1 Process for preparing polynmers from
3-net hyl but - 1-ene The present invention relates to the

preparation of polymers using 3-nmethylbut-1-ene as a
comononer. 3-Methyl but-1-ene is a frequently used
mononer which is used to prepare copolyners and bl ock
copol yners, especially those of ethene or propene.
Such copol yners or bl ock copol ynmers can be used, for
Dl e, to oroduce films_or flbers JP 08-073675
G Y E ¢ 3 L 3 ‘ RIe p0| yn.er
conposition (polyner blend) mhlch has a high nelting
poi nt and which is obtained by pol yneri zing
The presthty invetitich eslete e thé préptatifiot N3 L1yt udie 3-methylbut-1-ene as a
' subsequent |y pol ynerizing propene. DE 31 46 568
COTIERGhes t he preparation of pol yet hyl ene which may
conprise up to 0.2% by mass of 3-nethyl but-1-ene. The
catal yst used is a chromumtitanium catal yst. US
3-MesthdbuBl-8ndl &s g ridaasntlyn asddl £RA6REF Vhidf iseldes qg ﬂ%@ﬂ)a)fé'r%ﬁﬁolymers and
whi ch conpri se uP to 10% 3- net hyl but -1 - ene.
blO@ﬁ‘EQﬂO}'gtlerﬁbseégeq‘lzg yatheset off eflneso ppapseel Sokch copolymers or block copolymers
dro il ox | al um num and titani um
Can?)gﬁé&g)l’? oFPERS fHP %% gﬁ;s % titaniumcatal yst is
i kewi se used to prepare pol yet hyl ene whi ch conpri ses
ngto 10% 3- et hyl but - 1- ene. Pol yneri zation using
@@éeﬁ@gubmt the apnrﬁmtuat af ysp:repens padyrati V(th/osnlon (polymer blend)
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atitﬂhﬁihﬁfbaitzﬂ%sfﬁuhd amseqdeaﬂy BEIE%?é'dzH% ﬁ@%ﬁers or copol yners
Tl

of 3-nmethyl but-1-ene. n recent t he
polynerlzatlon catal ysts have frequently been those

ent adi e r.ou est - known
DE $i4y" ?/@? {8 Pfipﬁéa%% t SRR, %t‘gltIQP%P@PWﬁ B to 0.2% by
| masbw@-ﬁlwmyrbﬁah%ﬁ@nrﬁéibﬁa%grkt HeaYPS. ch%faﬂptlﬁa%%%x?%?ﬁlgst US 3,661,878

descri bes the use of ne | ocene cata
descpbpwmpmam@m of etilent |pni.ymafls1 evhien Ocmapﬁsd.lspédo maYe aimsdhylbut-1-ene.
e ethene or 3-nethyl but-1-ene. US 2003/0092925

The (3Tt uEA o, Sl SaPPPEH aF %leﬁayﬂhyéméommewaéummum and
'ttanjlﬂntt'éﬁcﬂﬂ’cl)ry hZes f308] f
' descri aELJes dfetﬂﬁe@grggg?gtz ?o(r%1 g%%m%%al%g%n%g caﬁfmfe utsgd to prepare
polyethslenbgihichuepfises the sk Brmethgiut-orenef al pha- ol efl ns.
WO 2005/ 070977 descri bes a catal yst conposition which
.conprises a plurality of netall ocene conpounds. The
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Py SREEASS  y SR ETERRNES i, 1 et
objededthe pesent ipvatiRastof grovide epadlichghtice n;@tayse EPstérh AMidN is suitable for
en

olefln and a sterlcal%y hi ndered vi nyl i I C nononer
preparing plwRers opgenglymenspif SxmethyBiui-dtenghi ch has a
substituted or unsubstituted cycl opentadi enyl group is
used. In US 6,072,014, nodified catal ysts of the sane
In récyﬁte tahes, UhedpbdlmeHRANOTR daZdiskOhavd hﬁe Ayebéent Stﬁ‘&e which have
, for exanple, be ethene or 3-nethylbut=-1-ene.
CYCIOEG‘GBSd]@!lﬁﬂ@HDSd@b@ be%é@owm@amywmsayp@ nreoﬁetallocene catalysts which
ha ol ef i in which a nmetal conplex catal yst which
have C%l% f@%@w  #8Bhyl group is Iikewise used. US
2004/0186253 descri bes the preparation of :
honopol yrmers, copol yners or bl ock copol yners, the
DE 1%6&I1§2ﬁe&%ﬁbds theiusg oﬁm@:lhalcb@:@tﬂy@f ﬁﬂlﬂhépdlyﬂﬁhﬁihdhaﬁ' olefins. The -

monofitsy RN PAHECI AR RSP o6 SpRP @by | chos VB B083/0RR292S describes the
use °€%ﬁﬁaﬂ%§?§ﬁl‘@o€p§f&%§%ﬁ 1&23%5w6ﬁ9ﬁ% At §§ﬁ554 describes

anspruchsvol |l en Aefinen durch

Met al | ocen- Kat al ysat oren" [ Copol yneri zati on of ethene
and sterically demandi ng ol efins by nmeans of

net al | ocene catal ysts], Inken Beulich, University of
Hanburg 1999, describes t he copolynerizatlon of et hene



3 3-nethyl but-1-ene. The present invention therefore
provi des a process for preparing copol yners based on
et hene and/ or propene as a nononmer and 3-nethybut- 1
-ene as a conononer, the proportion of the
3-nmet hyl but-1-ene in the copolynmer being 0.1 to 40
mol % which is characterized in that the

copol ynmeri zation is performed in the presence of a

the %ﬁéé)ragﬁwo%fm ﬁwn&%{aﬁré&% tg\gx)é :\\J/%géqretll}? iPo} Wgé)atlon of alpha-olefins.

WG 20EHO R 77 T Berfdd §tc'afaWs? 90@?6’51%?%&@1' ctog'gp?ﬁ?s a plurality of metallocene

cycl opent adi enyl, indenyl, tetrahydroin
compoundsy die fCIaﬁablsm(ylhpcmtd)nfdancheemgd toopropars homt{- andgropolynads.

the cycl opent adi enyl type, selected from substituted

and unsubstituted cycl opentadi enyl, indenyl,

t aﬁmﬂ j Ve .
US SEHRAME A0 e LR UREKL AORELLURE Siing coporymers
fronphems pledinuand exsterenaliprhisddréd rvimnidetio ﬁl@ﬂ&ﬁefatro mindm hGhetal complex

where Cp* and Y ma joined to one

yd
cetafisp oHaF g@@;%ogggﬁtwéﬁi i Bnsbstitgedupyc ¥gpentadwn§la@rpue@a§e used. In US
6 07‘ﬁrlggfp%§tg§f‘éd Xat@lg@t@lcﬁgtﬁg s%x%%pér" apeﬁﬁéégot%? %%1 on The monomers

rogen atom
used)lmazn for gambplel dei éthéneaﬁﬂ 3nmeth§mmume ws Qb03/@105252 describes the
sufficient to saturate the val ences of Mwith the X

polygigizahon| o Hba-olsfinporibn ¥duetpr ¢ smeipl c spalend ca@lyat whlch has a
h h ofofh '
eriBRGRLELNT olh 1 SR LB, S 05! RS B8 ruion o

homapdsﬂpmefe? rcoponrsredrhplodk lepoBmnidis tie pablyor B bBing a metallocene
articular at a tenperature of 30C, the conpound o

p

precyyser v8icia onlypnegvelepersedipmg 200®- MeCp) (Fl u) ThC12 or
[ Me2Si (Ind) (Flu)] ZrCl2. The present invention |ikew se
provi des a copol ymer which contains 3-nethylbut- 1

None asfetlRs aRr&nEMIvABE docwhiefR kSIS Aes@ibe? @He Iftepd@lon of polymers
et hene or propené is present as a further nononmer, the

compyi B teshylbat-146ee.i ncor por at ed 3 methyl but- 1 -ene is
0.1 to 40 nol % and the copol yner has 4 a nelting
poi nt of bel ow roomtenperature to |30C, preferably of

The 'BESR t RO HBLS® o0 GthaNdmdhistdists AREALAABNE, | Blefinen durch
articular by the process according to the invention.
Metallocen-Katalysatoren” [Copolymerization of ethene and sterically demanding olefins by
means of metallocene catalysts], Inken Beulich, University of Hamburg 1999, describes the
copolymerization of ethene with a wide variety of different olefins. One copolymerization
described is that of ethene with 3-methylbut-1-ene. The catalysts described for the
copolymerization  of  ethene with  3-methylbut-l-ene  are the  compounds

[Me,C(3-MeCp)(Flu)]ZrCl, and [Me,Si(Ind)(Flu)]ZrCl,. Further suitable catalysts or else

process parameters were not specified.

It is therefore an object of the present invention to provide alternative processes for preparing

copolymers comprising 3-methylbut-1-ene.

It has now been found. that, surprisingly, a catalyst which has at least one cyclopentad1eny1

group can afford polymers of ethene and/or propene which compnse 01 to 40 mol% of



The process according to the invention has the

advantage that it is possible in a sinple manner to

prepare copolynmers of 3-nethyl but-1-ene with ethene or

propene. Dependi ng on the process conditions,

copol ynmers can be obtai ned whigh have nelting points

whi ch range fromthe nelting point of the honopolyiner

of ethene or propene to bel ow roomtenperature, or

el.se those which do not have a nelting point but
3“Fﬂ?ﬁ§ﬁﬂé@§Tass transition temperature. The nol ar mass

of the copolyners is adjustable over a w de range. By

virtue of the fact that wi de ranges of the nolar
Thapssas infentibe thaplote/ perRies arprbeess dbr prepiriey @pdBmQdrs USRd on ethene

f 3-nethyl but-l-ene as a conononer, the 3-nethy| but-

andpor IRRENEA$ HEFEBYT 484 3-methpbgnkens ay atdemoppwgaribe perportion of the

) Iel} i ' . properti.ge fqr. which . -
3y R AU Skl BLE0Y, RLPPS e il s Palijepiocc in tht te
- copolynichi@atitseis @erformEt ih)th&%&‘esenbe o€ BRaRSysPoCAERARARS (CPPNYWM(X)m
- one conononer needs to be stored instead of the
mul ti tude of conmonomers custonmary to date. In
conmparison with 1-butene as a conononer, in the case
of use of 3-nethylbut- 1 -ene, even half (in nolar
terns) ofY i ncorporation of the cononomer is sufficient
to achidve the lowering of the nelting point desired
for tHe preparation of LLDPE (desired nelting point of
Cp'torPl] approx. 105 to 115C). Even in conparison with
1-octepe in the copolyner, smaller nolar incorporation
rates fg sufficient in the case of use of
3- et hy Wa- 1-ene to achieve the desired | o ring of
the nmelting point. The process according to the
whete W8AH Sup 0T b bedlopniRidIN Bie: be18Q€d Ex%ni@lﬁ)gtiﬁl d@and unsubstituted
: comononer, al so nakes it possible to obtaln copolyners
cycleyenizdidnyy endenyh tetmalvydroimaienylp establydb flidrahyl and floogaykgioups,
"to _conventional . copol.yners which are prepared with .
Y i St AICPRGUPE Sportieics e L Saboaicng Sad, unsubstituied
. ti 0 _ S . oo
e el e I SAREQRH] SoRERRRS At kg, slblebyl eroups, or
anionintlegand @routh adnthinéng mivvepén, grhospharast sxiygtedr salfiith@geup to 20 atoms
.exenpl ary enmbodi ments, VWien ranges, general fornulae )
Whlcgrar% 8 pey AdSECR and ¥omay bedoined & prg ngthercqealently or viaa Z
grou hal | enconpass not only the correspondi ng ranges or
%roups of compounds which are nentioned explicitly but
X = ah saclatdsesinbepeadgaly ahdlogehagimoup psaidobsispal ndbydtbédnatom, a silyl
can be obtai ned by taking out individual values
group,2phosrlidea bhgrrrorsaie fadecabpptess according to the

.y j ' : | b t
m = LS00 Oftch & BRSSP A R R S X2 o
an alem&RIR @ Eron cbipHk@R @biipetind® bs bRecAaRBt MithHe ﬂd\@%&ﬁt{la’c, when the
y 0.

in_the copolyner -being 0.1 to 40 nol % prefera
procasy 138 prasesy, for pecpatpe copadyingesthased ps efent os amzbnomer lapd 3-methybut-

B B T LYY
e A P EA A it (MUSHIR AR,

oct ahydr of | uorenyl and fluorenyl groups, Y = group of

t he cycl opent adi enyl type, selected fromsubstituted
The pIfRef, A 9?t@@‘éfeﬁed3¥ewéﬁ°e Atcearlmar Whigly epgtpins 3-methylbut-1-ene as a
comohShEARMALIP Y AfRkeri A 12 B EHleh 8F BRflen@ Ay ELAPLEBMlrther monomer
- groups, or anionic |gan§'group con alnln% nitrogen, - ’
the propostiphafule imsy@ested B-15éthyibit-Bee iP0 1 Qo 20 ndd194TEndMe @dpolymer has -
' are not hydrogen, where Cp* and Y may be joined to one
anot her covalently or via a Z group, M= netal of
group 3 to 10, wth the exception of scandi um
preferably of group 4 to 6, or of the | anthanoids, of
the Periodic Table of the Elenents, X = in each case
i ndependently a hal ogen atom a pseudohal ogen, for

.



