~ PRODUCTI ON OF POLYI SOBUTENES Thi's invention relates to an i npr oved

L. met hod of producing polyi sobut enes by cationic polynerisation of a mxed C4

~ f eedst ock. + Methods' of pol ynerising i sobutene, whether pure or in an
-isomeric mxture as in a C4 raffinate, using Lewis Acid catalysts are well -
~known and di scl osed extensively in prior art. Typical of such catalysts are
‘the halides of alum nium iron, zinc, titanium tin, nmercury and boron.
~ These catal ysts can be optionally used in conjunction wth co- catal ysts
such as eg water, alcohol, organic acids, mneral acids, cgééigqu?)d al kyl
-halides to enhance cat al yst activity. The pol ynmeri sation reactioh’'can be
carried out in the liquid or gaseous phase, batchw se or continuously, at _
- tenperatures ranging from=100[err]C to +100C It is also well known
that the chain term nation step during the polynerisation of isobutene
usi ng the aforenentioned catal yst systens general ly results in a '‘final’
doubl e- bond which inparts a degree of reactivity to the polyner for
subsequent reactions, such as epoxidation to formthe

PRODUCTION OF POLYISOBUTENES
This invention relates to an improved method of producing
- polyisobutenes by cationic polymerisation of a mixed C4 feedstock.
Methods of polymerising isobutene, whether pure or in an isomeric
mixture as in a C4 raffinate, using Lewis Acid catalysts are well known and
5 disclosed extensively in prior art. Typical of such.catalysts are the halides
- of aluminium, iron, zinc, titanium, tin, mercury and boron. 'These' catalysts
can be optionally used in conjunction with co-catalysts such as eg water,
alcohol, organic acids, mineral acids, ethers and alkyl halides to enhance
catalyst activity. The polymerisation reaction can be carried out in the
10 liquid or gaseous 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
15 to the polymer for subsequent reactions, such as epoxidatioh to form the
corresponding epoxide or an addition reaction with maleic anhydride to form
the corresponding polyisobutenyl succinic anhydride. However, the |
termination step, if not properly controlled can resuit in the final double bond
being located either in a relatively less reactive internal position such as
20 1,2,2-trisubstituted or 1,1,2,2-tetrasubstituted 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 alkyl

group: . _
CHo=C(CH3)R ~ (CHg)jp.C=CHR (CH3)2C=C(CH3)R

25 1,1-disubstituted . trisubstituted tetrasubstituted
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correspondi ng epoxi de or an addition reaction with mal eic anhydride to form
-the correspondi ng pol yi sobutenyl succinjic anhydride. However, the . _
.termnation step, if not properly controlled can result in the final double
bond being located either in a relatively |ess reactive internal position
such as 1,2, 2-trisubstituted or 1,1,2, 2-tetrasubstituted position or in the
nore desirable, highly reactive termnal 1,1-disubstituted position '
(hereafter "term nal vinylidene" group) as shown bel ow in each of mhich R

is .an al kyl gro [
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Processes are described for using commercially available mixed feeds for
this purpose eg by Boerzel et al in US-A-4152499, Samson in US-A-

15 4605808, Eaton in US-A-5068490, Chung et al in "Polymer Bulletin", 30,
385-391 (1993)and Miln et al in EP-A-0489508. None of these or other
prior art in this field, however, teaches that a polyisobutene having an even
higher percentage of terminal vinylidene groups and lower levels of halogen
incorporation than hitherto achieved from a mixed C4 hydrocarbon

20 feedstock can be obtained if such feedstock is pre-treated ina particular
way to substantiélly reduce the level of 1-butene content thereof.

One of the objectives of the present invention is to produce, from a
given mixed C4 hydrocarbon feedstock, polyisobutenes which exhibit higher
reactivity towards eg maleic anhydride which, for example, in the processes

25 described above, would be achieved by obfaining higher terminal vinylidene
content than that obtained hitherto from the said feedstock. A further
objective of the present invention is to produce from a given feedstock
polyisobutenes which have a lower concentration of halogen than that

~ obtained hitherto from said feedstock when using halogenated compounds

30 as catalysts for the cationic polymerization reaction.

Act:ordin_gly, the present invention is a method of producing
polyisobutenes of Mn 500-5000 as measured by GPC from a feedstock
comprising a mixture of C4 hydrocarbons and containing isobutene and at
least 5% by weight of 1-butene using a cationic polymerisation catalyst

35 comprising at least one halogenated compound, characterised in that prior

' . This Sheet Has Béen Replaced
. T
2 I




4605808, Eaton in US-A-5068490, Chung et al in "Polyner Bulletin", 30,
385-391 (1993)and MIn et al- in EP-A-0489508. None of these or other prior
*art in this field, however, teaches that a polyisobutene having an even

hi gher percentage of terminal vinylidene groups and | ower |evels of halogen
i ncorporation than hitherto achi eved froma m xed C4 hydrocarbon feedstock
can be obtained if such feedstock is pre-treated in a particular way to
substantial ly reduce the level of 1 -butene content thereof. One - of

the obj ecttovsay ﬁgﬁoﬁrtﬁé%fedét%g egeb@ﬁt h&gfgﬂﬁgsgm%ﬁﬁgéeg iPbydgt M xed

4 hydrocar bon 1 SO reactivity
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b I t 0 tionic
Li?y‘éé?f‘iaﬁy%nceaq%aéo;ppem%s % d CASouShok s b rartechta-SnpEna,

