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units from car bonltoA&x<BEWEn efSe Ofin CREOPRy fonRF 1de
olefinically witht ghat ot @o¥eowleFindcaha youheathiaatedr compeudids iim a sub-
stantially al tgl\rl}n?_‘ti ntgL arrangenent ...can_be gr%%%regn tr)%: cont actin tohee
monomer s at eFBIAPeBOLYREPatlFe Uit Sp A EST, PETROP, DERbISR, & Fi%, 408 ng.
a) a Goup VI hendeaald thepomids froan thei oledinicnld ydumsataraitgahd
cont ai ni ng at .l.eas h h Ak N3 Qk | QluL- GoRLai ni ng

dent at e groupg i ?33 ﬁﬁigﬁatﬁggggnngg %?%aﬁggggﬁ%cgﬁbﬁéx w th the G oup
VI nmetal . Tﬁ&aﬁltéﬁgllé(t rdiregnatiadp SryRpOSTEsitng CeRe bEh PFEPaRas t¥hed
cat al ysts wascbhthettiagmhe hoteheredadUlelavaltieduitémpRaadurel WiRY i zati on,

i .e. the nononers were C%gtact%g th a soluyti.on of the catalyst in a
liqui d non- poPYRESHEELME LY PuEAT ALY SkhCORPERE BT 'yners are i nsol ubl e or
virtual ly insa)ubbheGrBupi N§IThmepalyconpound,i on t he pol yners are obtai ned
in the formof,a suspension.i;n the diluent. After reaching the required
degree of poI%&er?ﬁaB?gﬁf ?Hg pol yneri zation is generally term nated by
cool i ng and r el easi dgntaseplégendecombeipangnets lgpsti Ewpapbespbhomuisite
suspension, for cxagpbgek bl bhaphAe-gbntalhinbuaeABatngraups diluent to

be used for a follow n olynerization IS recovére rom the renainin
liquid, e.g. by dFEFPPgQPWB%Fh the dentate lggand can complex wq%h tﬁ%

Group VIII metal.
The preparation of the polymers using the above-

mentioned catalysts was hitherto mainly carried out as
liquid phase polymerization, i.e. the monomers were
contacted with a solution of the catalyst in a liquid
non-polymerizable diluent in which the polymers are
insoluble or virtually insoluble. During the poly-
merization the polymers are obtained in the form of a
suspension in the diluent. After reaching the required
degree of polymerization, the polymerization is generally
terminated by cooling and releasing the pressure. The
polymers are isolated from the suspension, for example by
filtration or centrifuging. The pure diluent to be used
for a following polymerization is recovered from the
remaining liquid, e.g. by distillation.
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catal ysts cont [ 0 ' Ci t. D). Duri further
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was est abl i shagtalastpaantminingial sty potgamnird acidmsit coul d al so be

carried out by s )pol yneri zation. Gas phase pol ymerization is
characterized in“that, the nononers are contacted with the catalyst

substantial ly in Oveigssdwdhar dnveshigatdensopdhe anrl igantentntaor t he
prle- par atit_on tife t;heesﬁmtwwlwf @’répxhaeit ilrdjna,l _ig_C&Lés @a@lﬁimee_ dtt_:hat

pol ymeri zation_is ,mch t.0 he preferred to l.iqui. ase po rj zation on
account of th&RaFk Wuﬁlqﬂﬁq1Qﬂﬂ?ﬁﬂﬁ§i¥ﬂﬁﬁﬁé#§%%é;ii%\%ﬁﬂi&?é > Rt i oned
filtration or ceantirad wyitndstors pmseeldolamaniezatiisin | | Gaspldsp, can be
omtted. If i ?gl‘lﬂ%}[iezdﬁﬂ%r?rlé Q:%é%:ta[ﬁt?érl%ad %n tt{?fasce th Qﬁcﬁién? &ghe
purification Stépgs 1nvol Ve considerabl e expense. 1ne applicant Has