Preference is given to perform ng the copol ynerization
in the presence of a catalyst of the fornula
Z(Cp*)(Y)M X),, (conpound la) La in which Cp*, Y, M X
and mare each as defined in fornula I and Z = boron
or a group which conprises an gl ement of group 14 of
the Periodic Table of the Elenents and has up to 20
atons which are not hydrogen atons. Preference is

A R R 8 e A
and%lﬁél?fs%ttalﬁft% ﬁf}l?arﬁaﬁﬁ %ﬁé g&g@sso{?g?‘lalr@ t6 ntlo,n

al I phati c-ar omat aro c or a atlc
radi cal. Suitable aromatic radlcals are also

het eroaromatic radicals. The aliphatic radicals
Thefiracssh £CGeRYING &0 fherjaygntionha élr?e%ﬂvamag@/ that & i5,possiblg inca simple manner

o g 5 AL S M8 B RRLSBERRL o e procs

conditiof) empblyhe&s @2ah e obtainkd Wiieh Ha0€ aEEltAE Ciféhﬂs Rehiél range from the
the invention, preference is given to not using those '

meltpgrpei @ thy homepelymenph eﬁhexm iOF [Prongne tahelei Hione terpsuigure, or else
thos2 wl@cﬁi%“ t&l‘:ﬁf’% aorgel 1he a ﬂe [ ou@%sofi%ég}é)%l tle terha Srg The molar

§sCTi'D or ex
maswefthla cOPYIETRRSs i8aM ustramélo%faaﬁ&@ﬁhg@ via a chain having
1 to 3 carbon and/or silicon atonms with a
cyclopentadlenyl group, as described in particular in
nden

By WpC T Fit B oy i ariiag Tt e hParer 2P Bashgmerpen be setin the

caseOdSIeusi\J &€ 8 iy th b Pend h€ hedodMdnondl, MekRmethyBhRUPedta¥dnBe used as a
5to 6 carbon atons, and a
comgnera¢thidr sthe em@atraém ®iuegriodmets witlodifferens pteputiehedr which different

comBhess dre DB IUGE ot MR BF st ZanER Gl Fne as a comonomer,
onlnyrﬂedﬁﬁlo‘fa@Hié@ 286sqh bR sEREDBRtAH PPAOmMMtEdE G &nRrdehers customary to
bonded a term nally unsaturated hydrocarbon radical
dateand an aryl radical, as described in particular in US
2003/ 0092925, or whi ch have rmore than one netal atom
as described in particular in US 6,072,014, or which
In chfarlshR 23 1 Mritdhb (! é"éo\fﬁ&i@n&r il M;e%%%é bRdAd 6f S‘-)ric%fllz}qﬁgthl ene, even
as described in the thesis "Copolymerisation von
half (indhodgreteinsg)ofamspparetisval the sobadmereis sofficodnt to achieve the lowering of

Met al | ocenKat al ysat oren”, | nken ulich, versity o
he pelipg rrglabé@slresa%ééhqssep@@t@mof EEbeE (dwr@éaﬁaeﬁmgypomt of LLDPE

o SEA, LAY 8 S, SR LR ot

incorp@ition TdteR 2t s(uZﬂ)ﬁéI)t n tiRedase efiase o83 -mrecdieylientpl-emd tol achieve the desired
the docunents nentioned and to their contents. The

- loweging pf MePelBRBPPENg compounds used may, for exanpl e,

be organoal t uni num conpounds. The boron-conpri si ng

conmpounds used may, for exanple, be borates. The

' The Progési ey RURE GHFRALNGS WBieH 3amethgTtRi-@feabliy used as a comonomer,
al kyl al um noxanes, alun1nun1alkyls or alum num all cyl

also pegkptl éspospitde do g)bf?@ralcgmlmmswmweu@ @arrpw mplas mass distribution

er ab| unm no MAO). .Th pa
comyfi< 15158 apuPR LB 8 Rt Dshisg vt PR b%&a Baflsts
5,099, 050, WO 2005/070977 US 2003/ 0092925 or
5,041,583, or be effected anal ogously to US 4, 542,119,
The isnmxperationtcefn&-meﬁtyﬂiut-lbmei aiditiciatlyiablotis e iigher shmngél of the resulting
content of the. present invention. The preparation of
copolyiefiB1 b8 aghis¥Pdum al kyl compounds can be taken, for ’
exanple, fromUS 5,703, 187, whose contents shal
i kewi se be included in the disclosure content of the
present invention. The docunment US 5,703,187 al so
di scl oses preferred catal ysts of the formula | and
their preparation. The docunent "Copol ynerisation von
Et hen und sterisch anspruchsvollen A efinen durch
thallocen Katalysatoren Inken Beul i ch, University

A PN N P~



9 or else be prepared directly and if appropriate in
situ in the reaction vessel in which the

pol ymeri zation is perforned. In the process according
to the invention, the polynerization is perforned
preferably at a nolar ratio ofs metal M of the catalyst
of the formula I to alum num of the cocatal yst of
1:0.1 to 1:100000, preferably of 1:1 to 10:50 000 and

T s 4 e 1 050 oo i o0 R BF S pil be described by

way’ af @k%ﬁﬁleoﬁe&ﬁ@ﬂ&%ﬁlﬂnﬁ dnyCafe¥®n’ @ R fnk}@ntlon be restricted to these
pol ynmeri zation vessel togéther or separately.

exelBplie embodimentyiWhen rangasidiengral lfemdapar atrepgyund classes are specified

Particul ar eference i's n to not performn
hergipadiss) tﬁﬁ%ﬁrﬁ 2 1ePEPMPASE 10§ eaf& tgﬁﬁPli‘f%SQPP@Hg raNg58 OF S igg of compounds

[
Whlbﬁ‘arrel}ﬁer{?foﬁ&? g)t?ﬁ)l% gp&%% nz%fsg%%n \eég?ts{tﬂgg%a ?B?E&Q%%{mds which can
be obbnddiynadkiag louoindividual @iﬁed(rh@ge&ﬁ@r chmpouader abl y of 1

x 108:1 to 500:1 and nore preferably of 1 x 106:1 to

1000: 1. In the process according to the invention,

in 0B EIBOLUIRRE 3 R0 1FANGBF ELLRLARI e S04l I cthane ancror

pro;ﬁflé e ianehonbeiet Qﬁ@ gméthiti 108nd Ast zh eohiogigi@dr,p ks @roportion of the
since higher activities are achieved and a nore
3-methyipgt-tnepe iy e cprolywenbaiag. 0.1 o atfdmol o prefergllyr §-&rtoj 39 mol%, the
L. I e has I i ' *
copdiec5ul ol e BRE e bER- SOH o B of bl CrrrcMEOn
advantageous_mhen the copolynerlzatlon is perforned in
the presgnce of a solvent. The sol vents used may be
all liquyifds which behave inertly in the
copol yAeri zation. In the process according to the
C iknveqtion, preference is given to perfornming the
copolyneri zation in an organi c solvent selected from
al i phati c hydrocarbons, for exanpl e hexane, heptane,
decane, gﬂane or cycl ohexane, fromaromatic
hydr ocar b for exanple benzene, or from
hydr ocar bons whi ch have both aromatic and allphatlc
constituents, for exanple toluene, xylene or

et hyl benzene, be .adv ntage en sol vents
wheg (i 68 G (o s POdRbl PPEnEy i AP B gmsubstituted
u I
oy B Ay e AL R Tor B84 ahd luoreny groups,
Y =p-gx<ydpenﬁ’ tlet kytlopertadienyl b tytpy) tserezedefroneSiubwtated and unsubstituted

hex and. heptane and .10 napht hal ene. In_the ocess
cyclopepigh Wgeli‘}ﬁe tg ﬁ&wwnylpaqthe{oéwomi g dgogeayl groups, or

amolﬂb Y%ﬁ &%&iﬂag&tﬁ 13{1% err°‘ e;{%l%g]%}?o‘?ug 094'[)';%519 hf‘ §0fur and up to 20 atoms

ane ane e process

: whlchtaﬁfs)ﬁdj mgirégent ’Wﬁeter@}ﬁ’hhmcbﬁ’ mh}8e §siped yodd FRitha@ronslyntly or via a Z
be perforned within a w de tenperature range.

groumr ef erence i s given to perform ng the copol ynerization

t nper C to,.250 ref erab
M = Bl SARRRLE Y 1B Rhy brfhide RbreeBliPur by Rhofigove 4 1o 6, orof
the letnm@fc@télﬂ'tﬁe%n%cﬂ@bﬁ%thé BleB@htd, cul ar of 50 to 75C.

EspeC|aTIy within the latter two tenperature ranges,
X = tlhea@omb ymdependanitlyra balngdeatosr, faopseadohalagena for example a cyanide or

LSO e
an alf(}';i eargu %grﬁﬁé AH6LY, gﬂ gts Bedr1®r a@éa’t?ﬁ%teﬂat@b(ﬁ@ﬂ UnGfarticular an organic

pres st andar’ sur’e or evat ed pressure.
IamcﬂndhehhmgeujEOgnbmmmbnwpmnforn1ng t he copol yneri zation

at a pressure of 0.1 to-10 MPa, preferably at a

pressure of 0.1 to 1 MPa. |In the process according to

the invention, the nolar proportion of 3-nethyl but-

‘1-ene nononer in the reaction m xture of the

copol ynmeri zation in the sum of the nononers of

3- nethylbut- 1- ene and ethene and propene is at |east

~~



ITITIV. This enbodi mrent of the process according to
the invention is preferred especially when propene and
3-methyl but-1-ene are to be copol yneri zed. The

catal ysts of the formula Il and V may preferably al so
be used for the copol yneri zatign of ethene and
3-nethyl but- 1 -ene. For instance, use of a catalyst
of the formula Il in the copolynerization with ethene

m S bt tieh s o inid b Hveee acle s Rerb i d R B 1 o
an ﬁﬁnﬂ&ﬁ%@&@ﬁ %oﬁ?nélﬁécglﬁg%@ﬁ ac Ay nd pﬂbt)i%o that, when the

fornmula la, In *are Identical, as is

protdse icapmcessaior prepamhe copatyhés b@mﬂp@uﬂﬂex&fastmmmnmudtmi 3-methybut-
[ catFI yst.of the fornula Il can be prepared,
L-engappisderioaned rpariedar # Etsnpenayread BO°G, félatcawgtmfbpf the formula I

use% 2%8‘??%@3'w%5@9%@5§9 d.mﬁqa’)r(gl‘ﬁ}( zﬁ?iﬁiem%i mare than one X is

pres(eﬂ;BﬁDbhe‘kﬁBﬂysTb@ tHeOfSRAURL, Ithd XCaiupd pRsdt abdprifdigly abe same. As the
foll ows: bis(2-indenyl)- blgro pane Is suspended in
metal M ia m@@mféie hdyst epaforblyanomprises 2y IE onittth Passie pubstifuents on the

c Juxture ed a
ey B gy BarSR S AR, afoRlaidfRiend) g Mikrgryt groups may in
partiBuldr Ue alk§1, Sdri/ll hBglagaiaalRyl 6:0610t@dREE abtéf&red substituents are alkyl
over ni ght. The resultlng suspension is added to Celite
radigglel foxerammletheiliyl. letiiyl.uoerien satbutymadichlsuor obenzene i s
subsequent |y condensed out under reduced pressure. The
resulting residue (conpound I11) is washed repeatedly
Prefétchbe & efvel lto JchBFm thhé QobyBhkizhtz@din fheMresence of a catalyst of the
uor obenzene/ di et hy ther. "A particularly preferred
1bnmé§§ﬂ%§ﬂ€6ﬂ4@ﬁﬁ(ﬂammumdIh)|s a catal yst of the fornula
VI, which can be used in the copol ynerizati on of
3-nethy|but-|-ene with ethene or propene. A specific
enbgdiwent of this catal yst has al ready been descri bed
gﬁdve der formula V. The present VI where T = C or
| and 12.3 are the sane or different and are each
Cpf—tlir ocar bon radi cal having 1 to 20 carbon atons,
prefe ably methyl, ethyl or phenyl radical, X = each
i ndependently a halogen atom a pseudohal ogen, for
exanpl e(>é),ﬁyani de or azide, a hydrogen atom _a silyl
group, a phosphide, a sulfide or an organic A&di cal ,
. , ' al
i w25 GHEPAS R0 sy 1 bGP ol £ 22 K30 o grovp i
com@ﬁ@@ ah @leh@&shit 6 8Eroap 11 off theZPerivali OTsblab ok Elgnhedte Elikbha/s up to 20 atoms
and M = net al Eﬁroup 3 to 10, with the exception 23
Whlcbfafé dahBydiagepptemsy Brsiigrensge lgrgwml 9 ysengsa cgiabyblelnawiigh Z is a CRR

iq:QF h nt 0|ds he Peni odi ¢
soufgp al SIR'R frowP i gnd@ {ABR 619k of ikt G0 o iy hyarogen or
an ak&hamid aaliﬁhaﬂé-@rq%ﬁfce raaditid- B@@ﬁtﬂé’hbﬁ Bhﬁlﬁhtﬁobdmal Suitable aromatic

