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pr ef er aBPyaj r ORGmNCd , ggthangl jor AsmixkuLeied PetRARQ Angoetbansdutienes

havi ng hi gh noaddedrassébe dimrha@gesébeon erie pohymesizatios mgactarulag kept

| ow, whi ch gengfen |60l €ads°d dnaahi ghowtNisaeh ehatiRCc®BdgYAEd | sobutene in the

reaction m Xt ugg; eilddriRe- gi&pm@ggoirﬁmggwgeﬁggg{ég c,(urtef erred to bel ow as
di scharge 25 for short), the nmgjor part of e boron trlfluorlde used is as

a rule present fre orm or as complex with the or| added

conpl exBRobhoeHte HrrBgL PRITE AECAREIAbES HAs 16 FHHIGEE Thb o bi i ty
that a reaction of the boron trifluoride with other conponents of the
reacti on ntxt utiee Hesronakenf blcaadde 66rtisd adxahpl ephade ctbedirse tof (b)

i sopropanol asig, ciFdeexirag, ageRclefotgithe prboésdcin Asagtdsid mantsral |y
smal | extent of such secondary reactions, however, they will not be

consi der. d r e h peci t f rotic
corrpounag a;r'% %& S‘Eg?arbqsl is s%' yl%drﬂ%g Q& ase%gﬁg a%é%%a%ggng

subst ant i aPty deFetsﬁe agqueous vvashl ng of the polyi sobutene

Rat her, for the sake of sinplicity and as a good approximation to the
actual cirthesilamheds nethandle bthasslumed their atiktubes bortdnonei f| uori de
used is sthhbthet ablicRSardlGizedt atbsrdinte tof thdeimieattionatdon according to
the invagt aegc f%tlhs Qﬁ@%c\mk% adUi‘JneEQYFIIYorQJdet hgroofdxerrbhf Loori de
can in pri %n ?ﬁaﬁ les f%‘ét ggc Wi se, senibatchw se or continuously.
Preferably, Cihe c?ea@ FA 1A %n8 P ehoval are carried out at from-30 to 0C,
in particular from-25 to -5C. If 45 the polynerization of the isobutene
wi t h bor onHeref [wgFminal | ¢inylggsoe 5g0oes) or, terpinadd dguble dmndsustgl y, the
boron tri f hhderad®odnas heeahisghahgse | doylrlel boadd whieacpovitiach dantheuously
Wi th thesapkapdcbutéie mdd@lleccss Bl Wesbeivéd Wyednebebana d e
deactivation, with 5 one or nore further solvents inert under the reaction
conditions and especially nonpol ar, such as hydrocarbons or hal ogenat ed
hydr ocar bons, preferably those having a boiling point below 100C, e.gqg.

n- pent ane, n-hexane, or dichloronethane. Such solvents can al so be added to
the discharge directly as such during the 10 deactivation. In the m xtures
with the inert solvents, the al kanols are generally present in an anount of
from5 to 100, preferably nore than 20, ~ by weight. The al kanols are used
|n a rmlar ratlo of from1l:1 to 20 1 15 espeC|aIIy from2 1 to 15 1, and

. o L e~ oA v AN oA o oy



40 prepar aposo/siopg yi sobut enes having an Mh of from 1000 to 5000 Dal ton.
In a further enbodi nent of the novel process, water can be added to the
~di scharge for deactivating the boron trifluoride, in 45 addition to the

al kanol . The amount of water is up to g0, preferably up to 60, in
.particular from5 to 50, ~ by weight, based on the al kanols, and, if
"required, mxtures thereof wth cz0050/51906H0—. solvents. Preferably,
the water is not added until after the al kanols have first been allowed to
act on the boron triflugrfide in the dischlfge ang after the m xture thus
obtai ned - for exanpl e By nedas 6 aChrsat %

cooling § energy - has r%ﬂghed altenperatur

the water in the m xture
OC. In a further_enbodi nent, al kanol and water are added together to 10 the
di schar ge. YABParRAtifs 8CWRPRR G PETE oDF FhenBOLBHEMRUMY 18RI ng are

pr ef er abl ymaseoméipquie . dehetivpet iapd blhe tdmounsdr of the fdoubdedeondsr exanpl e,
stirred keprkesntanthnpbef eéetddningdawith niheeraidabe BgeNMR e rbSchygy ogen

:‘NL ggp d_qtoC%Bef ewéa&%hgaf&%k tgd fthhlo{:éﬂﬁidall} gbebpé Qf&ﬂﬁ?:h@f:h_ dfe g]artl fgl ar,
;o : =\Y . Of . . u

wth mater Eﬁﬁépﬁ%%‘g’;?egﬁ%t& lg]siggtg aﬁ&?@%&d%“& ,ch{;%grl ?gg}?iés)lr}cnh tglé gl ass

or enamel . S Re SHESEXI AV SHSLF THEAIoAENTRT | TISPRACS R L B ol HbtY

carri ed oungdt 14heb t ERFRPAELFRLYof TRhRtHR iPetRERRTMY184parealThe at from O

to -30C, i prppertiioan @f feonimhal douRS€ bddelrcirevation @&t oaheengarest ofe ot her

than thas @aebi®rbdmiEpesafeterninedl b @aashliag €hy igaakt Aeedergrerabur e

i ncrease onpREEUGEId101689H1 & £5hahQr 1hNeS&cP R RY ROSL rd1AWEYET thd RBLRGacti on