extensi vel y r esddasgiad widhydheoeatalwsty mubstantdakly ithdhe aghsenten of

the present pelsyREns gitid Gl HARNEG-IRIBILBAYHE! Y Foxr tHe idige-assunption
that the sane rul es woul d ahppl to the optinmm ,
paration of the I:X)lymers on an industrial scale, gas

phase polymerization is much to be preferred to liquid
phase polymerization on account of the fact that with gas
phase polymerization the above-mentioned filtration or
centrifuging step, as well as the distillation step, can
be omitted. If implemented on an industrial scale, these
separation and purification steps involve considerable
expense.

The applicant has extensively researched the gas
phase polymerization for the preparation of the present
polymers using the above-mentioned catalysts. On the
assumption that the same rules would apply to the optimum
composition of the catalyst for gas phase polymerization
as had previously been found for liquid phase poly-
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conposition o?n}MelegtQP§¥FBF&F35&8anQESSp8F ﬁebeSFVSH as had previously

been found for |iGontiiphaderpeskearch ingo uhuszauboaptthescabulyhbyn
initially use [ I lzat i on
cont & et & stPaNoCaraTiRes, TRALA1 cRaoe RiGn deciRleR Tn ol pHELY
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hi bi t tl h t f t t
of the. pr asenEPROPGRLPS OEARCBBSBRRENES BRS AL oPpBPHAFngotA BEPRRFRR, on

of the presen
the basis of actpdonértare) asndompoaehéwbs . aCadeyBesrbnsthé basdsntm1uwe as

conponent b). e . d, a
Lew s aC|d/Br err?ngﬁ&g %%F cgﬁngnghdgaggﬁgB ghé FEF ng%#@ as
descri bed undwixtyrer endoasl NcoppoSr-depiietef lnrsanelr asTHesprdbendt upgieant

application tE§rg}grﬁogghabgﬁpbglglghgcggsmgg&eghe preparation of polyners
of carbon nonoxide wth one or nore olefinically unsaturated_conpounds, in

whi ch pol yners t héh BnPF§SPPSnP65P85naHBﬁ6§PHé°§th?F§fBHFt§e#P§ﬁ§tﬁ@ a
olefinically ppsatesated ¢heppregarat@onr 6$epblyme&ssblfstaﬁrbb&| ly

| t t | ich tact t
ol evatod t enpBPAPREBCaHAth B88.PE RACSAOCEARLEALY PROPKET2ESEnce of &
l'i quid non- pobympnandsabha vhicbnpolymera theaupdtscEmpm sambpona) a G oup
VITI netal QBBHQQdebLndathEWhﬁlﬁg'?é@h[%hélBih?ﬁnﬁ%bﬁlg‘ﬁh%%%ur%%%dP) a

dentate |igand contalinin hor us-
sul phur - contapﬁmﬁguﬁéﬁtGFé §F§§§§twh§réb?ubﬁéaaﬁﬁﬁ&ﬂy ﬁﬂ@&ﬁéa@angbonplex

Wi th the G ougrrangement, which process comprises contacting the
monomers at elevated temperature and pressure and
substantially in the absence of a liquid non-poly-
merizable diluent with a catalyst comprising:

a) a Group VIII metal compound,

b) a Lewis acid/Broénsted acid mixture, and

c) a dentate ligand containing at least two phosphorus-,
nitrogen- or sulphur-containing dentate groups
whereby the dentate ligand can complex with the Group

VIII metal.

