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Pol yi sobut enes *166166* The present invention relates to a process Od?UEC 2002
preparing highly 5 reactive polyisobutenes having a term nal vinyliden
group content of nore than 80 nold and an average nol ecul ar wei ght of from
500 to 5000 dalton by cationic polymerization of is e liquid
phase innthe ‘8{§$e e.of boron trifluoride conpl exeqmmm mmmnwmc to -60C
10 Hi gh b f9F Prrdycine Highly e%%‘ﬂﬁ?%‘ﬁ’é%buf;f'éi?ﬁ' ng nol ecul ar, weights of up to
several 100, 000 dalton have | ong been known and their preparatlon is
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ot on_ar GORFEBETh Tten hk. S U™ BB & VST 0% B apgy%ff%larsweﬁgag & umi num
chl ori de, fapry5@0 e HOROCRRBEGTIQRY cRthORHM RAlymeudertiEon nfd igohutene y have
a term nalindehé! EHduord phasayin ddree pgesande cohtberbnotrifhmportian 20 10 nol d
and a nol eeipdExdwightrrdinSt4ddeUtib0De b6t Spersity) between 2 and 5. A

di stingty on nust be nade between these conventional polyisobutenes and the

hi ghly react]j ol yi sobut enes, which 25 have a high_ term nal nI dene
glrgupycons P I r‘.ﬁ(gf‘ %lﬁ?&y&:ﬁf’ aFey° lf‘ﬁia OB iR eé\éiﬂﬁ I‘ﬁ!’fghl y

reactive 98l ??s%ﬁﬂﬁréﬁreéoﬂa 0 fHlitepehave | L& hees browmandtkeirand are
used as i prepaxaliixired sf desc¢hibgst,eferackanplsf, dddHt i Gégerdbmckl:ubri cants and
fuel s, asrdegesohadlehotne@xiigdpolyheddsdde Apdde82760k 10ar, tpeipgaparation
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the fini shélybakumingm chipridasOF RAFOY| FiAflnenadgr ornss aenerahdy nkave

reacti on si tesmimal ldoubdeduind dviiayl odend tdr owpl) eCouteamthodr ildes (viner eas,
dependi2ng 10MméIeidndpasmbléfuldr tlegghacabamtieattion {dispiashhe)bpeaesedir esent
further ip the dnterior of the macronolecule lead to substantially Iower,

i f any, 40 converS| on without the addition of hal ogens), the anpunt of

t erm nal i dene gr sint ecul e .is the nost, inportant quality
criteri onAf S’E’rﬁ?’t‘%‘p@“ ¥ %I:g% ED%E?,%“ “heEer SPIEE T i gﬁ ter ni nal
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i sobut @%ehaveranuighc teepinral ivimydadendogisuwr isontdentiref raederdbhy t o Puskas
et al., JsuPstameirallyOm3r® tthad B00B02% Sc3uch Bygpbgixwadidve56, (1976) 191,
based on bb Qﬁmﬁssh% ddhilhedsghepe dehevior Gie ma@i@+Chlga Gde?2 @ ~O -
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f orned. 4Bacromolecule, the double bonds present further in the interior
of the macromolecule lead to substantially lower, if any,
40 conversion without the addition of halogens), the amount of
terminal vinylidene groups in the molecule is the most important
gquality criterion for this type of polyisobutene.

The formation of terminal vinylidene groups and the isomerization

45 of terminal double bonds in the isobutene macromolecules to
internal double bonds are, according to Puskas et al., J. Polymer
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0 3 D E C 2002 3 The pol yi sobutene cation | is relatively unstable and
tries to achieve stability by rearrangenent to formnore highly sul§&(uiléd
. cations. Both 1,3-nmethyl group shifts to give the polyisobutene cation |v

and successive or concerted 1, 2-hydri 5 group and 2 3-nethy| group shifts
to give the polyisobutene catron V may take pl ace. endrcg n the
posi tion fBem WHIXPOSREMpNSt o3P /i  18[7P ki n%&'e asef] @R cHI¢ £98 RFEeS}bC?“fnf er ent

pol yi sobut ¢netlto ddhemeobhdlogwoners can formfromthe cations IV and V.
However, it is also possible for the cations IV and V to undergo further 10
rearrangenent, causing the double bond to migrate even further into the
interior of the poly obutenédﬁg'ronolecule A thesecﬁeprotonatyp s and
rearrangénen S areni ilibriumregactiogs and therefore|reversibl ut
ultimately the formation 15* myr e~ dt abl e, noife hrghl substi t#t ed| cati ons
and hence R $BarmfroEhsr— |yi<m‘£§ﬁ\ﬁ CHa ¢ er iz bIe bond
wi th establighnment ¢f a t her dynarecofBtidd brijumis f vored These
deprotonatiops, progpnations &Hal | rearrangenents are caChd yzed byCHny traces
of acid Bresent inthe reaction mxture, but in 20 particular by the actual
Lewi s adPd cat al yst réqurred for catalyzing the polyneri¥ati on. The |oss of
reactivity due to isonerizatijon can therefore only be counteracted by short
resi dence times or sterid drance of the conplex anion.*Since only
pol yi sobut enes having t rm pa vrnylrdene grou according 25 to fO
react really, eg‘gz vvr h trf\"é“‘r?ﬁl’-'féfa § anhydri de wi td#sadduct &8
her poly

polyrsog#tenﬁ§o S conp rrson subst ant i al y ower
reactivi te%ﬁﬁf §¥ g noﬁ hly SUbﬁé

bonds are virtually unrggcti T E

efforts of many research |groypy ¥E¥E fd*

t|n
ﬁprov d proceﬁees for 32
preparation of highly re¢dcti ol yi sobutenes dr polyi smhut enes A&y
hi gher and hi gher conteftls of\te doubl e Honds are understandabl e. 35
Accordi ng to DE-A 27 02V604, ' i sobut enes havi ngIdIt ernina
doubl e bond caontent of up to 88%b bt ai nabl e by bor on—
trifluoride- catalyzedcmplynercnatlo ut gne at fC¥m cBP €H3+3pC and
residence tinmgs of legss than 10 m nutes. The | gwest d|4per§|ty|found for
t he pol yi sobutienes 40! th par is 1.8. | gphut gneschavicng-gj mlarly
hi gh term naf qotiR e e% gﬁ&onFentgﬁI but a narpl? wer nol gcul ar wlecir ght

