48635
0050/ 48635 0050/ Preparation of | ow nol ecular weight, highly reactive

pol yi sobutyl ene 5 The present invention relates to a process for preparing
|l ow nol ecul ar weight, highly reactive polyisobutylene in the liquid

phase using a boron trifluoride conplex catalyst, the pol ymeri zati on

bei ng conducted such that, at the end of the pol yneri zation, the residual
i sobut ene comteprrationees idwmmolechlan orekahtht hig (‘Rﬁ?ﬁl"-é%ecat alyst is
removed and pelyitiobiitylehde pol yneri zati on. Low nol ecul ar wei ght and

hi gh nnlecular wei ght pol yi sobut enes havi ng nol ecul ar weights of up to

| 10Q n
several 108 800 epgﬁé SERE DavEndity %?gﬁ?ﬁﬁg ﬁ:’%ﬁtm %E:wd%zmy

M schpol yner?‘%]aﬁ‘ﬁ‘ aﬁaa §gl71=7., hi igh3¥y
avail abl e  PhRfs/usdmg: 8nkQreRH ttq%ifé“ﬁ-ﬁ-%tﬂ"&!? i gRtaly: e mainly

pr epar ed polymertizaiidnobeingriconducted mughy §h5t stte H-'-h@s enduef rthe
chloride, 20 aiﬁd:a]maumﬂié afesddgabr idubutener cohtent ds, leas tiwarer2d by

have a 1P éf @ tifel Gbﬁpmﬁféakthmys@nlé RYnsYeaPeAd i¥ddy1kai €b)twd from
2 to 7. % ﬁtﬂﬁgl hust be nade between these conventional 25
a

pol yi sobut enB ving average nmol ecul ar wei ghts of from 500 to 5000

Dal ton and the highly reactive pol yi sobutenes, which )i pi.cal |y have a

hi gh vi nyl i deele mplaaslasnveightorand: Bigh mpleculay yeighi POV sﬂB‘Fée‘ﬁ’Fan 60
mol % and a phayikg pexlecuaf eweighiter o §Bitd seveghl| b%%,qq@aﬁaitosmmi ghly
reactive pel Yba@weei &nothcants atheds phepartaimdiiat @esdmibedhe for egeamilieon of
addi tives fogy, |i‘1‘bré\ft@2'rb§cﬁnd£’ol st'dw%hﬁ 168 RS MikBRFo1yiir ie4eBP! Pagdd) TE- A
27 02 004 ol {0, sprRhR Adia 1 ge%@%&gxe% Hli9LRaLI N
copolyners, I'h ‘r%l sg su.c MRe are fII‘%’[
pr oduced B9 Y’e%igﬂtﬁge?h% t@? mor-e §sTBP9% H’é’ pg‘law%%b%’feé’

35 nal ei ¢ anWithithe aa-ﬁdoﬁaLWJeﬁ)[?SIl?nﬁiﬁa]a)f%strhéHCFe%t ‘b"'e’rd(eal n
(pol y) ami 1208s azkyll aiundinoehohtoxtidey v& bboron | tridludride gdhid geeersllncélame

vinylidene dguibrediidds waighordfstiribdtion I gallyddBpsisisitiyn [slhe ) pnef rixaut i on
with maleic gnpydyide, wher eas, depending on their position in the
macr onol ecul e, the 40 doubl e bonds present further in the interior of the

macronol ecul es | ead tao substantial | 0 conversion wi t hout
the additi onPofiftAnsdne mpfk q?;ﬁnﬂ?r‘# é?@‘?%é%‘ﬂ‘sﬁ d5oBYEREIoNg L o5 in the
mol ecul e i25 Pﬁéymuﬁefmpérbaﬁ%nqwéller'fwec#‘ﬂ%ﬁleﬁ veights ff £rpppR0Qto
pol yi sobut en§00@3alton and the highly reactive polyisobutenes, which
typically have a high vinylidene group content of preferably
substantially more than 60 mol$ and a polydispersity Muy/My [sic]
of less than 2. Such highly reactive polyisobutenes are used as
30 intermediates for the preparation of additives for lubricants and
fuels, as described, for example, in DE-A 27 02 604. For the
preparation of these additives, alternating copolymers, in
particular polyisobutenylsuccinic anhydrides, are first produced
by reacting the terminal double bonds of the polyisobutene with
35 maleic anhydride, and said copolymers are then reacted with
certain (poly)amines and/or alcohols to give the finished
additive. Since the vinylidene double bonds are preferred
reaction sites in the ene reaction with maleic anhydride,
whereas, depending on their position in the macromolecule, the
40 double bonds present further in the interior of the
macromolecules lead to substantially lower, if any, conversion
without the addition of halogens, the amount of terminal double
bonds in the molecule is the most important quality criterion for
this type of polyisobutene.
45 :



2 The for R@BP4ABERS: he vi nyli dene doubl e bonds and the i soneri zati on

of ‘the term nal double bonds in the isobutene macr onol ecul es to internal
doubl e bonds are, according to Puskas et al., J. Polymer Sci.: Synposium
No. 56, (1976) 191, based on 5 the con@pts shown in the scheme bel ow

10 15 The forkhtion of 2the vinyl3@ene doubde bonds and the

isomerization of the terminal double bonds in the isobutene

macromolecules to internal double bonds are, according to Puskas

et al., J. Polymer Sci.: Symposium No. 56, (1976) 191, based on
5 the concepts shown in the scheme below:

10

15

20

25

30

35

40

45



40 45 o00s50/4d635 | 3 0050/ 48635

4  The polyisobutene cation | fornmed in the course of the

pol ymeri zation reaction nmay be converted into the correspondi ng

pol yi sobutene by elimnation of a protorg The proton nay be 5 elim nated
fromone of the [err]-nmethyl groups or fromthe internal y- et hyl ene
group. Dependi ng on which of these two positions the proton is
elimnated from a polyisobutene having a vinylidene doubl e bond Il or
having a trisubstituted double bond Il present close to the end of the
nol ecule is fornmed. 10 The pol yi sobutene cation | is relatively unstable
and attenpts to achieve stability by rearrangenent to formnore highly
substituted cations, if the acidity of the catal yst systemis hi gh
enough. Both 1,p?ngrhyt‘qrouprsh+++s—+e]give the 15 pol yi sobutene cation IV
and successive or Eondérted 1, 2-§ydr:i?de " group and 2, 3-nethyl group
shifts to give theypolsyi sobut ene ation V may take place. Depending on
the position fromwhptch the pr nis elimnated, in each case three

di fferent polyi sobutgne doubl e pond isoners can formfromthe cations 1V
and V. However, 20 i is also possfble faf the cations IV and V to undergo
further rearrangdient, eausing Bhe douBl e bond to mgrate further into
the interior of éhe Polx&sobutgne Facngnolecule.
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Al'l these de%?%?é%% ?%ns and rearrangements are equilibrium 25 reactions

and therefore reversible, but in the end the formation of nore stable,
nore highly substituted cations and henge the formati on of

pol yi sobut enes having an internal doubl& bond with establ i shment of the
t hernodynam c equilibriumis preferred. These deprotonati ons,

pr ot onat i onsTsen palgdsobmteEre riat ian eI fomwedalinz ehle youvaise bfatkes of acid
present in thelynIikaeion rddétion mapuse idonRafted Uirio RYet BérPesdpotldihgW S
acid catal ysp &ﬁ.%h‘ﬁgné% enﬁ&f. YE he 39&9{”91‘He2§§:b‘88n maf Hese of

t hese fact gfm5|ar11:c °|Ré @g ‘Y-ié l{nﬁq__?&i ﬁ\“ n I%¥_°I d%pe qﬁlégbﬁlbonds
accordi ng 6 €a PH° ’Hy S de

adduct 35 fow&e:menmaﬂugobaem:w °Ph€h+%‘irﬂﬁ Fh FFP Fu"é‘?/é’qs&t&BHﬁaPi'%on

substanti al | groteredsr ebtmingted fnomoth@olydspbutens dyinkagivipylidenee
hi ghl y substddubled bdadbi® drohadvingt @#rtxixubsthieueat donbdei bond IT¥ tpresahei C

anhydride vigiosd by eRéYertD & thEORBIeAiIY is £6HMel L1 ons, the continued
efforts of nany research groups to find 40 inproved processes for the

reparati on f ctive yi SQ nes. havi d _hi gh
gonlto ents of ﬁé °ﬁ‘3l"¥°{"&§ aﬁ&ﬁgsi it hif g‘@?é‘?ﬁ%a‘f}}s&%b&e % %rq" gt g?)n
of | ow nol ec%ﬁ@@‘ﬁﬁe?@ﬁ?llﬁygmyyrﬁémlﬂﬁ?‘% 81 o MPrenBighbyn i sobut ene or
hydr ocar bon subsddrmtedngatiningg ifj tmmcemtm of pthe icagedyst rsystem dst s,
subst anti al | yidlr @eachghm Both 3-,Bumethyheyroupgshbfty 4o @iest thderein, from

st eam Ccr agk85Slyisobutene cation IV and successive or concertéd 1 éﬂﬂ§d%&aekers

hunber of Sa%%@ ?dzqm'ig ron i 0L the oy ”%E"ngg

or
02 804, EP. AR YstaprEekd plase ) ng °§3¥ v e
relate to trié"?iﬂfyﬂférﬁi’dﬂwe@f' ig ?%‘Hbtﬁaéﬁethﬁe%t diiffgrenp oPghEisoPRtPBA
st age. Addullieh bond npsamesise gani foxpm diriote $heycationswdVv and il tHoweveyge

process ofoW2 %% 40808posdiblle €oPPthe eatdonsyIVoanlitv tbeundeysd \iwithaat i on
reaction in AdadQagbmbdP, RUWSTRE €Rd | RWubAea88Ad £ nilkearddpdrimibyhepe at a
subst ant i al 'yheccmaegar'éfba,teeagws&ﬂ{%%@t RALESb ARG POl YET zed Lo

partial convéersion o erEI’I zation stage and

t he pol yneri zati on of t he remai ni |sobutene bei ng continued in one or
nore subsequieht thesgofeprqtonatisns s%’b(-ge‘-?arﬁﬂ‘ﬂ%‘l!ﬁn"@r azet egubkikFiumsof at i on
of the 152potedctdionseand fhenedore rérexrsible, pbuly may ithet eod theadwrmationn
addi ti on to dthencxefl etaslé 0 mope higkly ambstdcated aatdonser ahéchenced hehe

abovenent i oneskmathbhCat | pYISsisbbu¥eses | it 8APIMENA1 double bond with

establishment of the thermodynamic equilibrium is preferred.
These deprotonations, protonations and rearrangements are

30 catalyzed by any traces of acid present in the reaction mixture,
but in particular by the actual Lewis acid catalyst required for
catalyzing the polymerization. Because of these facts and since
only polyisobutenes having vinylidene double bonds according to
formula II react very well with maleic anhydride with adduct

35 formation, polyisobutenes of the formula III have in comparison
substantially lower reactivity and other polyisobutenes having
more highly substituted double bonds enter into the ene reaction
with maleic anhydride virtually only under isomerizing
conditions, the continued efforts of many research groups to find

40 improved processes for the preparation of highly reactive
polyisobutenes having higher and higher contents of terminal
double bonds is understandable.