The patent application also relates to novel
catalysts comprising a Group VIII metal compound, a Lewis
acid/Brénsted acid mixture and an N- or S-dentate ligand
as described under c).
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po: yIer i zagi ors,udlhe icat Awitthdut waayderedatetikd nowonde ninttnoduded be

pol yneri zed, r diff S | NG44 shed.
Firstly, the %t\‘% 3:Ihte fs"lg;meér?lz[é%%‘%rp ]Jtén '%drgar rier Jtqleer%l ‘al’; "can be

i ntroduced i nmttaie(qdfolqmerhezanmh@atthﬁfonefhai&|q17ecﬁu&9@<i%i dlysd can be
di ssol ved bef qriehaRfl AN HPRIRE] dft & [HH b it i lora¥hspdidion s

sol ution or suspension has been ‘i ntroduced into the reactor, for exanpl e by

spraying, thebfiqudmtrognasd daga e H93F 4B eXxamRyS Y, an al cohol
and in parti céprayikiglanle diduemtd cam dd uanistarit il I aewveds. used, its

renoval is car t, such tha snal [ nd § t he

cat al yst. The B zfgdepﬁ?} 4 slqb%’g’\‘ftﬁ a L{l;e/é%gﬁscl%gmodt usgl ng the

cat al yst deposustesd'j amn diln.um‘h.er Ilﬁataer |ailcoh'lfﬂe Jdkpmdrl dit ofremavaktis yst on

the carrier mygr if QHEY 1:856h Moo AP et RO BpiAdIGi A D
5, Bt

carrier materia utlon or suspen5| tthe catalyst in a qU|d
di | uent and tﬁéw slmléfﬁﬁm |Bhe mlwﬁm@%mzamrﬁlwm?em ly

preferably al ceidi®ed out using the catalyst deposited on a carrier
material. The deposition of the catalyst on the carrier
material can be accomplished very suitably by contacting
the carrier material with a solution or suspension of the
catalyst in a liquid diluent and then substantially
removing the diluent. As diluents, preferably alcohols
and in particular methanol are used. If an alcohol is
used as diluent, its removal is preferably carried out
such that a small quantity remains behind in the catalyst
on the carrier. As carrier material, a porous carrier
material is preferably chosen. Both inorganic and
organic carrier materials are eligible as catalyst
carrier materials. Examples of suitable carrier
materials are silica, alumina, talc, charcoal, cellulose,
dextrose and dextran gel. Polymers such as polyethylene,



bbbt i asthadh e -» @@ = o
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ran ge 0 ners SuG e ene, -5- .pol.ypropyl ene_an
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phase pol yner w Ot hel @rc | ea prepen

results in pr%gii%égArls\gfelh%%&h%eieprepared pol ynmer occurs together with the

carrier mater pending on the nature and quantity used of the

carrier material, Ipr thecgaswphase peolymsird@atinge agcogddper thoedhend

applications epar | . | W I be
whol Iy or par ?ﬁyeﬁt&%\&}e 3 ?,meh{]gd?)’?lgr ctStg{t%%ttﬁ%re{ar?g{dof d%&% zation

by treating tﬁ@rﬁﬁéﬂ’@&dsv\n sé'—aé"&ll\?é-ﬁ{y it wwadh °tfhé"h€alﬂq1é’|med:a
sol ubl e but tb%e@ra%@@f q¢ @mew&fabls, ided @y earridhmatariplagor the

pol ymeri zati on I ng t he |nvent|o 0 ucture and
conposi tion CEP% 5" ds ?83@'?% rét ﬁ’gtt% %’”ﬁ'&qﬂﬁi%@ % be pr epar ed
i s preferabl ypoigmeaazaa:muneramhb@r |mls Masteh@Odammlrygtatm WVnE's prepared
both by Iiqui g 18! %qep@&m%;h h]lu% o¥ad by gas phase pol ynerization are

R

eligible for th| atent application, Goup VIIl netals

are under st ood toIBetE)lhé P@l‘}'le@tnémlécla@-tlﬁ@m &W%U&lﬂﬁfﬁe&iﬂsatﬁqﬁn
osmum iridi yRRIStRA itt!Be The'®loblaS Mt@ls ruthenium, rhodium,

palladium, osmium, iridium and platinum, as well as the
iron group metals iron, cobalt and nickel. In the
process according to the invention, catalysts containing
a Group VIII metal selected from palladium, nickel and
cobalt are preferably used. Palladium is particularly
preferred as Group VIII metal. The incorporation of the
Group VIII metal in the catalyst preferably takes place
in the form of a salt of a carboxylic acid, in particular
in the form of an acetate.