di stri basi on, {are obttai nabl e d t he [process described in EP-A 2B35, by
45 pol ymeri zing i sobutene in prgsence of ajpreforned conplex of | bor on
trifluoride and a primary al cohol at from-100 To +50C and a contact tine
of the polynerization rigaction of nore than 0 3 oEC Z0b2 4 8 minutes, the
nolar ratio of boron trifluoride to the al cohol being from0.5:1 to 5:1.
Thi s process has the di sadvantages that polyi sobutenes_h *lng a high

t er mi na*%doubl e bar® cqntent of nore than 80% can onr b@ obtai ned at a | ow
i sobut ene conversion and 5 that the resulting polyisobutenes are
particularly 3c LbYe U9t SR3MErs POl Yi sobut enes beuwnd kg bantiei sbmeds doubl e
bond cont ent up to 95 nol % are said to be avail able by the gas phase
process 10 descrrbed in US-A 3 166 546 and al so by the process described in
US-A 3 Qg4 22B; Ralwisobhtyheneategligsl used is a boron trifluoride/sul fur

di oxi de gas m xture. These pol yi sobutenes are characterized on the basis of
infrared s ectroscop results. However, when the polyi sobutenes obtai ned by
t hese pr oc5§§e3°3vbe‘r5@ yEene fation ByIowned 15 theCoPRii®e At th§netic resonance
(13C NVR) ppivtemizasppn weictidns maynke tronestegetnte chengoprespawlinmgt hod
for detectpalyissbiteae Boubdliminamden gfta mrbtonrm'me alrotbe maybesai d pat ent

was Wi igioeBi ihiYeaded @ibAkr dordd @nbos cntrhethpugkomds opl ¥réw dne 40 ol %
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trifluorid S, Us ron t orrde and
diol's or pBPSHILOnE Foﬁf%f”i d51% tee“f)drr fer ¢ z%ﬁlrydﬁ° PreRSAVARE By
thi s proced8TEiag VAnysiéene mroppf LRy d@/"}ns ButBiadissi tuber cdoubdeal yst
gave dii sobonhg|Ele passeht aidse protetendeipohyi salrdudee ivasofmedred.
Further agual ity criteria for polyisobutenes useful for the abovenentioned
application are their average nol ecul ar wei ght and 30 the nol ecul ar wei ght
distribution, also called dispersity, of the nmacronol ecul es contained in

t he pol yi sobutene. Generally, polyisobutenes having nunber average

nmol ecul ar weights (Wnh) of from 50Q to 5000 dalton are used as internediates
for the preparation of the abovenentioned |ubricant and fuel additives. 35
But pol yi sobut enes havi ng nol ecul ar weights of from800 to 3000 dalton, in
particular from 1000 to 2500 dalton, are nore effective for this purpose
and thus preferred The polynerrzatron of isobutene yields polyisobutene
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0 3 DEC 2Q02 5 highly reactive isobutenes having average nol ecul ar wei ghts
inside the preferred nol ecul ar weight ranges and preferably a very n@gDev200?
- ol ecul ar wei ght distribution so as to reduce the proportion of undesired,
relatively high nolecul ar weight or 5gel atl vely | ow nol ecul ar wei ght

pol yi sobutenes in the resultin product i rov the quality of

t he” pr oducthe | polyisobuteng  &af 108 §011€7er ESb\’ #p EEJSPSS d€scri bed
in US 5, 408chieve rﬁt\mléhtm@hlrfaﬁéaﬁ‘aﬁ?wtpd?loyifgélbu{‘%éllﬁ ¥¥ng a 10

term nal veaystidartedycatporontBath of 3rmetthitlhgno8p shiffsand aivevtdreage

nol ecul ar wf&oxﬁfteﬁareoaa@% tie aﬁeos@kaéémvbyoﬁaédamx&eaohymawd&qtibon of

iSObUtengcb?o‘s 9“'3 a@z;i Lpff@é d.0 Blpgr% dlgg_gggﬁg&]eas cat al yst

t f q
secondary GREHOIS MRy R 15 DRRP Ao Db S KD TH @R FEOT B ERavi ng

2-20 car bonr@wrmls ?Hémélli%ﬂ%irl ist paek qAsed three pi Bffarepty PeivkTPUtEAtai ni ng
at | east odeuller thomdy iabkests granuforihfrompribeesations I aedyVgdiavevesul t s,
accordi ng 1© fxaMpoepbsoibid&osi tRE @atiis, Tnandier pesadseg®f fuxtheppl ex of

nggs\é“nt *ﬂl ﬁz\‘/%\%xaé}%emaﬂg 2c%l}§13ﬁ|g En@uaadbfet B8hg €9 mig rfal%eaavgmt %ﬁﬁté’gﬁcte htehe
formation H?tcbfqﬁ 5‘8&8f t%ef 88{ sbt Blgalpgczgoq'l aﬁ%ﬁignd tertiary
organi ¢ fluorides, which |ncrease t he sol vent purlflcatlon costs and reduce
t he pol yrreM]ZBﬂ}ﬁS@I depyetonatd onsuaed tTRATTERPSMOM e @Are santhikiaw by a
process f arequteipaisi agd htlghteforeacévens jidleyi sobwt Brigmtedyi tige af drmatioal
vinyl i desieogmdde ¢eabes} rfreMhAghlpadubHi ifakdd adkt ivhsauna agencd) tikel ecul ar
:Nﬁ' tgﬂte ?T Ec{xgmti% b2 B s%g,hkgﬁe@yhmwgoahclmﬁf{)aqr PF@IB%Q%%{d kﬁief?utene
trif1or 3& ‘Hﬁsg’“eﬂﬁ I T i s S
presence e%%ﬂﬁltéﬂn%m?&'ﬂté’?’ﬁ@l%cﬁ? FFFEE%Wan&ﬁda’S% %t yﬁPFn’BA’y
al cohol hanihgraces efiravid Rrersnbrin tWecsaaakiomiMatgre hathdn3- 20 car bon
atons, 20 parfiichilee by thHesetabhtoberiss agnid d8tdlysan reghiéredditirai ni ng no
tertiary aialﬁalyg&agpswrgbl@mrmgatmfumwuassk b rea@t3vir ¥ due2@@2 6 where
Rl and R2 aldmddildRs ¥n Q:rans%‘ﬁQBgf‘éz\/e .J?él el S8R dYavtRE By lhdxar bon at ons,
with the pr V'd%%cghgim.gi e%%sr%ehqi 415an9f Hnd %oﬁgﬁsgoma&y 3lkyL group.
e

