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1 | SOBUTENE POLYMER! SATI ON PROCESS
‘This invention relates to an inproved nethod of produci ng(p_gl | sobut enes
by cationic polynerisation of an isobutene containing feeddtge®Gh |

bor on trifluoride based catal yst systens and a boiling liquidr or
system Met hods of pol yneri sing i sobutene, whether pure or In
an isoneric 5 mxture as in a C4 raffinate stream using Lews Acid
catal ysts are well known and di scl osed extensively in prior art.

Typi cal of such catalysts are the halides of al um nium iron,
titanium tin, nercury and boron. These catal ysts can be optionally

used in conjunction with co-catalysts such as water, alcohols, ethers,
organi c acids, mneral acids and al kyl halides to enhance catal yst
activity. The 10 pol ynmeri sation reaction is typically carried out in the

| i qui d phase, batchw se or continuously, at tenperatures ranging from
-100[err]C to +100[err]C It is also well known that the
chain termnation step during the Ipol yneri sati on of isobutene using
the af orenentioned catal yst systens generally results in a "final"

doubl e bond which inparts a degree of reactivity to the polynmer 15 for
subsequent functionalisation reactions, such as epoxidation to formthe
correspondi ng epoxi de or an ene addition reaction with mal eic anhydride to

form the correspondi ng pol yi sobutenyl succinic anhydride. However,
the ternination  stel e Db _x-'f‘u 82 '-—Sm— result in the
final double bond bghiggny testpanixﬁ?io%d miefhod SfPréduci polyissbiteneact i ve
i nternal positjon such i subs

e P o e iy b Ry o S AR ing W™ ™ ©
(hereafter "t etrifluneille basey catdiystesystgmeund a deiling tiguid redcooy systemach of which R
(SrCor ) [err] Coorpietiids of polypedthElsbarbhe YBlet ke oginppispmetis oq
tri-substi tSut exixture as in a C4traffinateistrean,utsing Lewis Acid catalysts are well known and

disclosed extensively in prior art. Typical of such catalysts are the halides of

aluminium, iron, titanium, tin, mercury and boron. These catalysts can be

optionally used in conjunction with co-catalysts such as water, alcohols, ethers,

organic acids, mineral acids and alkyl halides to enhance catalyst activity. The

10  polymerisation reaction is typically carried out in the liquid phase, batchwise or

continuously, at temperatures ranging from -100°C to +100°C.

It is also well known that the chain termination step during the
polymerisation of isobutene using the aforementioned catalyst systems generally
results in a "final" double bond which imparts a degree of reactivity to the polymer

15  for subsequent functionalisation reactions, such as epoxidation to form the
corresponding epoxide or an ene addition reaction with maleic anhydride to form
the corresponding polyisobutenyl succinic anhydride. However, the termination
step, if not properly controlled, can result in the final doubie bond being located
either in a relatively less reactive internal position such as 1,2,2-trisubstituted

20 position or in the more desirable, highly reactive terminal 1,1-disubstituted position
(hereafter "terminal vinylidene" group) as shown below in each of which R is an
alkyt group;

CH,=C(CH;)R (CH;),C=CHR (CH;),C=C(CH;)R
25  1,1-disubstituted tri-substituted tetra-substituted

-



12 In view of the above, it has | ong been the objective of

Tesearch in this field to inprove the reactivity of the polyisobutene
by identifying catal ysts capabl e of pol ymeri sing i sobutene in such a
way that the nunmber of term nal vinylidene groups - in the

pol yi sobutene is maxi m sed. To date, one of the nost efficient catalysts 5
identified for achieving this objective i€ boron trifluoride. Processes

whi ch use boron trifluoride are described for exanple in

US- A- 4605808, US- A-5068490, DE- A-4033 196 and in EP-A-0628575. It
shoul d be not ed tha[ntnlaw of \tler ahiolve, dahss| lysg been the olgyat\emfireseafobaethxs field

el o one ofd Tisrae e Rfig, bfthe bl B eSORPUERESkich vt Tapable of o e
pre- 10 for nepolywpdsiag isebutgn@maedmmy tat thearumber of tepminghvinylidene griotips
wi thin the reagfgg gglaﬂsobutene is maxm‘t?@&! t%@&?tgfoﬂe%‘iﬁé)fé\ogtyé?ﬁ&é{tlcégﬁé@d to

manuf act ur e po“é t enes system ally the
1

reactor cord ai #§ntifigd fg DP@'?Y@}%/%NWIYQ)W boron f“ﬂ!“@ﬁé‘i i Briocenses whichasech
conpri ses hydr psrankafludriRdsé mknbda%veﬁrm ianS-fAQEIB@Skos US-A308843@t al yst

L TR ik AHASEL A g g

pol ynmeri sat i onsystem in ﬂlestlpmblxca‘fb&s mxstsrofsbp&netrnﬂayrldmaﬂnple)&dgadﬁfmt hat are

d i bl f
condens! % . CHtL s on e HERESs SPaEs B RTBE O Byt e o1
condenser Hssofurmed befmre hemg added 6o therresaonarprepared m—sttu within thyd readtot. he
reaction tenperaturgg,a {P‘Iﬂ’f‘ﬁg";&j’ﬁr i cgﬁt)esﬁo?&b%ﬂf‘énk%lsao | ocat ed

at the top of the react r or onne to the
reactor via onBoilipgiligyd ﬁi’ﬁt%“pﬁﬁ%‘a lyrthe reagtar cpnteins adiqyid polymergatiehser (s) i s

to | i quefedciidPPediafCviiéh SBNRTERS ﬁy&?ﬁbﬁﬁoﬂ%@ﬁ@él@ (éolyﬂaetr béing e’ . The
condensat e turned to the

reactor via a dp"é"??qys ﬂg‘%mlh go‘I‘%g‘fee@ the’f‘ﬂEerHB‘f P%H{eo‘?trt %e condenser.
One naj or 1§ sapoigmersationanextion,andd vapdur space dbowvs thickhqiid polyyetisation however ,

e T e
vapour phase athgsé gasesaneicoudensed intooliquidkfarmresmdenser(sk cbhiaitypd ofirdabtor he
react or £IWSFQWa?§ li:as%? ﬂﬂﬁrb%@ rc(vﬁaen)ser aglfc?até& witﬁ it4h fol'cﬂsr E(? Qéﬁeve

condenser(s) it can ca ynmerisation O sone of
t he condensi ngcomts@f E}Wé’e%“élﬁﬂ tamfer@iwpean (DIC%QTC ﬁr%wnde@mr(e}mpguqyr’esent)

resul ting 3¢ tfb@a&ﬁ%ﬁﬁe't@?o?&e@%ﬂ&@b@@%@?&dsﬁr anB lsI&fhnected to thendenser (s)

whi ch haveadlfferent mol ecul ar es(];_h,tl_ldlatrlbutlo tot%) ﬁtg§S|red
and bei ng nade HOf K2 Y1520 OF IOFHPIP qmmaw&a%a ® the
condenser is sliprfvaporissd C4mondars(beingatenyatdddn therenerart Dhic edndegsatei t h t he

unr eact ed cond Jre r

whi ch 35, to niaaring oleRC RoRfed Blayed el b ind AR O R R T

wei ght of the lochtedwet the bottom of the condenser. One major dasadvantage encountered with
25  this reactor system, however, when using a boron trifluoride based catalyst system

is that some gaseous boron trifluoride escapes from the bulk reaction liquid into the
vapour phase and is carried up into the condenser(s) associated with the reactor
(hereafter ‘condenser(s)’). Once it is up in these condenser(s) it can catalyse the
polymerisation of at least some of the condensing isobutene (and any other C4