pr oduct nay, gwﬁ%r;&agfuggees&l%g?hteﬁml%r. as descri bed above. After the

total anoun i Schar ge, e al'’kanol or, if required, of an
al kanol /wat er m xture have been conbi ned, the 30 nmi xture obtained is
usual | y kepert heg qugmeyaricRet Sighly uFeartdveoprsbrinpyiteses offAthut es usi ng
sui t abl e0appabuatersesin tbe premgmce wit bowontenflomaldeayeckaaltyaleistherr er s
and, in pakheCrHéqiirddy afibans off pirefbrhed tbdroawer 361 ubdia deoesmpian of in
particul ar sb9Q: phasHs sugﬁénﬁory‘*l'scﬂiﬁﬁé‘ﬁﬁd"%n? 8Re BddbuRBRENG Of the
Geact | vat o4, BOLELL {ehly URL! G5 ANaLoDs ThIdauialy 6 4 697 8ho 115 TaeBBs L e
ot her contains €, n_grmun t he ol yi SObH ene (oo gant ¢ S€), IS
particul ar ?’grﬁﬂv‘éﬁﬁ Q5HES T HITQ Fr&er BP0 ARANGRS FBP LR M 380 e Phus 40
obt ai ned®5 Shenberghdsdfduprida i Fhecanptaydcadly #RESEHSYAREN FINPLigintier
i nproved i bospectrfifduortidatamhshef comekewiplge agentverwhilehghis r srmgabycont ent s
of isobut ergei 8f theidlirsabas geis idefepted is bdlondgdeddtalybe sysadmarge. The
speci fic anount of water to be added 0050/51908 11 .. can easily be
det er m ned ¥ peLi . qki inthe art.
| n addi t] Oﬁﬁ?g%%{%@nﬁ%ﬁ%ﬁ%&gﬁét ﬁ{e,fﬂ%[g %ggéﬂ&%?l%%ﬁééér% ﬁ-iql((:a 5 Fhase
f ur t her i SSASEATH e GAEPRERE (i JKE Ao ASFSHR ERAYiPORITRASE aFSs
wei ght pol PAEPROLT/ RISEEEAPEY Sa7OPEREY cAACahoR by Wt fPBer*alRY S de thof ecul ar
wei ght s belcenb@d(atiomist end dmdparntficndeni rigiepehdeniblyw @xft ong Qagndlelr, r esi dual
anount s of iBepsopdnd)f lanar sele-mAanbe (EHD\EFAAf 6081 57T6) .ongdbaTkylhatteri f
desired al geebyugxd r2Qbs0H18 f UndeXANPhLL M1R BT §8My1 BENEF RFIADhYs DY
washi ng 4 g YBLEr orl +LBE: Ly LG COULSE 8f oL NE A K02 LR d IS QP11 ©

e it é ‘IF i

c

xchanger forIrecovering the
aboye the tenperature at which
ul d fEBeze. This TR rature is as a rule above

phase is 1 xpedri en % ts)epaCF te | at’i on 1.nt0 unconverte

i sobut ene, JEAYP IV &HEC PRe? §is] Hheke CGRPLPEMMBLEH tY S35§Pene and
t he desir e@2prbutie tSHFEEPP s obiftfef@tatnet i ygmanare (HeCcIBpeentn At he | ow
nmol ecul ar B8V §ht8polwhiehsis dredsdyr wbgtledincorpheapsl yyerefatenge with

i ndependentdegpeét ofte theotiedlyyt cogpléwss. The 20 desired pol yi sobutene is

as a rulgy taken up as a bottom product fromthe distillation colum or a

degassi ng n {'a b n | f i angl b I as such
to the reag o??n% el'h%&?ds%)réé eréﬁsqgﬁ:géﬁéﬁg{' %Qetﬁ%g%gﬁ %:38 gl‘%ﬁf‘lygl'%gf 25
viscosity redBRTFURIGE £REmredd gr ont HIfRS %f)etlﬂ‘é A IF&‘HBPtOCk&?ﬁEéP%‘/breover,
the fact tPRroRethiMorade wiathnof AUGh radgiohedst arA/Arc6RBErMASTh is part of
t he cat al ysbmpyeting sigenkd e graleentint o account. Correspondi ng
concentrggion operations and, if desired, purification operations are as a
rule therefore first preferably 30 carried out on the boron trifluoride /

al kanol phase before it is recycled to the process. The concentration of
the boron trifluoride in the phase separated off according to the invention
can be effected in various ways. 35 Thus, organic conponents, for exanple
excess al kanols, can be distilled off by neans of sinple distillation from
the boron trifluoride-containing phase separated off according to the
invention. At first the boron trifluoride remains there in the bottom and,
for exanpl e when the al kanol used is nethanol, can be 40 concentrated to

o " o e —



Al ternati vegosoAs®dmron trifluoride / al kanol conpl ex can be isolated, for
exanpl e by freezing. BF3 2 MeCH has, for exanple, a freezing point of
--20C. 45 0050/ 51908 12 In another nethod for working up the boron
trifluoride / al kanol phase, water is girst added to said phase and then

t he organi c_cogponents, such as nethanol, ethanol, any solvent and organic
~corrponentsuéf“agﬁ ’ p"rrlegicﬁﬁﬁﬁiﬁsﬁssé’(ft@&'t E‘;{F’K‘é?e dfpPERUNLH PTadyoB x¥e LS wat er
are renovedthpyneerghtof Papsei ¢ diheoivedghtt@farhhet Appbutrpe msedhi Bheyay, a
boron triflogroskdeeannicantraei and dhenopetinkar S@%gby aws glependenbeasachi eved
in the resixdge. odhendcidint! of |cialget/ sy@ie upkayepit uspebial et She
usual |y W gl ¥ad 18 0%nar 88016 s60UBoACHY Si A tbde LRI4TRI |y conparatively
stable, 10 which 1s advantageous "for storage and transport thereof. Gaseous
boron trifluoride of very high purity can therefore be liberated fromit in
a very si nprEemdiPRtteffoRf Pell &8 MI*Rupes n 18RPPERRE "Hthhaethe% | for

exanpl e w thiydrpeashensoicapl benisers age ipghetena-chatabrind ciadtinhat t he
presence ofnawerhyl (mrflerbatyto etbediow( abbisabietd foeddiBickhelinvher, wth

the use f §hkABOLs sHepOptbEedifs@necaficeivitiohest -tHe Worshher in the
reaction myt gk g, pfqd NenROE O dre BBEE&%Q% @.Lxm;hﬂﬁw gkb&ﬁ%l{yhe
)

pol yi sobut enes Fe ds ta I ved sel ect]vit th respect ' to
ternminal g S&Bgcﬂ%’r ébef’gr gg?n%%ﬁofdfﬁlg BUtﬂeﬁ?§§¥Bm ETCRET R Y ul e, the
term nal grdFSUERS AT 2aR1 PR iSOBME0RY IRPLEHtt BRA (R vierYt APY RigkpdivhRe
anmount of tceatenttary ssed,t frer rexagpilenrefined drastion goner phrtiakhy20 to