char acl(er i sach ag egrounversion of isobutene to methyl tertiary butyl ether followed by

i or dor "t RAREG R Perdotin EHARBA ich [ QeEbER h ouf BBAlETL < o

| east 20% publishedapplication No. (WOIB/DUIhPCTHEBOO8RB).t he initial m xed C4

hydrocar bon The feedstock comprising a mixture of C4 hydrocarbons may be
a. a raffinate from the steam cracking process after the selective
15 . separation of 1,3- butadlene the so-called "butadlene raffinate"” or
"Raffinate |" feedstock or,
b. a hydrocarbon stream obtained during the refining of crude oil

comprising primarily of butanes and butenes (hereaftere termed
~ "refinery B-B") from catalytic crackers.

20 ~ Some of these feedstocks can be found eg in a book entitled "C4-
Hydrocarbons And Derivatives, Resources, Production, Marketing" by
Schulze & Homahn, published by Springer-Verlag (1989). For instance:
Raffinate | has the following components (w/w) of the total composition:

R

25 . .
Component _Raffinate (%) | Refinery B-B(%)

Isobutane 0-5 35-45

n-Butane ' 4-12 7-12

‘Iso-butene : 35-55 _10-20

J 1-Butene 15-35 9-15

cisfrans- Y} = 10-25 ©20-30

2:Butene |
1,3-Butadiene 0-0.5 0-0.5

[
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feedstock prior to the pre-treatnment thereof and the polyisobutene so

formed (a) ‘has nore than 65% of the unggturated | i nkages therein as

vi nyl i dene -groups (ie =CH err] groups) and (b) is substantially free of
halogen. - For the purposes of the present invention, the expression
"pre- treatnent" excludes any pre-treatnent in which one of nore of the
hydrocarbon conponents in the mxed C4 feedstock is converted to an ether

such as eg conversion of isobutene to nethyl tertiary butyl: ether followed

by back Ki ng- t.her i di
Dlbl Tahed appl | JEEDRGRC fotsBik BoLiaBl SighsiSR By shBRclifg i COneTo b
conpr i si ng feedstackteeseléciive hydhoisomérisatiomegoriditions. The comditions of f r om t he
S but a EyBRoiSReRSSIGH bl sictfut "z‘ﬁ*eéﬁée‘?‘ffmem i (U S
f eedst ock, asefyimccom anch@angs inthe GiXes G 4 deedstoigbutare dlsoni ng of
crude o5l capablecarméméham pr-btreénéwﬁé féeaﬁrﬁnmdwéap\feeeﬁae bhar eaftere

t d t f th
{ cedst ocks celab e Gaahatabiat may BB GRoR I ity lsomaisaten BaRonER
Derivati vesultﬁblyceg paitadifimashuan |a1mmlnuasumom98u¢lycaalysltszwh&wmmnn

Foll ow ng KRB 1eARECqalf Ty Al mopfe} are BRIl Buatblo fitdn' "o T
Raf f i nat e IRrogatalysei Gmppra;lcg( ®Bud-Chemie and{gagaahnfghe concentratian of '

35-45 10 palladium &'tﬁ’éﬂaﬂ?ﬂn the range ftof?0.1-0.5% by weight-of2he combmed
| so- but ene 35- 55 20 1 - But 15-35

9-15 total of cata /sg apd alumina an ezgurface area of thg sygport is sultably
2-Butene in the range frémMR0-300 enkig, preférablysfrom 50-150m2g.0The broad

reaction conditions for hydroisomerisation are described for inétanqe in prior
published GB-A-2057006 and these conditions are incorporated herein by
15 reference. Typical conditions for this reaction are:

Pressure - 0.1-20 MPa, preferably 500-3000 KPa
" (5-30 Barg)
Temperature - 0-200°C, preferably from 5-100°C
LHSV - 0.2-30, preferably 5-30 volumes of
20 hydrocarbonlvolume of catalyst/hr

For hlgh butadiene containing feedstocks, two sequential reactors
may be necessary, so that hydrogenation of butadiene occurs in the first
reactor and isomerisation of 1-butene occurs in the second reactor. Finally,
the mole ratio of hydrog'en to 1-butene in the feedstock prior to pretreatment

25 s suitably in the region of 0.01-2.0 : 1, preferably from 0.1-2.0: 1.

' The resu_ltaht pre-treated product after the hydroisomerisation step
has a 1-butene content which is at least 20% lower than that of the initial
mixed C4 hydrocarbon feedstock, suitably at least 40% lower and preferably
at least 70% lower than that of the initial mixed C4 hydrocarbon feedstock

30 prior to the pre-treatment thereof. This step also eliminates substantially all
the acetylenic and diene cempounds.