5 Pref erreda Seco S use

i sopr opancﬁn Yak§ f‘@%/ S REFLI Hl”?y;hol&e ﬁ Pr%‘ﬁ?iseracé’lp ding

di - sec-Putha fermuLa %rrecalﬁ’é 5E?bb%@sffér1clﬁﬂ‘él§5r"é’§é‘ntt Eneifi%Rrhydr feal

vi nyl i denavit® gﬂdupt tormadiennabo Huiasbutboeg sofartdet osmulp FTe hpvadsy whose
posi ti on icomplaeipohysssEnsnedel pcYore eeateivitydandr obker by t he gener al
formul a | lg»134s6b3tenddhaRkichlymore GHiyhae bhBstituted3dddbi&iondR hset he

pol yi sobutﬁlﬁnamfd\amaat&vgugé&am maieectxmm@epr eRerdd i npkqt he doubl e

bonds pfoei%%r%g eRGRLLEIE REEPBhes, 088y frddic e ERE On 19
eterm ne
Cor il hel PESBRT Sl Of BOSN LY iRl B D SOPSLSBRT % 1 n for mia |1 a

can be i dORLVEERBUISPehdRVipedkighar andnhbivker cORMEPPtHiof terMminad 143. 6
ppm respé’@Pb\lelVOD%chrtehengﬁmda(meef terminal doubl e bonds with regard
to other types of double bonds is cal culated by an eval uati on of the peak
areas i35 nebatidQng i WEea0Yered l6cd) rRheOIw gaflytlbsb@{&{ééﬁ nR%aks- a The
nunber aveeafendd GG phfh dllndn:"WEDED &Y YeAOBRLARIIS USed herein s
t he nunber verggf @?’0 #93‘[ 4_’ %z Kg d erag:lned for

exanpl e, a SRnCWFJO pﬁ BRoYYSY OPaPbr - pressure
osrmrretryls? B %%5%@00?%% "13(9 rﬁ?@ﬁf’?ﬁﬁenﬁkﬁ of pessitlad to
prepare pédPynivbteendhendovest aﬁlﬁ@ﬁﬁﬁn‘&y found |fdenehgrpnlprltsobuememf nmor e

t han 8@0nbhts pmsaeaied liy bo8e than 90 nol % by cationic 40 pol ynerization
inthe liquid phase of |sobutene at from +90 to -60C, preferably from-4 to

;:gggtl '[rl[j(rants e sf BQ O rel%"qmgg&flﬁsq'f glnllﬁ% cfuobfl Pﬂ%l ude
vi rtual | yCEHISNYS ﬁ”} ] B%’Hf)‘f"éerhé{\? Rgu a’?d’%&?‘ﬁoﬂl%'i’b‘r@ta‘?nmﬂe as all
secondar yCRF&HIRRLe byvthg Brompssadpspribed in EP-A 145 235, by

45 polymerizing isobutene in the presence of a preformed complex of

boron trifluoride and a primary alcohol at from -100 to +50°C and
a contact time of the polymerization reaction of more than



"0 3 CEC 2002 7 atonms, i.e. the primary or secondary al cohols may bhe

| i near or branched. Exanples of primary al cohols which can be used 0°3 DEC 2002
.according to the 5 invention are nethanol, ethanol, n-propanol, n-butanol,
n-pentanol, n-hexanol, n-heptanol, n-gctanol, n-nonanol, n-decanol,

2- et hyl hexanol , 2 pro hept anal . n-undecan dad cano n-.tr canol ,

et hyl ene gl? 'ﬁ'?% ’%cgs":f SRELQ° g}?ﬂﬁﬁ Bfﬂé‘fﬁjt o8 %‘é oaf%é:ahfal cohol s
are: |sopr1éﬁﬂenﬂ)lfr°m But vhdio 54dd Bhi® %ré’é-'-eﬁénb%%o‘ﬂse dd §adViRRERUSISS |

sec- hept anm lyisebatenéartdwsings achhgimarming nad edoulelenbond contarg- tOr-El gexrenol s.
I n addi ti oghdrd stNeAN d6n Ly HY oBREYn@d A0 I6R0DsEHuteneCobMVErsibh and

(Pol y) ethenplss ok eLOYI efify PengesoiAlRAC 08! feréiithiBuignomiyliecas wel | as

pol yt et ra rof uran may a used according to the invention. Preference
is given t ‘?Pﬁ 9 2-butanol and especial ly 20 isopropanol. The ether
containing no tertiary alkyl groups and having the fornula | 25 Rl1-O R2,
may be anyPaliyisobuhents diaving gr bepsiRil doubde Rndcontert vefd upr 6m a
secondary %8 GNhel ageds&iE Hor benayadlalslec bydahy gd\phageoppscdsavi ng 3- 10

car bon ﬁé%cflbed ﬁhkué-zgrsoqra% 96 CAnf a8 s8t bACHiRd grocals tawsatibes oxygen

atomeith - 2, 04 ouR, group. SpeC|f|c
exanpl es 31[ %13an % C%i ?ﬁ ]?%I al%% Q%éd ai:% acbio}'%l? 2- but
sec- pent yl EXi{dpor1de %‘E%C“r o ?/Igasa 35! alpgg eneg RYT
propyl, buaharacseriged g thexprsip oqﬁasmfrvar@ﬁcw%ﬁtrﬁusepeymhtg gi ven to
di i sopr opyHoweiveel, , whenprlepyol?ibobytenstshebtahded iby?2 thasg | pidesises{@efde
boron t 15 fdn#kizda/ By hesdrd @Fhoic cutlleax esagie: indyasbraaruliyc pmpar ed by