The catalysts used in the process according to the
invention should contain a Lewis acid/Br&nsted acid
mixture as component b). These mixtures preferably
contain 0.1-10 and in particular 0.5-5 mol Brénsted acid
per mol Lewis acid. Examples of suitable Lewis acids are
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i ron group ne?r?glgﬁgh gg|?t Ra°hi aﬁglsuﬁtaP%e aFo%ggésaccordlng to the

i nvention, ca@&uysnsu@oﬁrabnpmgda,Gbgupnvtrnbﬁemadesegééﬁénmfron1pal|ad|um

ni ckel and co’eahbraﬁ&dere&emhhyuﬂseatrgskbﬁéaenhha Abkphbrak!l y preferred
as Goup Vil [l metal in the

I NCQr. ration
cat al yst prefE?BESQrPﬁkéﬁ plgég }iythEhPoﬁﬂ#i?wéngaﬁﬁuBFlgeéarBH??Hlc acid,
in particul arothetbg éoénsuitablacakaLaw1§hac¢atahysbarysadfnuothaeprocess

i xture 3 cofb oMLt aH) LRfrLi8 L fer PBoROR, BrEPILBEERE SanThbh TS 0 |
particular O. BrsfhubrsdgeriydiumdtamfaupemdanlstémpenateuraEianpﬁds,of
sui tabl e Le“‘é etraf@uoiﬂﬁ ELE CEEEE&@QﬁoﬁPHE dhﬁ@&ﬂb#gﬁlum

i
al umi ni um trian orlguﬁ Eoron tric con tetrachlorid
tetrachlor|depeﬁﬁ?f%ﬁﬁylﬁéntQEﬁPBiFdﬁeﬁﬁGfbH6§ﬁﬁ8ru§aB§ﬁ@H@hPGPté§ I'n

addi ti on, thefi@bfﬂdeﬂgnbbbﬂhﬂegenﬁaEMQoQibéréndabﬁoéphbéﬁhepéﬁthemﬂS aci d:

et T abr om de SHROBAIEphorBethEnbaR Bnsebd/ BFRARFGY ARLAr BEKUFRG 1 EDAY i des,

anong ot hers,Lewkssacidbis psefemablgcadfluarmdeyaddfhnopaﬂe;calawlalum

Ly T uort de, BPASPLAET SLYBELAS c0Bh) bARLAT LES KPGLAFae! Nl bk Ly | uor' de.

silicon tetraflTuori er mni um uor| rafl uori de,
anti nony pentbﬁtn@flu@rldeseph@spbqrus|nentdﬁluoandalandpentamonyuorude

n|0blU”1pentaééﬂeéfﬂﬁoﬁﬂéePhOABh@kHﬁppégtaf éhﬂ@ébﬁé BanEE@dLSEhas,
acid/Br[err] the Lew s aci a fluoride

S m xt ur
and in partlgﬁ §F°ghi?ﬁb?|G%lgel%X@EﬁbF?Eh?bBFbﬁ'thgﬁFﬁ ;PBEXCtPFéHVUm
tetrafl uori deflpbpsghibpharpest atidoahdesarphapicnasyd can be

mentioned. In the Lewis acid/Brénsted acid mixtures, the
Brénsted acid is preferably hydrofluoric acid. Catalysts
with high polymerization activity were prepared, inter
alia, by incorporating therein tetrafluoroboric acid,
(which may be seen as a 1l:1 mixture of boron trifluoride
and hydrofluoric acid) hexafluorotitanic acid (2HF-TiFy4),
hexafluorophosphoric acid (HF.PFs5) or hexafluoroantimonic
acid (HF.SbFg5) as the component b). Component b) is
preferably present in the catalysts in such a quantity
that they contain 0.5 to 200 and in particular 1.0 to
100 mol of the Lewis acid per g.atom Group VIII metal.