5000, pri ewdbbyedaisd 8) $oraH0Eroinna pstrdanc elrackér ora 4Q ser0@roppohd based
on the totahywai gitafstt BeacRidL it kA8 Fo#indr@hs bf SUGhsarest MebmCaR al so
formin th%.s%%ﬁ‘&&ﬁ%%éﬂgé&‘li?gnaﬂfoﬂ.S expedient to consider its initial

act

concentration in ther on zone, which can be derived in practice from
its added anmount, and its concentration in the discharge. 30 Wth the use
of met hanolThgsiepkutganeafgpdstrehcagohtekeaiied ke phe Ruesenao ek itd}e MIBE
may f or RQUurdérlypecsstemnc dndone mrs mppet hreme sofliventsrita giwe bme t er mi nati on
or at el evgloagiserpsmi.usastabld o lheats pxidlidnganallypwsasgatmbicrearri ed
out have shQwh bhatarddi®e20srd HtulVhBEATBfdREakBokde fIrEBRRADION Process
for the 3° palyLRODU Hifichie ¢ PSRANED" L fodthafle ot Mo 1BRegh LBt NANOL - bOT On

trifluoride rati o un rWse viriua ogpar alil e r.eaction cqnditions.
i U0 e LR R pbEl i SS UhEhLEL e hOTRRL Al iRt BN condhl Lon
to 1:1, 3rBedi BERRE i R OELEQCHRADe COMRAPRGHAGYIPY SHitrDLlgemaEEERT vat i on of
t he cat al ygoiobaphrk bdifling peints .oBbE ek sekh teingt-cohea ivimgn hydf oddiB®enf or med
per unit tisteafiecasnasediaththeCisobatage afardstook, ethamgdro¥érvunee al so
found that dhgafREdBiHeRRiAf whitth MEBEihér@ JrRRet LRE FBaHtYbR EonddiiGhsi N

gener al te:?te%.?g%ﬁ{lt@gfﬁglrggﬁ%g)ﬁkgaggi#rp&m 45 as internedi ates and/or are

pr esent § be ¢ the choice of the solvent, of the
reaction tenperature, of the residence tine of the reaction m xture and the
reaction zdie ARGPUteRFSELSABERCK Payt COREAIE FHEL&nAMUYH S REr AFPYH-HiREr €.

Thi s means suisht aa Yareyonasktaldahyide,t peetane cagetonitinidiey aarboxyddel y

est abl i sh tdwddsespetineraldesided vdrbont dieddlBEiby @ortiespodekdruwpsedaphat i on
of the conposl {ield Ar leeetedeidyRsThxisdflt Gh the pyRaReuEetadtl of 5 the
appar at U:fsgﬁao!vb%@ r7i073 LOULSE: HNI/K Bpgi&%ﬁ'atc'c‘aﬂﬁ &id %ﬁp%é@@“ zat i on

process r._ 1 sobut ene. ring.the Lng .u tt I ar MIBE or

Bt hyl Lert BRRVECLSH AR Fe REAFTOE o) BEMoY i, Ehglct Tl RO FebY S Ene
process i n feedgtaghRatokgBaARd pefors 8xanple daMSPRS t ¥f AOEPHL®H A€ cat al yst
conpl ex or sodddt adsonkienttsy, haweh rasuechbye canbooneneieaiflarheieeestdrodoni xt ure
whi ch have dxetangepss ated off by distillation, such as isobutene, or

t oget herggv th the solvent. 15 By neans of the novel process, the desired
ol yi S0DUL Ges pGandie ALSBAT SF It NEBBEEend Badon@Nch i BLONSIcofAKL] dene
contents than.gﬁ onventi ona Eﬁ{oceises 0 1:thl S t%{‘ge. ecause_the

hydr ol ysi s S5FPRECESTSSh OF r FPRUEMUE W o BSAFSEEUEPTE RFTalPa W &8ri vati ves
of boric adiUPudBESIeAttoEEaytERR-RINGART FRAGHOISoPE FHLILURE KBHEleDHr S@Bdbee,
corrosi on cmpdbyed frr tthigcpurprsenl FheoprepanmgiopxpranessEtanptefera®lyhe
nunber aaercageistl ectiliar aveoghtreachb), of.d¢ ha pabybar saaceparex according to
the exanpl empeehEndes &dacR6d PinRAAL i Rlowe c iRt MBS P B CRAEMBERA BRNY

pol yi sobut aayi f.i.pe I i 0

Cal {br at | of e SaLy i BEIROZRoSRNG, K8, LI £0F Dl VRAMne Pt I oty
according to the equation G M1 = C 35 M where G is the concentration of
an individual polyner species i in the polyner mxture obtained and M is

t he nol ecul ar wei ght of this individual polynmer species i. 40 The

di spersity D was calculated fromthe ratio of weight average nol ecul ar

wei ght (MWN to nunber average nol ecul ar weight [l acuna] according to the




0050/ 51 908 obsovg1908 Mh 5 The wei ght average nol ecul ar wei ght Mwv required
for this purpose ' was obtained fromthe resulting chromatogranms with the
~aid of the formula GM 10 Mv =, ~ C The content of term nal vinylidene
groups was determned with the aid of 43C-NVR spectroscopy, deuterated