‘correspond to the formula V. The catalyst of the
radicplsrane k O\Iiptemmorb@tmbﬂwaheﬁhe flaphatiz awbtaés piggent aay be linear, branched

or cyeﬁf) 8{ 91??21'9 fid& ﬁf@;&ﬁﬁaégih%ﬂahfec% sl}fre}% g}g)ﬁe pﬁeferably C;- to Cg-alkyl radicals,
eqmé&n§ﬁﬁﬂgisf§ﬁpﬁﬂ pieiakifean/ MAO Kat al ysat or en”

Al'ternating copolynerlzatlon of ethene and propene
Mﬁth d-symetric netall ocene/ MAO catal ysts], B
' Heuer, Kam nsky Group, University of Hanburg 2004
In the, PRAJVORAZALBNPICETERCE 4 SHIERI 1) dingrontg sglegnrapaynd of the formula 1

, e

or, lff?é‘,%’hflg{e’z? Ble &iﬁ’%ﬁlx&‘rcteaﬂﬁ% 3 thegatalyst- 2 5 9 10-oct ahydr -
0- bi benzof | uor ene (CMCBBBF) This can be obtai ned by
initially charging 100 g of
2, 5-di chl or o- 2, 5-di net hyl hexane (0. 546 nol ; C8H16C12;
M = 183.12 g/nDI) and 45.3 g of fiuorene (O 273 nol ;
C13H10; M = 166.22 g/nol) in 800 m of nitronethane,
and slowy addi ng dropwi se a solution of 44.6 g of
alun1nun1chlor|de (O 334 nDI Al1Cl13; M = 133.34 g/ nol)

~



14 oct ahydr odi benzof | uorenyBsi |l ane (1.46 nmol ;

C50H54Si; M= 683.07 Wwol) in 40 m of diethyl ether,

adm xing it with 2 equivalents of n-butyllithium(2.93

mol ; CAHOLi; M= 64.06 g/nol), and stirring the

m xture overnight. 341 ng of zirconiumtetrachl oride

(1.46 tnnol, ZrCl4; M= 233.04 g/npl) are added to the

orange solution which is stirred again over ni ght. The

lvent Is renoy from.the intense red sol uti.on

in (58 RSl 4oB RN e dh i refietred it PodaBg sy Sompounds of
the iffrm@Ha M wRich Ha6d laf? Pl 3gﬁ‘§up381d aldelivaedbost t!BE %H'Q@ine group, especially

Celite. Subsequently, the solvent Is renoved agaln
thosenab ddsenbeis Ifmanmlajmsﬁﬂ 2001/0 186263 ,ndr whlclilhat/eh;nh ae_,’ﬂ hadical attached

via BB Rn e FShOlr SR FCal Fomowilh: pevapasniadieny] group, as
des@R5dr By paPHBRKAHEDK! ? 53%?% p&rovg}'ifch\%a% Ia%ll 1&18%:@? tgﬁ(ﬁelflp Lfbstituted by an

otalnacatalyst ormula
alkequyk geupe dreerbisigliexedtly ofie tleny)rapogs prefeeplydam alktinyl téhéup having 5 to
invention, the catalyst of the formula | used is a
6 caghampipess, prd MIeﬁthdéﬂameste& Ry dpeiiongtaup c#fy desgibagpin particular in US
200§M@§§2§2;33?§¥]@¥h %1a\t7 t\éo I Elgégﬁfcﬁlﬂﬁrlg Lgast\bpﬁch 9ED g@ac'che&( via a bridge
compb@édebﬂblcﬁrmﬁ d‘berkoWhl@bE ard also fbb(ﬂﬂ@i? anbefiniladigaturated hydrocarbon
ving 1 to 20 carbon atons, Z is a silicon-co

* radigil i ARier s Fech e 8 AeBprig i by Ueszwémmzr% oBfsich have more
than_l_’on%]c r&&gl Ft‘&hOdelsh g@é‘&ib%do‘c tlﬁg"rtlgl tSU§ pé%% ?gﬁ) yor which are

ogen pr erer a
[MeZ>(33MRCpAFIWIREL abt y [Mezglhmd)(ahgjzyetz Ofast hiesériedUl @ | the thesis
.. used is nost preferably a catalyst of the formula IV
Copalymerigation; yon Tlﬁﬁhgn cﬁ%ﬁh aiﬁpmlnbwpll@@ eQlefiner ahug¢hh gMetallocen-

ef er i.al l en_ et
Kat gl PER PR, Iy b Sy ERRERLE Y Bl STIE So 204, or i
“W. @:a:mhmt, Iodeuhehf leﬁMlyﬁleh)z'atﬁﬁln ob%tﬂér@p@ﬁtﬁd(}é 0] and Other Sterically
exang as descri bed by J. Okuda in Chem
Hindepas! Olefirgs”, ddacaemab Synithdd3 byl 122553901 En &eﬁererldcuel an.adn explicitly to

996 5 O 245, or as described in
thedéf’u%e%émg’?gn%(fh@oé PRS- 15 The copol yneri zati on
is effected preferably for a time of 15 minutes to 4
hours, preferably 0.5 to 2 hours. The copol yneri zati on
The calaurrbeumeqompnlatngd qomp@usdisrrplllsed mameyer fdvy examele; up i nganoalummum
an_al cohol, for

oner feed or. by add
compgiigfiol e Tros Ergnagng goxgm R 0854 B A8 PGP IE s bomes. The organic
alum&RR0 | BIRLLARL 4R HY paddl P ﬁ IQ H&Janess'é"l‘ﬁ’ hg'ﬁalk Is or aluminum
‘termination by inte ruptl m)norher ee n

alkylr lgalides. The fonganh&umimpnl opurrqmundtusedl isinohee pmfbrabgnﬁte&r}ﬂaluminoxane
S|n e the co olynerlzatlon proceeds for

I t1ons,
AP, “Qh%gre%rﬁmp TR ARES AR Deatshen, [P E B T LAY 5,099,050, WO
t
zoosf/dgzggl?? g@% %g@fa/gg%}rgtzg B RRs, @égﬁg% Us b%%ffeét%ﬁ_?ﬁéﬂgé’dsﬁr t0RfS 4,542,119,
whose ogmitgtite shalhtbiecinciidad Ha e rdlﬁrﬂﬂﬁﬁle leafitefitvos @h®'present invention. The

conti nuously. The cop merization m xture obtained in
DPrepar#fion: O cTUARIE | dwmingim @é%vl beompsTrREs cap hen takern Swnexample, from US

5, 703"P§’7n %}hosg 8£t%ﬁ§ %glgll gx& g‘ésg &2 uﬁfé\m g}en(?iﬁ%lggg%ﬁ)@tgﬁtp ﬁ)gthe present

mven@i@ﬁt TRY ﬁchtﬁer@‘U!ﬁS’ 709,181 %ls%Qﬁé}Jlfyﬁ? 'bfe?é}rrécpé‘atblwﬂé BF €he Drmula I and
sui tabl e a%ent may, for exanple, be an al cohol
their prgpevitionl {Thetdoawnknt ‘F@cafoéymm&atlms vgn\EIhen cundd;damgh anspruchsvollen

SR R RN T S
11kew?ste Jh@@i%ﬁ s catil?stg%fftﬁle dfoﬁﬁllﬂtrl e’i‘ﬁﬁscfofcufnrénf %%Arﬁﬁl&ro also discloses

he neta he catalyst of 't
be advant ageous when, in the workup of the
copolyrnerization‘mxture the mxture is treated vvlth
an acid, preferably with a 5 to 20% by nmass sol ution
of an acid, especially hydrochloric acid, in water or
a water-ethanol mxture. In this way, catalyst




concentrated to such an extent that the copolyners
precipitate out as a solid. This can be done in
particul ar by thermal neans. Copol yner which
precipitates out in the course of concentration can in
turn be renoved nechanically fgomthe copol ynerization
m xture. |t may be advant ageous when the copol yners
t hus obtai ned are subjected to a drying process. In
tha

sulb e i iRy E R g TobFaaT kP TS B el irs mpthgds for analyzing

theWd6lyhRrst MBe cORALY B Hig abl e SRAE SIS0 BE ?ncﬂlﬁieﬁéhﬁ %Qe diSclosure content
an uncontrolled manner to the environnent in

of the pressiimegntibnt he copol ynmers. The drying can be
effected in apparatus suitable for this purpose, for
exanple in a drying cabinet in the |aboratory.

ThEREGEEHE e i%%—rgh%efg ggnggOfb?aﬁﬁédn%lt 1Y) Y9rdki a metal compound

tenpérature o n the process - accor

M he wihereelt arghX dre ehsh psaseﬂrbkiantfomuﬂe I and the number of X is sufficiently
3-net hyl but -1 -ene, ethene_and/ or propene which may

largs 4yt theermemingd Meed-+i 1§ cheirically asntyaliyich wawﬁéﬁ@% gas a dianion of
the géhﬁlﬁ“e? g@ﬁ%’r Ztﬁﬁ)e a WQI?%%S?\E@? F gﬁe %g% tdgssire%bJ (Nefth grga &SR nich have a

m Xt
Cp'nades sal ¥y Yami@dvant ageous to treat such a n1xture
chem cally or physically. Such a treatnent is
necessary especially when the m xture conprises

Thecl%gpcf) e&tg n‘gfe% %w};//t 1?12% ﬁﬁrgnty 'ﬁxrel & ven%guse 8 & solvents or

conmponents

solvtaﬂtf ﬂhi)ﬁtﬂﬂeélﬁzvlbﬁl gratiddry &1 reRBioS A6 $he 1RSI, PRITREAGI K Fgl%vﬁltﬁ Rffecting the
can have a negative influence on the copolynerization

reactigh dp j2o8plugrd Whieh can aﬂﬁpl ke usad| inuthe nokygeivation Rattigudar preference is
glve%ot ?fjegtqg%%ee redd 18an$ $taé1}(ﬁ&ea&alysﬁy%%&ﬁ%{wmﬁ%efw@ﬂwne ethylbenzene,

butauedeﬁmeﬁ@loﬁmmm@mesedﬂth anot her conpound whi ch can
- be renoved easily fromthe m xture. For exanple, water

can be renoved fron1such m xt ures by reaction with

Thegrieg 1, {I)E gagl tah‘ééﬁtﬂ]]&?t y eaturlnsﬁ %:ﬁ’ﬂ fg?ergerably In an inert gas
atm(%!pﬁ&ﬂel Bﬁfté‘tﬂ@ in@f gfles &rd fbf 'ekirﬁﬁl'eoﬁrtro%@ﬁ %Pta?%dno Pr&erehb€is given to

e, or be a cofnbi nation thereof ticula
effecpmgfthq: Bnacteon &t afemparatwe plri0fitgilag°E, peeBrabit 4ty 2Bt 70°Cene
used by a coupl ed recondensation and stirring with
triisobutylalumnum (TIBA). It may be advantageous
e RY 2-
Con&%ter e Bqﬂétl8ﬁ¥%§%ﬁ$§nEQHbﬂ?@uE' qﬁ%ﬁugg in {%Cp or Y may
be, fmr cexxempleacth@ rcdiregponding hedkdlin Vtmtdll @rnalkdlixies earth metal compounds (salts).
met hyl. but -1 -ene has the advantage that it

Prefﬁee& la.alea oy 1010 S5t RO D Aot ANk C-29), Lin(Cp*ZY),
Mg(@tbjl - eQ(aCﬁjt“ef )I A ttlli]ee 8 ggﬁ’?‘(ﬁ %?c?{ ﬂh\;bg at (31&%11'83 of the formula

ticulrar prererence 1s

(Cp *321’[@)12“[1 Sl‘hb me@@tﬁlﬁis\hﬁhelh hinge BLiAbM e‘,g* by Y he Sﬁ)ﬁ B)San@fle b'|e7compounds
a)_ hydrof omayl atin nmet hy I ut ana

b
of thp fermyganeCat, Na¥, I%Cb%f ng{lt, E@ﬁinela”th gr L% lseaﬁe@myf ﬁmmmnpounds with a
| { | but anq
comBPfla et AP 00 AL Shnd BT SRR SRARE: o B oty of

formBRI MThe SAE ﬁklbﬁ%dr%aﬁbﬁ)bﬁﬁk y BE 'irérﬁé\"@dr’&f&e CRERL®A! use of the catalyst.
purification step ydrofornylation in step a)

- If thecsalts precipétafaorutes smhdsatHe(mnmmlrmm heeffeRed ffor exanplé, by filtration.
given to performng the hydrofornylation in the
presence of a rhodiun1conp|ex catal yst. Suitable

r . . ..
Tho q S004F o Byt SRR SorRIBEAMNY & ALscBHBY O prtiminary stp,
trlphenylphosphlnes or trlphenyl phosphites, ' :
preferably triphenyl phosphi ne or triphenyl phosphite.
The process step of hydrofornylation can be performned,
for exanple, as described in EP 0 562 451 or DE 026 27
354. The reactlon tenperatures are preferably 70 to

a = N e~ ‘A P~ o~ A PN PN~



3-Methyl but-1-ene is prepared by water elimnation in
process step c¢) fromthe 3-nethyl butanl-01 obtai ned
after the hydrogenation in process step b). The
dehydration can be perforned in the gas or m xed