In addition to components a) and b), the catalyst
used in the process according to the invention should
include as component c¢) a dentate ligand containing at
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pent af | uori de £OFs ERISnBUEROSE s SRS EPEe e FaLER R R4 197PS ochi ori ¢
aci d, hydr obr dpBebdsi[thisky@r-oithoxiyphaniyd, phiosphdsol] pl2u7obd sadibd sai2e

sul phuric aci iQn . ] i.clLBrhary: d '

m xtures, t heﬂﬁgﬁ‘gfg?%g?g&)acﬁgofsg’ﬂﬁ'rrr%&ee:tg\ml?/ °%§3§/8f’| %gﬂe]éﬁ?ctl%d.ﬁ a?xa Syst S
wi th hi gh pol p#er Prefeskegotivity were prepared, inter alia, by
IDC?FDOFa;IBQ theg?!?Ft%bhﬁBhﬁﬁgoﬁ@a&ﬁfFﬁbdca@@h&%?sﬂ&Yb?Fe%Q%Fgfs a 131_d
m xture of boroen trijfluoride an rof | uori Ci xaf l.uorofitani c aci
(2HELor ] Ti F4)-LoRBRA A FuGREENBBARDr VaaacHd CHLEPRESEOPESgRing dentate

hexaf | uor oant gironpe ptiegehtiF thlekledhr khnagopd exomithe theb GroGpnMIIant b) i s

f er abl i t i ' Qi
D & to 500 AnitAlpnf FORPERERT)] 1s0ptHEl T U AR e SBerk I kcHIRIA T
Group VI || neRAB-RFERAddRt WbdchoRlomepmesents) aanepthioneAd yemodiayst used in
the process aggacdiRurkd HyarbRYPBYIORr8IgUbild RCIHii2caent TR0 1ohta

dentate |igand containing at ast two p phorus-, nitrogen- or
sul phur - cont aPEPARLGeREALG1800 95 URN EPBER 1NAB I8kt 28 S §HRd C@FRFonpl ex

\tNi t hdt hte ?Ouﬁt%ﬁnH iﬁetalb. b&'iltib@!JgPEﬁfaﬂtbatbﬁ_ bifgandh e:@mb@hanid@g aﬁre t han
wo dentate gto .ar.e eligible for ,this r,pose, such.as
Letradentate Bt GaRd=1 SsPEIERIP) Bebaney hGisniery B BRIEERPNEIIO) Sihensy o (o-
nmet hoxyphenyl padpho2pbiisdpbehyll thdbapeophndent ate | i gands are preferred. |f
as component <) Rt he eahabusht &) DideRha! £akbagatsl 3 wiadnthien via two
sul phur - cont ai ni ng" dent at e” groups &[esen therein can conplex with the
Goup VIl nelapand dsnpsednwhdrhi ¥ipr &Wer nd§regenneogdadning slemtade

Rlerr] SR SR e&ahpgng%'geht%ﬁ@&hiheeaﬁs 2BhP1aR RAILhORKE GrRUANTIT
substituted h%droiar yl %Toup and R represents a |v%Ient
etal, the general formula
p.4

X
/ \ / \
N=C-C=N
in which X represents an organic bridging group
containing three or four atoms in the bridge, of which at

omponent c¢) is preferred o

least two are carbon atoms. Examples of such compounds
are 2,2'-dipyridyl and 1,10-phenanthroline.