30  olefin monomers present), resulting in the formation of unwanted polymer(s) in the
condenser(s) which have a different molecular weight distribution to that desired
and being made in the bulk reactor. The unwanted polymer formed in the
condenser is subsequently returned (usually) to the reactor along with the
unreacted condensed C4 monomers and gets mixed with the desired polymer which

35 is made in the bulk reactor. The difference in the molecular weight of the polymers
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formed in the condenser and in the bulk reactor causes the
‘ol ecul ar wei ght distribution of the total reactor polyner product
(hereafter "dispersity index") to be significantly broader than it
woul d be in the absence of the unwanted polyner from t he

condenser(s). This broadening of the dispgrsity index of the final product
is 5 undesirable since it results in both inconsistent product quality
and, for exanple, a poorer final product nol ecul ar wei ght/vi scosity
rel ationship (]

.e.,..the fi dugt has Vi scosity
for a given rm*"éﬁ‘ﬁfié‘}tq\ﬁé%&ﬁ“ ‘F‘JI%& etk @a‘ﬁg s‘t"‘%@e mole"“gég%e #hte of a
cont am nati ng gistriboeion bf ﬂmtbﬂabrea@adpoflymeﬁ product (hereafler “dispérsippinderdmdieen

Level of e’ rBAFPEN|tRehARE i § o vERLRE ebRbfs biife bawaliBESh g 0N "¢
gaseous boron theicohdensen(s). rRhisdivbardgningef thendispessity(index ofithé ﬁnqbpm:iubﬁ i to
ei ther SHP&EEM& ghleit Eﬁﬂft’& b3th ﬁes%ksg&%hv cﬁlc{ @Ba'ﬂgfr %’1;‘ o 1o e&%pﬁ@ aduon of

unwant ed pol ymer's enser
pol yner of a nmqrev\ﬁm pprdust mplecul ar weighiddscositrelationship (i.e.,Abe Gnaliprrfugt t he

ST Lk LS8kl GO ot s gy e
hydr ocar bon f e8k$€ ch&rzc‘if’%&“?g?t %&M&ﬁ@@sggesence of a catal yst
conpri sing boron tritfHayadivdeen found ithat by ihtpddasiagian electreadomdr ile\thélg

above the 1%y ereesPt ARG AHE Tyt iR ekl °@§@P§¢ B SRR BRATby e dhebB Hse L o oo
the reaction ogasieemtinurenmﬂuwﬂdei'eaemng the conderser(s)s itiopossible tiofdither i de i n t he

‘(I:'(rjlgdﬁ%regi aJ; Bg% gllp) @E\%&ﬂ g%g\gleié?i @fﬁ*]ﬂn% t?é formation Hf'ﬂ%?% e&%@{é@ fn°-

i sobut ene or aﬂv@&on msertetand M@m@mpmrgqlm pryrsnoEmaarrawdispersint  of

| sobutene 25 jndet he hydrocarbon feedstock is suitably at Ieast 10% w w,
preferably at |east 25% w w. The drocarbonéj eedst gag .
addi tional ¥y cont ai A°ERingH. His RSP HR 08,5  process pesassal feats BRI cal

feedstock is aindex dﬂp@mefs&’f)xfmeﬂ&iuﬂng hrlqaian ;(Has?er mibherpolymensandiadffal nate I")

f t Ki t

b ocess af tor PRESuellBigod Simerigifbptcte i B elatbdrto RN, ocar bon
feedstock 30 camsprsizgbaros triffweidoin a Bquid pbase imayedstordahing condenbysn st ream
obtai ned duri ”?ss&&&t therew&fi‘;fs}ﬁ'a'ﬂ?&e% c&ﬁ&?sﬁxfgb{m&m- _éh%'v? the EJ{éTE{“thﬁ(d of

but anes and butenes rom
Refinery BE2®). msbﬁﬁea@tortan@kétm@émré@ kinigsetthe r@atwrmfslsobutene vithnfrese f ound,
for exanple, gaséo@so&l?oﬁ &iflddridd in t@écﬁﬁd@h@é‘r@fﬂ%ﬁz AiRniSRE thetbinifRn of
Resour ces, Product Mar keting” by Schul ze & Fomann, published by

Springer- 35 VeRyange R@S@Fm Sui t abl e conpositions by wei ght of the total
conposition are The hydrocarbon feedstock used as a source of isobutene can be pure

isobutene or a C4 raffinate stream comprising isobutene. The amount of isobutene
25  in the hydrocarbon feedstock is suitably at least 10% w/w, preferably at least 25%
w/w. The hydrocarbon feedstock may additionally contain one or more alkanes or
cycloalkanes. A typical feedstock is a butadiene raffinate stream (hereafter
“Raffinate I’} from a steam cracking process or from a fluid-catalytic cracking
process after the selective separation of 1,3-butadiene. The hydrocarbon feedstock
30 used as a source of isobutene may be a hydrocarbon stream obtained during the
refining of crude oil comprising primarily of butanes and butenes from catalytic
crackers (hereafter termed Refinery B-B). Some of these feedstock identifications
can be found, for example, in a book entitled “C4-Hydrocarbons and Derivatives,
Resources, Production, Marketing” by Schulze & Homann, published by Springer-
35 Verlag (1989). Suitable compositions by weight of the total composition are



4 shown in table 1. Table 1

‘Conponent Raffinate | (% Refinery B-B (%

| sobut ane 0-5 35-45 n- But ane
4-12 7-12 | so- but ene 35-55
10- 20 1- But ene 15- 35