I i qui d/ gas phase. Process step c) can be perforned
conti nuously or batchwi se. 19 Process step c) can be
performed over suspended catal ysts or catalysts in

iece formarranged in.a fixed bed.. Owm to the easy. .
or Placb areigred irerRY epd oh BProRTciE o SiBinitt HE F3544R Bl in which the
polyth&iAki6n id heforiegr el imnation is perforned preferably
over solid catalysts in the tenperature range of 200

to 500C in the gas or m xed gas/liquid phase.
Parti cul ar greferen,ce IS given to perform

ng a

In the\PoreS SaeOTHWS A th Inyentigpethe polgperizaten &rﬁe&ﬁ%ﬁ@ﬁd Pisfegably at a molar

i : y V. b &LX! .
ratl(gloﬁgll%lt%:gleggt %%lg%ts&t %1@ lfg unl1glr91[utr(r)] ﬁo ' |Lg§|%l§ crﬁle %&%talyﬁ of 1:0.1 to
1:1@e000, praferablysefl 1:¢a6,1080 MO rdoRe @Efeydbly bfiM100%o 1:25 000 and most

| ant hanug& of titanium of zirconium of thorium and
prefgrabbynef I HQQ0 tade1hQ00.1t i s al so possible to use nixed

oxi des and conbi nati ons of the above oxides. In sone

catalysts, a certain acidity can be established by
Cocatdtlisngnd@k@lyst BBt foriAER canl Be fok ke el ﬁdlfm&ﬁ‘ﬁiﬂi‘ BhGRksel together or

literature discloses, for exanple, the follow ng o
sepasafelya Brederengeals ysven: toNidding the; seprraichy. Pogiculyr poderenee is given to not

l.. tal . A Chem (1997), 121 (2-3), p. 157-159);
perf%?%%?’f??@&“%&%""(ﬂ. Mol . Cat. A Chem (1997), 118
(1), p. 88-89); Al 203; Co0203; Th02; 1n203 (J. Catal.
. (1988), 110 (2), p. 416-418); H 02/zZr02 ( J. Phys.
The (gqg@,l,ym(eg_iggmn, is&zpr?oxl)npd 55 1l56 proca¢s2@8p1damD fo HeOiAvgntion preferably at a

mol%a{tgﬁﬂk '01(' I(I'ég%:l‘ el‘ségglis(f%? toCy %2 %g é%??omglggzo(f(lzg 1931% go 100:1, preferably

of 1 N®M1 (4 3881, andHorePrefdabry ) 1682031 d08,1.Org. Chem
(1977), 44(13), p. 2142-2145): Th02; Al 203 (J. Og.

Chem (1972), 37 (8), p. 1240-1244). Preference is
el.ecti the catglysts and the reactio

iven to s . .
In thg FHogess B%rélﬁg g(&gf?? gvg}}%pnt COPRIYIIESIZAERT £t perPormed in the liquid
- r t . . . . . .4
P A gt PRRASEE 3 B R R et At Tbopmeriztion in the liquid
phase,imreriaghat aotividebamdshiavel dralr geloye i formjctginerio obahed. In addition,
reparat.i gn of 3- thy,bu}ll -ene, preference is .
a carfif SPBHEdgnJRmetsPhags Mghesaralymrriztippnyiigh passitly has to be removed
agairEat al ysts. The catal ysts used with preference my
conprise, as mai n conponents, alum num oxi de (Al 203)
and/ or zirconium oxide (Zr02), and also al kali netal

and/ or al kaline earth nmetal oxides. As further
It mayoRfpesatageoushahemthg| sppelymeyizeiinn wineriorpahinuthediresenerof a solvent.
il > o Y . 0. % by .
The ShIVkEi0 bl BEEFs 2 uRie? BB PRk IRl i BF sbBggfoR¥ation. n e
procdss Qdcdr@ingQGYothy ifREGon, PRERraAEEiLERBh Yo Perforintin® thdddopolymerization in
mass, especially preferably 0.1 to 3% by nmss.
an orppRif pivent @ll%éﬁc{ fromtadiphetid feksocaronsotiir grrorledwxaned heptane, decane,
bu,m??ot %ssi#nf?eoxi de.. The al kalipne,earth netal oxides. used f
r T pPEFRIRBTG HEOTh eTOTRIE x PUUOCLPP it fUmeBYRE BRYGERF, or from
hydrfH oS WX HBavetfhi hioWaBE aR8 BfifHRRCRnbiuditY,§8r L2mple toluene, xylene
effecting the water elimnation in process step C
or ethyleenzens di nthydst advpstagedischhaostdiatts wihichaart eoitatlle $emdissolving the

of alum.num oxi de and_bari um oxi de. The catal yst used
catalysh oE Frsciosmuly bprecysed sSubstolYsnks wiax ey wapartiat e of frample, benzene,

ifde 14 ' ' ' . i.C s St :
o1 LB B T A RSO0l feptne an
Preference is given to using y-alum num oxi des havi ng
a BET surface area of 80 to 350 n2/g, preferably 120
to 250 n2/g (determ ned by N2 absorption to DIN
66131). The catalysts are prepared by known net hods.
Common net hods are, for exanple, precipitation,

~ N~



In the continuous water elimnation, different process
variants can be used. Process step c) can be
performed, for exanple, adiabatically, polytropically
or virtually isothermally, i.e. with a tenperature
difference of typically less {fan 10C. The process
step can be perfornmed in one or nore stages. In the

| atter case, all reactors, appropriately tubul ar

&gggtors, can be operated adjabatically or virtually. )
naphi@glene IRdhg Brocess aceoriingdpithcinyeaiiqny pgtigapprsfaagnecdngiven to using a
r ad] tJ I ers
solSht SR RS LB S P e Bl VBRI T
operating the water elimnation in straight pass

However, it can al so be operated wi th product o
In thepiacpssnggcording ke theaiwentiony sbe gepalymemzasion angghbe pagfermed within a

T P OEC SRR
tempedtateysit-307T tP230°00 Preferhblylah & téBp &htud d MONBL1ROPC bild more preferably

process step c), tﬁe_tenperature in the catal yst |ayer
at ajtempgrafueg abBy 2 ®9°Coimpoticulanop 4P ttp JAPGr EQBOiafly WiliOC the latter two

e B A BP0 A, P Seh R B Culer high catalys
activilyRd deHcd VRS sBmicAly. The diluents used may be inert

gases or gas m xtures, for exanple nitrogen, hydrogen,
car bon nonoxi de, carbon di oxi de, synthesis gas,
met hane .or. steam or .organic, sol vents Lch are .inert
The ﬁ%ﬁﬂ?@éﬂé@%ﬁn%ﬁﬁrﬁ 3 {ee B%ﬂffeﬁeacrcé%ﬁe@_ Bggpy§ption at reduced
pres§ur§MBthiiRrd §A6EhRNoehf kiSRed prbdufd d8ErtcaGh BYE WY forming the
high selectivity for 3-nmethylbut- 1-ene formation, it
copolyasertration hoaptstuoe b£0.ddv 40 MRy pusfenshbyrat & Ipeesaimmoif §. lonllyMPa.
partial conversion of the al cohol used. At a
conversion of 99% for exanple, a selectivity of 92%
In thé 3fode& ASHIENED thgriﬁ‘fe'?xﬁgﬂ,ctﬁe 'Iﬁbl%’ a{%ﬁ'gﬁﬁign BEBIAEHBE-1-ene monomer
process step ¢) in such a way t e conversion In
in the teaatigh mip@ss of teabpdlyastizA0H inghe bwn alfllye BOnodmedI¥3-methylbut-1-

d f tially 30 to 90% Th duct obt ai ned
ene %ﬁ&ﬁﬁ%ﬁ @grg g;goée{%@ F}g/ 65 lepgo@%n- "Jg&edpglag g%gg}?tgqn?@f 3a—|mrg:?hylbut- 1-ene in the
adeth _%ﬂﬁ? s5,Step c), preference is
nmng?ven ?% 0 taFnl gﬁgﬁﬁgﬁgﬁfg§%ron1which
3-nmethyl but-1-ene is renoved. The reaction mxture

can, if appropriate after water renoval, be separated
In a Wef'all'rgq ienibodigent; of Sre3piasessy peserding fo ghe invention, the catalyst of the

- - 1 Bet we or . af
rom 35 TSBRY g 18 N Y MGl o5 HERPPI 44 8 g o s
selected fumi kobsiiegted Bf ehfbefed @c@p&ﬁt@dﬂ‘eﬁyl%%ﬁp} ifden§] Ed@p and fluorenyl
wor kup steps in which the desired products are

groups; gpra eyl sehstientsic may dn tnadtiqudarcheaalksl gtopppr 8ds @t kydrocarbon group,

e e
hydro%ﬁ'ﬂbbﬁbﬁcﬁczﬁ%@ﬁ@ 1 MPEREES %&s@{a&f&ﬁ‘tﬂ‘gﬂ thQ éa_?&%?atoms,hl\él is a metal

skilled in the art and it is within the ability of t

of groyer 4 en6sespetielly oh gtdwp 4raf theo Perddic (Tablei dfah¢ Elements, preferably Ti or
eparating nmethods and paranmeters for a separatin
Z1, %Poao?@ﬁeefgtpff%ﬂ%g& gt tﬂretp’ba;ﬁ tHe™ gr Oc¥s® SPERU ﬁg g catalyst of the
B Bt Dt BRAL A ERP B ARl or Tt
especially with ethene or propene. Depending on the
process paraneters used, it is possible to prepare
copolynmers with very different properties. It is
possi bl e by the process according to the invention
with particular preference to prepare the inventive .
copol ymers whi ch.contain 3-methyl but-1-ene and et hene
and/ or propene as nononers. 22 exclusively
3-met hyl but -1 -ene and ethene or propene, the
proportion of the incorporated 3-nethyl but-1-ene is
0.1 to 40 nol % preferably 0.1 to 36 nol %

P — .



The af orenentioned inventive copolyners are preferably
obt ai nabl e by the process according to the invention.
The inventive copol ymers can be used to produce fil s
or shaped bodi es, especially injection-nolded or
extruded bodies. In partlculaﬁ, the inventive

copol yners can be used in the formof filns to produce
boi |l -in-the-bag bags, sacks, sachets or carrier bags,
as hol | ow bodi es, for exanple as a vessel, bottle,
tube, canister, vat or storage tank, or as an
injection nolding, for exanple as a bottle crate.
partlcular t he propene/ 3- ngL;v bWt - | - ene copol y

In

t he flgur f|g.\@ to 3 withg |aner-C|
*ﬁ%t the igne tloﬁrbmmrestrth

N an argon/vacu
connection and an outl et e 3, a stirrer
manoneter 5, a toluene feed 6, a mass flow 2
7, purification colums 8, an al kene pressure vesse
9, a gpntrol system and a dggp recorder 10, and avy,
connection to the attached gas bottle/lecture bottle

Thig @mbpdgnm qfhthe3priosedsydasarding dnethg Tinventiesats prefariedr especially when

cont t he .r

pro e sud a i RUPHGTRSE s P aRicdpo Ve The SR Ty Bimgta I ana v

mayVv pﬂeﬂ&ﬁblff Qllsot he u%ﬂnwrQE@%bb&&frﬁénfzﬁ{ont @Fe‘cﬁ&%’%@ 3—methy1but~1 -ene. For
fraction of the propene/ 3-nethybut-1 -ene copol yners

instyneep gt PE@ eafalystf ofthe Gnmofa tIHemp tlepoopolymenidation with ethene allows

paﬁ’ﬁ}l@r}ﬁ%}? y&CPFPOWS)E‘ed@%ﬁS)t{@ %ee n}1 %%Jﬁ?‘ﬁ%ﬁ %lné/?e h{gﬁ‘np{ffore given to
usmg)éﬁfﬂ%is% d@he Eirﬁhulagl %E‘;%Wﬁal? o3 %u%%cf'r{]%mchaf and Cp* are identical,

(3- net hyl but - -ene prepare
as 1s[the Q&Keﬁm)' @ﬂmpl‘a’;lﬁlﬁé oo aciordithié fogmutz Bkanpl e | a.  The
exanpl es which follow are intended to illustrate the

present invention without restricting the scope of
A iRk G ?Gné@h il b b€\ d5hLa, ff%??kéﬁ;fi IESGLLRBLPT BBY 351 391. A

catal&sﬂﬁtth@' fdmhﬂalHQ 3en 68 WEbhrad, fdr e@hﬂh@l&e 2Pt HPEPBY SpalBek et al. in New.
nmerizati ons described bel ow were perforned

ol
J. Cheghy Sif 3B Ton campoveg &gscaa@isedlleaxbéalﬂfﬁtbaﬁ foilbtst bis(2-indenyl)-
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Wr kup of the polynmers To renove catal yst residues,
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The catalyst of the formula VI can be obtained, for example, by, as described in the thesis
“Alternierende  Copolymerisation von FEthen und Propen mit Cl-symmetrischen
MetallocenyMAO-Katalysatoren” [Alternating copolymerization of ethene and propene with
Cl-symmetric metallocene/MAO catalysts], B. Heuer, Kaminsky Group, University of
Hamburg 2004 using the example of a catalyst of the formula V, first préparing
1,1,4,4,7,7,10,10-octamethyl-1 ,2,3,4,7,8,9,10-octahydro-bibenzoﬂuorene (OMOHBBEF). This
.can be obtained by initially charging 100 g of 2,5-dichloro-2,5-dimethylhexane (0.546 mol;
C8H16CI2; M =183.12 g/mol) and 45.3 g ofﬂuorene (0.273 mol; C13H10; M = 166.22 g/mol)
in 800 ml of nitromethane, and slowly adding dropwise a solution of 44.6 g of aluminum
chloride (0.334 mol; AICI3; M = 133.34 g/mol) in 60 ml of nitromethane. After about one third
of the aluminum chloride addition, the mixtufe changes color from red/brown to blue/green

with gentle heating and gas evolution. After approx. 10 minutes, the gas evolution abates and



1 h Mle fraction of 3MB | in the mxture (X3nsi)
0.00; 0.20; 0.40; 0.60; 0.80; 1.00 0.80 Propene
pressure 0.07MPa(for Xanm=0. 80: 0.035 MPa) 0.03 MPa
Amount of 3MB1 O to 10.66g 4.94 to 1366g Tot al
concentration 0.4 to 1 nol/1 9360 to 1.22 nol/L
Tol uene 200 m 200 n

the rest of the aluminum chloride solution is addéd. The mixture is stirred overnight and
subsequently has a dark violet color. After filtration, the violet filter residue is slurried in
400 ml of water, in the course of which the color disappears. 400 ml of n-hexane are added and
the mixture is stirred overnight. The remaining precipitate is separated and combined with the
organic phase, and the solvent is removed. The residue is admixed with 300 ml of hot
n-hexane, filtered and washed with n-hexane until the filtrate remains colorless. The colorless

product is dried in an oil-pump vacuum.