.chl orof orm bei.ng used as 15 the solvent_and tetranethylsilane as the

- st andar d. ﬁ?ﬁﬂpg‘é lroslataen; tPoErANghi § TedcdPiR: p%‘?efieérﬁﬁﬂﬁ’eﬁ@“l:or t he
prepar at i od:8f o pbidfidsoBft epnrsea h&hpr aratlr @fadeedsftonks2dntsofyrel 628 575,
Exanpl e 1, iwas £l |masedort berresgpontisnto f et strookt us dresers ian Cdisdtarigevi ng

t he fol | 0WaR0s66ATNAS ithe0Bol VebildaAROnNrHadEie Ras Lr SAUIRIIE ahl 8§81 Zriyhane

ci s-2-buteng isobutene butadi ene 30 water 4.0~ by weight 9.2~ by wei ght
29.0 by wei gﬁt 7.7~ by weight 4.5~ by weight 45.4 by wei ght ¢c50 ppm about 2
ppm In the _coyrse of one hour, 6000 g of the gbove C4-cut were fed to the
suction si d& oF SFRSUE LRt RSUGS CROTRLIR M¥IPEdofh 31 ZRarheRyt Stk

ci rcul at i owvhpanpntrmtiugiogeprefames cetiplysti aompéexe@dsid® shenreantoxhose

vol unme was ah@0furing kheiti iessite preparawimurin ehe 2edudtargl sibesadghn t he

boron trid l14eki dgnd IR dgddeske TR N §Et @Incede ra00bedl 130 thBatedfAOr can
temperaturgLl Ei rapchigl: PRtidINoiBE. ddfa shIeL8VA{AUR pERIAANGE e of
the reaction dium of the reactor ,was 6.6n nlgtes. anpl g I'’he _reactor
content weP&° Bc’f%ké‘%‘o\?f’é{gg e ﬁ'f)lb’a'?‘vftr%ls hi e '] B¥aFEF2PLEm

bef or e t he ipseanaby. HEehsparkd 8EPRM O PYaafrRked tugeg: Conti nuous
deact i vat i ewoandsecripnsl wbich heirbghencase fafuer sudtable 0OF0L5IH03 RS . .

Met hanolisva®s wfi éfBddtiveakempedientdyosatthElentr €36wIEE thel stadtidgd ass

sanpl i ng bafkkeiaBng, @ hé0r8hcsspl € according to Exanple 1 was added in the
course of a few seconds at -17C with thorough m xi ng. The m xture was
heated from-17 tp 20C in the_closed 5 gl ass s ling bottle in the course
of 30 mi nutBE GRFTENGE EAPR 0D HRodARBRFENF (1 H| T AHtOF, BRY B cETOR Pr er
was then sWecends e fseverpdrhoifisch PHebpTaly &f rasidensied tpmasef vigiam ¢i si bl e.
The mai rRGrouldd, gparthiculerdn prafelrably deram? pregentminuteheislradplsens (as
the | ower phase), which were separated off. The remaining 10 organi c phase

‘A’?fe'ﬁ h?[}g“%&%&i%ﬁ‘&ﬂ%g"tﬁgﬁ@s %e%fer%}frcafﬁfiefﬁoog[@i ML %ié\]/.%t oSt iA'iiEh i rlx ed
R ey A o SR T

off, and the ana e

Ces! due of JCHE® FEPRIHAFEFER. DY S1oals P Phe PATAAY S ALY TR A duobi¥o
20No. BFgZ5 [rﬁﬁﬁp;.'ﬁ Ryds8PvReRs pFQ]Ee@bly temperatures of from to

-60°C, in particular from 0 to -30°C, particularly preferably from
-5 to -25°C, are employed.

Advantageously, the polymerization reaction is operated under

30 isothermal conditions and, in the case of a continuous reaction,
with establishment of a constant, steady-state isobutene
concentration of the reaction medium. The steady-state isobutene
concentration can in principle be chosen as desired. Expediently,
an isobutene concentration of, as a rule, from 0.2 to 50,

35 preferably from 0.2 to 10, % by weight, based on the total
polymerization mixture, is established.

In general, the polymerization is carried out under atmospheric

pressure or pressure slightly higher than atmospheric pressure.
40 The use of superatmospheric pressure, in particular the

autogenous pressure of the reaction system, may be advantageous

from process engineering points of view with regard to the

operation of the circulation pumps and downstream process stages

but is generally not necessarily required for the result of the
45 polymerization.



[9Y [ % Voosol$abbBAouNnt [ g] Anount
[ Mol ] 27. 1131949385 628311. 74137. 10. 26. 3959385. 4_28441. 7882547. 10. 13. 194938

-6.028491. 78857. 10. 051. 6949385. 628551. 79367. 10. 020. 6949385. 227731. 83577. 10. 5
15.60.5 9493 8 5.2 27931.72987.10.39.g10. 7 194~93 ~85.4~27771. 802 *Water
was added 5| rrultaneouiy% wj th the netnanol, 30 In table 1, the neani ngs are

-as fol | owsSiRES tdsn ®F 148554 0P TEASE Whde eXPRRe TG int B TR tdded t o
the reacti bpahets (rgReNedsas Hadile vitle Hisowdy 85 T qandhidgsppPAYatUSer cent ,
based on i shbelh eren beedperatiesi,d fot erinplsgbutiehel idpaiskdmopnnisd@xutacne used

Vin proportoefamd. Reb¥hepbsyIe ihavy ntowirembiviggeciowmlae hongs, based on
the total 2o %gs w%ees oYi&d dd}@reugpgrheadvce@essv@aﬂlescwe%v&@ ght