9-15 cis/trans- 4 10- 25 20-30
2- But ene 1, 3- But adi ene 0-0.5 0-0.5

Ideally, it would be desirable to conpletely prevent contact between free
5 gaseous bokkgwi i thbledr i de catal yst and the isobutene present in the
react or condenser(s). This nmay be achi eved by ensuring that the

el ectron donor is suitably i ntroduced above the reactor liquid |evel
in an anount sufficilable o distribute the donor_over the surface of
t he condenser(s) as}ev y posgi blg 4 t -a¢t the
effect of any free ;aseb“{@é%ﬁ—m&@icééit eﬁi ﬁéeg@g%g@se s 10
Thus, the el ectron Honolsobetgnde i htroducdds above tlhe readbets |i qui gl | evel

and di stributped oyeg fhe sufface oa_lghe condenser(ﬁ_uThus, fhe

el ectron donor coul fbe adeapa—Hto—t e the
reactor liquid |eve| vilodutener npre 35-5hozzl eqd suitaBbR0in a | {quid
and/or in a vaporispd styate to fatilitatg gven digtributigpg f the
donor on to the vul perabtre—partsTe—g——striacetsof—the—condense{ thereby
15  mininising the|cat alsftans- act|vity di0-2Zhe bordn trifR030i de as|it
enters the co1den§g§l§t§3e and{ associ ated lineq. To maxi m se th¢ anount
of el ectron donor Teactr g e vutmerabtepgrts—of—tire—Tomdenser, it

is preferable to sptay.${Rutadienet r pn 0-0donor into the &@Aactor above the
| evel of the reacti |, Chl | Ed zzl es.
3&%}&%&‘%&dﬁe@éﬁﬁbﬁ ﬁ@g&l&ﬁtag krev_ent con%&éf’@&@ve&( 80

The nozzl es _sui t abl .a sufficy enimgy eni ng, 2 (aperture) to
faci |itate Eomprers bareatriflearidsisaaryst and the sebyisne H&ms\?ﬂpﬁhmacﬁqs it
reachi nght he C@Bfﬂ%ﬂ?&(s?.?l‘hi?ﬁltﬁ b@gcﬂié‘/i%d By eRduping tﬁﬁt_tﬁé&&e&l’(ﬁfc%dn@xt‘lisféﬁmﬂﬂ% to a
si ze suc . 0 e droplets are carrie in he cpndenser
by rising vapoH}tEora@‘Fe‘f‘Fp@ve the reaqtgtalgfu&ﬁegeldﬁar} 6?‘0}5?%83“5’?%“ %@@t@g‘t‘tﬁéﬁ)‘? eaction
m xture. The eldentirever tersurfacesof the condenset{@pasyevenigyad possilide innmrderdact or i n
dropl et and/ or f I V. ' | qui vel. A
feature of tne CoRySe:SiE Ll HUS TsTReRs bOorntnnupIBIRG the Chlineck'™
even the sidl | dhus,shoelactsorsdonor swy bs indroducedsabove the rdagprkquihievelandat i on of
distributed over the surface of the condenser(s). Thus, the electron donor could be
added into the reactor anywhere above the reactor liquid level via one or more

nozzles suitably in a liquid and/or in a vaporised state to facilitate even distribution
of the donor on to the vulnerable parts, e.g. surface(s), of the condenser thereby

15  minimising the catalytic activity of the boron trifluoride as it enters the
condenser(s) and associated lines. To maximise the amount of electron donor
reaching the vulnerable parts of the condenser, it is preferable to spray the electron
donor into the reactor above the level of the reaction liquid through a sufficient
number of nozzles. The nozzles suitably have a sufficiently small opening

20  (aperture) to facilitate complete vaporisation of the electron donor prior to it
reaching the condenser or control the droplets of the electron donor to a size such
that all of the droplets are carried up into the condenser by rising vapours of the
reactants and/or products above the reaction mixture. The electron donor is
suitably added into the reactor in droplet and/or vapour form anywhere above the

25 reaction liquid level. A feature of the invention is that addition of the electron
donor in even the smallest amounts suppresses at least to a degree the formation of



5 ' unwant ed pol ynmers whi ch'adversely affect the dispersity index of

‘the final product fromthe bul k reaction. However, in order to
i nhibit substantially conpletely the formati on of such unwant ed
polyners it is added in an anbunt of at |east 2 noles of the electron

donor per nole of free gaseous boron trifluoride expected to rise to 5

the condensers and the associ ated pi pe-wor5k above the level of the liquid
in the reactor, preferably at |least 3 noles of the el ectron donor per
mol e of free, gaseous boron trifluoride expected to rise to the
condensers andunwanted polymersawhiph pdversslyiaffect the dispersity index pBthe finalfprodugti d i n
the reactor. T (o] 5 A IK-N ) : :

t hrough a nozz??nﬁl?gg’hg‘ﬁgta&%ﬂé IH(? P’?Z%FQE@QE@%??M%B%%%“? We?oénoéla?ﬁggi and 10
fully envel op fermatign pfsuchsmwanied pelymersibisadyledinpnammenat af atdeast o aalgsr k

}N! t h_ogt _ t of iRl eflehcﬁ@ﬂ%ﬂ& ﬁh@tnﬁilh @oﬂf%%kétﬁxs%%h ﬁiﬂh@ﬁ%&@xﬁk{&d@ttbﬁsgd on
i qui rio reaghin e cpndense . re ectron donor
caﬁ havg ang adglpr%ogﬁgqsp%&ndél?p Qsp.%clateé)plpe-m%%é%\{estg\?fegﬁl 9‘2&%&%&“‘ ®returned
with the condensator, preferdldy stdeast & moldsiuf tied f?dtmwﬂonor per tddaeffrlee,rgai?uused in
a quantity sma .f0 verse ef fect t .
Bcanpl s ot 1 neoFafIGICtab bR (e e GoaBibr' Radfic MO MBEPBE POl e o
nmore sel ect ed Bbaove thelevelof liquidrin the redcter. CHiecdlectronsloeor ialintroduceduatosthel cohol s
and eco | ] ~
particul ar E & ne?%ﬁg%@{oﬁgﬁ%azzzﬁ%ﬁ?} a)f ﬂn::adcl)lJQglgtosljana’g)tljt a %ﬁ?tlﬁgéggf%ag}éﬁ% ,

yC

ropan . , .
2- but anol , fillyesoxelap thesufaee efithe ﬁ@ﬂ(@nser(s) andsgsseciated pipgavask wjthedhanol