Preferably, as component c) in the catalysts a
bidentate ligand is used which wvia two phosphorus-
containing dentate groups present therein can complex
with the Group VIII metal. If such a bidentate ligand is
used as component c), a compound of the general formula
(R1) oP-R-P(R1l), is preferred in which R and Rl have the
previously indicated meanings. In that case, there is
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conponent c¢) in thé cata sa te i

ni t r ogen- cont diigiangl denusted whdghs viiee Seiot inT eannddmeigen-wi th t he
Goup VII nmetghtadns ' e ¢ 0t Heh@ 19 RaAl 184 a X
XN=C- C :E% Fﬁ xh?gﬁg%%?%tﬁéggﬁfgga%&%%géﬁi% E??&gi%% gfgﬁgyg%itaining

three or four Wathnihen Greary Vildde megalunithie suandidy epploved:dshon at ons.
Exa][rpl ezl of Sp(i:bffé@mwtn@s 5a_r1©ot2a21[derit&ﬂ lpdir{t)ﬂdud.)é' b!r an?otlmb?_- peanatdion ijne.
referably, as_conp C), _i-N catal ysts a.,bidenta i gand 1§ use

whi ch via twoaﬁﬁBQbﬁgﬁgspe%GAVaiﬁ%n@sdgﬁﬁﬁpgeﬁFoﬁgslﬁrégﬁht qﬁih%ﬁ &an

conpl ex with blde@tate Vikgandetisl usked shdicha viiad émwoaphosplearmis—s used as

conponent c), I rul a Is - b%ﬂﬂe rj)2 is

preferred in ﬁ/ﬁpgﬁqaqgﬁgd%%ttﬁg\%e%?ﬁgb%r %gl%ty tfhri@[ i clgl]t e Il:")]me%anl ngg ”1 t hat

case, there i ¥With the GxoupcYIdd pespdretde RN itdnsspd@Yes Wf ch R1

represents anpgeferabdyd on&ionand ihhpaettilke1R@sioli7eR 1.8 #idlvedro the _
phosphor us aton1%g whi ch I&EI% |Inkid an al koxy group as substituent and in
whi ch R cont aPn& PRy SO L L bri dge. An exanpl e of such a conpound

is 1, 3-bis[bis(2-met eakppoenthephetibiing] pfofaere catthlysteonamnexiganid n t he
contai ni ng defPaEe 2gRc a330E. ol Hikel Beh Lnkictesipead Bl & i
met al , the quenmponpeatpddyedAreomatic nitro compounds such as

nitrobenzene are very suitable for this purpose. The

quantity of organic oxidizing agent used is preferably

5-5000 and in particular 10-1000 mol per g.atom

Group VIII metal.

As olefinically unsaturated compounds which according
to the invention can be polymerized with carbon monoxide,
compounds are eligible which consist exclusively of
carbon and hydrogen, as well as compounds which besides
carbon and hydrogen also contain one or more heterocatoms.
The process according to the invention is preferably used
for the preparation of polymers of carbon monoxide with
one or more olefinically unsaturated hydrocarbons.

Examples of suitable hydrocarbon monomers are ethene,
propene, butene-1l, hexene-1l, octene-1l, styrene, cyclo-
pentene, norbornene and dicyclopentadiene. The process
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the &roup Wi | PorerRild g S iAWert bl sl S35 W Joighh IR M 1O
particular O. P@nn@lnmquemg:aéxmmramed IEeIEoUITTh f@nﬂnﬁnce t he
activity of t?)he RIS & ?Ei fo%'éytal%ta%ﬂtpmﬂb&cy Rised

i ncor por at ed el n as COI’TpO OS 3OI’TB.t IC nitro COI’TpOUI’] S such as

ni trobenzene #hdche FPQ&%HR%MLQf(MtQF% p@sbd® PATEIERRY thP ot 1@ ganic

oxi di zi ng ageqto—asqut%npr@foe?ﬁmmﬁnmgq .and in particular 10-1000 nol per
g.atom G oup VIII t al

flnlcall rated cQ s which
according to the i F?Pl(yﬁ‘e(,r&ﬁaﬁ'é'o mi’ ayﬁltyh c@&rrﬂ‘%or%ﬂ:oﬁtdg
conpounds areudmgyﬁdtmrwhmdhZEensﬂBPCeandualpeé;surecafbﬁﬁléﬂdbhydangen as