The preparation of low molecular weight, highly reactive

45 polyisobutene from isobutene or hydrocarbon streams comprising
isobutene, in particular from C; cuts, substantially free from
1,3~butadiene originally present therein, from steam crackers,



recover BF3 qooerIe4C806n305m c and ecol ogi cal reasons. Thus, 20 EP-A 0 742 191

suggests the thermal deconposition of the BF3 conplex in the product
stream and the absorption of the |iberated BF3, for re-use, in an olefin
stream conpri sing a pronoter. Thi s process has the di sadvant ages t hat

t he product FSC eapgkers (FGCy Bletd &ptedYead rfrackingdssii@r Qe TP EXRARES of
t he cat al ystiswiknoWin fromauhtsben ofs pasentat i Hor cxampée virgn EPehcldbudis
bond to gi ver-a §Be 297.e DE-ghby G2/63u4i,t BPeR 6876, bepda t3gee 24andndwd t he
wast ewat er 's%/ﬁﬁbkslt ech 10\ neBe Péa&s@esngewtto The PP %AtionBENOd IS

not practi re Iylsobutenes It is
an obj ect %?Lst %Bge;rlgglérgt %%\E}gi%oé:oﬂm&g'?géﬁlfg a p?%ocess whi ch nakes it
possible to prepare highly reactive pol yi sobutyl ene and to recycle the

cat al yst. 3% fupkhendmmrevemenhais RFCYigefdeY the AWRTecQRdUALigSprECess for

preparing | @morebecof HO \¥6i/¢0808 hiwjtich comprises paryyinpuiud ehe  having an
average nol geuyheri®atitn Meattlo®fin @@L 888t tvd @RAyherifitionaBdages £r m nal
doubl e bopgl t@;@nsaaédoisaﬂart@nah §%u‘%'t£?1@¥af‘ﬂ( RANKERAL ZAldRitehl the |iquid

e o o BB R St Boliper " 1f,i g SAdheDe gt the
oo s o EHF gl T Bt P S L AR b e

resi dual i sébet pBatwing isobaters being con’equ) nnnpne W more| syhsequant? o,
by wei ght, Ipedgdenizdtiion stagest otidihoarpuntaffersipréansisolatdduced, tivs

renovi ng 12 Podydkobutene formed in the first polymerization stae. _
i sobutene towards the end of the polynerization until the r esi dual

| sobut ene cqnte han.2%.b b) _enriching n
trifluori de(}glo 8%%£l%nat R FAF ﬁff sy§° gJEIJ'ﬂu'zoe'n engﬁmﬁ%ﬁ 3sy 9g ﬁgri?%‘?% of
dropl ets i nith&hg; abpyene ﬁﬂ?‘%‘fl Publlcat&ﬁﬂ%‘re‘ﬁ’t vaffa@dso atteﬁ‘}’tﬁ chRling the
conpl ex- enr ireFovep BEx FOroePROMS pndr eoatagiscal reasongyd Thos, d)
conpensatatn@pfar 0 c24 | ipdt shggesss heatlermabalemomposition icde the BF3 and, if

necessary, Gomphéexiiw t3@eprdduct stream and the absorption of the liberated
BF3, for re-use, in an olefin stream comprising a promoter.

This process has the disadvantages that the product of value is
25 subjected to thermal stress in the presence of the catalyst which
results in isomerization of the vinylidene double bond to give
the more highly substituted double bond type, and that the
wastewater is polluted by the complexing agent. The suggested
method is not practical for the preparation of reactive
30 polyisobutenes.

It is an object of the present invention to provide a process
‘which makes it possible to prepare highly reactive
polyisobutylene and to recycle the catalyst.

35
We have found that this object is achieved by a process for
preparing low molecular weight, highly reactive polyisobutylene
having an average molecular weight M, of from 500 to 5000 Dalton
and a terminal double bond content of more than 80 mol% by

40 polymerization in the liquid phase of isobutene or hydrocarbon
streams comprising isobutene with the aid of a boron trifluoride
complex catalyst at from -40 to +20°C and at from 1 to 20 bar,
which comprises

45 a) polymerizing until the residual isobutene content of the
reaction mixture is less than 2% by weight, based on the
total amount of streams introduced, or removing residual



The pol yneri ?glslodﬁacsasr? be carried out in the presence or absence 15 of

sol'vents. Solvents used are generally hydrocarbons, e.g. but ane,
pent ane, heptane, octane, which can be enployed in pure formor in the
form of technical grade m xtures. T® achieve as far as possible a

quantitative sepasebvtgneftowhrdg(thmepiderf thefplomesizstipvamtid theéng
conpl exes havi ngrasidwaX edobuténé udnrteny asdiéeds ahani 2§ Bpweilghe,r eacti on
m xture to, for exanple, from5 to 30[err]C beI ow the terrperature of the

reactor,  pyef s.a@?éyl thie Ogbwn t&&%s;s & corl méﬁs gf the
present in en |on Xes v% e compl exes
havi ng a s ubi | P g ?grpq /ﬁBI p@ﬁéea?n or
-15[err] C of froRP e{e’t*oPPnglrl preferabl y fromO0.3 to 3 g/l. 30

Compl exes having a limted sol ub| lity may be obtained by the choi ce of
the conpl exi ey agesyclimy thestamprex-enitthyd plaidesbitbythe pollyfeiigQEITDEX i S
| ess sol ubl e thagpghe isopropyl tert-butyl et her and a net hanol conpl ex
is | ess sglqubl e than an isopropanol conpl ex. is al so possible to
achieve an a rlate sal ubi | it Xin the co | exi ng agents