The cationic polymerisation catalyst comprising at least one
halogenated compound used for polymerising the pre-treated mixed
hydrocarbon feed significantly low in 1-butene is su:tably selected from

35 conventional catalysts such as
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-4- The m xed C4 feedstock is suitably pretreated by subjecting the
feedstock to sel ective hydroi sonerisati Bn conditions. The conditions of
hydr oi sormeri sati on are such that they aFe sufficient to hydrogenate only

t he acetyl enic conpounds and dienes in the m xed C4 feedstock but are al so
capabl e of "isonerising 1-butene in the feedstreamin the presence of a
catal yst.” Catal ysts that may .be used for this hydroi somerisation reaction
are suitably eg paI I adi um on an al um na support. Such catal ysts which are
known to fu. CtIO t&)‘ﬁ nner -are commercially available eg from

Procat al yse Corp §ﬁ' rugﬁ Chem e and Cal sicat. The concentration of

pal | adiumis usual |y assubp, orange from 0. 1- 0. 5% by wei ght of the conbi ned

total of catalys and ’ pport is
suitably in-the éange romr%‘legglgel‘tre??mﬁqﬁ\fnﬂ?ﬁnép?%% éIJfga"&g‘:SO 1 50n2/g.
The broad reaction cof@iboxylieacigs therswaemuwm %‘ﬁleéﬁ bavisg@&tileast f or
instance in prior pUbbhé'?@ﬁia W&Rﬁimﬁetcii@génmldﬂtﬁé%tﬁéreor

i ncor por at ed here| n b referenc Typi cal .copndi t.ons fo is react'ion are:
brossnre oo MO8 Dhs KRLor (B ePvaNh SORRISEIWiRA co-oatalyst Such 58
(5-30 Barg) Terranra@ctchoe ether, drgaAie[carboxylieradids ebwatdr; om 5- 100[err] C

h?(?/ocar bon/ vol u 88%&%?%”2%$E+)y (g)) g’ro("yEbW%%B J Bfft)p?ﬂ 8H%h ggnt ai ni ng

f eedst ocks, ‘two sequeagls&ilca;emlﬂasamht}’\edkenecessary, so that hydrogenation
of but agy eng occyp éﬁé‘r6f'”tﬁefgeh'éfalrf8flﬁu|%r%€£@m‘5%’F‘E‘éﬁ éﬁﬁ;ﬂa fargi - but ene

occurs I n the second reactor r'ati o en to 1
-butene in the fe8daty@e d?qren fl‘*@”ﬁ?é?frﬂéﬁgﬁ@ﬁfa farmyjae %I' H”?%ﬁ% R'egi on of

0.01-2.0: 1, pr efscarnllkyl &r Qmaayll_;,raup arid The resultant pre-treated
ekt 2081 only WPEHOA s 3SR 3ol an hindl 856 2 gy v 1
halide as co-catalyst;
15 - Typical examples are (i) tin tetrachloride W|th eg tertlary butyl
chloride, and (u) the complexes of boron trifluoride with an alcohol such as
| eg ethanol, isopropanol or secondary butanol, or, a carboxylic acid such as

eg formic or acetic acid, or, an ether such.as eg an alkyl terf-butyl ether in

which the alkyl group is selected from methyl, ethyl, propyl, isopropyl, n-

- 20 butyl and sec-butyl groups. The complexes may either be preformed or
formed in situ by the addition of the relevant components separately into the
reaction mixture.

The amount of polymerisation catalyst used would be in the range
from 0.001 to 10% by weight, preferably from 0.005-10% by weight based
25 on the isobutene content of the feedstock being polymerised.

' The polymerisation reaction is suitably carried out at a temperature in
the range from -100°C to +100°C, preferably from -40°C to +40°C and a
pressure in the range from 10 to 5000 KPa.

The polymerisation reaction is suitably terminated by adding an
30 excess amount of a basic material such as ammonia gas, aqueous
~ ammonium hydroxide solution or aqueous sodium hydroxide solution.
'_F'ollowing evaporation of the unreacted C4 monomers, the crude de-
activated reaction product is then washed several times with distilled or de-
ionised water in order to remove any remaining inorganic materials. Finally,
35 the crude, washed polymer sample is vacuum distilled in order to remove
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m xed C4 hydrocarbon feedstock, swtably at | east 40% | ower and preférably

at least 70% | ower than that of the initial mxed C4 hydrocarbon feedstock
‘prior to the pre-treatnent thereof. This step also elimnates substantially
all the acetylenic and di ene conpounds. - The cationic pol ymeri sation

catal yst conprising at |east one -hal ogenated conpound used for polynerising
the pre-treated mxed hydrocarbon feed significantly lowin 1-butene is
suitably selected from convent i onal catal ysts such as

-5-1) ' a. as such, or, b. as a conpl ex
t her eof vﬁzrﬁ Iﬁh{tﬁ%&’ne or nore al cohols, . carboxylic acids or
ethers, particu featyreceftbeprasentipventiorsisthat the product prodygedusing ar y