i ntroduci &e&eeeé OrgHy diyf il s%a&e nid¥e0 shbe; Sl @hgapeed ik %eabel in

questi on Otr xprd% teq:tm(?Ln%IS ﬁ%ié)ri)on'as 11[ n%}_t ginm e ett %r the
al cohol in est pr ga ed %a g 0Oto
+40C, pref tﬁ? f‘fﬁnwrzl(‘f'tgg ‘Ué’r} g 4 TS0 8PBfe 1o
wor k at HpeP aturdds moil. j s technl caI I y more difficult to achieve

such Ionmerrperatures Since the conpl exing of boron trifluoride with 03
D E C 200%ss-asecopvary’ alexehebsalsyExatahefer Creddidoneacstalyzedxbyre is
pref er abl bRl @di EPudBidY, alRel Ea@ilﬁsh:% desir sk e rpanets!'¢s bbrohow

P B o e BB a6 o 480508, | S e e e e s, I

t hese cas@siyf“efézaﬁi‘/%’ht ?é&ﬁg P e e\r%1 : #ﬁoceosq" §?$ ?ﬁbugr%f’ e conpl exes
in a sof¥emiflpeaide sl 7(5fbu§&PP§b‘PJe %qguﬁénfgt%}ﬁth)?&%c%ﬂﬁﬂﬂ’ Yi6RR

pent ane, HdeamsalyiBoeducine Noopohel sjurgnedvasg dicd@®dbons, such as net hyl ene
chloride or 10 chloroform It is of course also possible to use sol vent

m xt ur es. Fisttdklyquiiteeys @ribielis yre gaayoBoblitdiegonsdeuT ofgyl @xes i ncreases

Wi th incr eazvagesol Medd awl%hwenm ehek g, avdiaiyet Re1bOK Y %h&heoamﬂe

conpl exgs Q ‘31&!5&‘ 11 efi e di 0o ttﬁ, g | V& tda‘i’ieﬁré’l g LP apol ar
sol vent s, suco a ecu mentcllonn gy cgr ons gr but ene

sol ution, B‘ i88° cohp BREEEG®r neg® I'| té/%fgr oduct
and separ é’t" Y&ﬁf’b‘t‘%e’?‘?ﬁ rﬁaé(ﬁnﬁrrﬁ‘lmé‘?% a(YFréﬁéﬁE‘Hﬁ%‘ﬁarﬁ"

accor di ng firem RBO| ¥@ 000 Ralson aarg waed Adt LetArpegyapes cfeﬁraltﬁgt conpl exes
di ssol ved prepegehtousify the tbevemamationedniabxinantt aatl sfudly addtialiyes.

conpl exass Biits PUll § Lsbiifiedie@d 8OO INbliddul BE WeaMtisOBs MBEbrMoosyeh cat al yst
separ at i 01yodr 8a tisia) |oh ee&t%aialcaérom%oa@etmrs‘a@ hiiddiotddengpap! exes

may be pr .ate yuse .ln the process according
to the |n\%en?|ggg teorfp%?’arl P?r%? r@d’ EE’E? ?Iﬁe i *F8r matl on and nmetered into
the polymerization reactor as required. 30 For tenporary storage, the

sol uti ons T PREYPREIZAtIe8 Bér b¥phutieneupields codplieseetene pdednees after

di [ uti c® whokef poljigrotenentomporentsef rabl yhef pblledisomtteneool abl e

cont ai ner sma2pREmé1&EXksat heoaes ahdre el Qus OKrdidl, i FaHE&H molechngt her,
pref erred¥aghat § A GRS bﬁe\%l&‘?%{ thggli r\ﬁaa}%%%a&éﬁ{xl%“%bdﬁofé’cf@u%es in

situinth yoerlzation re rocedur e Ci ng

t he al cohq? Bﬁlc (EP Z’ tAR8 ?ﬁ theets’l‘?epoa‘ﬁ‘ quenE] Vﬁ\bg Ph% sol vent
and toget H@FIW?H‘Q fﬂ?qp%Bﬁ?’érfef Rolyasehetens yasrprateand esehavrg and

di sper giSngel abivi@lbdioonorr rélatiniedy high heoreeglir ede fgtousnivhiioh tdwes react ant
m xture i mowhich Idws hasontibid feer ke iBaaEnentibled Mirposehelin@d e

ether to gi¥eréNdRQNIYNihEEfddNede 1600P! SereFRBe éfa%lgeggﬂég%ﬂum the

boron trifluoride catalyst conplex can advant ageou y be cond si ng
i sobutene or the reaction 45 m xture conprising unconverted isobutene and
pol yi sobut ene as sol vent instead of an additional solvent. |If the reaction
m xture of isobutene conprising polyisobutene is used as a solvent, the



"0 3 DE C 2002 9 isobutene is of course usually not converted conpl et el E/
and it is advantageous to choose a partial isobutene conversion of i0n3 D CZUﬂZ
- general up to 80% preferably of up to 70% 5 The in situ generation of the
boron trifluoride conplexes in the prgparati on of highly reactive

pol yi sobut enes represents, s in the case o rrocess_of U 5 408, 018) a
subst ant i aﬂlg& EFFE’a‘f‘? gf’tf’h%s qy@é’@s#ﬁﬁ?%érr OLEGHLRE MGIBITS Among

ot her thi ngzsldlehéhﬁnm‘e%ﬁerféﬁﬂ raleetlar sRighti PARIAS |a§drEH%|¥f§@b1§| Ace 10

nei t her reaadyohartow nolepaniapgweigitordisdribuplaxe asr tet vedye thaks for

the pref orgmsbos@iBh €¥f Sldelsii 9BE, aF &l 419l eligh imdlecadyanieigaausrt 0 prepare
the cal 2 Al GOHRy ! qugﬁgepﬂa}r digi! G@;fuéaﬁ%%gyla' e qlecaid gy her in

th | e
acgo?gl ﬁ[:] Rré’dﬂ’ﬁé R ‘ée"rﬂ“l i i‘mgrmfehe(i’r?o i b%¥ %e edrbdudd1e process

trifluoride/sec-al cohol/ether ratio is usually not altered after generation

of the corfd eesi attemstteddono 2801Wdethizl probdem dyfa prookss descetihed imy vary

from 0. 01 g0 51Q08 Perd iiGUkALCR’ B BN Geaksive IlytieoButehés Halvihgoam 0. 02 to