Furt her nor e, %\hatg RARdDg 56T dat aﬁé’ﬁ*p?@?%e%r}%y ﬁ&dé 9’%553?%“%‘?‘?%
especially the fﬁégh lf qe§6§§?~§lﬁe qamplexing gentE-ed | sobut ene is general Iy
dri ed) and/or by secondary reactions, such as dehydration of the al cohol
cocat al yst orrhel pesageichtasy cdkWe ehbeisa used iaStEe CietientkSor Adbd@htel Or m
a BF3/wat qi5 6@MpbAentiy, cao@e&ﬂew'@feasaw g&éﬁﬁpeh u&&%ﬁa gnge ghe_ he_degree
of separ atlop %%mge% dﬁérl?t egchne rlu% e unt s 4 1
solubllltyo C FledUce ‘?P%WPY y’(ﬂ(ﬁq&orlc
acid, formi cfqERLT gy ﬁgf“dgﬂ%é’ te&ﬁﬁl‘é@et’iﬁa&]@hw tuﬁ"se'f erence is given to
usi ng boron trifluoride 45 conpl exes or conplex m xtures with water,

met hanol , et Manathieve as farianposgdbdé, a Zpdantitative deparabidnnmt tire t he
tert-butylag cofpl&¥ s ptreeégeﬁce PRy igiekhato RiAMR BRE1ELES ha¥hi g Na t Dinidean

7 trifluorig usﬂwyeéﬁa/ 3; tnla,aaeém Aidaaabids ixt3ePLOPARG!

2- but anol or

t an
pol ymeri zati Sﬁa%%% ‘| rﬁfgls“ uFon J%rg'eBarg"[ ftg’r? 3Fmgefh% %Ff%sgﬁf)llé??tlpgm t he
pol yreri zat i BReRE5@RIYe PYafBom dbh&RdAAF vn pol ymer and i sobut ene
concentration, the polyisobutene fornmed may be unfavorably altered with
respect tdsnﬁ'bectlhaalpumbges,of thel present vigivgintidnstconpliexes havling
reactivity. Thmiteépaoiub@Dity are complexes having a solubility in, for
example, 1:1 hexane/polyisobutene at -15°C of from 0.1 to 10 g/1,
preferably from 0.3 to 3 g/l.

30 Complexes having a limited solubility may be obtained by the
choice of the complexing agent. For instance, a methyl tert-butyl
ether complex is less soluble than the isopropyl tert-butyl ether
and a methanol complex is less soluble than an isopropanol
complex. It is also possible to achieve an appropriate solubility

35 by mixing the complexing agents. Furthermore, water released by
incomplete drying of the isobutene feed, especially the fresh
isobutene feed (the recycled isobutene is generally dried) and/or
by secondary reactions, such as dehydration of the alcohol
cocatalyst or cleavage of any alkyl ethers used as cocatalysts,

40 may form a BF3/water complex which accumulates owing to the
recycling. The degree of separation is generally determined by
these amounts of water. The solubility of the BF3; complex is also
reduced by methanol, hydrofluoric acid, formic acid, formaldehyde
and acetaldehyde. Preference is given to using boron trifluoride

45 complexes or complex mixtures with water, methanol, ethanol, n-
or isopropanol, 2-butanol or tert-butanol or the tert-butyl
ethers thereof, particular preference being given to boron



therefore coRPBR{4863F | ow i sobut ene concentrations, i.e. less 10 than 2%
by ‘wei ght, preferably |less than 1% by wei ght, based on the total anopunt
of streans introduced, so that the properties of the resulting polyner
are not significantly altered. For tRis reason, stage (a) of the

i nventi on i stpiffurrdkey cdmp easawdthi methenatyl ethcm@ge mooE dsoprapanol,

pol yi sobut eng_piQaRAS or tHeSKerthpdtyd ARG 4088080f where resi dual isobutene
fromthe main reactor is consuned in the post-reactor to a | evel of

gFggt 0. F(:{%réﬁs%vé;% hoer neoéfy&%@%%a‘%f&? r-o@ltagﬁegaélﬂ:'ztn%ag E%ra'lt. %f' S 20

sol ubi | i t ySokhe tﬁ?%&ﬁﬁﬂ?%&x |£§°F'eBHEeB° e&'l’ﬁﬁ%i‘%r{%"’érb’\fﬁr o jaat} :.ng on
especi al | y i polymen amdeiachbuternes concentratiiong, the P@riﬁé@bﬁ&a? af‘?%‘i?dof“aé’one
of the very bengifavdirabllgdalyenedewith respeatt sookoldmlagswitighy, enul sion is

quite diffichbiecdiis 2#5183%”&1&&:'1‘15&9&5&1 A1 Gedct Vi by S bl b¥pardtion is
advant ageous nggm on uéeéeyg&oaoaslgaﬁnrfe;gﬁdcaxcmﬁ%ag Ll aaer
3ok of . IpnEhRn 2 Py, “eiibe RRESEPEPLY (AeanER ol bUTLaidRE BAEH 8 |
t he reactor.the totalk ai“ﬁlén'éd?ﬁ)lsé'-%eﬁﬁ§ hn*i?’d?qqcéﬁlr a?‘P ytl'fﬂ"gﬁh§e8’é?%‘?‘f"ﬂﬁsr3 e
and t he r ehetrasifledng pelymkr edei nebnpianidliganblyaltiexeddi schar ge of,
for exanple, from10 to 30% of the separated conplex nay be
necessary. |fofhissid Srehgohe s?eayedqa,) bt ire adiventbbe i plerebhB1B5 reactor
Lrods QVestopet idd iFPLEE i SlatUtie Hhodd!\GH L AUCHUN edihutihd proddte