(determne atlon ch orrato les 9 to

13: conti nUugbs" t?‘% g e dtlﬁg %)%%tnllter PWB%%T“ e 8
0050/ 5190886 150%%?05%%%%%8&9( % I@rﬁ’a\ﬂeﬁﬂlhﬁe"?]@lql&ﬁn A eposi ti on
was pol ynerhiell mayc bedebbane Bropphe dr hHudebey amet!s the result that the

"n- but ane, 1tbuperetureanem@iiritcamatandci s- 2- but ene

t oget herygl%ywei ght 1- but ene<1%bywei ght 10

trans- 2- bug,gpe u e 4?,1@ i ght but adi e
nec50pprrwa{1‘e€a Wgﬁ ngé&éﬁ]%fgn%rgg fr}l%%ai\r%&g 0h Q%E%B? Vg%l—bwever in
contrast tgeEkH ‘IeHo VirG Werré’é’sf‘ﬁ% ’eﬁnc§r’r8E|nY ol ?c Fﬁpjashoq CBHREEY on
the boron EEPSHiGIALdE, aheyer hd@¥d iapRUEINe COREEHTIoNE WBBFe’s ddiet hat t he

t enper at ur dangex hef nodet ivab e diegmm@&r mwasact96ns Theor exemnple difscloabgde was
passed tlsr eHghcs drdbespbt Ldl WafCeank efbrimatidBCofnthdez ivhble sridomaek, was
added cont baUgHSd Yink¥eAB# 139fgf%a%t a{ufexy %88 W@n@scéﬁ'@éﬂéﬁ%s de
tenper at ur ol IC{igAS §o¥asEy Wast L gam e Lbnbapks gogled, t o
-17C and havin gﬁre S@g tiereator Q/\e §ge #%a«: in 25
thi s mannef WAs® ﬁY 1 o rwBTPHERRLY £R8™ Bher® of h-cdfit ai ned t he
pr edoni nantlnﬁaﬁcﬁecbftot REtaER RPLVASPPUERRGRe NaYAPG Bl MOJRESBASERS s &P at ed
of f and 20héscbwtenet cohveosibon tisi Bsuaryule Keptohow r iWhighr gereraldovéegds was
det er m nedtol & N&gh fdonEedS ¢O uhd¥nbyme@®iigHibuené hin ithad yYedeedorsanpl es
brought to3Qcx@@m tenperature. Further data on experinments 9 to 13 are to
be found in Table 2 below. 35 40 45 Tabl e 2: Further data on Exanples 9

to 13 No. BE3BF3Mef hanol BF3,recq er MI'BE cont ntU mol / h].[g/hlin the
loverin t hdP-FPeqdPRage fmhthesERar Fr’é NF’ Y o?® t %gé 95t ot al
wei ght of25 edi skert)ge FARONIBhEEt[ 9F 1% FPm] %Bfle@refzo'em ig4as a

(73) <20959480e 7xeEeht716 1058 FOrel 00348 A $Omplex with the originally
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30 example, with the use of isopropanol as a complexing agent, to
give a borane. Owing to the usually small extent of such
secondary reactions, however, they will not be considered further
here, especially since the boranes formed with protic compounds
are highly soluble in the organic phase and are very

35 substantially destroyed in the agueous washing of the
polyisobutene. Rather, for the sake of simplicity and as a good
approximation to the actual circumstances, it is to be assumed
that all the boron trifluoride used is still intact as such at
the time of the deactivation according to the invention.

40
The deactivation and recovery of the boron trifluoride can in
principle be carried out batchwise, semibatchwise or
continuously. Preferably, the deactivation and removal are
carried out at from -30 to 0°C, in particular from -25 to -5°C. If

45 the polymerization of the isobutene with boron trifluoride is
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alkanols may be advisab

For the purpose of deactivating the boron trifluoride, the

alkanols are introduced into the discharge and vigorously mixed

with it, or they are initially taken and the discharge is added
30 to them with vigorous mixing.

The resulting boron trifluoride complex is as a rule poorly
soluble in the reaction medium and, at the temperature of the
deactivation, usually forms a second phase which can be separated

35 off in a simple manner and whose boron trifluoride content is in
general greater than 10, preferably 20, especially 25, % by
weight. Such a separation surprisingly also occurs at high
residual contents of isobutene in the discharge of, in
particular, more than 2% by weight, for example, in the

40 preparation of polyisobutenes having an M, of from 1000 to 5000
Dalton.

In a further embodiment of the novel process, water can be added
to the discharge for deactivating the boron trifluoride, in

45 addition to the alkanol. The amount of water is up to 70,
preferably up to 60, in particular from 5 to 50, % by weight,
based on the alkanols, and, if required, mixtures thereof with
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35 The formation of in particular two phases, one of which contains
the main amount of the deactivated boron trifluoride (boron
trifluoride / alkanol phase) and the other contains the main
amount of the polyisobutene (organic phase), is particularly
advantageous for the further working-up of the mixture thus

40 obtained.

Such a phase separation can as a rule be substantially further
improved in specific situations, for example at very high
residual contents of isobutene in the discharge, if water is

45 added to the discharge. The specific amount of water to be added
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15 We have furthermore found that the presence of methyl tert-butyl

ether (abbreviated to MTBE below) or, with the use of ethanol,
also the presence of ethyl tert-butyl ether in the reaction
mixture of the boron trifluoride-catalyzed preparation of
polyisobutenes leads to an improved selectivity with respect to

20 the terminal group character of the polyisobutenes prepared. As a
rule, the terminal group character can be improved by up to 10%
in this way. The amount of these ethers in the reaction mixture
is in general from 20 to 5000, preferably from 30 to 3000, in
particular from 40 to 2000, ppm (based on the total weight of the

25 reaction mixture). If such an ether can also form in the reaction
mixture, it is expedient to consider its initial concentration in
the reaction zone, which can be derived in practice from its
added amount, and its concentration in the discharge.