f] b) onelor2 Omor ﬁg&fc&{déﬁdi@‘énd d?6 %ﬁh@é ?e@ull@x\gﬁlbt'i& 1#fid pridrii8 réachingi t atul é
aving 1- car,bon atons, .on,each o e rocar oups associ ate
Wt Such- et haPe COpRPRRERe) A fore heectitm NGF GArfipny on BivRERcce st o ths o hy!
tertiary butyl pelyherisatinirgdction ifire@rnedbnittythe ebiudensatp t@thel redoter therejectrony|
et her, butyl tenti . bhu .et | SQ- Lt} her or
cecobutyl 1 ert 9979 bbbk ind i shaf sod i} B BV RE pldlfo Bloliralh 17, 7Y
aliphatic é8ters; (dExamplesoftheslestron domdirsithat iy be esgkintlndé interaliboneg/ot ¢
aci ds such as ' ' [Welol Lk of
o denydos, (1) Tiore Seded SoTe) Qleth ot 6f Bbholy eecl pRaRliGohols and o
or mor e Stconfsralcohols puitably havingd-20 earbemptemsapartipidarty methanalne | ke.
The process of dﬂaﬁolp?ﬁ}?ﬁﬁﬁl, bt liscpRopahoB RRlut b | c§clbRex@ny), SfkedlxstolsSy st em
conprising boron_ trifl ucz‘r I de Sl.f]@ bl'e cat alc%’fSt S s%em; a t hose which
Combrise 30 BT % methony Fharelbipnesirot dfstraigh beaeh chalreroyelich as
primary anggor ethers, suitabbiating)i-20 cobsr stoms dh @ictedfithe AydrBedrbyl @ubugss! v
sui tabl e al cohql s are .tho vin - n s ' arly
nmet hanol , et ha%%%?‘%ego“ﬁgh%%yg 3 gp?%%‘ﬁﬁ%'l‘ly al&lt%gﬁ%ﬁ;'g&yl &Leq‘ls’ss%@?%%‘oﬁ%wand
secbut anol . Sutertitsiydbutyl lethes, ethybtestiarpibytyl ethen, aropybtertiam butybethery butyt
et hers, suitablyy; ' - o ; ¢ 4 M rdpiydr: gr oups
35 associ at eclgléhv{n wu%gﬁ]e§?%£€@?ﬁgg@%| cu tgﬁ }ge?g)F E(}a/)lf-b ttgl?te{la%%&egb( r’et her s,
such as met hyl (¢) one or more of esters, especially aliphatic esters; (d) one or more of acids,
25  especially carboxylic acids such as acetic acid and propionic acid; (e) one or more
of aldehydes; (f) one or more of ketones; (g) one or more of amines; (h) one or
more of amides; (i) one or more of amino alcohols; and the like.
The process of the present invention is applicable to any catalyst system
comprising boron trifluoride. Suitable catalyst systems are those which comprise
30  boron trifluoride complexed with complexing agents such as primary and/or

secondary alcohols and/or ethers. Particularly suitable alcohols are those having 1-

20 carbon atoms, particularly methanol, ethanol, propanol, isopropanol, butanol,

isobutanol and secbutanol. Suitable ethers are straight, branched chain or cyclic

ethers, suitably having 1-20 carbon atoms on each of the hydrocarbyl groups

35 associated with such ethers, particularly alkyt tertiary-butyl ethers, such as methyl



6 ' tertiary butyl ether, et.hyl tertiary butyl ether, propyl tertiary

‘butyl ether, butyl tertiary butyl ether, iso-propyl tertiary butyl
ether or sec-butyl tertiary butyl ether. The boron trifluoride
conpl ex may be preforned or formed in situ, in the | atter case the
boron trifluoride and the conpl exi ng agentg are added separately to 5 t he
reactor. The process of the present invention can be carried
out batchw se or continuously. The reaction is suitably carried out

in a boiling |i |da era nthe e 4 rlCto
+40[err] C. The %f%’é’s"ﬁ‘ Yéeﬁ?"teﬁ*a’? %PWF%“‘“ propyb %}’3 3’3%8%%%{[1 0.2 and
4.0 bar absol utestiary®utyl ether, 1so-pr’6pjal tprtiegemsyl@ther loe spr-betgitertianybutyl esheri s

sui tabl e for produci

nol ecul ar wei ght pr g?grbg qnymlﬂfrgl&#%ée ?@ %J]ﬁ’%fdr}g‘%aggw%é’gﬁﬁj
preferably in {ater casedbe boon tafhwoide and t ecomplexmg agmfeﬂ’felaﬂ@drﬂﬁmteb‘aﬁ%r age
mol ecul ar wWei glfte fegctbf 0m 350 to 5000 the mol ecul ar wei ght

di stribution (weigh average ecul ar weight divided by nupber 15 average
mol ecul ar wei ght)  revie PERREES ?frr{g?rPrfseZ‘t!"cYe‘Et"B‘ caﬁ(rjbé"fcéf'?gl‘%}‘){b €0'to 2.0
and nore pref eb@ﬂitirwoﬁﬂymﬂle l?eabﬁbnhs Buitably carried out in a bb#tinpliggiges of the

present invention is furt il lustr erence
fol | owi ng Exanp r%%erastures m fg’ ‘g’o&% Wb’ %I“Egﬁ'eﬁﬁ‘r%\mctgﬁf‘?aﬁ%lﬁ stirred
tank boiling Ipmferdbly(bamﬁenommdlmﬁambtdﬂua condenser, a 1:1 nol ar

compl ex. of yforon {1 bl uetddio ARG RLAPOENIGT, USEHA fr pRIdng  OUL Lhe

conti nuous cationic p0| | soneri sed

Raffinate | f e@ﬁb’tsﬂb@ﬁﬂ%sfhﬂmga wﬂearm»@mmletaﬂar@velght@r@yenabbrtmﬂ*@rg@mr ation

of 1,3- h‘éhﬁﬂs(ﬁﬂ?ﬁs()@bdmﬁférﬁr@fe&b n'ﬂ?etx‘ﬁﬁ s@PRM0086 and 42% i sobut ene
and between 3 and 2 o but ene-1) at a reactbon te eratur g -10[err]C
and a typical reacti "r%%f"éf@\’ﬁfé"e’age molecylar wWeig b'ts\ff-ﬁ?h S Oa?fﬁ) 488 i nut es.

The amount of piofechlar Weikhi dihtrlwfi@:ﬂ(welght avéxfagé thhEﬁMiéhﬁﬂMdeﬁ%mﬁbﬁlbezadded
to the reaﬁor was bet

hydr oi somer? se8VFE8% 'Pﬂig?@ar wylglétgsr{lg(cr@g%@mgﬁez o, Pm%égﬁ%gﬂg‘n]o? 90

added i nto theanemoreoprefersblnfrom 1.2 teel 50 t he condenser via a spray system

i order 30 to ensyie al, i, AHARSSLARIOL RRPHLMRAE RYSHlncn

di stributed over the ner a e co enser "as possi bl e,
the spray nozzt@ouewwg&xampbaffu ci ent I y srral I size and the position
of the spray ng;;‘g jeps sufficiently far enough away fromthe

condenser ¢ cal cul,ated tha aI Ly of the a et hanol
bei ng addeag ngﬂngl qﬁoaﬂwﬂysrsalaeé B‘Pi‘ PE@&H‘ I’P?Féofvl?ra"‘@ﬁ‘g graay system