- carbon boyRrg p?&tﬁéa@e@mqeadai&mns)hof Bﬁl &Jdb%horﬁftermsoflts termingks (a) or (b)
above in conf)j nation wth 0- caf a cohol

ather . or JAMICeRS ABYPICORtENtiagka Ninyligiehe coa@*n?of >65%, preforahly s80% no ()
(b) or 5(c)purbaicprariuet sglporsubstantiallg free of halogen, espgcillyiiftae al uni na and

or an Ereym&'?mef‘?atﬁ%{"?%}sﬁf. st boge G abarh i CrRlyd onE ol 2

BF[ er r] R ,oryirefogmd complex tiereaf al ky! or an aryl group, and iii ) tin
tetrachl oride gg, P‘lécékﬁ?ésélaﬂ%@tam%l ﬁéﬁi n@ﬂe?é
a I ca exa

hal i de as co cat ilh ¥1 |ntetrachlor|de
with eg td ’qu-&h?l‘b %/$P%i'?ﬁtl%'et ahthe pol VF HEef'@dPﬁ)"f §§ 3 5Qarmm of
triflyori dfawgém preferblbylass | mmM@ pRgoftdlegen. i sopropanol or secondary
but anol, or, ‘ﬁ1 rbolx}/l hc,acid s afs . :
e polyisobutene pro Uets &fthe present invention have a number
average molecular weight (Mn) in the range from 500-5000, suitably in the
range from 700-3500, typically from 750-3000 as determined by gel
permeation chromatography (GPC).
15 . The process of the present mventlon can be carried out batchwnse or
" continuously.
The process of the present invention is further illustrated with

reference to the following Examples.

20
EXAMPLE 1
A 1:1 molar complex between BF3 and ethanol was used to carry out
a set of batch cationic polymerisation reaction for three different types of
feedstreams. These were: :
25 a. a typical Raffinate | feedstream (not according to the invention, see
Table 1, Batch 1);
b. a pure isobutene feedstream (diluted in n-butane, not according to
the invention, see Table 1, Batch 2); and
_ C. a mixed C4 feedstream low in butadiene and 1-butene (typical of a
30 feedstream obtained if the acetylenes and dienes present in Raffinate
I are removed by selective hydrogenation and then about 80% of the
1-butene present is isomerised to cis- and trans- 2-butene; according -
to the invention, see Table 1, Batch 3).
" The reaction conditions used to carry out these polymerisation
- 35 reactions are listed in Table 2 below and the product properties of the
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eg formc or acetic acid, or, an ether such as eg an alkyl tert-butyl ether
In which the alkyl group is selected fyom methyl, ethyl, propyl, isopropyl,
‘n- butyl and sec-butyl groups.. The conpl exes may either be preforned or
formed in situ by the additi on of the relevant conponents separately into
the reaction mxture.. "~ The anount of polynerisation catal yst used
woul d be in the range from 0.001 to 10% by wei ght, preferably from

0. 005-10% by wei ght based on the isobutene content of the feedstock belng

pol ymeri sed. gﬁ'fﬁ? ireP4 ] out at a
tenperatureg,i three'rﬁgﬁ’ge fro |§§6€gégpgaﬁ%ﬁg[ rrf%StsépHrefer%lgﬁ?/1 ?’rog‘?n

-40[err] C ]C and a pressure in the range from 10 to 5000 KPa.
The pol yneri sat Adn1 mat tomplex lsetwteéhIBF;,t andinmethgictePhbuatgibther dasexcess

anount of a b C rrate al S S. ueou um hydrOX|de
sol ution o‘r'seafﬁ]1 BRI QU ﬁ#ﬂtﬁ?’&ﬁ '°9!ﬁ?ﬂ¥'g'ﬁ"s§€9 ‘ﬁﬁmg?ﬁ?fp&t ion of the
unr eactsed differantdymessof fidedstreans. dkhesaovéreat ed react i on product is then

vashed several s iatidindict teoiStiagi (it abOhi o Bedfubdhidt 48 19 "emve

any remaining in vvash 'polymer
sanple is vacuu'ﬁﬂldﬁs‘l,lﬁateh‘w.n order to renove any |ight polyner. -

A fteature pf thg pﬁf@ﬁéﬁﬁutéﬁé’féefds%ahﬁ(dilht’éd i 1-bBitdE! FHot QE@&Wt&Si ng the
pre-treated C4 feedstock is nP 4%(%%8%53' or,in terms of its term nal
vinyl i dene gr outhedp¥ertRN. Sgel ahlad, LO5AN%nt of >65% preferabl y >80%
but sdiod pe.oduca muxedtmofeedbtreamtlow inybutadienefanklad -bgtane (tgpical ofidy i f the
polymerisation . tydf L | . Ol,_a
B Vet e or " fPRiRh kel U35 i festenbe dnd GBS Brodetih Rlnfio
| are removed by selective hydrogenation and then about 80% of the
1-butene present is isomerised to cis- and frans- 2-butene; according
to the invention, see Table 4, Batch 6).
15 . The reaction conditions used to carry out these polymerisation
_reactions are listed in Table 5 below and the product properties of the
three polymer samples obtained thereby are listed in Table 6 below.
EXAMPLE 3 |
A 1:1 molar complex between BF3 and water was used to carry out a
20 set of batch cationic polymerisation reaction for three different types of
- feedstreams. These were:

a. a typical Raffinate | feedstream (not according to the invention, see
Table 4, Batch 7);
b. a pure isobutene feedstream (diluted in n-butane, not according to
25 the invention, see Table 4, Batch 8); and
c. a mixed C4 feedstream low in butadiene and 1-butene (typical of a

feedstream obtained if the acetylenes and dienes present in Raffinate
| are removed by selective hydrogenation and then about 80% of the
- 1-butene present is isomerised to cis- and trans- 2-butene; according
30 to the invention, see Table 4, Batch 9). -
The reaction conditipns used to carry out these polymerisation
reactions are'listed in Table 5 below and the product properties of the three
| polymer samples obtained thereby are listed in Table 6 below.