wel | as corrpog%gi#dhgﬁlggsn 48 @ %rfa%‘}eh%‘%' agrn R s GhAt gl n one or

nor e het er oat rocess accor to the invention Is preferably used
for the prepaPXeserres O(fol5)771&03 1lé"ﬂi'-car mediadx i@t i@ of e or nore
ol efinically Ba%ﬁlh&@aquxﬂféawm n‘%ﬁs Qfel%‘ﬂltv%mt% faaimar bon

nononers are ef hene, propene ocf ene- 1 rene, cyclo
pent ene, nor bBCROKd d&nd syPERTes; ﬁ‘&éﬁt c}l]o ﬂe% ]é?r&?é’sé'n ‘%i’c]@(frcﬁ

the inventiontis 1| 15 .paIThieC wodlymear pr%piatr%hﬂl@nf @rcdaﬂeimg tﬁa:e tireepar at i on of
copol ynmers of ,carb nonoxi

n an R tion of
terpol yners 0%“8? &ﬁqnﬁﬂkgﬁbqﬂqﬁ+e e é&ﬁ%ﬁ1 gﬁ‘%i%élpartlcular
propene. The goatinupusilycat al yst used I n the process

The invention is illustrated further by the following
examples.
Example 1

A carbon monoxide/ethene copolymer was prepared as
follows. A catalyst was prepared by absorbing a catalyst
solution containing
1.5 ml methanol,
0.5 ml tetrahydrofuran,
0.0095 mmol palladium acetate,
0.024 mmol tetrafluorocboric acid, and
0.0104 mmol 1,3-bis[bis(2-methoxyphenyl)phosphino]propane
on 8 g of a linear alternating carbon monoxide/ethene
copolymer. The catalyst thus prepared was introduced
into a stirred autoclave with a volume of 300 ml. After
the air in the autoclave had been displaced by nitrogen,
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according to tHe Pﬁ\}é’r‘ﬂelr&r?aé:&r?l\/w \Hrtel’ﬁsrlruﬁ ¥é5 ﬂﬁ%aﬁy&d @& 55 bar
olefinically Mysaﬁqxrcangi icompdurid darbion painoeEdes/ethemneyueintiune of cat al yst

is preferabl Ng I ticular
10-6 to 10- [gr;‘i‘]ﬁ:‘;e atom éi%n%?m]l&g{eglz]aﬁ%%nl%ésemtﬁrggtq%on | gﬁ{or eferably
carried out aﬁwh%m t]?re@cdﬁl%ﬂtﬂwl{r@r rqocrmyl depnerafurefand 150 bar

and in partiCiadleadingy tHPYPrisyuredl 30-130 [err]C and a pressure of 5-100
bar. The nol ar ratlo of the Ief|n| cal | y .unsat S‘:?r ounds relative to

carbon ronoxi de i 8% e COB) zation 1. 5.
The pol yner pirepay &iaISDI‘V.aCOW d:dp@]lymewe(g Ipadﬂlad:mnc.amdxe) carried out

ei t her batchva&E ﬁ; %ntlnuously The invention is illustrated further by

the foll ow ng Exanpl e 1 A carbon nonoxi de/ et hene copol rrer was
prepared as fol | ofis catboat zopox iges stheper COPOL VaIeT0 Waisn Pre

sol ution cont gy '?J's'?:%njtl I%mrqﬁehet e ug's dgo itrfle; ePur Qﬁlt QuQ:Q?%HEml

pal | adi um acet at e, ric acl an . 0104 mol
1, 3- bi s[ bi s(2 ﬁé-tll%w DBNRSSHHno] propane on 8 g of allnear

al ternating canborhepetiade/se! kelatdenolcoifiainBde ocaiam@il t hus prepared
was i ntroduced into,a lrre autocla W|th f 30 m fter the
air in the autocl &\%‘rﬁ%u&;é’ °(f|l§pla§8' a?r(?g #m%qu 3’??@

aut ocl ave contgnt £heereamtdoghtt ime &ﬁ[ser4r.]3Ch@mtsa ihstesak lodh 10 hours.
monoxi de/ et hene m3>6t.%reg %%ofl%%?dvfa@ l<’J'E>tt'a|in%d. The polymerization

rate was 5.1 kg copolymer/ (g palladium.hour).