woul d vapouri seomdedsd?ca $3 mol@ﬁédm;ﬁ& éﬂboi*&ﬁtrﬁl@ﬁﬂ@é‘ﬁﬂ ethddt? waFasel toQarrgt hanol
z7added to ther Gt the contiuons E:at:o%lc polymerisation of a mixed carbon-4 hydroisomerised
Raffinate I feedstream (from a steam cracker after the selective separation of 1,3-
butadiene and containing between about 36 and 42% isobutene and between 3 and
25 5% butene-1) at a reaction temperature of -10 °C and a typical reaction residence
time of between 15 and 25 minutes. The amount of pre-formed 1:1 boron
trifluoride/ethanol complex added to the reactor was between 1.6 and 1.9 kg per
tonne of hydroisomerised Raffinate I feedstock. At the same time, ethanol was
added into the reactor overhead line to the condenser via a spray system. In order
30 to ensure that the added ethanol ended up as evenly distributed over the vulnerable
surface of the condenser as poSsible, the spray nozzles were of a sufficiently small
size and the position of the spray nozzle was sufficiently far enough away from the
condenser that it was calculated that virtually all of the added ethanol being added
neat into the reactor overhead line via the spray system would vapourise and be

35 carried to the condenser. The amount of ethanol added to the reactor was between



.(').45 ‘and 0.6 kg per tonne of 'hydroi sonerised Raffinate | feedstock.
After the reaction was conpl eted, an al kal i ne base whi ch deactivates the
boron trifluoride catalyst and hence term nates the pol ynerisation reaction

was added to the crude reactor product. Follow ng reaction

term nation, the crude 5 deacti vat ed ﬂroduct was cl eaned by wat er
washing in order to renove the deactivated boron trifluoride catalyst
resi dues and excess al kal i ne base residues. Finally, the crude
reaction produdd and8.6ckgsperitoree of hydnotsemetisedrRaffinate [ fegtistogiol yner . Sone
typi cal nunber ave (

nol ecul ar wei ght ﬁmg‘etrhggu 9w‘?{geter %d A?Ik%gbﬁﬁ‘gﬂng?%%aﬁg“ﬁ& ng a 10
pol yi sobut enePafpn idgicnialystang }@aﬂfﬁff&‘ﬂé‘ﬁs ‘é@é‘{'}?o@ wWaSnomet ry)
for " t headaledl YoEte d?ﬁd&i‘éﬁétopﬁrﬁﬂﬁéte(i?oﬂﬂﬁiﬁﬂg rbélﬂioﬁb&ﬁﬁxdh@ﬁcthb erudeondi El_l glns
are shown _n abl e

5> _ GPC Dt a deactwateda proggéﬁyaé cleaned by water. washing in order g remove the Pr oduct

Mol W D stridueatfivated boron trifluoride catalyst residues antexcess alkaline base rebidues,

%D{h Finalgf‘,L the crude reacltmgrg(?uct was distilled in o%'gegr%o remove light polymer, , ,

Conpar ati ve Téwmme ﬂyp(qabnumbnr(awi‘aggmbbcmlhew'eightaQMﬂ)(m)j weight average Usi ng the
same reactor : ' nmol ar
conpl ex of bo@%‘%&?% %F‘ h‘{Nciiwy %‘W@%e hlgcé\%p @8%1%@@“&1{#3 t he 20
cont i nuoud caralysetutensisiandardsuhiclyyyapeal lbraw&'advmwhmﬁwgesmm@sa ®af fi nat e
| f eedstheBlynder 9?6&@,5:%%& (e Wie Aol FeactiSn S&HdRTdns ¥R sheRahmL | on of

1, 3- but adi ene and contai ni ng between about 36 and 42% i sobut ene and
bet ween 3 and?®led butene-1) at a reaction tenperature of-10 C and a
typi cal reaction residence tine of between 15 and 25 m nutes. The
anount of pre-forned 1:1 boron 25 t i“etio_ré taanol conpl ex added to the
reactor was between 1.6 and 1.9 kg pngﬁﬁ%—of hydr oi someri sed

Raf fi nat el5l feedstock. At the sane tine, ethanol was added to the
hydr oi somer i se%a%igfi rat eP}OdLgteds ockpl% Qrto itﬁ’%%ﬁrli!@ﬂ Eﬁstﬁ@tﬂﬁhor

bel ow t he r gaet+otr—t+qut—e—tevet ; fa a
spray syst em aboue theMneact Jon | Mwi d | ¢vel . The aMwiNn of et hano
added to theg reagtor 30 W3 bet ween %9&5 angl 0.6 kg per ;ygnne of

hydr oi soner i jset—Raf++rate—— -

8 2 1018 1471 1.44

Comparative Test 1 (not according to the invention)
Using the same reactor system as that employed in example 1 above, a 1:1

molar complex of boron trifluoride and ethanol was used to carry out the

20  continuous cationic polymerisation of a mixed C4 hydroisomerised Raffinate I
feedstream (from a steam cracker after the selective separation of 1,3-butadiene
and containing between about 36 and 42% isobutene and between 3 and 5 %
butene-1) at a reaction temperature of -10 © C and a typical reaction residénce time
of between 15 and 25 minutes. The amount of pre-formed 1:1 boron

25 trifluoride/ethanol complex added to the reactor was between 1.6 and 1.9 kg per
tonne of hydroisomerised Raffinate I feedstock. At the same time, ethanol was
added to the hydroisomerised Raffinate I feedstock prior to it entering the reactor
below the reaction liquid level rather than added neat to the reactor via a spray
system above the reaction liquid level. The amount of ethanol added to the reactor

30  was between 0.45 and 0.6 kg per tonne of hydroisomerised Raffinate 1.



After conpletion of the reaction, the polynerisation reaction was

termi nated and worked-up under the sane conditions as those enployed in
exanpl e | above, Sone typical nunber average nol ecul ar wei ght (M) and

wei ght average nol ecul ar weight (Mw) results (determ ned by gel

chromat ography 5 usi ng a polyi sobutene standard whi ch was cal i brated by

vapour pressure osnmonetry) for the pol ymer product prepared under the
above reaction conditions are shown in table 3. Table 3 -
GPC Dat a Sanpl e Pr oduct Pr oduct Product Ml W
Di stribution After completion of the reactidhithe polymerisation rehdtion was

Mn/ Mh : - .