35
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By the expression "substantially free of hal ogen" is nmeant here and

t hr oughout the specification that the ?olyisobutene has | ess than 50 ppm of
.hal'ogen, preferably | ess than 40 ppm of  hal ogen. The pol yi sobut ene
- products of the present invention have a nunber average nol ecul ar wei ght
(M) in the range from 500-5000, suitably in the range from 700- 3500,
typically from 750-3000 as determ ned by gel permeation c¢hromatography

(GPO). The process of the present invention can be carried out
- batchwi se or continuously The process of the present invention is
further illustrjated Wfh fefier¢ence to thg gol low)ngl Efanpl es. EXAMPLE 1
A 1:1 nol ar conpl ex b%}mean BF3 ahd et harloE was (sef tlo carry out a set of
bat ch cationic |pol ynprg sati dn feafti on fdr-t tlee|diffdrent types of
f eedstreans. Th se'wé&:ga% o4 8ppi cal FaEfl aﬁv;ﬁ Rfedst ream (not
according to the i nve@ i oh©Clseg Taldl g Batch 1); b. a pure
i sobut ene feedsfrean] edil fited ijn n- but ang, $n agcofdijng to t he
i nvention, see |Table| ¥ Batch A);'and c. | ®a nji xed [C4 |f eedstream |l ow in
but adi ene and 1} but epe—typteeatt—ot a —f-eedstrepmnm|obt ai ned if the
acetyl enes and dienes&gresenF iln Raffinatileg ., | prg renoved by selective
hydr ogenati on ahd the abﬁ 8Q% pf the 2 SPaelyLe present is
i somerised to cf s- a1§t rﬁ A-But ene; iCEOr%! 4] il «| to the invention,
see Table 1, Bafch 3} & ° Tjexnfeactio sg@ﬂ tilonsy used to -carry out
t hese pol ynerisption}| & 'reacti)ns are || Fstefd i|n radle 2 bel ow and the
product propert}es of ®he ' :
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-7- t hree pol yner sanpl es obt ai ned thereby are listed in Table 3
bel ow. EXAMPLE 2 A 1:1 nolar néD| ex between BF[err] and nethyl
tert-butyl ether was used to carry out”a set of batch cationic

pol ynerisation reaction for three different types of feedstreans. These

were: a. . a typical Raffinate | feedstream (not according to the .
I nvention, see Table 4, Batch 4); b. a pure isobutene feedstream
(diluted in n-butane, not accordlng to ' the i nvention, see Table 4,
Batch 5); and c. T )(brl f eedstreamow T potEdifene and]1- but ene
(typical of a eddst{ream obt aiined ijf 2 heg aget yl gnes d [di enes
present in Raffin are rernoved b_ﬁ sell e¢ti e |hydir ogenati on and
then about 80% of |t 1 -butene prgs |s_ i sp@jrated| i) cis- and
trans- 2-butene; rdi ng tolthe i|ngeft i 0,68y ST, Batch 6) .
The reaction condijt@png used to carny. out| lihese ol ymgri $atf on
reactions are lis g 1Ia.e 5 bel gw and the |pr dupﬁpr bpefr tijes of the
t hree pol yner sa ghkaled ther¢gby arje lidted ih Table 6 hel ow. EXAVPLE
3 A 1:1 nol ol X pet ween |BF3 dng wdt e whs Jus¢d folcarry out a
set of batch cati gol risation readtgon [fof thrge difjferent types of
feedstreans. Thes¢ rg: @.-| a typilcal fig o | tded$icslean (not
according to the i ntli op, lsee Talfl®@ 2| BN 2Ie| Sila pure
| sobutene feedstré¢am (dil utegd i n n-hQut ane,‘;not a corgT ngjto t he
i nvention, see Taplel 4] Batch 8); and c. | ‘Ga ni xed 4 feJFdstreamIow in
but adi ene and 1- bgtepetttyptical of 4 feadstireamiobtaiined if the
acetyl enes and di ¢ne pre;e;*( i n Raflf&natleq - | hrg renoved by sel ective
hydrogenati on andjt hen |abput| 80% of |the | § |1 {buferle present is
i sonerised to cis{ and|transl 2-buterne; dcBor ig » Oi%tbf i nvention,
see Table 4, Batchcd 3 D ol 33| 3|3 2
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[err]

are listed in Table 5 bel ow and the pgoduct properties of the three pol yner

The reaction conditions used to carry out these pdl yneri sation reactions
* sanpl es obtained thereby are listed in Table 6 bel ow.

-8-

Jojeniul se xa)dwod ...Qm?.mu.m Buisn epew g-/ sayoeq,.
Jojeniul se xojdwod Jaye jAing-Lie} jAylew-€4g Buisn spew g sayojeq,

This Sheet Has Been

€C | /€9 069 26
] 7] 008 _ )
082 129 _ 0'65 wl
Ze _ 998 028 | 29
z 601 098 S
66 €02l 1 0¥l . b
(wddy eution|J olueBl0 | 0dO Aq UW ("9'1 AQ) % weuo) auspiAUIA 'ON udjeg
9T1avl -
0z S/ A evey Wl B
0z zg | L€El- . 9CEE R vl | 8
(14 G- 801~ G'/0Z 651 o wl
02 zZo- Gbl- zZ'eee €Tl )
3 v | 6Tl 2'85¢ A «G
o o'c- 0°0l- €622 - SEl o
(seInuIn) O.dwsl [ J.dwel (D) puelg pus|g $J Jo byl Jad 'ON yoied
ewl] uonoesy | wnwixe | Buels 9 40 BIoM (6) Joyeniu yo ouo) |

S 319vL

i



.[e_rr].