Subsequently, chlorodiphenyl-9-(1,1,4,4,7,7,10,10-octamethyl-1,2,3,4,7,8,9,1 0—6ctahydro-
dibenzdﬂuorenyl)silane (CDOODBFS) is prepared by suspending 11.6 g of (1,1,4,4,7,7,10,10-
octamethyl-1,2,3,4,7,8,9,10-octahydrodibenzofluorenyl)lithium (30 mmol; C29H37Li; M =
392.56 g/mol) in 150 ml of n-pentane, and slowly adding it via a cannula to a solution of 9.6 ml
of dichlorodiphenylsilane (45 mmol; C12H10SiCI2; M = 253.21 g/mol; d = 1.20 g/em?®) in
150 ml of n-pentane, and stirring the mixture overnight. The solvent is subsequently removed,
and the residue is taken up in 130 ml of diethyl ether and filtered through Celite. Subsequently,
the solvent is concentrated to about 30 ml and 30 ml of n-hexane are added. The mixture is

concentrated further and, at approx. -20°C, the product crystallizes to colorless crystals.

In turn, subseqliently, diphenyl-1-indenyl-9-(1,1,4,4,7,7,10,10-octamethyl-1,2,3,4,7,8,9,10-
octahydrodibenzofluorenyl)silane is prepared by dissolving 4.09 g of chlorodiphenyl—Q-
(1,1,4,4,7,7,10,10-octamethyl-1,2,3,4,7,8,9,10-octahydrodibenzofluorenyl)silane  (6.78 mmol;
C41H47SiCl; M = 603.37 g/mol) in 100 ml of diethyl ether, and admixing it with 828 mg of
indenyllithium (6.78 mmol; COH7Li; M = 122.10 g/mol). The mixture is heated under reflux
for ten days and then hydrolyzed with 100 ml of water. The organic phase is removed, the
aqueous phase is extracted three times with diethyl ether, and the collected ethereal phases are

dried over sodium sulfate. The product precipitates out of a solution of n-hexane with traces of

diethyl ether as a white solid.

Diphenylsilyl-(1-indenyl-9-(1,1 ,4,4,7;7, 10,10-octamethyl-1,2,3,4,7,8,9,10-octahydrodibenzo-
fluorenyl))zirconium dichloride, as a catalyst of the formula VI, can then be obtained by

dissolving 1.0g of diphenyl—1-indenyl-9—(1,1,4,4,7,7,10,10—octamethy1-1,2,3,4,7,8,9,10-



MAO 400 ng 400 ng Catalyst 2 - 10-3 mmol (3MB1
honmopol yneri zation: 1 10-2 mmol) 2 10-3 mmol

Exanpl e | a: Copol ynerization in the presence of

[ Me2C(Cp) (Flu)grCh as a.catalyst In tables 2 and 3
bel ow, the results of the coppiynerization of
3-nethyl but-1-ene with propene in the presence of

[ Me2C(Cp) (Flu)] ZrCl2 as a catalyst are reported. 28

oct ag}ogg%y%foa%r@vg%pgl?% %&%@gﬁﬁ? %eﬁ gg§87 \g}ntloq) in 40ml of
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64.0%cg/mwl ), yatidk gpotipg nthei n{inmic actemibhon8dtnie 19f] zirconium tetrachloride

(14pgimot ¥ S 225 Gimeeare el e 6 or eplatioe 8ja i stired again
~ overnight. The solvent is removed from the intense red solution with fine white precipitate, and
the residue is dissolved in 50 ml of dichloromethane and filtered through Celite. Subsequently,
the solvent is removed again, and the residue is dissolved in 10 ml of diethyl ether and admixed
with 10 ml of n-hexane. The solvent is removed from the mixture until a red precipitate occurs.

Subsequently, the product is filtered off to obtain a catalyst of the formula V1.

| In a further preferred embodiment of the process according to the invention, the catalyst of the
formula I used is a catalyst in which Cp* is a cyclopentadienyl group substituted by 1 to 4,
preferably 4,‘ methyl groups, Y = a nitrogen- or phosphorus-comprising group, preferably an
N-R! where R! = hydrocarbon radical having 1 to 20 carbon atoms, Z is a silicon-comprising
group M is a metal of group 4 to 6, especially group 4, of the Periodic Table of the Elements,
preferably Ti or Zr, X is a halogen, preferably Cl or F, and m = 2, 3 or 4, especially 2. The

catalyst of the formula I used is most preferably a catalyst of the formula IV
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~
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-
~
<
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This embodiment of the process according to the invention is preferred especially when ethene

Iv.

and 3-methylbut-1-ene are to be copolymerized. The catalyst of the formula IV can be
prepared, for example, as described by J. Okuda in Chem. Ber. 1990, 7123, 1649,- or as
described by F. Amor and J. Okuda in J. Organome_t. Chem. 1996, 520, 245,'or as described in
EP 0 416 815 or US 5,026,798. |



Mol ar mass My, [g/nol] 0.00 2019 0 122.2/133.3/0.7
66100 0.20 1976 <0.5 123.8/134.5/1.4 77950 0.40 1114
<0.5 120.5/132.01-0.7 68250 0.60 318

15

The copolyinerization 1s effected preferably for a time of 15 minutes to 4 hours, preferably 0.5
to 2 hours. The copolymerization can be terminated in a simple manner by interrupting the
monomer feed or by adding an alcohol, for example ethanol. Preference is given to terminating
the copolymerization by adding an alcohol, since the termination by interruption of the
monomer feed can result in further copolymerization under non-constant conditions, since the
copolymerization proceeds for as long as monomer is still available. The duration of the
copolymerization can be adjusted, for example, by varying the amount of the catalyst used. The

copolymerization can be performed batchwise or continuously.

The copolymerization mixture obtained in the copolymerization can be worked up in a known
manner. Preference is given to effecting the workup in such a way that an agent with which the
catalyst is destroyed is added to the copolymerization mixture. A suitable agent may, for
example, be an alcohol, especially ethanol. Preference is given to adding sufficient agents to
the copolymerization mixture that the agent is added in a molar excess, preferably in an at least

2~ to 20-fold molar excess, in relation to the metal M of the catalyst of the formula I.

It may be advantageous when, in the workup of the copolymerization mixture, the mixture is
treated with an acid, preferably with a 5 to 20% by mass solution of an acid, especially
‘hydrochloric acid, in water or a water-ethanol mixture. In this way, catalyst residues can be
removed from the copolymerization mixture. Subsequently, a sufficient amount of an agent
suitable for neutralizing the copolymerization mixture, preferably sodium hydrogencarbonate,
more preferably 1 to 50% by mass, preferably 5 to 10% by mass, sodium hydrogencarbonate
solution (in water or a water-ethanol mixture) is preferably added to the copolymerization
mixture such that the copolymerization mixture is neutral, i.e. preferably has a pH of approx. 7.
The mixture thus obtained is preferably washed with water, preferably with demineralized
water. Such a wash can be performed in a suitable apparatus, for example in an extraction

column or a separating funnel.

Copolymers which are present in solid form in the copolymerization mixture can be removed
from the copolymerization mixture treated in this way mechanically, for example by filtration

or decantation. For the removal of soluble copolymers, the copolymerization mixture can be



<1 119.0/131.2/-2.0 65400 0.80 73 <1 102.0/116.21-5.0

51200 1.00 2 100 - I's, 4, = wei ght-average nol ar mass

Tabl e 3: Overview of the polynerization results with

the catalyst [ Me2C(Cp)(Flu)]ZrCl2 for the tenperature

series at X3nBi = 0.80. Polynggization tenperature [(C

Activity [kgpoir",/.
concentrated to such an extent that the copolymers precipitate out as a solid. This can be done
in particular by thermal means. Copolymer which precipitates out in the course of

concentration can in turn be removed mechanically from the copolymerization mixture.

It may be advantageous when the copolymers thus obtained are subjected to a drying process.
In this way, it can be prevented that possibly health-endangering solvents which have possibly
been used in the copolymerization process are released in an uncontrolled manner to the
environment in the processing of the copolymers. The drying can be effected in apparatus
suitable for this purpose, for example in a drying cabinet in the laboratory. Preference is given

to effecting the drying at a temperature of 30 to 60°C.

In the process according to the invention, it is possiblé to use 3-methylbut-1-ene, ethene and/or
propene which may have been obtained in any conceivable way. Depending on whether the
monomers are present as pure substances or in a mixture with other components, it may be
necessary or advantageous to treat such a mixture chemically or physically. Such a treatment is
necessary especially when the mixture comprises components which slow the copolymerization
reaction or can stop it completely. Such components may in particular be catalyst poisons.
Known components which can have a negative influence on the copolymerization reaction are,
for example, sulfur, oxygen and oxygen compounds, for example water. A chemical treatment
might be effected, for example, by removing the undesired components with another compound
which can be removed easily from the mikture. For example, water can be rém_oved from such
mixtures by reaction with alkali metals. A physical treatment might, for example, be a thermal
treatment, for example a.distillation, or else a filtration, decantation or the like, or be a
combination thereof. Particular preference is given to purifying the 3-methylbut-1-ene used by

a coupled recondensation and stirring with triisobutylaluminum (TIBA).

It may be advantageous when 3;methylbut-1-ene which has been obtained by water elimination
from 3-methylbutanol is used in the process according to the invention. This 3-methylbut-1-ene
has the advantage that it can be used directly without performing a chemical purification step.
In the prbce’ss according to the invention, particular preference is given to using 3-methylbut-1-

ene which is obtained by the steps of



(ol each- nol nonornerd | A I ncorporation of

3-net hyl butene [nol % Melting point TmM/T,,Q
[C]/glass transition tenperature [C] Mol ar mass My,
[g/nDlI] 15 49 <1 128.5/117.2/-1.1 68000 30 156 <1

118.61105.0/-0. 8 59600 45 158;%1

a) hydroformylating isobutene to 3-methylbutanal,

b) hydrogenating the 3-methylbutanal to 3-methylbutanol and

c) eliminating water from 3-methylbutanol,

the 3-methylbut-1-ene obtained from step c) preferably being used directly without performing

“a chemical purification step.

The hydroformylation in step a) can be performed in a known manner. Preference is given to
pérforming the hydroformylation in the presence of a rhodium complex catalyst. Suitable
ligands are, for example, phosphite or phosphine ligands, preferably substituted or
unsubstituted triphenylphosphines or triphenyl phosphites, preferably triphenylphosphine or
triphenyl phosphite. The process step of hydroformylation can be performed, for example, as
described in EP 0 562 451 or DE 026 27 354. The reaction temperatures are preferably 70 to
150°C, preferentially 100 to 130°C. The process pressures are prefefably 2 to 20 MPa,
preferentially 3 to 6 MPa.

The ligands or complex catalysts used may in particular be those as have been described in EP
0 155 508 (UCC), EP 0 213 639 (UCC), EP 0 214 622 (UCC), EP 0 471 071 (BASE),
EP 1 099 677 (OXENO), EP 1 099 678 (OXENO) or EP 1 201 675 (OXENO). Particularly
suitable rhodium complex catalysts with monodentate phosphite ligands are, for example,
triaryl phosphites whose aryl groups both have a bulky group in the ortho-position to the
- phosphite oxygen and are substituted in the m- or i)-position, for example tris(2,4-di-tert-butyl-
phenyl) phosphite. The hydroformylation of isobutene using a catalyst system which consists of
“thodium and a bisphosphite is described, for example, in the patents US 4,668,651, US
4,769,498 and WO 85/03702. Reference is made explicitly to all documents mentioned, whose

disclosure content shall be part of the subject matter of the present description.

For the hydrogenation, the éatalyst used in process step b) may, for example, be nickel, copper,
copper/nickel, cdpper/chromium, copper/chromium/nickel, ~ zinc/chromium,  nickel/
molybdenum catalysts. ‘The catalysts may be unsupported, or the hydrogenation-active
substances or their precursors may be applied to supports, for example silicon dioxide or

aluminum oxide. Preferred catalysts over which the hydroformylation mixtures are
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by mass, preferably 0.5 to 5% by mass.