2 and pgy Ldd ﬂ&%ﬂgﬁ&%@gl ﬂiﬁ;ﬁ@(ﬁt@ﬂ:ooi fhrel REaRF80 CRSIGERhGagAON i n the
g

Gate and SHeiRasyioleradlo it E Ui, eom 20 o 8’9”§§?£5i;9¥°%t98§% e

gra
pr ef er abl POR¥BAF H235 9% 4. 5%”5@/“% gt t bl%rgalp B8R EHE oﬁlﬁfo he
conpl exi ndpoxgentsiflunstide andcet&ﬂe«stdéﬁeﬁa%m difCt ke BEYPC greeR¥odIdesnbYt he
nol ar r at ipplghetbeisynmnofthal poédsdnandfesbeondary3@1868ols heoriagt Ba20 1 and

| ess t hah cardB afomd @ind/abl ¥id1IM btheksd Ravillie 2i-30besfin e@BRENtTIRE i ON in

the react %@e %@{% étld YIFEE:OQ}Q S&téf%r%?( by W0 Rbnt & 851 R0l 3eRME &dife UP tO

= 3000 ,pr rom h y bel ow 5%
by wei ght . t % ?L JBRE tra é%r%gé% (gé”éﬁlcﬂ R’Tgp (g %{)0‘? %HQL (g}:
preferred a€ﬁﬁ§ﬂ%%rﬁ° EP‘HE'PB?S‘}"e? FrenEy &P b‘?eeﬁreéﬁng‘é & eI y or
in the solcgppiefeef BFo With rdurtenodnadnd WepWry lcbripiitld ehibek-t he al cohol in
the com® ex or solvent feed to the reactor or in the reactor itself. This
makes it pesskbhg djeditSoEpahe prlennelfyerdicnorpl £imp i fytthenpirbddraut
detriment %Indenp% 1 b@r E’@tféﬁhd@rthagf&f}ﬁ‘aﬂ%ebﬂt bPLpdauche &) cafw!

compl ex. 43,n O 3. tliag{f;%a JO 3l LbL Dl Tl VBRI lcg! N fypPar at i on

f the b (7117
?r.ﬂﬁor."éfé” oAy AL SO S A O Lo A et

trifludd dée&‘érrprl sing mnor anounts of sulfur dioxide and SiF4 5 (purity:
96.5% by weight), it is preferable to use high purity boron trifluoride
(purity: @8. bérdyfawsidghhat HHiss ohtjeetpiepertdieved by &imhicessefictive

pol yi sobupgagsr oo Widhlg teadditrd Poefitetuterdrr haesndisReraingl t he

pr ef or med ybay Plyekfe fg"rbfxgué’&mﬁatc%rfplnéi‘e sldff 180NmOL ¢ SHRP @IS L9Brade t he

| sobut agen3sEor g cignt ns: Al %3h quwae@&kosr%ghéﬁeta%ge;mrggnerat' ng

the catalyst 1n st ream cQ

i ntroduci F-GRCEARE 68 O 1995E0E, A8 FHe oyt BRHRR ee PEHETTIES whi ch
may be us@ i‘rF‘?“fRaleffr geBREiIGING ROTPRyEREf BIPTLge] Ak | tKRM JEOEC | & ImEP8Ge and
m xt ur es Whit¢kginmparieeanpoimvari zipdr b arlio preshnce ¢&woapdexont ent shoul d
advant ageouspyisiotg berbessrifiaorG@ebyndei ght. Preference is given to using
hydr ocgsbon m xtures having a high i sobutene content and a | ow but adi ene

content, BRI L L OpfHady SALAGE hdlAI30 10bY Clbdifor? aRUAE 6foib‘éte‘%§d%&e wi th

f eedst ock. Th| f.e oc as such 1nto

the aid of thefcéf%1§§Fl§ s?e ac5§9&|1 Ty He |ﬂ§§ﬁﬁ ﬁ%lig?ﬁ% presence
of inert solv%h&%?-%hcﬁngs saturated hydrocarbons, for exanpl e butane,

pent ane, hexane, isooctane, cycl obutane or cycl opentane, hal ogenated

hydr oca®bbps, aRethiseh cantakiing ene tebtdaiylenlonyichloums aina navihql ©ear bons
havi ng suit abferm@lat itng and boiling points. The isobutene feedstock may
conprise mnor anounts of inpurities such as water, carboxylic acids or

m neral acids w thout cau igg CFI{IC&| yield or selectivity |losses during
pol ynmeri zation. This resul'tsS in a1ower 30 al cohol/ether consunpti on which
alters the abovenentioned nolar ratios in favor of BF3. It is, however,
convent®nt and advant ageous to avoid an accumul ati on of these inpurities in
the system by renovi ng such substances fromthe isobutene feedstock, for
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0 3 DEC 2002 1~ reaction effluent after equilibration of the polynerizatio
reaction. To avoid high |ocal and steady-state catal yst concentrati dh& Dk 2082