10

15

20

-10- [err]
11

EXAMPLE 4: ,

A 1:1 molar complex of boron frifluoride and ethanol was used
to carry out a series of continuous cationic polymerisations of three different
feedstocks, namely: a Raffinate | (not according to the invention); a pure iso-
butene feedstock (diluted in butanes, not according to the invention); and a
hydroisomerized Raffinate |, hydroisomerized over a supported palladium
catalyst ( 0.3% Pd on alumina, grade ESU 144, ex Calsicat) at a pressure of
2500 KPa (25 barg), at 40°C and an LHSV of 20-30 vols of
hydrocarbon/volume of catalyst/hr. The composition in weight % of each of
these feedstocks is shown in Table 7 below:

TABLE 7
Component Raffinate | Pure Iso-butene Hydroisomerized
(RI) | (1IB) Raffinate | (HI)

Butanes _ 33.3 .60 - - 36.5
trans-Butene-2 7.5 S = 164
Butene-1 | 19.1 - 3.9
iso-Butene 36.4 40 35.3
cis-Butene-2 35 - . 7.8
1,3-Butadiene 0.04 C - -

In each case the 1:1 boron trifluoride-ethanol complex was added
neat to the reaction with a metering pump. After a specified contact time,
each reaction was terminated by using an excess of propylamine in heptane
which was added to a product collection point. Following termination, each
crude de-activated reaction product was cleaned by washing initially with
aqueous ammonia solution followed by water washing (3 times). The
resultant washed product was allowed to separate into aqueous and an
organic heptane phases. The heptane phase containing the product
pol_ymer was then separated, dried over anhydrous magnesium sulphate,
filtered and vacuum distilled to remove any light polymer. The reaction
conditions and the properties of the products formed for each of the samples
prepared from these feedstocks is shown in Table 8 below.
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EXAVPLE 4:

A 1:1 nol ar conplex of boron trifluoride and ethanol

was

used to carry out a series of continuous cationic polynerisations of three

different feedst
i nvention);

a pure iso-
to the invention);

ocks,

nanel y:

a Raffi

nate |

and a hydroi sonerized Raffinate |
a supported palladiumcatalyst ( 0.3% Pd on alum na, grade ESU 144,
‘Cal sicat) at a pressure of 2500 KPa (25 barg),
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% of each of these feedstocks is shown in Table 7 bel ow
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filtered and vacuumdistilled to renove any |ight polyner. The reaction
conditions and the properties of- the products forned for each of the
.sanpl es prepared fromthese feedstocks is shown in Table 8 bel ow.
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Claims: :
1. A method of producmg polyisobutenes havmg a molecular weight
(Mn) in the range from 500-5000 as measured by GPC from a feedstock
comprising a mixture of C4 hydrocarbons and containing isobutene and at
least 5% by weight of 1-butene using a cationic polymerisation catalyst
5 comprising at least one halogenated compound; characterised in that prior

to polymerisation, the feedstock is subjected to a pre-treatment step in order
to reduce the 1-butene content thereof to a level which'is at least 20% lower
than that of the 1-butene content in the initial mixed C4 hyd_rocafbon
feedstock prior to the pre-ireatment thereof and the polyisobutene so formed

10 (a)has more than 65% of the unsaturated linkages therein as vinylidene

| groups (ie =CH2 groups) and (b) is substantially free of halogen.
2. A method accokding to Claim 1 wherein the feedstock comprising a
mixture of C4 hydrocarbons is selected from Raffinate 1 or a Reflnery B-B
stream as hereinbefore defined.

15 3. A method according to Claim 2 wherein the feedstocks Raffinaté |
- and Refinery B-B have the follownng composition by weight of the total
composition:

Component _Raffinate (%) | Refinery B-B(%)
Isobutane 0-5 : 35-45
n-Butane 4-12 7-12
Iso-butene 35-55 1020
1-Butene 1535 | 915
cis/trans- A 10-25 20-30
2-Butene . .

1,3-Butadiene 0-0.5 0-0.5
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Clainms: 1. A nmet hod of producing polyi sobutenes having a nol ecul ar wei ght
(M) in the range from 500-5000 as negsured by GPC:

< conmprising a mxture of C4 hydrocarbons and cont ai ni
| east 5% by weight of 1 -butene using a cationic pol Eﬁmw‘ﬂ l{Eﬂ‘
conprising at |east one hal ogenated conpound, char ac |or
to pol ymerisation, the feedstock is subjected to a pre-treatment step in

order to reduce the 1 -butene content thereof to a |l evel which is at | east

20% | owerg t hang Efacbbﬂilﬁ?t@ﬁh?%e%?’ihé'ﬁreééulﬁ eua.mgwnérém%i 4
hydrocar bon fee st fo r re-treat

pol yi sobunied tsaBreH§§tQ£Pléthl§ﬁt'%r}§%#eQ£ aﬁ%qw@d | i nkages
therein &‘Wdtbi%biﬂéi&@ﬁoﬁrdmﬂmdnlsﬂn% réﬁéhmsdfaiﬁéta[ } is substantially free

comri iy o r-ReAnBEAESeuing 1 Gudlfa ferdinbe oy ‘e' R ARG o or o

Refi nary HrdBo rsbnmtmaaemawesunbelhatrtheyld‘e mledonB' suffmﬂenteﬂnmyﬂragemtél ng to