30 With the use of methanol as the alkanol in the context of the
present invention, MTBE may form under specific conditions in the
reaction mixture, on termination or at elevated temperatures in
the heat exchanger. Investigations carried out have shown that
the amount of MTBE formed in the preparation process for the

35 polyisobutene is closely correlated with a molar methanol:boron
trifluoride ratio under otherwise virtually comparable reaction
conditions. Thus, at a molar ratio of from 0.3:1 to 20:1, and in
particular from 15:1 to 1l:1, MTBE formation takes place
simultaneously with the deactivation of the catalyst complex, it

40 being observed that the amount of MTBE formed per unit time
decreases with increasing amount of ethanol.

We have also found that the formation of the MTBE in a reaction
mixture in which in general tert-butyl cations and methanol form
45 as intermediates and/or are present can also be controlled by the
choice of the solvent, of the reaction temperature, of the
residence time of the reaction mixture and the reaction zone and
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15 By means of the novel process, the desired polyisobutenes can be
prepared in higher yields and with higher vinylidene contents
than by conventional processes of this type.

Because the hydrolysis of the boron trifluoride to hydrofluoric

20 acid and derivatives of boric acid does not play any significant
role in the novel procedure, corrosion of plant parts occurs only
to a minor extent.

Examples

25
The number average molecular weights (M,) of the polymers prepared
according to the examples were determined by means of gel
permeation chromatography, polyisobutenes having defined known
values M, being used for the calibration. The chromatograms

30 obtained were used to calculate M, according to the equation

35 M;

where C; is the concentration of an individual polymer species i
in the polymer mixture obtained and M; is the molecular weight of
this individual polymer species 1i.

40
The dispersity D was calculated from the ratio of weight average
molecular weight (My) to number average molecular weight {lacuna]
according to the equation
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10m 1X#1094 W] & () - SIX#10% W] & () - IX#109 W] & () - 1X#10% W] & () - IX#10% W ]
L& ()- i0'10%9W]& ()-SgGBC 1

10m IX#10%9 W] & () - IX#10 W] & () - IX#HA W] & () - 1X#10% W] & () - IX#10% W ] &
'()- IX#1094 W] & ()-gGBC 1

~10m 1X#10%9 W] & () - IX#10% W] & ¥y - IX#104 W] & () - IX#10%G W] & () - IX#10% W] &
"()-1X#104W] & ()-caBC 1 P = 4 ¢

10m IX#10% W] & (1X#10% W] & ()- IX#1094 W] & () - IX#109 W] & () - 1X#10% W] & (
) - IX#1099 W] & ()-z*>GBC 1

10mLX#10% WhL&E) gl aL A, ]xﬁéie)du&%%l%‘ivy}'{ﬂ & (}é%&ﬂﬁﬂf\é\ﬁ gnid - gK/ C
AX#L09G W & () - XTXH#LOW M T & () - #LX#TQY &' () - #1X#109 ") HL % W] &
() - 1)?#10!,4 %g ;(J:ﬁe)?#fé'@ %l}%‘xie)s_uﬁiuégﬁ orr(l ograms w@tw ]tﬁ‘e%ilf lo%giged ]
1X#1094 X# 1 GFMRFR () - 1X#10%4 W] & ()-M B

THIX#10 W] & () - IX#109 W] & ()-cC C

IX#L0YAXH10% W] & () - IX#10 W] & () - IX#L0G W] & () - IX#10% W] & () - 1X#10% W
1& () -14pl0A W] & ()-! & -. QU @, 1x#10% W) & ()-1M B

THIX#10Q W] & () - 1X#109 W] & () - 1X#1DRB:W | & () -. 048<=@C/ C

IX#10%AX#10% W] & () - IX#109 W] & () - 1X#10% W] & () - IX#10%9 W] & () - 1X#109% W
1& ()-1X#1094 W] & ()- @I NTULC/C MB _ . _ _

T#1X#1094 WIDE' £9DES8H 0F BPFRIRAL VAYSIASHS FTOPPEXWADAKEFRINSd WitthtEH C M
B aid of 13C-NMR spectroscopy, deuterated chloroform being used as
THIX#10%BNhE' 6d1detit] QUL & 4nethy $AVANY |a% (thelX¥ARNI4rd.] & () - IX#1094 W] & (
) - 1X#10%9 W] & ()-gjmrw,_ HC MB

THIX#10% W] & ( 1X#109 ‘()= 9 ' ()71 X#109 ebpd X#104 W1 & () -
eyt 3 E}%@g&,ﬁ%&&ézo%@%&m & ddet i1 W oKt Lnd

MLX#1094 W1 & () - IX#1094 W] & () - IX#10% W] & () - 1X#10% W] & ()-M B T#cC/ C
MLX1X#10% \RPF&ERS - BURPEFSF PP &% 2 PRAYDSPRA RS ) thX+RIIReARY &' fFcomdingoq W | &
() - IX#1099 \Wo| BP€A - 6R% G76, VB \y | 8a$ ) Edbiiowed \Ehe, isobuXenesfaadsgock- 1M B
T#1IX#10% Ws&d( yag@ €4-cut having the following composition:

MLX#11X#109 W] & () - 1X#10% W] & () - IX#104 W] & () - IX#10% W] & () - 1X#10% W ]
& () - 1X#109 ' (J-qUsC/ C 9 '()- 1X#10%4 W] & ()-1M B

T#(1;<#10%W:f %’%(#?O%WENB ﬁ’p'ﬁ%&}’& 0 A &0
MLX#1094 W PP 21%#1094 W | & €5 - BxAE0F 0 | & () - 1X#109 W] & () - 1X#10% W] & ()
- 1X#10% 3R [lebpren®/ c M B~ 29-0% by weight

TH1X#10%4 WHranéy2 4betenss) W F&7 8 ) oYL eetighEW | & () - 1IX#109 W] & () -

cis-2~-butene 4.5% by weight
isobutene 45.4% by weight
butadiene <50 ppm

30 water about 2 ppm

In the course of one hour, 6000 g of the above Cy-cut were fed to
the suction side of a loop reactor which was equipped with an
integrated circulation pump and whose internal tube diameter was

35 4 mm and whose volume was 1000 ml. 1.6 times the molar amount of
2-butanol, based on the boron trifluoride, were added. The
reactor was cooled so that the temperature in the reaction medium
was -17°C. The average residence time of the reaction medium of
the reactor was 6.6 minutes. Samples of the reactor content were

40 taken via a sampling apparatus which was located 2 cm before the
feed for the starting materials.