~The proportion of basic metal oxides (hydroxides are converted to oxides) in the catalyst is



Melting point [C]/glass transition tenperature [C]
Mol ar mass My, [g/nol] 0.00 4088 0.0 133.9 9300 0.20
4230 0.0 130.3 8200 0.40 3376 1.0 125.1 8100 0.60

20

preferably 0.01 to 10% by mass, more preferably 0.1 to 5% by mass, especially preferably 0.1
to 3% by mass. Preferred alkali metal oxides are sodium oxide and/or potassium oxide. The
alkaline earth metal oxides used are preferably magnesium oxide, strontium oxide and/or
- barium oxide. Particular preference is given to effecting the water elimination in process step c)
over a solid catalyst which consists in a formal sense of aluminum oxide and barium oxide. The
catalyst used in process step ¢) is most preferably a y-aluminum oxide modified with barium

oxide (BaO), which consists in a formal sense of barium oxide and aluminum oxide.

Preference is given to using y-aluminum oxides having a BET surface area of 80 to 350 m%/g,
preferably 120 to 250 m%g (determined by N, absorption to DIN 66131). The catalysts are
prepared by known methods. Common methods are, for example, precipitation, impregnation

or spraying of an Al,O; body with an appropriate salt solution and subsequent calcination.

It may likewise be advantageous when catalysts as described in DE 103 59 628 are used and
have a proportion of zirconium dioxide of 80 to 99 parts by mass, of yitrium oxide of 0.5 to 10

parts by mass and of alkali metal or alkaline earth metal oxides of 0.1 to 3 parts by mass.

In the continuous water elimination, different process variants can be used. Process step c) can
be performed, for example, adiabatically, polytropically or virtually isothermally, i.e. with a
temperature difference of typically less than 10°C. The process step can be performed in one or
more stages. In the latter case, all reactors, appropriately tubular reactors, can be operated
adiabatically or virtually isothermally. It is likewise possible to operate one or more reactors
adiabatically and the others virtually isothermally. Preference is given to operating the water
- elimination in straight pass. Howevér, it can also be operated with product recycling. In the
case of operation in straight pass, the specific catalyst hourly space velocity is 0.01 to 30 kg,
preferably 0.1 to 10 kg, of alcohol per kg of catalyst and per hour. In the water elimination in
process step c), the temperature in the catalyst layer is preferably 200 to 450°C, in particular
250 to 400°C. The water elimination (dehydration) can be performed under reduced pressure,

elevated pressure or at standard pressuré.

The 3-methylbutanol can be conducted into the dehydration reactbr in pure form or in dilution.
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the polynerization results with the catal yst

rac-[ Me2C(1nd) 2] ZrCl12 for the tenperature series at
X3hoi = 0.80. Polynerization £énperature [C(C]

The diluents used may be inert gases or gas mixtures, for example nitrogen, hydrogen, carbon
monoxide, carbon dioxide, synthesis gas, methane or steam, or organic solvents which are inert

under reaction conditions and can be removed easily from the reaction effluent.

In order to achieve very high selectivity for 3-methylbut-1-ene formation, it has been found to
be advantageous when the aim is only partial conversion of the alcohol used. At a conversion
of 99%, for example, a selectivity of 92% can be achieved. Preference is given to performing
process step c) in such a way that the conversion in straight pass is at least 30%, preferably 30

to 99% and preferentially 30 to 90%.

The product obtained from process step c¢) is a mixture comprising 3-methylbut-1-ene. In
process step c), preference is given to obtaining a mixture from which 3-methylbut-1-ene is
removed. The reaction mixture can, if appropriate after water removal, be separated by

-distillation into 3-methylbutan-1-ol, 3-methylbut-1-ene and by-products.

~ Between or after steps a), b) and/or c), one or more workup step(s) can be performed.
Preference is given to performing those workup steps in which the desired products are
separated from unconverted reactants, by-products and/or catalysts by physical methods, for
example decanting, filtration, extraction or distillation. Suitable‘ separation processes are known
to those skilled in the art and it is within the ability of the person skilled in the art to select

suitable separating methods and parameters for a separating problem.

It is possible by the process according to the invention to prepare copolymérs of 3-methylbut-1-
ene with ethene and/or propene, especially with ethene or propene. Depending on the process
parameters used, it is possible to prepare copolymers with very different properties. It is
- possible by the process according to the invention with particular preference to ‘prepare the
inventive copolymers which contain 3-methylbut-1-ene and ethene and/or propene as

monomers.

In the inventive copolymefs containing 3—méthylbut—1-ene_, the further monomer present is

ethene and/or propene, preferably-ethene or propene, and the monomers present are preferably



Activity [kgpol yrned (noloachnol nonomer T1) ]

I ncorporation of 3-nethyl butene [nol% Melting point
[g/glass transition tenperature [C] Ml ar mass My,
[g/nDl] 15 517 8.5 88.51-13.2 14500 30 843 9.3

91.11-9.8 8200 45
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exclusively 3-methylbut-1-ene and ethene or propene, the proportion of the incorporated
3-methylbut-1-ene is 0.1 to 40 mol%, preferably 0.1 to 36 mol%, preferentially 0.1 to 10 mol%,
more preferably 0.5 to 10 mol% and most preferably 1 to 5 mol%, and the copolymer has a

melting point of room temperature (20°C) or below room temperature to 130°C.

The inventive copolymers may have a molar mass M,, (weight-average molar mass) of 2500 to
2 200 000 g/mol, preferably of 5000 to 500 000 g/mol. The molar mass can be determined by
gel permeation chromatography. In the context of the present invention, the molar masses were
determined with a gel permeation chromatograph from Waters, type: High-temperature
Alliance GPCV 2000. The solvent used was 1,2,4-trichlorobenzene. Four Styragel columns
(HT6, HTS5, HT4, HT3) and a precolumn were used. The column material used was styrene-
- divinylbenzene = SDV (from PSS9)/Styragel (from Waters). The flow rate was 1 ml/min, and
the measurements were effected at 140°C. In each case 0.15 to 0.2 ml of sample solution with a
concentration of copolymers of 0.2% by mass were injected. With the aid of narrow-
distribution polystyrene standards (from PSS), the column set was calibrated. The retention
times were assigned to the polystyrene molecular weights and accompanying K and o values
via fifth-order polynomials using universal calibration. The detector used was an internal (RI)
detector which was connected to an internal viscosity detector. The data were recorded and

evaluated with the Waters Millenium32 GPC program (Version 3.20, from Waters).

The invenﬁve copolymer preferably has one melting point (if two melting points exist, the
higher melting point) of below room temperature to 130°C, preferably of room temperature to
130°C, preferentially of 80 to 125°C, more preferably of 90 to 120°C and most preferably of
100 to 115°C, in particular of 105 to 115°C. In the case of the ethc_ane/:’»'-methylbut—l-eﬁe
copolymers, a lowering of the melting point by about 30°C can be achieved with an
incorporation of 2.8 mol% of 3-methylbut-1-ene. The existence of two melting points relatively
close to one another in the case of propéne/B—methylbut—l-ene copolymers is attributed in the
literature to r_ecrystallizaﬁon processes and to the presence of two crystalline phases during the
DSC measurement; cf., for example, Graef et al., Journal of Polymer Science: Part A: Polymer
'Chemistry, 2002, 40, 128-140.
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The inventive copolymers can be used to produce films or shaped bodies, especially injection-
molded or extruded bodies. In particular, the inventive copolymers can be used in the form of
films to produce boil-in-the-bag bags, sacks, sachets or carrier bags, as hollow bodies, for
example as a vessel, bottle, tube canister, vat or storage tank, or as an injection molding, for
example as a bottle crate. In particular, the propene/3- methylbut—l -ene copolymers can, since

they frequently have oily to tacky properties, be used as adhesives or oils.

‘The present invention will be illustrated in detail below with reference to the figures figs. 1 to 3
without any intention that the invention be restricted to the embodiments depicted by way of

example there.

Fig. 1 shows a schematic of the pdlymerization apparatus used in the examples. The
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Performance of the copolymerlzatlon

Before each copolymenzatlon the autoclave was baked -out under reduced pressure (oil-pump
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Subsequgst!®, the 6earg8. wxhplaced under vacuum again. The apparatus was then charged
with 3-methylbut-1-ene. By means of checking the weight, the desired amount of 3-methylbut-
l-ene was dissolved in toluene before standard pressure was restored again with argon.
Subsequently, the system was saturated with the desired alkene pressure (ethene or propéne
pressure). The alkene pressure was adjusted such that no further monomer flowed in, i.e. no
further monomer flowed up to the start of the polymerization. The polymerization was started
by injecting the toluenic catalyst solution through the septum by means of a gas-tight syﬁnge.
In the propene/3-methylbut-1-ene copolymerization, pressures of 0.03 MPa or 0.07 MPa were

established, ahd, in the ethene/3-methylbut-1-ene copolymerization, pressures of 0.025 to

0.4 MPa.

Before use of the 3-methylbut-1-ene which had been purchased from Aldrich, it was purified.
To this end, the 3-methyl-1-butene was first condensed into a three-neck flask, stirred with
triisobutYlaluminum (TIBA) with ice-water cooling for several hours (approx. 4 h) and then

condensed into a lecture bottle.

The alkene was replenished during the polymerization by means of a pressure reducer, and the
alkene consumption was monitored by means of a mass flow regulator attached to a computer.
Since the apparatus did not permit continuous replenishment of the comonomer, the

. polymerization conditions were maintained such that the conversion of 3-methylbutene was not

more than about 5%.

' The polymerization was terminated by interrupting the alkene feed, destroying the catalyst by |

injecting ethanol and releasing the elevated pressure. The reaction solution was subsequently -

transferred to a beaker.
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[C] Mol ar mass Mh [ g/ nol ] :
Workup of the polymers
To remove catalyst residues, the reaction solution was stirred overnight with an aqueous
ethanolic hydrochloric acid solution which comprised concentrated hydrochloric acid, ethanol
and water in a mass ratio of 1:2:7. Subsequently, both the toluene-soluble and the toluene-
insoluble polymers were neutralized with a 5% by mass aqueous sodium hydrogencarbonate
solution and finally washed to neutrality by waéhing three times with demineralized water.
Toluene-insoluble polymers were subsequently filtered off and washed with ethanol. In the case
of toluene-soluble polymers, the mixture was concentrated to about 50 ml on a rotary |
evaporator and, if possible, precipitation was effected with ethanol. Subsequently, the mixture
was likewise filtered through a Biichner funnel and washed with ethanol. The polymers were

dried to constant mass in a vacuum drying cabinet at 40°C.

Example 1: Copolymerization of 3-methylbut-1-ene with propene

For the polymerization series with propene, the catalysts [Me,C(Cp)(Flu)]ZrCl, (formula II)
(example la) and rac-[Me,C(Ind);]ZrCl, (formula II) (example 1b) were used. These
compounds can be purchased, for example, from Boulder or Aldrich. The catalyst of the
formula II can also be prepared as described by J.A. Ewen, R.L. Jones, A. Razavi in J. Am.
Chem. Soc., 1988, 110, 6255 or as described in EP 0 354 391. The catalyst of the formula I
can also be prepared as described by W. Spaleck, M. Antberg, V. Dolle, R. Klein, J. Rohrmann
and A. Winter in New. J. Chem., 14, 6 (1990) 499. The reaction conditions under which the

concentration series and temperature series in examples 1a and 1b were performed can be taken

from table 1.




Mbl ar

mass Mv [g/nol] PD 0.00 154400 0 138.9 393200

576800 1.5 0.40 148600 0.6 126.0 217400 482500 2.2

0.60

Table 1: Reaction conditions of the propene/3-methylbut-1-ene copolymerizations and of the
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3-methylbut-1-ene copolymerizations

Concentration series

Temperature series

Temperature 30°C 15, 30, 45, 60°C

Time lh lh
(B3MB1 homopolymerization: 6 h)

Mole fraction of 0.00; 0.20; 0.40; 0.60; 0.80; 1.00 ] 0.80

3MBI in the mixture o

(X3ms1)

Propene pressure 0.07 MPa (for Xsymp; 0.80:10.03 MPa
0.035 MPa)

Amount of 3MB1 0to 10.66 g 4.94t013.66¢g

Total concentration

0.4 to 1 mol/]

0.60 to 1.22 mol/L.

Toluene 200 ml 200 ml
MAO 400 mg 400 mg
Catalyst 2 - 10 mmol 210~ mmol-

(3MB1 homopolymerization:

|1+ 107 mmol)

Example 1a: Copolymerization in the presence of [Me,C(Cp)(Flu)]ZrCl, as a catalyst
In tables 2 and 3 below, the results of the copolymerization of 3-methylbut-1-ene with propene
in the presence of [Me,C(Cp)(Flu)]ZzCl, as a catalyst are reported. ‘



143200 0.9 119.7 146000 315600 2.2 0.80 60300 2.3
109. 6 44300 87000 2.0 0.90 16700 4.2 96.5 20300
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Table 2: Overview of the polymerization results with the catalyst [Me,C(Cp)(Flu)]ZrCl, for the
concentration series at a polymerization temperature of 30°C.