1 77 termxg&ted and workefilg)ll%l%r the same cﬁ%d}%oés%%ose employed in 1.59 10

The resul ts hixgmpieghalavei Somaiypical pumber ayeusgemolecular sveight(Mnhandor oduct

nol ecul ar wei duct
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the reactiSon YSinga polyisobuten and ywhigh yagc b YAPOUT Prefisie abl e to cover

t he vul ner abl gsnsonidta) €orcthe pbl§mer rodu@tqiw@?&iaindeif theabbléebabtibn confiitiohsrer

highlighted in fjgures and |1 (b). Figure 1(a) 15 is a GPC trace for
one of the s ié‘g” téiilgapl I.e. for a polyner prepared when

et hanol was added to the reactor Iiable3 s Datst em above the reaction

I I e s PV Uy e A

muUT

to the feedsftock prior to tMe feeMWock bnt eri ng t dw/kact or bel ow| t he
reaction liquid Ilevel. I'n f'gure L(a) Ma is 2p 966, MNi§71392 and MM Mh
(t he producteteettaf—nwet-ghit—at-st+bt .u.., +5—t—44- Hr—-gure—3B8) M
is 925, Mvils 1625 and MV MBlis 1177. 1&878can be seen in fi1§8re 1(b
that a characteristic of the polynmer product made Wnen t he et hanol was
added to the feedstock was that it possessed a "high nol ecul ar wei ght

tail", (AW and itThe resultschighlightedémtables £iagd Balempnytrate that the produchr act er | stic
s not pres e%ole@ulﬁmelgﬁi! di&ﬁﬁut?éi was%?gqmc%n@f] ERASRE M@ gﬁ't?tﬁ: {nla

i ntroduced to the reac ove the reacti [ N such a
manner that iVhelekspiny ef ethanohias infreduced|inte thpreacter ab%éh%fea% liquid

go_nld_enselr_. lgvelﬁi(ﬁ{waemﬁmegtémt1twa?ableth§¢th}fb\ﬁﬂHd Hraﬂwm&bfﬂfeEd t ank I
oiling liquid reactor, .proyide ] conden corrp ex
of boron trif{APIFISEE tﬁgﬁg%ﬂﬁﬁ%f’%ﬁg‘lﬂg'g&tefl S/ ?(e éi“‘F‘l@bt FigH ti nuous
cati oni c %ol yiseGRG traceifon bneofihe ssinples dftffxatpRal, fuenﬁdrm polymer prepared
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when ethanol was added to the reactor via a spray system above the reaction liquid
level. Figure 1(b) is a GPC trace for one of the samples of Comparative Test 1, i.e.
for a polymer prepared when ethanol was added to the feedstock prior to the
feedstock entering the reactor below the reaction liquid level. In figure 1(a) Mn is

20 966, Mw is 1392 and Mw/Mn (the product molecular weight distribution) is 1.44.
In figure 1(b) Mn is 925, Mw is 1635 and Mw/Mn is 1.77. It can be seen in figure
1{(b) that a characteristic of the polymer product made when the ethanol was added
to the feedstock was that it possessed a “high molecular weight tail", (A), and it
can be seen in figure 1(a) that this characteristic is not present in the polymer

25  sample prepared when the ethanol was introduced to the reactor above the reaction
liquid level in such a manner that it was able to cover the vulnerable surface of the
condenser.
Example 2

Using a continuous stirred tank boiling liguid reactor provided with a

30 condenser, a 1:1 molar complex of boron trifluoride and ethanol was used to carry

out the continuous cationic polymerisation of a mixed carbon-4 Raffinate I



feedstream (froma steam cracker after the selective separation of

‘1, 3- but adi ene and contai ni ng between about 36 and 42% i sobutene) at a
reaction tenperature of -5[err]C and a typical reaction residence
time of between 15 and 25 m nutes. The amount of pre-formed 1:1 boron
trifluoride/ethanol conplex added to thé®reactor 5 was between 1.5 and
2.1 kg per tonne of Raffinate |I feedstock. At the sane tine,

2- propanol was added into the reactor overhead line to the condenser via a

spray | fysksaeam (ﬁlorﬁrack@éant craaas aftér thésdledtive s@iehtmn%fpmmwéneended up
as even \ congenser as
S selble ( nand gphgining BehGter Bl 3 G 4dop RoBeforral p feoR kerlnerae B R 0o e

position of t+H¥ amt ayypmtwlaemmssxdﬂlce sinfefaf bebyeeh i Sfaad 28 mumgks. aileey from t he

(2:ondenser t h%}no'uht Ctﬁ#n? l lai ‘Bgrowmﬂudlri e{'e‘(‘ﬁﬂnlo)’corﬁple acf’deh t@ihetljéf%&dded
propanol bein nto the

spray sysfemwas ﬂmp‘oﬁ alild;%I dsameb@noasfkeﬁn@t@ Iferddstoskd &b thersamgtimeanount  of

2- pr Ogaﬂ%kaarﬁﬂ%g aa@e(flﬁﬁ) the AGLRY om?m%@ﬁ@ IhOcftiedfvia a%fﬁragg per

tonne of Raffina ereactlon was conpl et ed,
an al kal i ne Bm@nmeffieaé%wrfe@@tsthﬁh@ded 2-pr°pmen edyrr asgyenlde catal yst and

hence term naﬁsfeﬁbdtsdeowltwﬁnh&ame @tﬂfdc@@ﬁthe%nﬂ@ﬁeraspossxﬁlédﬁds;srayt he crude
react or product

ea t|o term
ot vat ed r e SOESTE G aCLTRROTY PER)UE TR RaPOREOB SRR SRR "OFRP™ o remove
t he 10 de aufficieatly farleaough awayffram thedmndatseal that it mas calodsted tut eirmaly
al kal i ne bas 5;:14@@ | ; ry '
distilled i neagr 3?63%@82?%"]’&%@5%8 gﬁ& i3 né %ﬁ%@?gﬂé@ﬁlﬂ%h@‘éﬂéawum
distilled in sgraaéystcm wald vepouriggandhesl oprriad. to@cmeondenser Thpameunt efidper
aver age nol e a @5 ht
(Mw) ?esults%ﬁg}r,\fnq(%ggogy ge ch%%dneg?%egg phy usi ngggu{b%?gg%ﬁgﬁgg
standard whi &h was cal i brat ed by vapour pressure osnmonetry) for the polyner

25  proggct prepakfedd thdebattidwasidomptetéd as all@linepaid wm@rtfeaarvateslmwn in

table 4 belo C Dat a
Sanpl e - Sapepfsiforide catalyst g hence terminates the pelymerifstap FeUR Bt i on

Mh added\Mo the crude reactor product. Followihdtdgbtion termination, tiie crude de-

1135 . 1039
1517 ectVatedreacton,prauct g leapaty/iter yashingip osf sgpemove ey g1

t he i nvent i opactivated boron trifluokdeeptalyss residues mh@tcoss akaline hasggesidues. enpl oyed

'18 Exanphg 2 paR@y Sthe @rude reaction product was distilled in order to remove unreacted C4
monomers and then vacuum distilled in order to remove light polymer. Some
typical number average molecular weight (Mn) and weight average molecular
weight (Mw) results (determined by gel chromatography using a polyisobutene
standard which was calibrated by vapour pressure osmometry) for the polymer

25  product prepared under the above reaction conditions are shown in table 4 below.