. the polynerization reactor which may give rise to double bond shifts, it is
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medi um whi ch deactivates the pol ynerization catalyst and thus term nates

t he pol ynerization. Exanples of suitable nedia include water, alcohols,
acetonitrile, ammonia or aqueous 35 solutions of mneral bases, such as
solutions of alkali metal and al kaline earth netal hydroxides, solutions of
carbonates of these nmetals and the like. As part of the continued workup,

t he pol yi sobutene is 40 advant ageously subjected to one or nore extractions
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- 13 The process of the invention provides an econonical way to prepare

hi ghly reactive pol yi sobut enes whi ch have a term nal doubl e bond cohddil 18
. nmore than 80 nol % often even nore than 90 nol % at very high selectivities
and very high conversions, 5 and noregver provides polyisobutenes in the
preferred nol ecul ar wej ght range having narrow nol ecul ar wej ght
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as 011 £ SSndeSo8 B0l gl ot Sheye: %ﬁoﬂ@aglazc%:ggagﬁega@ s than 3 ppm

and fed r ea Qt er nal
anaec

di amet er @Wéndav\%s"“f@ SPECBYT
i sopr opan(ﬁq%chtéppéﬁyl smwaael%orﬁﬂ%ﬁﬁﬁgnaberﬂ% SRSrET H#1RNALF - i nt r oduced
into the hexane feed to the reactor. The BF3 feed was set to 23.5 mmol, and
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di i sopr op ?e%%ll%ecrﬁ’ gr?nﬁ) an "ia(flag%%gi?%ﬁ]s% g%rof%}% ttP tli%c The

r eact or ef’fq"l?é’r'?t‘-oﬁlas washed with water and worked up by distillation at
230C/ 2 nbar. The nol ecul ar wei ght ©Mh of the polynmer was 1070; the

reactivit ypefierghcdepne @remotibl esbm}d-bonaeql)annh$59>¢c®%lfxanpl es 2 - 6:
Exanpl e2d sproppasi ed, except that increasing nolar ratios of 40 ether to
al cohol were used. At an i sobut ene conversion of from92 to 98% the anount

by OPC wasthsh EFRE (Cahingh B Py BLAVY Flp @b AP g8 or m e

di - sec- but%ﬂ Ref. The results are summari zed in Table 1. 45 Tabl e 1:
Pol ynmeri zation using different nolar ratios of sec-alcohol to ether at an

i sobut e2® conver si orReO-Rfom 92 to 98% and a pol yi sobut ene nol ecul ar wei ght
Wvh of 1000. Exanpl eBF3 [mol]Isopropanol [nmol]Ether [nmol] Ml ar

rati os*) mBy be bhyBtrdd sabuheneltned YWdbps neaghloMieacki Héfiwedtrom
a secondary alcohol and are primary or secondary alkyl groups
having 3-10 carbon atoms, i.e. alkyl groups which are attached to
30 the ether oxygen atom either as -CH;~R or -CH-(R)> group, but not
as -C-(R)3 group. Specific examples of R! and R? include the
following groups:

isopropyl, 2-butyl, sec-pentyl, hexyl, heptyl and octyl, and for
35 R?2 also methyl, ethyl, propyl, butyl, pentyl and hexyl groups.

Particular preference is given to diisopropyl ether, isopropyl
2-butyl ether and di-2-butyl ether.

40 The boron trifluoride/ether/alcohol complexes are advantageously
prepared by introducing gaseous boron trifluoride into the ether
and the alcohol in question or preferably into a solution in a
solvent of the ether and the alcohol in question. These complexes
are usually prepared at from -60 to +40°C, preferably at from -20

45 to +40°C. Although it is also possible to work at lower
temperatures, it is technically more difficult to achieve such
low temperatures. Since the complexing of boron trifluoride with
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formul a | BhlveR3 2@rewhgdeo®riams , REuak capriemgnye orhexamendasgoctdnd, groups
having 3- 1Qa§&§é}@°ceat apBrovhidorishe spenvas mdthgtiene d¢leratidenerof Rl and R2
Lﬁeaszggﬁggf}wmﬁf SEOEES%@%%rIS'S@ Qi%& s%%lﬁ' ?6?& 's?l%%’cm 1, I whgr ek”
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ether, di- éé@r?ﬁﬁ%ﬁ witRet NGFRATIMY; §8bY‘i)‘b“yIP°§6‘r%E¥ butyI ether. 4. A process

as claimed in claim1l, wherein the primary and/or secondary al cohol a) and
t he et her m)xeﬁéﬁnwsedhén sherdaxonr atiflwdrifdeoroiipDdzds tto bO: dsed®5 5. A

process 18Sagééy it €hai Miventidar 8@ prepapedNif Yapsldrososeéntelamsyical cohol
?\) pgggets Qeast ﬁenef&&ied myareg%gsonx{sgﬂgrrgﬁo{mi#m&tgae 1séfutdioh, aﬁg/ gr
secondary gﬁ%cth °n 5%%%%“% edo \ggnﬁl net excfaﬁe !b Eg‘tg %&V:For to
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critical.

25 The boron trifluoride complexes may be preformed in separate
reactors prior to use in the process according to the invention,
temporarily stored after their formation and metered into the
polymerization reactor as required.

30 For temporary storage, the solutions of the preformed boron
trifluoride complexes, if desired after dilution with further
solvent, are preferably filled into coolable containers and
stored at generally below 0°C until used.

35 Another, preferred variation comprises generating the boron
trifluoride complexes in situ in the polymerization reactor. This
procedure comprises introducing the alcohol in question and the
ether, if desired together with a solvent and together with the
isobutene, into the polymerization reactor and dispersing the

40 boron trifluoride in the required amount in this reactant mixture
in which the boron trifluoride reacts with the alcohol and the
ether to give the boron trifluoride complex. The in situ
generation of the boron trifluoride catalyst complex can
advantageously be conducted using isobutene or the reaction

45 mixture comprising unconverted isobutene and polyisobutene as
solvent instead of an additional solvent. If the reaction mixture
of isobutene comprising polyisobutene is used as a solvent, the
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5 (purity: 96.5% by weight), it is preferable to use high purity

boron trifluoride (purity: 99.5% by weight).