Examples 2 to 8: Continuous deactivation and removal of the boron
trifluoride
45
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BIX#10% W] & ()- 1X#109% W] & ()- 1X#1094 W] & () - 1X#1094 W] & () - 1X#10% W] & ()
C - AXHI0% W] & ()-"'- ?2/C M
IX#109 W] & () - 1X#10% W] & () - LX#10% ¥¥] &' () 1x#10% W& () IX#1094 W] & () -
IX#104 W] & ()--./avus?/ C M.*"10% & 2 10%&!
- 10% & () - 1HHTRAON YRS ( }HMIB‘H‘#A%&% n 616“83‘639/%'&' SS%‘N%S&S(C?M

0*" 10%& ()glasis @ampd;m gottle, oam10a/«gz@ (- samp e "apgerging - to yExemohe 01
8L10% & ()wad Lifted (h-thERPLAMeLOS)a PEwlBUESAES -atY A& ) tHl @hdBough
hLOC1L10% g4 £ drrg .L $HE0 fd kdurel #Y Bedted L£EOM &11)to %HBL:LQ%I& osed10% & () -

hDOClLlO % 9
#3NR . - %ﬁs@f Oé'(l)&# 10(}.1.61:%.%%)& éﬂ é&h(}%l)&ofi ln{l:\.%@t le I_{s:t:n_rrn.p%)
(2005 5 () - e o@tkf}j)r i &g%*ser ﬁgﬁéﬁi e’
L10% & () - of_fl,o%f&-e@ whboel} r@@éﬂ:g_O@ 1&{)%e30(1 _phase were visible
main amount of the boron trifluoride was present in the droplets
(as the lower phase), which were separated off. The remaining
10 organic phase was thoroughly mixed with 167 g of water for 60
minutes with stirring. After the aqueous phase had been separated
off, the solvent was distilled off, and the analytical data
listed in Table 1 were determined for the residue of the
distillation.
15

Table 1: Further data for examples 2 to 8

No. (BF; Methanol Water |C X Vin |M, D
20
[mmol/1] [g1* (%1 [[%]1 |[%]
Amount |(Amount
(9] [mmol]
2 7.1 1 31 - 94 93 85.6 |2831 [1.741
3 7.1 0.2 6.3 - 95 93 85.4 2844 (1.788
25 |4 7.1 0.1 3.1 - 94 93 86.0 |2849 (1.788
5 7.1 0.05 1.6 - 94 93 85.6 [2855 [1.793
6 7.1 0.02 0.6 - 94 93 85.2 (2773 |1.835
7 7.1 0.5 15.6 0.5 94 93 85.2 {2793 [1.729
8 7.1 0.3 9.4 0.7 94 93 85.4 |2777 {1.802
*Water was added simultaneously with the methanol
30
In table 1, the meanings are as follows:
BF; content of BF3 in the sample: the amount of BF; added to
the reaction was taken as a basis (see above)
35 C conversion in percent, based on isobutene used
Y yield of polyisobutene, based on isobutene used
Vin proportion of polyisobutene having vinylidene double
bonds, based on the total polyisobutene yield
Mp number average molecular weight (determined by gel
40 permeation chromatography)
D dispersity

Examples 9 to 13: continuous deactivation and removal of the
boron trifluoride
45



L10% & () - 0b50Y5B&908- #3NRL10% & ()- L10% & ()- _?0ClL10%.10% & () -
L1I0% & ()- L10% & ()- L10% & ()- #3nRL10% & ()- ~<OCLL10#3nRL10% & () -
L10% & ()- L10% & ()- L10% & ()- #3nRADOCLL10#3L10% & ()- #3nRL10% & () -
L10% & ()- L10% &' ()- L10% &' () C(DC]],I510#L10% & ()- L10% & ()- #3nR
L10% & L10% LlO% - | LOCLL10# s#10%&& L10% &
< 110% & 8 #3?1%&‘[1 ne gse i’-‘i “9#‘(59 %i@i?lnw%%?s&t&?n ‘1(-3?100/«' & ()-
FO- 10%' &'PP1WNB§#F@%F&&P{§anU%#EG@EB%P(% ( Os#10%' & () - eECLOX'
FA410%" & ()- 410%"& ()- 4109%"& ()- 410%"& ()- F&&10%"& ()-10x" 10x'
dDEC10x' F4308&tand,) - 410%"& ()- 410%"& ()- 410%"& ()- 410%"& ()-
5 n-butane,
l1-butene,
trans-2-butene and
cis-2-butene together <1% by weight

l-butene <1% by weight
10 trans-2-butene <1% by weight
cis-2-butene <1% by weight
isobutene 45% by weight
butadiene <50 ppm
water about 2 ppm
15 n-hexane remainder to 100% by weight.

However, in contrast to Example 1, 1.6 times the molar amount of
2-propanol, based on the boron trifluoride, were added and the
reactor was cooled so that the temperature in the reaction medium

20 was -19°C. The reactor discharge was passed through a tube which
was cooled to -18°C and to which methanol was added continuously
by means of a static mixing apparatus (nozzle). No temperature
increase was observed. In a downstream dwell tank cooled to -17°C
and having a volume of 400 ml, the reactor discharge treated in

25 this manner was separated into two phases, the lower of which
contained the predominant part of the boron trifluoride. This
lower phase was separated off and the content of boron
trifluoride (boron trifluoride recovery) was determined. It was
from 43 to 73% by weight in the individual samples brought to

30 room temperature. Further data on experiments 9 to 13 are to be
found in Table 2 below.