Proportion of Activity [Kgpoiymer Incorporation of | Melting point Molar mass
3-methylbutene | (molerhmOlngnomer1™)] | 3-methylbut-1-ene | Tpy/ Ty [°Cl/glass M, [g/mol]
in the mixture [mol%] transition temperature
[°Cl
0.00 2019 0 122.2/133.3/0.7 66100
0.20 1976 <0.5 123.8/134.5/1.4 77950
0.40 1114 <0.5 120.5/132.0/-0.7 68250
0.60 318 <1 119.0/131.2/-2.0 65400
0.80 73 <1 102.0/116.2/-5.0 51200
1.00 2 100 - -

M,, = weight-average molar mass

Table 3: Overview of the polymerization results with the catalyst [MezC(Cp)(F 1u)}ZrCl, for the

temperature series at Xsyp; = 0.80.
Polymerization | Activity [Kgpotymer/ Incorporation of | Melting point Molar mass
temperature [°C] | (m0lg-h-molonomer1™)] 3-methylbutene T/ T [°Cl/glass M,, [g/mol]
[mol%] transition temperature
[°C]
15 49 <1 1285117211 | 68000
30 156 <1 118.6/105.0/-0.8 59600
45 158 <1 97.5/-1.5 39700
60 68 <1 96.8/-0.5 23000

The second melting points reported in tables 2 and 3 are suspected to be attributable to

recrystallization processes during the measurement.

As can be discerned from table 2, a significant decline in the activity from about |
2000 kg/(molca
73 kg/(molgy -

3-methylbut-1-ene in the mixture. The homopolymerization of 3-methylbut—1-ené proceeds

- h - mOlmonomer - 1) in the case of the pure propene polymerization to about

h - molmonomer - 1) at Xsme1 = 0.80 is found with increasing proportion of

with a low activity of 2 kg/(molcs - h - mOlmonomer - 1) (the unit m'olmmmer - 1" represents the

concentration Cronomer)-
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17.3 TO -5 6.8 2300 2900 1.3 TG = glass transition
tenperature PD = pol ydi spersity
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As can be discerned from table 3, there is an activity maximum between 30 and 45°C for the

polymerization temperature.

It can be discerned from both tables that a decline in the weight-average molar mass My, is
observed with increasing proportion of 3-methylbut-1-ene in the mixture. The molar mass My
likewise falls with rising polymerization temperature, the influence here being particularly
great, since My, declines from 68 000 g/mol at a polymerization temperature of 15°C to about
two thirds (23 000 g/mol) at a polymerization temperature of 60°C. This might, for example, be
due to increased occurrence of termination reactions. The molar masses of the copolymers and

of the polypropylene were determined as described above by means of gel permeation

chromatography.

The thermal properties were determined by means of DSC (Differential Scanning Calorimetry). |
To this end, a sample of 7 to 12 mg of the copolymer was analyzed in a Mettler Toledo DSC
821° differential calorimeter with a heating rate of 20°C/min in a range of -100 to +200°C.
~ From the data obtained by heating twice, those of the second heating were used. In the case of
* glass transitions, the samples were analyzed once again with a slower heating rate (10°C/min).
The peaks obtained in the recording of the curve were evaluated elecfronically withv the
program STARe 8.01 from Mettler Toledo. What was notable in the results of the DSC
analyses was the occurrence not just of one melting peak for one polymer, but rather two
melting peaks which merged into one another were found for the resulting polymers. This -
phenomenon known from the literature for syndiotactic polypropylene is attributable to a
recrystallization process (cf. Graef et al., Journal of Polymer Science: Part A: Polymer

Chemistry, 2002, 40, 128-140; De Rosa et al., Macromolecules, 1998, 31, 6206-6210).

In addition, as well as the melting peaks, weak glass transitions can be detected, which indicate
- the presence of amorphous regions. For different proportions of 3-methylbut-1-ene in the
mixture, a slight fall in the glass transition temperatures could be detected for the resulting
polymers, and also a clearer fall in the melting points. With rising polymerization temperature

.and falling molar mass, a distinct decline in the melting point was observed.
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The signals for poly(3-methylbut-1-ene) were assigned on the basis of a publication
(A. Borriello, V. Busico, R. Cipullo, Macromol. Rapid Commun., 1996, 17, 589-597) and of a
patent (T. Asabuma, Y. Tamai, Jpn. Kokai Tokkyo Koho (1991), JP 03200812 A2), although
the spectrum in this document is greatly simplified.

- It was possible to pfove the incorporation of 3-methylbut-1-ene in the polymer by means of

Pyro-GC-MS. In this method, the polymer is pyrolized, and the fragments are separated by gas -
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chromatography and analyzed with a mass spectrometer. It is poséible by means of one
characteristic peak in each case for the two homopolymers and from their ratio in the
copolymer chromatograms - with reference to the peak ratios and the incorporations determined
by means of *C NMR spectroscopy for the copolymers prepared with rac-[Me,C(Ind),]ZrCl; -
to draw conclusions on the amount of the comonomer incorporated. Accordingly,
propene/3-methy1but—1 -ene copolymers were obtained, but their incorporation, estimated at

well below one percent, is extremely low even for the copolymers obtained at XBMBl 0.80.

Example 1b: Copolymerization in the presence of rac-[Me,C(Ind);]ZrCl, as a catalyst
Tables 4 and 5 below report the results of the copolymerization of 3-methylbut-1-ene with
propene in the presence of rac-[Me,C(Ind),]ZrCl, as a catalyst.

Table 4: Overview of the polymerization results with the catalyst rac-‘[MCZC(Ind)z]Zer for

the concentration series at a polymerization temperature of 30°C.

Proportion of Activity [Kgpolymed Incorporation of | Melting point Molar mass

3-methylbutene | (molerh-molgonomerl™)] 3-methylbutene [°C)/glass transition | M,, [g/mol]

in the mixture ’ [mol%] temperature [°C]
0.00 4088 0.0 133.9 9300
0.20 ‘ 4230 0.0 V 130.3 - 8200
0.40 3376 1.0 125.1 8100
0.60 ' 1967 3.5 116.9/-10.2 7550
0.80 1103 8.9 88.5/-12.5 6800
1,00 15 7100 2952 | 9300
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Table 5: Overview of the polymerization results with the catalyst rac-[Me,C(Ind),]ZrCl, for

the temperature series at Xsvp; = 0.80.

Polymerization | Activity [kgpolymer/ Incorporation of | Melting point Molar mass
temperature [°C] | (molee-h-m0lmonomer™)] 3-methylbutene |[°C}/glass M,, [¢/mol] |
[mol%] transition
temperature [°C]

15 517 8.5 88.5/-13.2 14500

30 843 . - 93 91.1/-9.8 8200

45 1534 10.0 89.4/-10.2 7500

60 2283 9.1 66.3/-17.5 8700

As can be discerned from table 4, a distinct fall in the activity was found here too with
increasing proportion of the 3-methylbut-1-ene in the mixture, even though the activities were
overall higher than for the catalyst [Me;C(Cp)(Flu)]ZrCl,. What is particularly notable is the
still comparatively high activity of about 1100 kg/(molcs - h - m0lmonomer -_1'1) at Xs3mp1 = 0.80,
which corresponds to about fifteen times the value of the activity found for the Cs-symmetric
catalyst [Me,C(Cp)(Flu)]ZrCl,. In the temperature range of 15 to 60°C investigated, an activity
rising with increasing polymerization temperature was observed. From 15°C with an activity of
about 500 kg/(molearh-molmonomerl”) at Xams; = 0.80, it experiences' virtually a five-fold
increase up to 60°C with about 2300 kg/(m0l.a-h-m0lenomer1™). This catalyst too succeeds in
slightly higher activity of

homopolymerizing 3-methylbut-1-ene, actually with a

15 kg/(molearh-molmonomer ™).

The molar masses are below 10 000 g/mol for all proportions of 3-methylbut-1-ene in the -
mixture and are thus relatively low. With increasing mole fraction of the 3-methylbut-1-ene in
the mixture, a slight fall in the molar.masses can be detected. Determination of the molar mass
of the poly(3-methylbut-1-ene) by means of GPC or viscometry was impossible owing to the
msolubility of the polymer in various solvents even with strong heating. The molar masses of
the copolymers and of the polypropylene were determined as described above by means of gel

permeation chromatography.

The melting points fell by 45°C from about 134°C for the pure polypropylene to about 89°C for
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Xsme1 = 0.80 proportionally with the rising proportion of the 3-methylbut-1-ene in the polymer,
which was simultaneously associated with a decrease in the molar masses. It was also notable
that the copolymers exhibit glass transitions as well as the melting peak from a comonomer

incorporation of about 3.5%.

The tacticity for the resulting copolymers is in the range of approx. 70 to 90% (isotacticity), i.e.
the isotacticity falls with rising proportion of 3-methylbut-1-ene in the polymer. The tacticity
was determined from the pentads in the methyl region (in the range of approx. 19.5 to

122.5 ppm) in the "*C NMR spectrum.

To determine the incorporation, it was first necessary to assign the signals from the ’C NMR
spectrum taking account of the DEPT experiment (Distortionless Enhancement by Polarization
Transfer). The incorporation was determined via the signal for the chain branching point of the
1sopropyl group relative to the signal of the CH branching point from the propene fraction. The
determination was effected by means of the software ACD SpecView (Version 3.50) by hand
by means of a peak integration. In the range investigated, a comonomer incorporation of up to
about 9 mol% was achieved. For various polymerization temperatures, different proportions of
incorporated comonomer were found. In the range investigated, the comonomer proportion in

the polymer varied between 8.5 and 10 mol%.

It can» be discerned from the above examples that a copolymerization of propene with
3-methylbut-1-ene is possible. Even though homdpolymerization with the 3-methylbut-1-ene
with this catalysf with low activity is possible, it was possible with the Cs-symmetric catalyst
~ [Me;C(Cp)(Flu)])ZrCl, only to prepare copolymers with extremely low incorporation, albeit

‘noticeable influence on the polymer properties.

While the syndiotacticity decreases significantly here with increasing proportion of the
" 3-methylbut-1-ene in the mixture, the isotacticity of the polymers synthesized with
rac-[Me;C(Ind),]ZrCl, varies within the range of 90 to 70%, while the isotacticity falls with
increasing proportion of 3-methylbut-1-ene in the mixture. It was also poSsibIe with this

~ catalyst to achieve significantly higher incorporation rates, which have a particularly marked
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Total concentration 0.3 to 1.02 mol/l

Toluene 200 ml »

MAO 400 mg (6.90 mmol)

Catalyst 7.5%10-5 mmol (for Xayp =0 and 0.4)

1.0x10-4 mmol (Xamg = 0.6, 0.8, 0.9, 0.95 and 1)
13.75%10-4 mmol (Xamp = 0.98)

Example 2a: Copolymerization with catalyst [Me,Si(MesCp)(N“"Bu)] TiCl,

For the polymerization series with ethene, the catalyst [Me;Si(MesCp)(N“"Bu)TiCl,
(formula IV ), was used. The conditions under which the experiments 2a were performed can be
taken from table 6. The catalyst of the formula IV éan be prepared, for bexample, as described
by J. Okuda in Chem. Ber. 1990, 123, 1649, or as described by F. Amor and J. Okuda in J. |
Organomet. Chem.. 1996, 520, 245, or as described in EP O 416 815 or US 5,026,798. The
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results determined for experiment series 2a can be taken from table 7 below.

Table 7: Overview of the polymerization results with the  catalyst
[Me,Si(MesCp)(N“"Bu) | TiCl, in experiment series 2a.

Mole fraction | Activity[kgyotymer Incorporation |Melting |Molar mass|Molar mass | PD
of  3-methyl- | (molyhmolmomomerl™)] |of  3-methyl- | point M, [g/mol] | M,, [g/mol]
butene in - the butene [°C] |
mixture _ [mol%]

0.00 154400 A 0 138.9 393200 576800 1.5
0.40 148600 0.6 126.0 217400 482500 2.2
0.60 143200 0.9 119.7 146000 315600 2.2
0.80 60300 2.3 109.6 44300 87000 2.0
0.90 16700 4.2 96.5 20300 38100 1.9
0.95 6900 9.7 470 5500 9500 7|
0.98 1400 17.3 Tg—-56.8 [2300 2900 1.3

Tg = glass transition temperature
PD = polydispersity

M, = number-average molar mass

As can be discerned from table 7, the copolymerization exhibited a high dependence of the
catalyst activity on the proportion of 3-methylbutene in the mixture. Owing to the large fall in
the activity with increasing proportion of 3-methylbutene in the mixture, the attempt to

homopolymerize 3-methylbutene was without success.

The incorporation behavior of the selected catalyst for .the 3-methylbut-1-ene is relatively
highly dependent on the proportion of the 3-methylbut-1-ene in the mixture. At low to medium
proportions of 3-methylbut-1-ene in the mixture, there was virtually no incorporaﬁon. At
98 mol% 3-methylbut-1-ene in the mixture, however, an incorporation of 17.3 rriol% of

B-methylbut-l-ene in the copolymer was achieved.