9

aceor di ng t o*PREEERTLAR B 5/40Babn; HE e s B T e

i nvol ves f| aERReRPT HE FORGWIR] As the H?%‘E'tﬁ%‘c&f’rb'é?o%v rpé a °ufgé’nér%a| |y

at the react vith enpegeneces c¢attadysis| isthesmedh vedetor, thasealﬁ)rcﬂsswre

| ower than thatrédsddeopplysesdpariataonripnciie cooledi pdst-regettonl IShef rom 1

aot 206bgr z%b§ 106 £ 1§52 QI.Ethxé?EB 1@&1&9 ﬂid&% lb pasimssd anﬁ’p@iiéf Q?L%gdeﬁb from
0 ar. ur, erally 1 - ar,

preferably 5¢ S%‘gle'r% it the %péégfar?% pgr/%fae%?a iaﬁu ~ 30 nbar abs. The

pressure in the flash vessel Is controlled so as to achi eve the desired
resi dual Since sepazghiien R EoMecREt  Bee JRrYTRANG LY FHyigdedarPPPieR e an

aci d nunber dréphéts mfatberreswidingt emblsi@B462gnitegdidifikoltey e subst ance
of up t @sleflubsibrishogiackatd \a dowdeiseskidly.l aw addvgriageobnssStechnical
solution is provided by coalescing filters or separators
including large-volume separators. In this way, from 40 to 95% of
the catalyst can be separated without problems and returned to
the reactor.
30
If the complex has a particularly high separation rate and the
reactor feeds are dried incompletely, a partial discharge of, for
example, from 10 to 30% of the separated complex may be
necessary. If this is to be avoided, it is advisable to dry the
35 reactor feeds over a 3 A molecular sieve at advantageously from 3
to 5°cC.

It is also possible to control the iscbutene concentrations
according to the invention by flashing the reactor effluent. This
40 involves flashing the polymerization mixture at below 0°C,
generally at the reactor temperature, into a flash vessel which
has a pressure lower than that in the polymerization reactor
which is generally from 1 to 20 bar abs, preferably from 1 to 10
bar, particularly preferably from 1 to 6 bar. The pressure in the
45 flash vessel is generally 1 - 100 mbar, preferably 5 - 50 mbar,
particularly preferably 10 - 30 mbar abs. The pressure in the
flash vessel is controlled so as to achieve the desired residual



preferably aPolr’Hé'nggétor tenperature, and recycled to the 5 reactor. Ow ng
to'the relatively low tenperature and the relatively | ow isobutene
content, a water-containing conplex precipitates in the bottom product of
the flash evaporati on which is separat®d in a phase separator and/ or

coal escer andsobuateriecdoncenttdrciorealher vapdrs ushaliy paave @nl acidnmereherent ,
the present paRgess dctorBafEe!|with) DIN PBAOEIN 3t bENKOHAY @fukabstance of

pol yrer i zat i g téhf F R B¥e! Sedikally! COREEnSRAITBLEL B Veaulerlarks, t he
reaction m xt r % gﬁ stt { 3{) {.ﬂ} I%ol Hﬁrf&?ﬁ % tgnghésol ved
conpl ex draop Pﬁf %ﬁ ? NBALIC ase b %‘ ogﬁrs
(distillat é FreFts r. &P@s?tﬂ'&e Lﬁ?&iaé‘%ﬁ?%dl%ﬁﬁfngﬁ Y very wel |
di sper sed. rsmehveeldn dovr isehptsine ﬁenﬁﬁ@?—ssﬁow@&rcﬁ?%%m@r gprRelex | s

achi eved, foprexipitatesbyinnehesbatftom produdiatafnghpufipasn evapohnaybonm which .
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order to obtain érm nal doubl e bond contents of the polyisobutene

and a low fluorine content of the washed pol yner sol utjon. 45
9 After the reaction, the droplets are separated in separators,

with or without using coalescing aids. In many cases, a complex
25 separation and recycle of up to 95% is achieved.

However, preference is given to homogeneous polymerization.
Specifically, the homogeneous polymerization is conducted in the
liquid phase with the aid of a boron trifluoride complex catalyst
30 at from -40 to 20°C, preferably at from -30 to 10°C, especially at
from -20 to 0°C, and generally at from 1 to 20 bar, preferably at
from 1 to 10 bar, especially at from 1 to 6 bar, in a manner
known per se, e.g. according to US 5,408,018 and 5,286,823, which
are incorporated herein by reference.
35
The preferred operating procedure for stage (a) of the process of
the invention is, as mentioned above, the multi-stage method
described in WO 96/40808.

40 In its simplest embodiment, the polymerization according to this
method is operated in two polymerization stages. Various methods
can be adopted in order to obtain high terminal double bond
contents of the polyisobutene and a low fluorine content of the
washed polymer solution.

45
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passed directly into the second polymerization stage. Here, the
30 polymerization is carried out, without the addition of fresh
isobutene, preferably at a lower polymerization temperature than
that in the first polymerization stage. This can be effected by
means of a lower coolant temperature or with the use of a coolant
at the same temperature as in the first polymerization stage, for
35 example with the use of cooling apparatus used there, by
controlling the cooling in such a way that the guantity of heat
removed from the polymerization mixture is greater than the
quantity of heat released there in the polymerization of the
remaining isobutene. Under certain circumstances, it may be
40 necessary or advantageous to replenish or to activate the complex
which is more inactive as a result of lower temperatures by
adding boron trifluoride so that the polymerization does not stop
prematurely. This addition of boron trifluoride can be carried
out before or after the introduction of the polymerization
45 mixture into the second polymerization stage. The separation of
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avoi ded, polymerization mixture which is established in the third

polymerization stage depends on the catalyst activity and on the
desired conversion and is generally from 2 to 180, preferably
from 10 to 120, minutes. As stated in the explanation for

35 carrying out the second polymerization stage, it may be necessary
or advantageous to increase the catalyst activity by adding boron
trifluoride. The pressure in the second and, if appropriate,
third polymerization stage is generally from 1 to 20 bar,
preferably from 1 to 10 bar, especially from 1 to 6 bar.

40
Although the use of second and third polymerization stages is
advantageous also when pure isobutene is used in the
polymerization, it proves to be particularly advantageous when
Cs4-hydrocarbon streams comprising isobutene, such as C, raffinates

45 or C4 cuts from the dehydrogenation of isobutene, are used as
starting material in the process of the invention, since, as a
result of said hydrocarbon streams, isobutene losses are avoided,
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volume corresponding to the complex consumption in the
30 polymerization of at most 1-3 hours.