Table 4 - GPC Data

Sample Product Product Product Mol Wt Distribution
Mn Mw Mw/Mn
1 1135 1612 1.42
2 1039 1517 1.46

30 Comparative Test 2 (not according to the invention)
Using the same reactor system as that employed in Example 2 above, a



1:1 nol ar conpl ex of boron trifluoride and ethanol was used to carry out

t he continuous cationic polynerisation of a mxed C4 Raffinate |
feedstream (from a steam cracker after the selective separation of

1, 3- but adi ene and cont ai ni ng bet ween about 36 and 42% i sobutene) at a
reaction tenperature of -5[err]C and a 8 typical reaction residence tine
of between 15 and 25 m nutes. The anobunt of pre- formed 1:1 boron
trifluoride/ethanol conplex added to the reactor was about 2.1 kg per

t onne of Raffl: hato@rlcoﬁxplmtsifbohntﬁﬂuaddeadreﬁ\ahblrmas&eqbtmp&mod:utm added to
the Raffinat e.ohf@gdab@lte RO AEibAoh b £AHRNICIRIMRAE § daliedip

reaction |iqul ed nea reat or V|a a
spray syst emstgssverackes aftectbe sdective separajionof |l Srbutadignesandraontrinieg  2- pr opanol

added to the yeRa&nQboless AAUI, %o'ﬂut%ﬁb)ﬁ?? reactlon tehfpRRRurelof B dqaat e |-
After conpletiaqn of the reaction, tL fbé risatjon reaction was

term nated arf¥PiGHTRAsHoD sesidenes timeg & 33ominutes. hhe amountt@yed in
Exanpl e 2 abquﬁne@pmotmmabndwmfol etaplaneddea te ehd :@ﬁcmtewwiboﬁwx and 15

chr omat o0 Api @'gn%%@wd%rd%sﬁéﬁ@@ﬁﬁé%é%ﬁd Nad&ddtn, ot ca by

vapour pr essuheRaffinate Idsedstoek pyipr foot edteéngoihk yeaetorbeloshuthe reactipatigaidunder t he

_?_g g?’g r5e<_act ' gg\ﬁafd?ﬂértth%ded geat tc?{h% ré&?w 3 a%rg? Lﬁtel?n ab&/% the rea«tmon

Product NBI \Wuidleveli Fbe pwaunt of 2-propanol added to the reactor wamabout 0.4 kg per My

%g/h tonne of Raffinate I 1027 198106
1.78 Aﬁﬁecomqsmgf meg'mqtfgmtéa PPW&W% reackiAf Was deronst r at e

that the pr odaeﬁmated and wah&aluparndwﬁhs bimdaﬁfdmdayhs ﬂmw@xﬁpmyaﬂinf icantly

i1 oduced | FOGTPI A SPrRige Bt aderes melcuiar W) ¥ (n such a

manner t Hat |Wexgh:saveﬂagentodrcutarlwlexghf@dwmfemhtsa(tdletermmeﬂ by gelashrdthatography

d T f ) 0 d 2(b).
Eroure. 2(ay | Usthg'd Rf)ifhudshe sl briiedid Gfibiafed sy yapltsigstisl) e 51°)-
for a pol ynerosmogstnypfor the polymkrmto@opptqpandlundasthadbm@ resctiohgonditiottsor vi a a

spray SyStema?@WB‘?aﬂlé ction 30 liquid level. Figure 2(b) is a GPC
trace for one o e sanples of Conparative Test 2, i.e. for a
pol ynmer prepared when 2-propanol was added to the feedstock prior to
the feedgpock entering the react ofabrlWGPaEDsMaction liquid level. In
figure 2(a)

Sample Product Product Product Mol Wt Distribution
Mn Mw Mw/Mn
1 1027 1981 1.93
2 790 1406 1.78

The results highlighted in tables 4 and S demonstrate that the product

molecular weight distribution was significantly narrower for the product made

25  when a spray of 2-propancl was introduced into the reactor above the reaction
liquid level in such a manner that it was able to cover the vulnerable surface of the
condenser. This finding is further highlighted in figures 2(2) and 2(b). Figure 2(a)
is a GPC trace for one of the samples of Example 2, i.e. for a polymer prepared
when 2-propanol was added to the reactor via a spray system above the reaction

30 liquid level. Figure 2(b) is a GPC trace for one of the samples of Comparative Test
2, i.e. for a polymer prepared when 2-propanol was added to the feedstock prior to



ivh is' 1039, Mwvis 1517 and MW Vn is 1.46. In figure 2(b) M is 1027, Mvis
1981 and MW WMn is 1.93. It can be seen in figure 2(b) that a characteristic

of the pol ymer product nade when the 2-propanol was added to the
feedstock was that it 5 possessed a "high nol ecul ar weight tail", (B)
and it can be seen in figure 2(a) that this characteristic is not
present in the polyner sanple prepared when the 2- pr opanol was

i ntroduced to the reactor above the reaction quuid | evel in such a
manner that it | e to .coyer the. .vul nerabl enser.
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Table 6 - GPC %&i@nsea The amount of 2-propanol added via this spray system was about 0.34
25 kg per tonne of Raffinate 1.

After completion of the reaction, an alkaline base which deactivates the
boron trifluoride catalyst and hence terminates the polymerisation reaction was
added to the crude reactor product. Following reaction termination, the crude de-
activated reaction product was cleaned by water washing in order to remove the

30  deactivated boron trifluoride catalyst residues and excess alkaline base residues.
Finally, the crude reaction product was distilled in order to remove unreacted C4
monomers and then vacuum distilled in order to remove light polymer. The typical
number average molecular weight (Mn) and weight average molecular weight
(Mw) results (determined by gel chromatography using a polyisobutene standard

35  which was calibrated by vapour pressure osmometry) for the polymer product
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Usi ng the sane reactor system as that enployed in Exanple 2 above,
nmol ar conpl ex of boron trifluoride and etfpanol
continuous cationic polynerisation of a mxed C4 Raffinate |
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After the reaction was complete, the polymerisation reaction was

terminated and worked-up under the same conditions as those employed in
Example 2 above. The typical number average molecular weight (Mn) and weight
average molecular weight (Mw) results (determined by gel chromatography using a

polyisobutene standard which was calibrated by vapour pressure osmometry) for

the polymer product prepared under the above reaction conditions are shown in

table 7.