Thus, the preparation of highly reactive polyisobutenes according
to the invention comprises disbursing the preformed boron

10 trifluoride complex solution or suspension in the isobutene
according to the catalyst requirement or alternatively generating
the catalyst in the isobutene stream comprising alcohol and ether
by introducing gaseous boron trifluoride in situ. Isobutene
feedstocks which may be used in the process of the invention

15 include pure isobutene and mixtures of isobutene and other
hydrocarbons whose isobutene content should advantageously not be
less than 6% by weight. Preference is given to using hydrocarbon
mixtures having a high isobutene content and a low butadiene
content, particular preference being given to a pure isobutene

20 feedstock. This feedstock is convertible as such into
polyisobutene with the aid of the catalyst system according to
the invention in the presence of inert solvents, such as
saturated hydrocarbons, for example butane, pentane, hexane,
isooctane, cyclobutane or cyclopentane, halogenated hydrocarbons,

25 such as methylene chloride or chloroform, or halocarbons having
suitable melting and boiling points. The isobutene feedstock may
comprise minor amounts of impurities such as water, carboxylic
acids or mineral acids without causing critical yield or
selectivity losses during polymerization. This results in a lower

30 alcohol/ether consumption which alters the abovementioned molar
ratios in favor of BF3. It is, however, convenient and
advantageous to avoid an accumulation of these impurities in the
system by removing such substances from the isobutene feedstock,
for example by adsorption on solid adsorbents, such as activated

35 carbon, molecular sieves or ion exchangers.

The isobutene polymerization can be carried out batchwise,
semicontinuously or continuously. It is possible to use
conventional reactors such as tubular reactors, tube bundle

40 reactors or stirred tanks, but the process according to the
invention is preferably carried out in a loop reactor, i.e. a
tubular or tube bundle reactor with continuous circulation of the
reacting material, where the feed/circulation ratio may generally
vary from 1:1 to 1:1000, preferably from 1:50 to 1:200 v/v. It

45 will be appreciated that the amount of feed equals the amount of
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which can be achieved, for example, by providing the reactor with
suitable internals such as baffles or by dimensioning the tube
cross sections such that a suitable flow rate is achieved.

The residence time in the reactor of the isobutene to be
polymerized may range from 5 sec to several hours, preference
being given to choosing a residence time of from 1 to 30 minutes,
more preferably from 2 to 20 minutes. The overall reaction rate
depends on the amount, but in particular on the molar ratio, of
the complex used. Virtually any overall reaction rate may be
chosen by varying this ratio. The optimum reaction rate is a
function of the equipment and depends on the dissipation of heat.
Short reaction times are preferred. The boron
trifluoride/alcohol/ether catalyst is usually introduced in an
amount of from 0.05 to 1% by weight, based on the isobutene or
isobutene/hydrocarbon mixture used.

The polymerization is advantageously carried out at below 20°C,
preferably below 0°C. Although isobutene can be polymerized to
give highly reactive polyisobutene at substantially lower
temperatures, the polymerization is generally carried out at from
+40 to -60°C, in particular from -4 to -30°C, particularly
preferably from -10 to -20°C. The polymerization is generally
conducted under atmospheric pressure, although it is also
possible to work under elevated pressure, in particular under the
autogeneous pressure of the reaction system, although this is
usually immaterial to the result of the polymerization. The
polymerization reaction is advantageously conducted under
isothermal conditions and at a constant, steady-state monomer
concentration in the reaction medium. Any steady-state isobutene
concentration may be chosen in principle, but it is advantageous
to choose a monomer concentration of in general from 0.2 to 50%
by weight, preferably from 0.2 to 5% by weight, based on the
total polymerization mixture.



S 109VE () - L' 10%v8 () -
10(z(z ??@\BhCDWMUB<=! | v, S#109%&' ()-!r& "1 109%& ()-F!'w "10%& ()- 3! r 0@103REC)200?
1 {0@10%& ()-! @10983& () - DEFFFFFF[ Gr S4!1 109V ()-, 109’ () - F( mLO%VE: () -
10 10 10! vO, S#109&' ()-! w0, S#10%& () - [&IIW}KK\NUBrSMI (08 " 10 ig

1090 M & lv3" 10%& | 0&: #109&' ().- ! & #10900&' " ‘() -
"@Iow&'() K2 g|‘_’£ N @%ﬂﬂa%ﬂdﬁzﬁc °Psb%1%i5§g2\e)‘g“)ﬂ %1%02&""6 | * - #109&
() - Z! hoy @§E09®88§{§t1Qﬁ/1@#299@@%3 nggeggﬁgﬁ by a cooling means, which
QI C>PP( Q-\ maly! bg#dpemited,! Gt 1688mples’ (Fihg" LONGVEL afnon 10 %@e/'coplanOM 10Nk
1°M‘°S°“°W“‘E*@%%% PR ottt K hbaadd O
%FF&:()_I g o # ) o5 ume
10 () e EP%’% G L bl b g
ZZ[\ ] N _wU3{eenst i tyerssl 0% rtae(}sobwes;ése%mﬂ% Pr the E9sidgyeveiatily, s s#10
%1 & ()- ! Gplssndiidh as ptB#AOY@rOpahe o Jdbrtrows ckERBIMG the( 10(
10(0, , &#10%efp éi'azdl% HHEQURD & Kowele?, , &#A084dantdle, i S &Kol pt 71 ity8#10%&

() - ZCCdg,d‘ foQZ%Sﬁé/BEﬁ MAGH Q& nich! AEFOPBe D ihMEEEd 0P dblions O8E AN E nG) -

| 0&#10%

(10% & () - dPOtBEk?WW 1| 01"10%* & ()-!1"10%+& ()-! 0g#109%&' () -

| 0g#10% . & ()- ! Og#10%8& ()- !rO0g#109%& 9% _ o .