However, a greater or lesser fraction of the complex droplets is
so small that the separation may be improved by longer residence
times of the upper phase high in polymer and low in complex or

35 other technical devices. Different residence times for the upper
and lower phases are controlled via the position of the
interfacial layer, whereas the residence time itself is
controlled via the size of the tank, the amounts of feed added
and the position of any liquid level. Typical devices for

40 increasing the size of the complex droplets and consequently for
improved separation are coalescers, i.e. filtering devices which
convert the small, hydrophilic complex droplets into larger
complex droplets via pore diameter and/or hydrophilic filter
material. Commonly used hydrophilic filter materials are glass

45 fibers, phenolic resins or phenolic resin coatings, but
acrylonitrile fibers or coatings can also be used here, although
they have another function or effect at this point than in the
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by means of the abovementioned filtering devices, the disperse
complex droplets can be coalesced and thus enriched in the
coherent phase and separated by means of electrostatic coalescers
as described, for example, in Chem. Ing. Techn. 62 (1990) 525.

30 Such a process is described in Malaysian patent application
PI 9704367 for the separation of ionic cobalt salts from
hydroformylation mixtures of polyisobutene. It was surprising
that this separation can also be effected with the boron
trifluoride complexes used in the process of the present

35 invention, since these complexes are electrically neutral.

However, the formation of a coherent phase comprising the
catalyst complex is not strictly necessary for recycling.
Additional recycling to the reactor of a phase in which the

40 complex is still dispersed is also possible, if desired. In this
case, the separator is not operated with an interfacial layer,
and a partial polymer recycle into the reactor is accepted.

According to stage (c¢) the enriched and/or separated catalyst
45 complex is then recycled, usually without further purification,
to the polymerization, in the case of a multi-stage
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-19[ err] C20 pél¢isvudbhe poépgutedneithi e, 1) and n-hexane (line 2) are used

as 30 feed, at a rate of 140 g/h of isobutene and 160 g/ h of hexane. The
feed is drie%i S g 3 [err] nol ecular sieve to a water content of |ess
than 3 ppm ( %{pand fed to the | oop reactor through a capillary which
has an internal diameter of 2 mmand is precool ed to -19[err]C. BF3

(line 3) andTheoiRasHaRoNL AACRAFINGXFAF bR 1 PPRELSLS Af 8 Zefilon dubgp
i nt r oduce@5i vhich has| eopengtivtafr 7.%hw amd@an intérnal REarmendri eHhpt apamold are
vari ed unti | via miistubar 1 Nei ghtreldtot ddiiient are circulated by means of a

gear pump Pl. The tube and pump have a capacity of 100 ml. The
Teflon tube and pump head are immersed in a cold bath at -19°C
{(Kryostat). Isobutene (line 1) and n-hexane (line 2) are used as
30 feed, at a rate of 140 g/h of isobutene and 160 g/h of hexane.
The feed is dried over a 3 & molecular sieve to a water content
of less than 3 ppm (K1) and fed to the loop reactor through a
capillary which has an internal diameter of 2 mm and is precooled
to -19°C. BF3 (line 3) and isopropancl as complexing agent (line
35 4) are directly introduced into the loop reactor. The amounts of
BF; and isopropanol are varied until a molecular weight My of 1000
is obtained at an isobutene conversion of 90%. The amount of BF3
added in the steady state is 10 mmol/h and the amount of
isopropanol added is 13.5 mmol, at a reactor temperature of -13°C.
40
The isobutene conversion is determined by gas chromatography
using n-hexane as reference. The feed, the reactor volume and the
volume contraction due to polymerization give an average
residence time of 13 minutes. The polymerization is terminated
45 with 15 ml/h of acetonitrile (line 5) immediately after the
pressure regulation means.
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i.n the steady state is 10 mmol/h and the anpunt of | sopropanol added is
13.5 mmol, at a reactor tenperature of -13[err]C. 40 The i sobut ene
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cont ent (tak‘éhtlhtet@anﬁ%&-% KOE; asiingsphenqlphthalein Ak Qs 1pAhgator uptip
et hanol i ¢ KCeheipimg phéono|ishttislible for d¢ midites orArumicid numbére gfi @kécol or
is visible fig thhsTmeasesed. An aci d nunber of 2.6 is thus neasured. 15
To establ ygh a steady-state equilibriumin the polynerization reactor,