With increasing incorporation of the 3-methylbutene, a fall in the melting points was detected. -
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Up to an incorporation of about 4 mol% of 3-methylbut-l-ene, a linear low density
polyethylene (LLDPE) was obtained (the melting point of LLDPE is typically in the rahge
between about 100 and 130°C). At an incorporation of 4.2 and 4.6 mol%, an ultra low-density
polyethylene (ULDPE) was obtained (the melting point of ULDPE is typically about in the
range of 90 to 100°C). The copolymer with a comonomer incorporation of 17.3 mol% was

completely amorphous even at room temperature.

The molar masses decreased by two powers of ten with increasing incorporation of the
“3-methylbut-1-ene, so that a copolymer having a content of 3-methylbutene of 18 mol% can

already be referred to as a virtually oligomeric compound.
It was possible with the catalyst used to prepare ethene/3-methylbutene copolymers.

Example 2b: Copolymerization with catalyst [Ph,Si(OctHFlu)(Ind)]ZrCl,
For the polymerization series with ethene, the catalyst [Ph,Si(OctHFlu)(Ind)]ZrCl, (formula V)
was used. The conditions under which the experiments 2b were performed can be taken from

table 6. The results determined in experiment 2b can be taken from table 8 below.

Table 8: Overview of the polymerization results with the catalyst [Ph,Si(OctHFIu)(Ind)]ZrClL,

of experiment series 2b.

Mole fraction of |Activity [Kgpolymer Incorporation of Melting Molar mass |[Molar mass [PD

3-methylbutene (mder-h-molmomme,-l")] 3-methylbutene jpoint M, [g/mol] M, [g/mol]

in the mixture [mol%] | [°C]

0.00 - 108700 0 140.0 791800 2174800 2.7

0.20 145900 0.5 ' 1277 475900 1177700 2.5

0.40 45300 1.0 122.7 200800 499000 2.5

0.60 42200 2.3 109.0 191300 394800 2.1

0.80 15000 5.3 92.7 201600 420200 2.1

0.90 3800 9.7 63.7/(121.5){94800 197900 2.1
0.95 2000 13.2 : 44.9/(119.5)60000 119700 2.0
098 700 19.1 Tg—48.5 45900 84100 1.8

Tg = glass transition temperature. The values reported for the melting point in brackets are
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small additional melting peaks.
PD = polydispersity

M, = number-average molar mass

- As can be discerned from table 8, the copolymerizations exhibited a high dependence of the
catalyst activity on the proportion of 3-methylbutene in the mixture. Owing to the large fall in
the activity with increasing proportion of 3-methylbutene in the mixture, the attempt to

homopolymerize 3-methylbutene was without success.

The incorporation behavior of the selected catalyst for the 3-methylbut-1-ene is relatively
highly dependent on the proportion of the 3-methylbut-1-ene in the mixture. At low to medium
proportions of 3-methylbut-1-ene in the mixture, there was relatively low incorporation. At

98 mol% of 3-methylbut-1-ene in the mixture, an incorporation of 19.1 mol% of 3-methylbut- ,

1-ene in the copolymer was achieved.

With increasing incorporation of the 3-methylbutene, a fall in the melting points was detected.
The molar masses decreased by two powers of ten with increasing incorporation of the
3-methylbut-1-ene. Generally, in the experiments iﬁ example 2b, copolymers with greater
molar masses than in example 2a have been obtained. It has been shown that

ethene/3-methylbutene copolymers can be prepared with the catalyst used.

Example 2¢: Copolymerization with catalyst rac-[Me,C(Ind),]ZrCl,
For the polymerization series with ethene, the catalyst rac-[Me,C(Ind),]ZrCl, (formula III) was
used. The conditions under which the experiments 2c were performed can be taken from

table 6. The results determined for the experiment series 2c can be taken from table 9 below.
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T = glass transition temperature. The values reported for the melting point in brackets are
small additional melting peaks.
PD = polydispersity

M, = number-average molar mass

As can be discerned from table 9, the copolymerization in this experiment too exhibited a high

dependence of the catalyst activity on the proportion of 3-methylbutene in the mixture.

The incorporation behavior of the selected catalyst for the 3-methylbut-1-ene is relatively
- highly dependent on the proportion of the 3-methy1but—1-ene in the mixture. In contrast to the
experiments in examples 2a and 2b, it was found in experiment series 2c that an incorporation
of a double-digit percentage of 3-methylbut-1-ene is already achieved at a proportion of
80 mol% in the mixture. At 98 mol% of 3-methylbut-1-ene in the mixture, an incerporation of

- 36.8% was actually achieved.

* In contrast to examples 2a and 2b, the molar masses of the copolymers obtained in example 2¢

varied within a relatively narrow range.
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.~ where Cp* and Y may _be joined to one another -

betwegiy dteHid %/g’d%ref‘?ﬁéménzb@t?"é%,l-6l\ﬂn§ Zvetal of group 3 to

10, with the exception of scandium or of the

| ant hanoi ds, of the Periodic Table of the Elenents, X

= in each case independently a hal ogen atom a

pseudohal ogen, a hydrogen atom a silyl group, a

phosphi de, a sulfide or an organic radical and m= a

nunber which is sufficient to saturate the val ences of

Mw th the X, and an al um num or boron-conprising

conpound as a cocatalyst. 41 2. A process according

to claiml1, '



characterized in that the copolynerization is
perfornmed in the presence of a catalyst la of the
formula Z(Cp*)(YYMX)ymla in which Cp*, Y, M X and m
are each as defined in formula | and Z = boron or a
group which conprises an el ement of group 14 of the
Periodic Table of the Elementsygnd has up to 20 atoms
whi ch are not hydrogen atons. é. A process according
to claim?2, characterized in that a catalyst is used
EEiﬂ@iCh Zis a CRZR3 group or an Si R2R3 group where
d R3 are the sanme or different and are each

hydAopmitesy f@NpRb@imt c6pslymats BARKI 6n pashieadlas 4 ménomer and
process according to at |east one of clains 1 to 3

chasdatyhudgenersieamenases) the pronersionst il Franetiaykbeolgne in
usegel gﬁg@b%}zg?ilng@g;]@)ﬁmol@f}%@ . 5. A process

accordi one of’ clains 1 to 4,
chaclaedisterizeddn thmt t hat t he copol yneri zation is

perfornmed at a nolar ratio of metal of the catal yst aof
t hethf sopalyaerizaionys SAn s BresgIceh@ @yt 4 yae formula

g{ fcgggmgé):gloo 000. 42 " 6. A process according to

f claims Ito 5, characterized in that
the copol ynerization is perforned in a sol vent
sel ected from but ane, hexane, heptane, toluene, xylene
and et hyl benzene.

Y

/

Cp—M

X)m

where Cp* = group of the cyclopentadienyl type, selected from substituted and
unsubstituted cyclopentadienyl, indenyl, tetrahydroindenyl, octahydrofluorenyl
and fluorenyl groups,

Y = group of the cyclopentadienyl type, selected from substituted and
unsubstituted cyclopentadienyl, indenyl, tetrahydroindenyl, octahydrofluorenyl
and fluorenyl groups, or anionic ligand group containing nitrogen, phosphorus,
oxygen or sulfur and up to 20 atoms which are not hydrogen, where Cp* and Y
may be joined to one another covalently or via a Z group,

M = metal of group 3 to 10, with the exception of scandium, or of the
lanthanoids, of the Periodic Table of the Elements,

X = in each case independently a halogen atom, a pseudohalogen, a hydrogen
atom, a silyl group, a phosphide, a sulfide or an organic radical and

m = a number which is sufficient to saturate the valences of M with the X, and

an aluminum- or boron-comprising compound as a cocatalyst.



7. A process according to at |east one of clains 1 to
6, characterized in that the copolynerization is
performed at a pressure of 0.1 to 1 MPa. 8. A process
according to at |east one of clains 1 to 7,
characterized in that the nolar proportion of

3-nmet hyl but-1 -ene nononer in tfyeereaction mxture in
the sum of nononers of 3-nethyl but- 1 -ene and propene
is at least 20 nmol % 9. A process according to claim

8p @&%%&Jrﬁﬂxgit@cfaﬁﬁ“l the proportion is 40 to 80
10.

nol % A procéss accofding to at |east one of
cl acharadtetizeddn thdtar act eri zed in that the catal yst of

the fornula | ,used js a_catalyst in which Cp* and Y
ar e Hh QOE‘&X’E‘GWaU@Pf]fSePeéFﬂmEadmaF}@ peesencs o augptalyst Ta of the

Se'%&rﬁﬁaﬁ(@?‘“)wgﬂgmadi enyl group, indenyl group
nyl “group,

and fluore Z is a hydrocarbon group, Mis a

metal of group 4 of the Periodic Table of the

El ements, X is a halogen and mis two. 11. A process

according to claim 10, characterized in that the

catal yst pf—hy fornula | used is a catalyst of the
4

fornula/or HI 3" LIl

Cp~—M

X N

in which Cp*, Y, M, X and m are each as defined in formula I and Z = boron or
a group which comprises an element of group 14 of the Periodic Table of the

Elements and has up to 20 atoms which are not hydrogen atoms.

3. A process according to claim 2,
characterized in that
a catalyst is used in which Z is a CR’R? group or an SiR?R® group where R? and
R’ are the same or different and are each hydrogen or an aromatic or aliphatic
radical.

4. A process according to at least one of claims 1 to 3,
characterized in that

the aluminum-comprising compound used is methylaluminoxane (MAO).

- 5. A process according to at least one of claims 1 to 4,
characterized in that
the copolymerization is performed at a molar ratio of metal of the catalyst of the

formula I to aluminum or boron of the cocatalyst of 1:0.1 to 1:100 000.



12. A process according to at |east one of clains 1 to
9, characterized in that the catalyst of the fornula I
used is a catalyst in which Cp* is a cycl opent adi enyl
group substituted by 1 to 4 nethyl groups, Y = a

ni trogen-conprising group, Z = a silicon-conprising
group, Mis a netal of group 449fethe Periodic Table
of the Elenents, X is a halogen and mis two. 13. A
process according to claim 12 characterized in that

tgea . f ed i s a catal yst of
tﬁ'e ﬁ%?%?géﬁo%imégc? at l%f%hg%%%%ﬁ/sﬁletro SSv\,hi ch contains
3- nelidnydtdrivied 1n €ra¢ as a conononer, characterized in
that the further npnomer present is propene, the

pr of¥rqoPe zglien i PHfQBledtiB splvt ylepied-from futans, hexane,
0. 1 Oto'ﬁ@n%’ﬂﬂ@né&ﬁé}%@é&%& has a nelting point

of room tenperature to A copol yner accordi ng
to claim14, characterized in that the copol ynmer has a
nzlgr mass Is/]., of 2500 to 200 000 g/nol. 16. A

c bpOIRIAGESS ACCEHBE Myt epst Prgeb clgmsd ®iGs 14 and 15,

chagiedcfdri286h iHat t hat the copol yner has a nelting
point of 80 to 125C. 17. A copol yner according to at

| eathe copdywtrizatmnns pérforntedls 2 présaveatf &l weldMPa. t hat
propene is present as a nononer, the proportion of the
i ncorporated 3- nethylbut- 1-ene is 1 to 10 nol % and

t §16A FRbdebELcBRIIAS td & 1843t 5% d2R5ms 1 to 7,
characterized in that
the molar proportion of 3-methylbut-1-ene monomer in the reaction mixture in

the sum of monomers of 3-methylbut-1-ene and propene is at least 20 mol%.

9. A process according to claim 8,
characterized in that

the proportion is 40 to 80 mol%.

10. A process according to at least one of claims 1 to 9,
characterized in that
the catalyst of the formula I used is a catalyst in which Cp* and Y are the same
or different and are each a group selected from cyclopentadienyl group, indenyl
group and fluorenyl group, Z is a hydrocarbon group, M is a metal of group 4 of
the Periodic Table of the Elements, X is a halogen and m is two.

11. A process according to claim 10,

characterized in that

the catalyst of the formula I used is a catalyst of the formula IT or HI



18. A copolynmer according to at |east one of clains 14
characterized in that the copolyner is

to 17,
obt ai nabl e by a process according to any one of clains

Ito 13.
43

I

II

12. A process according to at least one of claims 1 to 9,

characterized in that
the catalyst of the formula I used is a catalyst in which Cp* is a

cyclopentadienyl group substituted by 1 to 4 methyl groups, Y = a nitrogen-

comprising group, Z = a silicon-comprising group, M is a metal of group 4 of

the Periodic Table of the Elements, X is a halogen and m is two.

13. A process according to claim 12

characterized in that
the catalyst of the formula

-~
~
~
~
~
-
~
~

I used is a catalyst of the formula IV

I~
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14. A copolymer which contains 3-methylbut-1-ene as a comonomer,
characterized in that
the further monomer present is propene, the proportion of the incorporated
3-methylbut-1-ene is 0.1 to 10 mol% and the copolymer has a melting point of

room temperature to 130°C.

15. A copolymer according to claim 14,
characterized in that

the copolymer has a molar mass My, of 2500 to 2 200 000 g/mol.

16. A copolymer according to either of claims 14 and 15,
characterized in that

the copolymer has a melting point of 80 to 125°C.

17. A copolymer according to at least one of claims 14 to 16,
characterized in that
propene is present as a monomer, the proportion of the incorporated 3-

methylbut-1-ene is 1 to 10 mol% and the melting point is 90 to 125°C.

18. A copolymer according to at least one of claims 14 to 17,
characterized in that

the copolymer is obtainable by a process according to any one of claims 1 to 13.



