1,462, the terminal vinylidene group content of 88 % and the
residual fluorine concentration of 7 ppm.
(Step of defluorination)
The defluorination treatment was carried out in the same way as in
10 Example 6 except that butene polymer obtained above was used as a starting
material for defluorination, that ammonia was mixed before the inlet of the
alumina-packed vessel at the flow rate corresponding to 50 ppm relative to
butene polymer and that the mixture was fed into the packed vessel under the
pressure of 2 MPa. The changes depending on the time after the treatment in
15  the residual fluorine concentration and the terminal vinylidene content after the

treatment are shown in Table 15.

Table 15

Time (h) | 118 285 550 716 838 | 1,000
Content of
Terminal
Vinylidene 88 88 88 88 88 88
Group (%)
Conc. of )
Remaining | lor | lor | lor | lor | lor | lor
Fluorine less less less less less less

(ppm)

<Comparative Example 9>
20 After silica gel (trade name: Silbead N, produced by Mizusawa Industrial
Chemicals, Ltd.) was heated under dried nitrogen current at 150°C, 27 g of the

silica gel was put in 100 ml of the starting material for defluorination of butene

NP902PC
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10 introduced into a continuous vessel type reactor having a capacity of 2 liter,

which was provided with a stirrer, a thermometer, a pipe for feeding a liquid, a

pipe for feeding a gas and a pipe for exhaust gas, at the temperature of 20°C and

at the flow rate of 2 /h. Aluminum chloride-diethyl ether complex (aluminum

chloride: 64.3 % by mass, coordination molar ratio: 1.0) was introduced at the
15 flow rate of 6.0 g/h to carry out polymerization.

(Step of deactivation and water washing)

The catalyst of the obtained reaction liquid was deactivated with an
aqueous solution of 5 % NaOH, and the unreacted olefin and the oligomer of low
molecular weight having the carbons number as low as 20 or less and being were

20 distilled away. The conversion rate of isobutene was 43 %, and the obtained
butene polymer had the terminal double bonds content of 82 %, the number

average molecular weight of 1,633 and the residual chlorine concentration of 155

ppm.
(Step of dechlorination)

[\
Ot

Activated alumina (produced by IFP Procatalyse K.K., trade name: PSG-
D25) was dried under reduced pressure at 200°C for 2 hours, ground and
classified as particles being 0.5 mm to 1.4 mm in diameter and filled into a fixed
bed vessel having a capacity of 100 cm?.

In 100 parts by mass of the above butene polymer was added 400 ppm of
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triethylamine, and further 10 parts by mass of a solvent of isoparaffin (trade
name: Nisseki Isosol 300, produced by Nippon Petrochemicals Co., Ltd.) was
added to adjust the viscosity. The obtained starting material for dechlorination
was fed into the above packed vessel.

As the conditions for dechlorinating treatment, the temperature was
190°C and WHSV was 1 h't.  After the start-up of dechlorinating treatment, the
treated liquid at the outlet of the packed vessel was collected as a sample at
appropriate intervals up to about 1,800 hours after the start-up to measure the
terminal vinylidene group content and the residual chlorine concentration in the
butene polymer.

The number average molecular weight was measured using GPC
(produced by Shimadzu Corp.), the terminal vinylidene content using NMR
(produced by JEOL Ltd. (Nihon Denshi K.K.)) and the residual chlorine
concentration using Wickbold-colorimetry.

The changes depending on the time after treatment in the residual
chlorine concentration and the terminal vinylidene content after the treatment

are shown in Table 16.

Table 16

Time () | 251 520 756 | 1,020 | 1,263 | 1,503 { 1,808
Content of

Terminal 82 | 82 | 83 82 | 82 82 81
Vinylidene

Group (%)

Conc. of - -
Remaining S5or | Bor | Bor | S5or | Hor | Sor | Sor
Chlorine less less less less less less less