InMmmMMMMMMo@sY! dsalpwiene cpnversiany &ay) beooheegn in pgisgigle. Iy ypll be

10! { 01" 10%&ppyecidpth_QoseXEuSHHBYHEOYRLSY - 19dutL0ReG)vensYSA8% (& () - 910%
C& () - [18&, 588 Qﬁdiﬁe'tie#ﬁegﬁoﬁicEﬂiﬂ%@muvyvﬁfukﬂe process, whereas very

10° 01f #10%, n¥q sémé%h Sohite s A0 hordT{Hd0o8%( } nOndtd o fe ()1 '19%%10%&'

) - VvV TWA w éi I:Znondl hl%%O‘Vg‘th lrg\a;ég(y@%égteq: r%l:ag{@or( )tl%es%lgt@‘ (Q

Or[Yalo%& proved dissipation of heat, absolutely necessary. For these

reasons, the isobutene conversion is usually from 20 to 99%, more

20 preferably from 90 to 98%. Surprisingly, these high isobutene
conversions, when achieved using the catalyst system according to
the invention, result only to a minor extent in double bond
shifts, and the resulting polymer still has a terminal vinylidene
group content of more than 80 mol%. For the preparation of a

25 polyisobutene having a terminal double bond content of more than
90 mol%, preference is given (at a 50% strength by weight
isobutene content of the feed) to an isobutene conversion of up
to 99%, preferably from 90 to 99%, especially from 94 to 99%,
particularly preferably from 96 to 98%.

30
The reaction effluent is advantageously worked up by introducing
it into a medium which deactivates the polymerization catalyst
and thus terminates the polymerization. Examples of suitable
media include water, alcohols, acetonitrile, ammonia or aqueous

35 solutions of mineral bases, such as solutions of alkali metal and
alkaline earth metal hydroxides, solutions of carbonates of these
metals and the like.

As part of the continued workup, the polyisobutene is

40 advantageously subjected to one or more extractions to remove
residual complex - usually washes with methanol or water -~
followed by separation by distillation into unconverted
isobutene, solvent, oligomers and polyisobutene. The isobutene,
the solvent and the oligomers may be returned to the

45 polymerization reactor. The desired polyisobutene is obtained as
bottom product.
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double bond content of more than 80 mol%, often even more than

90 mol%, at very high selectivities and very high conversions,

5 and moreover provides polyisobutenes in the preferred molecular

weight range having narrow molecular weight distributions.

Alternatively, the process of the invention makes it possible to
conduct the polymerization at an elevated temperature or to

10 increase the reactivity of the polyisobutene produced even
further as compared to the process of US 5,408,018, and it is
easier to separate off the complex owing to its lower solubility.

Example 1

15
The reactor used was a recycle reactor consisting of a Teflon

tube which had a length of 7.1 m and an internal diameter of 6 mm
and via which 100 1/h of reactor content were circulated by means
of a gear pump. The tube and pump had a capacity of 200 ml. The

20 Teflon tube and pump head were immersed in a cold bath at -23.8°C
(cryostat). A mixture of 300 g/h of isobutene and 300 g/h of
hexane was dried over a 3 A molecular sieve to a water content of
less than 3 ppm and fed to the recycle reactor through a
capillary which had an internal diameter of 2 mm and was

25 precooled to -23.8°C. BF3 and isopropanol/diisopropyl ether as
complexing agents were directly introduced into the hexane feed
to the reactor. The BF3; feed was set to 23.5 mmol, and the total
amount of the feed of the mixture of hexane, isopropanol and
diisopropyl ether (15:1:4 ml) was varied until an isobutene

30 conversion of 92.0% was obtained. The isopropanol feed was
13.6 mmol, and the diisopropyl ether feed was 27.2 mmol, at a
reactor temperature of -18°C. The reactor effluent was washed with
water and worked up by distillation at 230°C/2 mbar. The molecular
weight M, of the polymer was 1070; the reactivity (vinylidene

35 double bond content) was 97.0%.

Examples 2 - 6:

Example 1 was repeated, except that increasing molar ratios of

40 ether to alcohol were used. At an isobutene conversion of from 92
to 98%, the amount of BF3 was increased until a molecular weight
of about 1000 as determined by GPC was obtained after workup. The
ether used in Example 7 was di-sec~butyl ether. The results are
summarized in Table 1.
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cationic polymerization of isobutene in the liquid phase in

the presence of a complex comprising boron trifluoride at

from +40°C to -60°C, which comprises polymerizing in the

10 presence of a complex comprising boron trifluoride and

a) a primary alcohol having 1-20 carbon atoms or a secondary
alcohol having 3-20 carbon atoms, or a mixture of these
alcohols, and

15
b) an ether containing no tertiary alkyl groups and having
the formula I
R1-0-R2 I,
20

where Rl and R? are primary or secondary alkyl groups
having 3-10 carbon atoms, with the proviso that at least
one of R! and R? is a secondary alkyl group.

25 2. A process as claimed in claim 1, wherein the secondary
alcohol a) used is isopropyl alcohol and/or 2-butanol.

3. A process as claimed in claim 1, wherein the ether b) used is
diisopropyl ether, di-sec-butyl ether and/or isopropyl
30 sec-butyl ether.
4. A process as claimed in claim 1, wherein the primary and/or

secondary alcohol a) and the ether b) are used in a molar
ratio of from 0.01:1 to 10:1.
35
5. A process as claimed in claim 1, wherein the primary and/or
secondary alcohol a) and the ether b) are used in a molar
ratio of from 0.02:1 to 2:1.

40 6. A process as claimed in claim 1, wherein boron trifluoride,
primary and/or secondary alcohol and ether are combined in
the polymerization reactor to generate the complex in situ in
the polymerization mixture.

45 7. A process as claimed in claim 1, wherein the boron
trifluoride/ether complex is preformulated and is introduced,
together with the primary and/or secondary alcohol or
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9. A process as claimed in claim 1, wherein the isobutene source
is a C4 cut comprising iscbutene in an amount of at least 6%
by weight.
15
10. A polyisobutene having an average molecular weight of from
500 to 5000 dalton and a terminal vinylidene group content of
more than 90%, obtainable by cationic polymerization of
isobutene in the liquid phase with the aid of boron
20 trifluoride as catalyst at from 40 to -60°C in the presence
of a boron trifluoride complex with

a) a primary alcohel having 1-20 carbon atoms or a secondary
alcohol having 3-20 carbon atoms, or a mixture of these

25 alcohols, and

b) an ether containing no tertiary alkyl groups and having
the formula I

30 R1-0-R? I,
where R! and R? are primary or secondary alkyl groups
having 3-10 carbon atoms, with the proviso that at least

one of the radicals R! and R? is a secondary alkyl group.
35

40
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