35
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&410%?"&'(b0§ﬁg%£§ - 410%" & ()- tX<I PACS410%" & ()- 410%"& ()-

410%" & () - 04410@&"&T() | PACS410%" & ()- &410%"& () -
-&4109%F" & () - &410%"& ()- 410%"& ()- 410%"& ()- 410%"& ()-

t X<I PACS410%" & ()- 410%"& ()- SIB~9 ??*+ 04410%" & ()- 410%"& ()-
pT8CS410%" & () - 410%?"&f() 410%" & 4109%" & ()- 410%"& ()-

“410%" & ()- 4109" & ( T8CS410%" & () - SIB~%l(*+-04410%" & () -
410%" & () Exampie" ki { )Recﬁ"FgEBﬂlQﬁ’/ﬁh& tyven wimsegfrpm Braywiegll)to the

4109%" & () redt8E" & ()- 410%"& ()- 410%"& ()-

<t T8CSSI B~%d( * +- 04410%" & () -

5 The experimental procedure of Example 11 was modified in such a
way that 3 g per hour of 8.7 g of the lower, boron
trifluoride~rich phase (boron trifluoride content 33% by weight)
separated off in the same period were recycled continuously to
the reactor. On the other hand, the amount of fresh boron

10 trifluoride added was reduced from 53.3 to 38.6 mmol/h, i.e. by
1 g/h. The molar 2-propancl:BF; ratio in the reactor was
furthermore brought to 0.5. The reaction and the polyisobutene
obtained were characterized by:

15 C 96%
Y 94%
Vin 86.9%
Mp 1987
D 1.698
20

(The abbreviations are explained in Table 1.)

Example 15: Working-up of the lower phase of Example 11 by
distillation

25
50 ml of the lower phase (boron trifluoride content 33% by
weight) obtained according to Example 11 were introduced into a
distillation apparatus which consisted of a 100 ml three-necked
flask having a water-cooled distillation bridge and provided with

30 thermometer and stirrer. The flask was heated from the outside by
means of a heating jacket. The content of the flask began to boil
at 62°C under atmospheric pressure. The boiling point of the
distillate passing over increased continuously to 105°C. Above
105°C, slight mist formation occurred. The distillation was then

35 stopped. For the 28 ml (22.1 g) of distillate, analysis gave a
boron trifluoride content of 1.4% by weight; the residue (22 ml,
27.0 g) had a boron trifluoride content of 59.4% by weight.

Example 16: Working-up of the lower phase of Example 11 by
40 distillation with addition of water

The distillation according to Example 15 was repeated but 15 ml
of water were added dropwise beforehand to the reactor discharge,
the content of the distillation flask heating up. The content of
45 the flask began to boil at 62°C under atmospheric pressure. The
boiling point of the distillate passing over increased
continuously to 118°C. Above 118°C, slight mist formation



410%" & ()Ooﬁégﬁ/ s,iﬁ()- 410%" & ()- | PACSA10%" & ()- 410%" & ()-
410%" & () 78 ()- 410%" & ()- 410%"& ()- 410%"& ()-
- t1PACSA10%" & ()- 410%"& ()- 410%" & ()- 410%"& ()- 410%"& ()-
410%" & ()- 410%"& ()- t X8l F>4c:s410%z ()- 410%"& ()- 410%"& ()-
410%" & S| B-ogl( *+- 040S7CSA10%:" & 410%:" & 109" &
(410%" &(%? ‘(Tzfﬁslrc(; TRe (§is ign(ya 5&01(’5’9‘5) ﬁ’%oas?cﬁl%'g}?c & ()-
410%" & () {3449 @f( Jisi Baye|* ¥hesanalgsig gypve)a Roxap erTIGIGHe" & () -
410%=" & () corttdi¥t="o% () 9% APMight) - thel Q%=idue) (23 ml, 29.3 g) had a

boron trifluoride content of 60.3% by weight and an organic
5 carbon content (TOC) of 237 ppm by weight.
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A process for deactivating and recovering boron trifluoride
in the preparation of polyisobutenes by cationic
polymerization of iscbutene or isobutene-containing
hydrocarbon streams in the liquid phase in the presence of
boron trifluoride as such or in the form of a boron
trifluoride catalyst complex, the catalyst complex being
separated as a substantially liquid phase from the discharge
from the reactor, wherein

a) methanol, ethanol or a mixture of methanol and ethanol is
added to the discharge from the polymerization reactor at
from -60 to 0°C in an amount such that a boron
trifluoride-rich alcohol phase separates out,

b) the alcohol phase according to (a) is separated off and

c) the boron trifluoride of the alcohol phase according to
(b) is, if desired, recycled to the process in a suitable
manner.

A process as claimed in claim 1, wherein methanol is used in
process step (a).

A process as claimed in claim 1 or 2, wherein the separating
out of the boron trifluoride-rich alcohol phase in process
step (a) as claimed in claim 1 is supported by adding water
to the discharge from the polymerization reactor.

A process as claimed in any of claims 1 to 3 for the
preparation of highly reactive polyisobutene having from 80
to 100 mol% of terminal double bonds.

A process as claimed in any of claims 1 to 4 for the
preparation of highly reactive polyisobutenes having a number
average molecular weight M, of from 200 to 50000 Dalton.

A process as claimed in any of claims 1 to 5, wherein a
catalyst system which contains isopropanocl is used for the
cationic polymerization.

A process as claimed in any of claims 1 to 6, wherein a
catalyst system which contains methanol is used for the
cationic polymerization.
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