(ppm)
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INDUSTRIAL APPLICABILITY
A butene polymer obtained according to the present invention has a high
content of terminal vinylidene group, and can react advantageously with maleic
anhydride or the like in high yield, Further, because it does not substantially
5 contain the residual fluorine, the evolution of fluorine to the atmosphere is hittle
even when the butene oligomer or its modified product is bumed. Therefore, it
15 also useful from the viewpoint of environmental protection.
Moreover, according to the present invention, it is possible to produce a
highly reactive butene oligomer that maintains the content of the molecules
10 having the terminal vinylidene group and does not substantially contain the
residual fluorine, by polymerizing a starting material such as butadiene raffinate,
which is commercially available at a low price, with a boron trifluoride catalyst
type complex catalyst, then treating with an inorganic solid treating agent.
Further, according to the present invention, it is possible to remove a
15 halogen effectively and economically from an olefinic compounds containing the

residual halogen as an impurity while substantially preventing the isomerization

of non-conjugated carbon-carbon double bonds as the biggest side reaction.

NP802PC
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1. A method for producing butene polymer having a low fluorine content
and a high terminal vinylidene content, which method comprises the steps of (I)

to (III):

o

step (I) to feed into a polymerization zone a starting material of C,
components comprising less than 50 % by mass of 1-butene, less than 50 % by
mass of 2-butene, less than 100 % by mass of isobutene, less than 50 % by mass
of butanes and less than 10 % by mass of butadiene, 0.1 to 500 mmole of boron

10  trifluoride relative to 1 mole of isobutene contained in said starting material, and
0.03 to 1,000 mmole of alcohol and/or dialkyl ether as complexing agents relative
to 1 mole of isobutene contained in said starting material, and carrying out
liquid-phase polymerization continuously at a polymerization temperature in the
range of —100°C to +50°C and for a residence time in the range of 5 minutes to 4

15 hours,

step (II) to deactivate the catalyst contained in the effluent reaction
mixture from the polymerization zone, then subjecting the reaction mixture to
distillation, if necessary, to obtain butene polymer containing residual fluorine of
1 ppm or more and terminal vinylidene of 60 % or more.

20 step (III) to treat said butene polymer with an inorganic solid treating
agent containing aluminum .80 as to reduce the residual fluorine content in
said butene polymer while maintaining the terminal vinylidene content at 60 %

or more the terminal vinylidene content before the treatment.

2. A method for producing butene polymer as claimed in Claim 1,

25 wherein the residual fluorine content in the polymer obtained in the step (III) is
30 ppm or less.

3. A method for producing butene polymer as claimed in Claim 1,

wherein the content of terminal vinylidene structure in the polymer obtained in

the step (I1I) 1s 70 % or more relative to the content before the treatment in said
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agent containing aluminum with the butene polymer containing the

residual fluorine is 1 minute or more but less than 5 hours.

10 6. A method for removing halogen as an impurity, which method
comprises the step of bringing an organic compound containing a halogen
compound as an impurity and having one or more of non-conjugated carbon-
carbon double bonds, into contact with an inorganic solid treating agent
containing aluminum to remove halogen, while maintaining the reaction

15 system in the coexistence of a basic substance in an amount sufficient to suppress
the 1somerization of said carbon-carbon double bonds in the organic compound.

7. A method for removing halogen as an impurity as claimed in Claim 6,
wherein the inorganic solid treating agent contains a component represented by
the chemical formula: Al,O,.

20 8. A method for removing halogen as an impurity as claimed in Claim 7,
wherein the inorganic solid treating agent is alumina.

9. A method for removing halogen as an impurity as claimed in Claim 6,

wherein the halogen compound is a fluorine compound.
10. A method for removing halogen as an impurity as claimed in Claim 6,
25  wherein the basic substance is ammonia or organic amines.
11. A method for removing halogen as an impurity as claimed in Claim 6,
wherein the temperature of contact of said inorganic solid treating agent with the

organic compound 1s from 0°C to 350°C.

12. A method for removing halogen as an impurity, which method
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& c()}ﬂpoch\fﬁrés an impurity and having one or more non-conjugated carbon-carbon

double bonds, 1nto contact with an inorganic solid treating agent containing
aluminum to remove halogen, while feeding a basic substance into said
organic compound continuously or intermittently in the amount sufficient to
suppress the isomerization of said carbon-carbon double bonds in the organic
compound.