over 5 port oip tegofh LU ALLELe SGo A0 one B oL S0 ed

over a perio separ at ed

and the or gahf¥ MasE e s m ﬁSByHQ 1&?‘??9?%&#*&? %Tﬁgu A9 Bation is
continued atS3WHEif] eolirghedy over pp Raxjos 6f onethiaUihs the aauadved phage
ol i goner conofrithisf sample isliseparhted arsl dbecongareit phagesiswaniekbogpaphy
and the bnbt@i&tllllaltﬁdhlct'rl‘iés disgiatatidr 6. coheimuen @t eBoscenititial adoubl e
ggngﬁd Wag v}gf/ésstﬁ%eogwg Weiss g@hgﬁ&&”%&%ﬁ%ﬁ@ﬁ% 5@0%& gﬁt hods
Ubbel ohde vi s%&q]tlgtg l§ d/%t(fgﬁ‘rmé? 839 41 SYCi 8%% % a\é‘g ﬁgsr\ﬁr{ ttom
1005, as det%’?‘?f{rug’ d"By &zfﬁe "Fﬁﬁ @E\?P& 1&%@' nds D was
1.5. The br ofﬁwlﬁéﬁﬁerc‘?%t%)Owaﬁn@e’%%lﬂ&ﬂy%*n‘iyllé%m% by kw%l methodsa
this tine25aapbuasr §aurdrtaded88&: i Phel viscoidy/ aO3IV°CH ndmsuredf dgnnanf a
stai nl ess stushelohfde! bsgoneerngwas 208 aimdds, dilicdecular weight My was
1005, as determined by GPC, and the molecular weight distribution
D was 1.5. The bromine number is 16.0, and the polymer yield is
97%. '
30
At this time, a post-reactor as described in WO 96/40808 in the
form of a stainless steel capillary having an internal diameter
of 2 mm and a length of 5 m (W2) and a flooded 400 ml stainless
steel tank Bl having an inlet via a tube inserted into the tank
35 bottom and upper and lower outlets are started up downstream of
the pressure regulation means and under the conditions described
above. To this end, the path via line A is closed and the path is
set via line B. Both devices are immersed into the same cooling
bath as the main reactor. A Teflon filter having a pore diameter
40 of 0.2 um is located in the upper exit of the tank Bl, whereas the
lower exit leads to a pump which is able to recycle materials
into the main reactor. The pressure regulation at the exit of the
main reactor is reduced by 1 bar, and the termination using
acetonitrile is omitted. Now the tank Bl fills up. The reaction
45 proceeds in the tank Bl, and a temperature rise of 4°C is
observed, with the isobutene conversion rising to 99.4%. After
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of BF3 i s20er@s produt® datXaemaliiecsmantonthei pelyert haeld his irealaubanto
conversi ons ¢4x the mai n reactor, the post-reactor and the tank Bl remain
constant. 20 The product data remain constant, the polynmer yield is reduced
to 94% anBIe 2 25 The experinent is conducted as described in
Exanpl e 1, é?ﬁ@%ﬁe that the post-reactor W2 is replaced by a flash vessel
havi ng a vol ume of 200 ml and operated at 20 nbar[err]. The vapors are
condensed29yThe @xpevimentiris iconducuoédrasadesceihed cich Exanplécl nexcept

that the post-reactor W2 is replaced by a flash vessel having a

volume of 200 ml and operated at 20 mbar,,s. The vapors are

condensed by means of a dry ice cooler and recycled into the main

reactor by a pump, and the feed of fresh hexane is reduced by

30 20 ml. The flash vessel bottoms are pumped into the tank Bl where

the complex is separated as described above. The acid number of

the crude product obtained is 0.1, the polymer yield rises again

to 96%, and the polymer properties are virtually the same as in

the procedure without post-reactor W2 as described in Example 1.

35
Example 3

The procedure described in Example 1 is repeated, except that
methanol/water is used as complexing agent. The reactor is fed

40 with a mixture of 5 mmol each to obtain similar conversions in
the main reactor and the post-reactor W2. In the steady state,
the isobutene conversion obtained is 90% when path A is set.
Downstream of the filter exit Bl via path B, the acid number is
only <0.1, i.e. the separation rate is more than 95%. Washing and

45 distillation yields a polymer having a vinylidene double bond
content of 83% and a polymer yield of 94%, an My of 1010, a



0050/48635
reactor by a punp, and the feed of fresh hexane is reduced by 30 20 M. The

fl ash vessel bottons are punped into the tank Bl where the conplex is
separated as described above. The acid nber of t he crude product
obtained is 0.1, the polyner yield riseS again 0 _96% .and the pol yner
properties aF'QWFH%IWe;?-gPﬁedé%Wbé’é“PH of 'rﬁaa&dof,‘eﬁh?‘?%tt h8at

post - react or 208 ®=®2 dededided in Exanple 1. 35 Exanpl e 3 The
procedure described in Exanple 1 is repeated, except that met hanol / wat er

is used as cq*ﬁaheishélgc@@q@k rd&feTee 3y60emi &s fqsbct@beilt in ExEmpler & 9§ 5 ol
each to obtgig E?ﬁ t%@nﬁﬁésﬁlﬂ]ﬁ:é Nyatel NEnd et nbREE fledd @rkNBurned
post - r eact or axAé] e&%t %§ le% atemo:l age!?ﬂ;?sgg {:§£@mq]%raz/%éshgm&%ﬁalaged

is 90% when ream 0

e e B rorkene prabon o) S0%- FhG DR BR P ths SRPEE FRCy;
Washing and #®ndfart|afteron §uether 36pbl ofepParaking &i%enyl i dene doubl e
bond content of 83% and a polyner yield of 94% an MN of 1010, a

16 nol equy ar weight distribution of 1.6 and a viscosity of 218 m?

[sic]/s. Then the conpl ex recycle system as described in Exanple 1 is
5 started. After one mnute, water and nethanol feeds are turned of f and
a feed of about 1 mml of BF3 is continued to nmaintain an i sobut ene
conversion of 90% The properties of the product renain constant after a
further 16 h of operating tine. 10 15 20
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W claim 1. A process for preparing | ow nol ecul ar—weight,_highly
reactive 5 pol yi sobut yl ene havi ng anigaverage nol ecul ar weight Merr] of

Lo 50 ot o5 by potymer ot ronn the-t Taucd prace-or THIMARLAN IS

hydr ocar bon @ regim:conpri sing i sobutene with the aid bf % bbron
trifluoride conplex catalyst at from-40 10 to +20[err]C and at from1

to 20 bar, i ch, conprise Vel 7 [y T ifggy :
| sobut ene c\c,)\ﬂtenzfL 5 . eﬁ% for prepa],"q')nﬁeg‘g i@eé%?grggiiﬂﬁ'eggggﬁgn (gg.ve
wei ght, baSed onP®Hg-sobutylene hﬁWﬁFﬁlaﬁn?ﬂﬁﬁaQﬁ=m§EF§%4ﬁfiWﬁ?PB uted Fon
removi ng resi duaP00 5o 5000 Daltom@ndna tewRinal drubiePRd ceatent of more
pol ymeri zati on uthan &0heol% by polymerization in the liquid phase of

isobutene or hydrocarbon streams comprising isobutene with
the aid of a boron trifluoride complex catalyst at from -40
10 to +20°C and at from 1 to 20 bar, which comprises

a) polymerizing until the residual isobutene content of the
reaction mixture is less than 2% by weight, based on the
total amount of streams introduced, or removing residual

15 isobutene towards the end of the polymerization until the
residual isobutene content is less than 2% by weight,

b) enriching the boron trifluoride complex catalyst which is
obtained here in the form of droplets in the disperse
20 and/or coherent phase,

c) recycling the complex-enriched phases to the
polymerization and

25 d) compensating for catalyst losses by adding boron
trifluoride and, if necessary, complexing agents.