Table 7 - GPC Data

Product

Product

Product Mol Wt Distribution

Mn

Mw

Mw/Mn

1520

2376

1.56

Once again, the results highlighted in tables 6 and 7 demonstrate that the
dispersity index of the product was significantly narrower when the product made



3(b) is a GPC trace for one of the sanples of Conparative Test 3, i.e. for
a pol ynmer prepared when 2-propanol was added to the feedstock prior
to the feedstock entering the reactor below the reaction |iquid
level. In figure 3(a) M is 1558, Mwis 2243 ‘and MV Vvn is 1.44. In .
figure 3(b) M is 1520, Mvis 2376 10 ang MV Mh is 1.56. It can be seen in
figure 3(b) that a characteristic of the pol ymer product nade when

t he 2-propanol was added to the feedstock was that it possessed a

thi & char act enioiid 4 PRipehdinodueid e M sl AR UE HRGEROR b ERLE Bl T e
2- ~ propahnnes that ittwascbledd covertthe vulaereblosudfinsaf ththeondenset.ivs | i qui d
e Pl AP R s )0 it 8 e
for one of the samples of Example 3, i.e. for a polymer prepared when 2-propanol
5  was added to the reactor via a spray system above the reaction liquid level. Figure
3(b) is a GPC trace for one of the samples of Comparative Test 3, i.e. fora
polymer prepared when 2-propanol was added to the feedstock prior to the
feedstock entering the reactor below the reaction liquid level. In figure 3(a) Mn is
1558, Mw is 2243 and Mw/Mn is 1.44. In figure 3(b) Mn is 1520, Mw is 2376
10 and Mw/Mn s 1.56. It can be seen in figure 3(b) that a characteristic of the
polymer product made when the 2-propanol was added to the feedstock was that it
possessed a "high molecular weight tail", (C), and it can be seen in figure 3(a) that
this characteristic is not present in the polymer sample prepared when the 2-
propanol was introduced to the reactor above the reaction liquid level in such a
15  manner that it was able to cover the vulnerable surface of the condenser.
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14 Cl ai s 1. A process for controlling the dispersity

I ndex of polynmers forned during a | i qui d phase cationic

pol ynmeri sation of a hydrocarbon feedstock conpri sing i sobutene in the
presence of a catalyst conprising boron trifluoride in a liquid phase

in a reactor having condensers associated therew th, said process
conprising 5 I ntroduci ng above the level of liquid in the reactor an

el ectron donor to mnimse the reaction of isobutene with free
gaseous boron trifluoride in the condensers t hereby m nimsing the
formati on of unwanted pol yners. 2. A process according to claiml
I n which the electron donor is introduced above the reactor liquid

| evel and distributed over the surface of the condenser(s). 10 3. A
process according to claiml or 2 in which the amount of isobutene in the
hydrocarbon feedstock is at |east 10 % w w. 4. A process according
to any one of the preceding clains in mQjch t he donor Is added into

t he react or anywhere above the reactor I4quid | evel via one or nore

nozzl es. 15 5. A process according to any one of the preceding clains
in which at |east 2 nol es of the electron donor per nole of free
gaseous boron trifluoride expected to rise in the condensers and the
associ ated pi pe-work are added above the | evel of the liquid in the
reactor. gi A process according to any one of the preceding clains
in which at | e&8ms 20 nol es of the electron donor per nole of free
gaseous boron 1rifl Agroekss forrentralling the dispersity index ofipélpmesdomesisdiringand t he

[ d pi pge- . add b | of he liguid i h
feactor. o P PRHEpRasR LRSS AERfor BER ViR eedstodk hprisBli ng ol s
in which the isobutens iethe pnasetomofia ¢aalysticomgrisingl borondrifinmridedn etlignidtphaseugh a
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envel op the surface .. L
5 introducing above the level of liquid in the reactor an electron donor to minimise

the reaction of isobutene with free gaseous boron trifluoride in the condensers
thereby minimising the formation of unwanted polymers.

2. A process according to claim 1 in which the electron donor is introduced
above the reactor liquid level and distributed over the surface of the condenser(s).

10 3. A process according to claim 1 or 2 in which the amount of isobutene in the
hydrocarbon feedstock is at least 10 % w/w.

4. A process according to any one of the preceding claims in which the donor
is added into the reactor anywhere above the reactor liquid level via one or more
nozzles.

15 5. A process according to any one of the preceding claims in which at least 2
moles of the electron donor per mole of free gaseous boron trifluoride expected to
rise in the condensers and the associated pipe-work are added above the level of
the liquid in the reactor.

6. A process according to any one of the preceding claims in which at least 3

20  moles of the electron donor per mole of free gaseous boron trifluoride expected to
rise in the condensers and the associated pipe-work are added above the level of
the liquid in the reactor.

7. A process according to any one of the preceding claims in which the
electron donor is introduced into the reactor through a nozzle such that the

25  droplets and/or vapours thereof reach and fully envelop the surface of the

e



15 condenser (s) and associ at ed pi pe work without itself condensing
and droppi ng down into the bulk reaction liquid prior to reaching the
condenser(s). 8. A process according to any one of the preceding
clainms in which the el ectron donor is one or nore selected fromthe
group of al cohols, straight, 5 branched chain or cyclic ethers, esters,
aci ds, al dehydes, ketones, am nes, ani desl? and am no- al cohol s.

9. A process according to claim8 in which the electron donor is a
primary or a secondary al cohol rocess according to
claim9 in whi condehser(s) anst associatedpipe M@rhwtbomtetselﬂcgmf ensing anédmpmg

et hanol , propa headth nd
process accor d?ﬁ‘gnt"gwtw éaé&’ﬂlﬂ%ﬁﬁﬂf 18 T%c?&%ong?ser(s an aI Ky I
tertiary-butyl et heA process accppding toenyasg o theprecading thamms inwhichthe; | n whi ch
the el ectron delaatror ool lisosedt more seIeJté@ﬂbxﬂ'Qh@%ﬂoub@f hicahols tﬁﬂfaiéht et her,
et hyl tertufrybbuhé¥ %Lher, @ro tertiar 3? etherh /]
tertiary butyl PRPHEC COREOr YIS ef%FftF‘Eir'S’F' @Fﬁ LQgies, Agun ‘E?uﬂl‘?lefertlary
butyl ether. and amih8-alcohdlspr ocess accordi ng t o any one of the preceding
clainms in which the | bai.
nmol ecul ar wei gﬁt i nﬁﬂ{8°?55§§°é’¥‘§§%‘% cgélﬂlgg n%lggggk%ﬂ‘oﬂ lﬁlmg'l’ﬁ% %"?agf%
35 a secondary alcohol.
10. A process according to claim 9 in which the electron donor is selected from
10  methanol, ethanol, propanol, butanol, iso-propanol or 2-butanol.
11. A process according to claim 8 in which the electron donor is an alkyl
tertiary-butyl ether. _
12. A process according to claim 11 in which the electron donor is selected
from methy! tertiary butyl ether, ethyl tertiary butyl ether, propyl tertiary butyl
15  ether, butyl tertiary butyl ether, iso-propyl tertiary butyl ether or sec-butyl tertiary
butyl ether.
13. A process according to any one of the preceding claims in which the
polymer being formed has a number average molecular weight in the range 350 to
5000.
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