13. A method for removing halogen as an impurity, which comprises the

step of bringing butene polymer of 60% or more of terminal vinylidene content that is

produced by polymerizing isobutene using a halogen-containing catalyst, into

contact with an inorganic solid treating agent containing aluminum ,

thereby removing halogen, while maintaining the coexistence of a basic
substance in the amount sufficient to suppress the isomerization of the terminal
vinylidene group in said butene polymer.

14. A method for removing halogen as an impurity, which comprises the
step of bringing butene polymer of 60% or more of terminal vinylidene content that is
produced by polymerizing isobutene using a halogen-containing catalyst, into

contact with an inorganic solid treating agent containing aluminum ,

thereby removing halogen, while feeding a basic substance into said butene
polymer continuously or intermittently in the amount sufficient to suppress the
isomerization of said terminal vinylidene group.

15. A method for removing -halogen as an impurity as-claimed in Claim
13 or Claim 14, wherein the isobute;le 1s a starting material of C, components
containing less than 50 % by mass of 1-butene, less than 50 % by mass of 2-
butene, less than 100 % by mass of isobutene, less than 50 % by mass of butanes
and less than 10 % by mass of butadiene.

16. A method for producing butene polymer, which comprises the step of
bringing butene polymer containing 1 ppm or more of residual halogen and 60 %

or more of terminal vinylidene group into contact with an inorganic solid treating
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basic substance in the amount sufficient to suppress the isomerization of carbon-

carbon double bonds of the monoolefin.
20. A method for removing halogen as an impurity, which comprises the
step of bringing monoolefin containing a halogen compound as an impurity into
20 continuous contact with an inorganic solid treating agent containing aluminum
to remove halogen, while feeding a basic substance into said monoolefin
continuously or intermittently in an amount sufficient .to suppress the
isomerization of carbon-carbon double bonds of the monoolefin.
21. A method for removing halogen as an impurity as claimed in Claim
25 19 or Claim 20, wherein said monoolefin containing a halogen compound as an
impurity is the one which was subjected to catalytic action with a halogen-
containing catalyst.
22. A method for removing halogen as an impurity as claimed in Claim

21, wherein said monoolefin which was subjected to catalytic action with a
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containing aluminum as claimed in Claim 24, wherein said inorganic solid
15 treating agent 1s alumina.

26. A method for producing a highly reactive butene oligomer, which
comprises the treatment to remove hydrogen fluoride by causing the butene
oligomer to contact with an inorganic solid treating agent, said butene oligomer
containing 80 % by mole or more of repeating structural units as represented by

20  the following formula [1], 60 % by mole or more of molecules having terminal
vinylidene groups on one side as represented by the following formula [2] and
0.005 to 15 % by mole of molecules having fluorinated terminal groups as
represented by the following formuI_a [3], thereby converting_ the fluorinated
terminal groups of said formula [3] into the terminal vinylidene groups of said

25  the formula [2].
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(wherein, n represents an integer of 0 or more, preferably 5 or more, and more
preferably from 16 to 200.)
27. A method for producing a highly reactive butene oligomer as claimed

5 in Claim 26, wherein said inorganic solid treating agent contains aluminum.

28. A method for producing a highly reactive butene oligomer as claimed
in Claim 26, which comprises the step of decreasing the amount of molecules

having the fluorinated terminal group to 0.05 % by mole or less,

10 by treating with the inorganic solid treating agent.

29. A method for producing a highly reactive butene oligomer as claimed
in Claim 26, wherein the contact temperature of treating the butene oligomer

with the inorganic solid treating agent is in the range of 0 to 350°C.