2. A process as claimed in claim 1, wherein the polymerization
is carried out mainly in the homogeneous phase.
30
3. A process as claimed in claim 1, wherein the residual
isobutene content is less than 1% by weight.

4. A process as claimed in claim 1, wherein a sparingly soluble
35 boron trifluoride complex is used to increase separation.

5. A process as claimed in claim 1, wherein the reaction mixture
is cooled down to increase separation of the boron
trifluoride complex.

40

6. A process as claimed in claim 1, wherein from 70 to 90% of
the amount of catalyst complex in the polymerization effluent
is recycled.

45



resi'dual i scWRRAEBEIRtent is less than 2% by wei enri chi ng
t.he boron trifluoride conplex catalyst which is ﬂﬂ“uuu &"! d here in
the formof droplets in the disperse 20 ase,

c) recycling the conpl ex-enriched phadds to the oI yneri zation
and 25 d). comecessi ag dlaimedt dhyslaimdsewhbyeinidihey catbabmst used is
trifluoride and,aidordacessflvoricRTpbipléy cdednplex miktukepweRSEatsr,
claimed in clai rmétha\e{eqr ebfhdda paLyaﬁalzﬁdﬁgaml of HertCBRERRE Qitfa RN Y

in the hormgeneous tpb%§:gl glersé engggce ol tlga qe/éigo migclaim 1, wherein

t he residual ut ene con y Wi ght. 4. A
process as®claimed in claiml, wherein a sparingly sol uble 35 bor on
trifluoride &onph @rocesases ¢lpimes; dnselaimdraherein the rgsideabss as
clained in cl ai idgbutlearecontdrt risacohtrmollied byeflash evaporestien wwer t o

I NnCrease separ atyédhceld bbhesHiFen trifluoride conplex. 40 6. A
process as clainmed in claiml, wherein from70 to 90% of t he anopunt

of cataly onn. exmthep rrerlzat|o ef fl.u | re . 5
39 Frceh Figebebofpcbliftin b orcBlbim 1 i NG ol

2 boron tri 1 uor® H'ﬁFEP’brlsc&?ﬁPBﬁtﬁﬁ‘ﬂ‘hﬂé‘lﬁP e ikages Gt S8 bano ,

ethanol, n- and ¥evisuedahspbuteneecontertintt 1es¢ then 1% by wedghtput y|

et hers thereof as conpl exi ng agents. 8. A process as clainmed in claim

1, wherein t{g resh¥idks as clain®e@bihestafpnl,ehetsig AHd Pollgflebizddiamh
evaporat | g5 undefg o é‘ledr%ycﬁ{j %egﬁb!é@s :lehg forim RGeS emdds foritl Med 1N

ei ther of clains ?]?t"f erein polynmeri zation is conducted in
mul tiple stages B ﬁnfﬁ‘*élon' resi dual isobutene content is |less than 1%
by wei ght .

_ 11. A process as claimed in claim 1, wherein the unseparated

portions of complex catalyst remaining after removal of the

20 .separated complex catalyst are deposited on
nitrile-containing fibers or nitrile-modified support
material, the catalyst is liberated from said fibers or
support material by thermal treatment and is recycled to the
polymerization.

25

12. A process as claimed in claim 1, wherein the boron

trifluoride complex catalyst distributed in the
polymerization mixture in disperse form is separated by means
of an electrostatic coalescer.

30
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10. procesgoag/%?g?ﬁed in claiml, wherein the polynerization 15 ' is
carried out in two phases in the formof an enul sion pol meri zat i on.
11. A process as clained in claim1, wherein the unseparated

portions of conplex catalyst remaining after renoval of the 20

separated conpl ex catal yst are deposited on 2 nitrile-containing
fibers or nijfdgatateohfl b£thcitmedetular weighl highly theaceaval yst is

liberated fr (iggdgug&?gﬂé or support material by thermal treatment
and is recycle

to the pol ymeri zation. 25 12. A process as
claimed in_claim1, wherein the boron trifluoride conpl ex catal yst

di stribut ed 2pphuact pol ynmeri zation m xture in disperse formis
separated by neans -of an electrostatic coal escer. 30 35 40
45 A process for preparing low molecular weight, highly reactive

polyisobutylene having an average molecular weight M, of from 500
to 5000 Dalton and a terminal double bond content of more than

10 80 mol% by polymerization in the liquid phase of isobutene or
hydrocarbon streams comprising isobutane [sic] with the aid of a
boron trifluoride complex catalyst at from -40 to 20°C and at from
1 to 20 bar comprises

15 a) polymerizing until the residual isobutene content of the
reaction mixture is less than 2% by weight, based on
isobutene introduced, or removing residual isobutene towards
the end of the polymerization until the residual isobutene
content is less than 2% by weight,

20

b) enriching the boron trifluoride complex catalyst which is
obtained in the form of droplets in the disperse and/or
coherent phase,

25 c) recycling the complex-enriched phases to the polymerization
and

d) compensating for catalyst losses by adding boron trifluoride
and, if necessary, complexing agents.
30
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