Clai m 2 WRGEERILAR LA RRh i hpaee f Rl enSedaliohic baard e

Conponentalso caaablereftleomewngRbbutquths(fegdstream I sobut ane 0-5. -

1 35-45 @, mélh@dta%%rdmg to Clalfh 4%r 5 wherein the datafyst used for this
| so- but ene ut.ene 15-35

9- 15 rhydrmsorr}iqr@p? Ipg reaction is palfge on an alumlgglsg@port 2_ But ene
1, 3- Bot adf.ene A methBd@cgording to Claifir 6 wherein the concentration of

palladium in the catalyst is in the range from 0.1-0.5% by weight of the
combined total of catalyst and alumina support. :
8. A method according to Claim 6 or 7 wherein the surface area of the
alumina support is in the range from 20-300m2/g ' '

15 9. . Amethod according to any one of the preceding Claims wherein the
hydroisomerisation is carried out at a pressure in the range from 0.1-20
MPa, a temperature in the range from 0-250°C, and an LHSV in the range
from 0.2-30 volumes of hydrocarbon/volume of catalyst/hour. :

, 10. A method according to any one of the preceding Claims wherein the

20 mixed C4 feedstock prior to the pre-treatment is rich in butadiene and said
feedstock is pre-treated sequentially in two reactors so that hydrogenation
of butadiene occurs in the first reactor and isomerisation of 1-butene occurs
in the second reactor. .
11. A method according to Claim 1 wherein the mole ratio of hydrogen to

25 1-butene in the mixed feedstock prior to pre-treatment is in the range from of

©0.01-20:1. '

12. A method according to any one of the preceding Claims wherein the
pre-treated product after the hydroisomerisation step has a 1-butene content
which is at least 40%-I6wer than that of the initial mixed C4 hydrocarbon

30 feedstock and is substantially free of all acetylenic and diene compounds.
13. A method according.to any one of the preceding Claims wherein the
‘cationic polymerisation catalyst used for polymerising the pre-treated mixed
hydrocarbon feed sngnlflcantly low in 1-butene is selected from catalysts
such as

35 i) BF3 either used

14 ' || THIS SHEET HAS BEEN -
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4. A method according to any one of the preceding C ains wherein the
nm xed C4 feedstock is pretreated by sdbjecting the feedw '
‘hydr oi soneri sation conditions in the presence of a cataly “ A et ho

according to Claim4 wherein the conditions of catal yt|c

are such that they are not only sufficient to hydrogenat wj'g”'ﬂmm)

conmpounds and the dienes in the m xed C4 feedstock but are also ca abt e of

i somerising 1 -butene in the feedstream 6. A nmet hod according to Claim4
or 5 wherein tie catasisugh, @5ed for this hydroisonerisation reaction is

pal I adi um on ap, al U@s@cﬁh’@l@(ﬁer&fwmﬁuﬁﬁt&h@%ﬁﬁﬁfg chﬁﬂofso Caim6 wherein

the concentration of pa min the s Int rémﬁ¢ from
0.1-0.5% by wei ght @ﬁrl?wlﬁ(ﬁﬁﬂsn@cﬁwﬂsalpaﬂic%%ﬂhﬁ}’@fs havingilaideast support .

8. A nmethod accor @ﬂ&ehmrwcarwarﬁb@unatm ernfaoﬁ%me%tﬁéﬁ%rof the

I t

ch(r)nr Sgn;u?gogﬁyl gn:?gcftﬁyf’ﬁébespg%'}’@dp@“% @W{éraeg?fc?mvﬂ Els%smerl sation

the range. fromp- 2506k E4 g an Ly ke § s brom 8‘5‘5 30 vol unes of
e range from r

hydroca?bon/voldgrre geﬁoéit&? agqghgﬂ)r&@abaxé%@t%m%@ordl ng to any one of

t he preced) ng @nzther mhbcrmnrﬂu.qmdemfxm genera) dornuaiBig.OR", oo arhalkyl

pre-{reat nentigh ahi i) aéh\iaﬁ,éqif%%ﬁnﬁ fide B fRegeretalarhublerBELRA! od

sequentially in two feactors so rogenat on o occurs in

the fi9st reacihergfy '?%rﬁ!stOJﬁerng"OPP« B0fene occurs in the second

reactor. jii}. Aintetrhcklofids @sdueh drin CoibihdtiolWitk amindealdi® of ahi 0 of
hydrogen to 1- b t Ba L n_the mxled feedstock prior to pre-treatnent is in

the range from qu 98 §0- Cfta Y A nmethod according to any one of the:
precedi ng1@l ai ﬁsmatlmdaaccardmgmeanyrm ofither preécedingfClaims dherein the

hydr ol SORYsRAIMBrisddh Eaanat &wBﬂgggs SBIER bf BBHdtrifBoftbe WidS! 0% | Over

15 ethanol, isopropanol or secondary utanol, or, formic or acetic acid, or, an .
alkyl tert-butyl ether wherein the alkyl group is selected from methyl, ethyl,
propyl, isopropyl, n-butyl and séc-butyl groups. '