15 30. A method for producing a highly reactive butene oligomer as claimed
in Claim 26, wherein the average contact time in treating the butene oligomer

with the inorganic solid treating agent is 1 minute or more but less than 5 hours.
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(wherein, n represents an integer of O or more, preferably 5 or more, and more
preferably from 16 to 200.)
Step (I) to carry out liquid-phase polymerization of olefin in the presence
10 of a boron trifluoride complex catalyst comprising boron trifluoride and a
complexing agent,
Step (II) to deactivate the residual boron trifluoride complex catalyst in a
reaction mixture after the polymerization,
Step (III) to obtain the butene oligomer which contains 80 % by mole or
15 more of repeating structural units ag represented by the following formula [1],
60 % by mole or more of molecules having terminal vinylidene groups on one side
as represented by the following formula [2] and 0.005 to 15 % by mole of
molecules having fluorinated terminal groups as represented by the following

formula [3].
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y#109%4& () - & Qe'th(ggqg/xg/ gilr(ﬁu'cinéi %%/gﬁy(x)e'active butene oligomer as claimed
10 in Claim 31, wherein the complexing agent forming a complex with boron
trifluoride in said Step (I) is selected from the group consisting of water, alcohols,
ethers, phenols, ketones, aldehydes, esters, organic acids and acid anhydrides.
34. A method for producing a highly reactive butene oligomer as claimed
in Claim 31, wherein the molar ratio of boron trifluoride to complexing agent in a
15 boron trifluoride complex catalyst used in said Step (I) is in the range of 0.01: 1
to2: 1.
35. A method for producing a highly reactive butene oligomer as claimed
in Claim 31, wherein the inorganic solid treating agent used in said Step (IV)
contains aluminum.
20 36. A method for producing a_ highly reactive butene oh'—gomer as claimed
in Claim 31, which comprises the step of treating the oligomer obtained in step
(III) with the inorganic solid treating agent in said Step (IV), thereby decreasing
the amount of molecules having the fluorinated terminal groups as represented

by the formula [3] to 0.05 % by mole or less.

25 37. A method for producing a highly reactive butene oligomer as claimed

in Claim 31, wherein the temperature in the contact treatment of the oligomer



0 Y #109%8& ()- Y #10% & ()- Normal " "Heading 13]c" "Heading 23]c" "Headi ng
33]c" "Heading 43]c" "Heading 53] c" "Heading 63]c" "Heading 73]c" "Heading
83] c" "Heading 93] c"A "Default Paragraph Font]'.462>ENV[V eamw}t {VK-{

0l % $6>TGeNUZ" hnry: ~5<" M ~xL%@ 1
"$&(*,.02468: <>@DFHILNPRTVXZ\ A" bdf hj | npr7t°’vxz| ~9: +W6?HQR hCr z7_—!231,U*F?H@U’\[ m
v~39Q< OBCDEFGHI JKLMNOPQRSTUWWKYZ[\ ]~ _" abcdef ghi j kl mop] GXyj "# % *

+, N'] 1021368) : ; =?2A0BDeFHIK- NOQR$UY[ *R_" ccef Rh#i jm

%gggf/\)/(\gél\ ‘épé%%?%qéé‘épc ?ﬂli)&vﬁ’h‘ fie ﬁ:%'?é’%lic! s%%%#éregtih/ghalg%r}l@i%SSgdia?Séf'égJ&%é Q
[+[~[]' i R ~JEQ[ gxqqqqqrfssss%u @[tvttttt @uwe{|} QG u} ~~~k
t | na<dl ~ g@\?hg%%aég&ﬁ_)ﬁﬁgﬁgg] " EKYk| W] ! (7FLK" * D4. >* +e™\ &qr st uvwxyz{| } ~

LM HSUR () *+, - . | 3B2345E8R6d for producing a highly reactive butene oligomer as claimed
<=>? @GABCDEFGHI JKLMNOPQRSTUWKYZ[\ ]~ _"abcdef ghi j kl mopqr st uvwxyz{| } ~6Ti nmes
New RomanAniGllaGnu81,ewhbiesvhhthRoaverage rqgpbad Dimenimptl® treatment of the oligomer

" #$9& () *+, -./0123456789: ; . . ) ) ) ) _

<=>? @GNBCDEPFERg RIMNCPDREHUWAKY Zhe [norgapiciedlishtrertimgagenstinvamtg Step AV) is 1

" #$9& ()*+,-./0123456789: ;

<=>7 @\BCDEEEYY REW%T{?W*@?{‘\ﬁhC’_mébcdef ghi j kI mopgr st uvwxyz{|}~

" #$UR' ()*+,-./0123456789: ;

<=>?@A\BCDEFGHI JKLMNOPQRSTUWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~