15. A method according to Claim 13 or 14 wherein the complex is either
preformed or formed in situ by the addition of the relevant components

- 20 separately into the reaction mixture. '
16. A method according to any one of the preceding Claims wherein the
amount of cationic polymerisation catalyst used is in the range from 0.001 to
10% by weight based on the isobutene content of the feedstock being
polymerised. _

25 17. A method according to any one of the preceding Claims wherein the |
polymerisation reaction is carried out at a temperature in the range from -
100°C to +100°C and a pressure in the range from 10 to 5000 KPa absolute.

- 18. A method according to any one of the preceding Claims wherein the
polymerlsatlon reaction is terminated by adding an excess amount of a basic

30 material to the reaction mixture.

19. A method according.fo Claim 18 wherein the basic material used for
termination of the polymerization reaction is selected from ammonia gas,
-aqueous ammonium hydroxide solution and aqueous sodium hydroxide
solution.

35 '
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feedstock and is substantially free of all acetylenic and di ene conpounds.
13. A nethod according to any one of _#é’ne precedi ng C ains wherein the

cationic polynerisation catalyst used for polynerisi nm

m xed hydrocarbon feed significantly lowin 1 -butene is sel \ m“\ _
catal ysts such as i) BF[err] either used ““m \H‘\‘
- 15 - a. as such, or b. as a conpl ex BERCUN Vnt hswith .
one or nore al cohol s, : carboxylic acids or ethers, '

particul ar et V] I : . i bon bound
to the oxy %‘n_ a)tslgﬁnétgp at#e&gg?hgl}?%g\&,one of the pé?““'%@@%ﬁ%@".g‘%ve in
conbi nat i opolyisphuteneopregiuged sising the pre-treated C4 feedstockhas aderaninakt her-,
organi ¢ cajigdieaRRisentSK dleadl80% and a helogendaREMTesSttiaR . (D) or
(c) above%ﬁgg%ysdup%?ru; |r?)nwan %?ﬁer 8fa bor on fgletr}ori e of the general
fornul a BF%@PP_F!-CR", or, an alkyl or an aryl derivative of boron

f1uori de 0p1.t heAgrapioal adcordiny a6 aRy Hne of the precading €I&ims whareial kyl or an
aryl group; et ra(‘]ﬁéorl de as in conbination with a

.and id,). h
mi neral ac ﬂgg?etg‘hb)'s cg}rpec}ap%ﬁa Wls&eora%orﬁrg'ﬂggflglryst; 14. A net hod

according to any one of the preceding O ains wherein the hydroi sormerisation |

catal yst conprises a conplex of boron trifluoride with ethanol, isopropanol
‘or secondary butanol, or, formc or acetic acid, or, an alkyl tert-butyl
-ether wherein the alkyl group is selected fromnethyl, ethyl, propyl,.

i soprogy!, n-butyl and sec-butyl groups. 15. A nethod according to C aim
13 or 14 wherein the conplex is either preformed or forned in situ by the
addi tion of the relevant conponents ' '
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separately into the reaction mxture. 16. A nethod according to any one of
the preceding C ains wherein the anount of cationic polynerisation catalyst
used is in the range from0.001 to 10% by wei ght based on the isobutene .
content of the feedstock being polynerised. 17. A nethod according to any
one of the preceding C ainms wherein the polynerisati‘dtn reaction is carried
out at a tenperature in the range from- 100[err]C to +100C and a pressure
in the range from 10 to 5000 KPa abseolute. 18. A nethod according to any
one of the preceding C ains wherein the polynerisation tg by
term nated by adding an excess anmount of a basic materi g%g_tgcgﬁgg)rseacti on
m xture. 19. A nethod according to Claim 18 wherein the basic nmateri al
used for term nation of the polynerization reaction is selected from
anmoni a gas, aqueous ammoni um hydr oxi de sol uti on and aqueous sodi um

hydr oxi de sol uti on. : 20. A nethod according to any one of the
preceding d ains wherein the polyi sobutene produced using the pre-treated
C4 feedstock has a term nal vinylidene group content of at |east 80%and a
hal ogen content of less than 40 ppm 21. A nethod according to any one of
the preceding C ains wherein said nethod is carried out batchw se or

conti nuously. .  ABSTRACT
PRODUCTION OF POLYISOBUTENES

This invention relates to a method of producing polyisobutenes from a
feedstock comprising a mixture of C4 hydrocarbons and containing isobutene
and at least 5% by weight of 1-butene using a cationic polymerisation catalyst,
characterised in that pri'or to poIYmerisa'tion, the feedstock is subjected to a
pre-tréatment step in order to reduce the 1-butene content thereof to a level
which is at least 20% lower than that of the 1-butene content in the initial

* mixed C4 hydrocarbon feedstock prior to the pre-treatment thereof and the
polyisobutene so formed is (a) very high in its vinylidene group content and
(b) substantially free of halogen. ' |
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