Example 3
A carbon monoxide/ethene copolymer was prepared in

substantially the same way as in example 1, but with the

following differences:

a) the catalyst solution contained 0.014 mmol
hexafluorotitanic acid instead of tetrafluoroboric
acid,

b) the reaction temperature was 82 °C instead of 85 °C,
and

c) the reaction time was 4.3 hours instead of 10 hours.
34.1 g copolymer was obtained. The polymerization

rate was 5.9 kg copolymer/(g palladium.hour).
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pressure of 58)batRRaSaFal¥AtqSOErhiPPy CORYAIBEEN0dE PBPLed in until a
pressure of 55 bahewaflueaobtdanbor anddt haspebgnefi tetrafilubeopoeisure was
mai nt ai ned at 55 ak byﬁéarcing in a 1.1 carbon nonoxi de/ et hene m xture.
After 10 hours th pgry i zation was term nated by cooling the reaction
m xture to robintthperaagtéonntiime| wasi Ag2t houpseibakteadsof11§ bepssyner

was obt ai ned. Thezﬁ?bYPEE%ﬁ%}&ﬂ@rrﬁhg ¥Beainédkd @AROLYIOMErdzation

pal | adi um hour). Exanp Car bon nonoxi de/ et hene copolyner was prepared
h

i n substanti aFB¥et Wa@sSsne Kdycarolymexddg BailaghmsnoRdhe fol | owi ng

di fferences: Ekampmé gat al yst solution contained 0.19 mol tetrafl uoroboric
acid instead © reactio rs_instead

I and.gg tEg g tinme was 4.3 hga
of 10 hours. 30.2Agc85§§ByW8Poﬁé 68 FPR&JCORR yBSFyW%Fi?ﬁ?PSE at® was 5.1
kg copol yner/ égbpabhtdalityhthe) safieawpyead Ancexbuopleodexbut/ stltbn&he
copol yner was q Mo Lally the same way as in exanple 1, but
w th the foII£§}§8@éﬁgfg?52§g§§ég%'.the catal yst sol ution contained 0.014
mol hexaf | uoddt i Ehai cakalstnsedutieon centaingdr BpB2BcmAGLd, b) the

reaction tenperat HeRa ¥@8088ph85phbriBshedd PhsBealicbk] Eet2B¢16brbberic
reaction tine was 4 a hour,s” i nstead of 10 hours. 34.1 g copol yner was
fz

obt ai ned. The pol 3%tft 28Pfon rate was 5.9 kg copol ymer/ (g pal | adi um hour).
Exanpl e 4 A chj bobheppeacttbdnt héme wapollyfehours pnepeaddoifnl0 hours.

28.4 g copolymer was obtained. The polymerization
rate was 6.1 kg copolymer/ (g palladium.hour).

Example 6
A carbon monoxide/ethene copolymer was prepared in

substantially the same way as in example 1, but with the

following differences:

a) the catalyst solution contained 0.024 mmol
hexafluoroantimonic acid instead of tetrafluoroboric
acid, and

b) the reaction time was 5.4 hours instead of 10 hours.
32.4 g copolymer was obtained. The polymerization

rate was 4.5 kg copolymer/(g palladium.hour).

Example 7
A carbon monoxide/ethene copolymer was prepared in

substantially the same way as in example 1, but with the

following differences:



e T T T AR W R e s e Tmmeme e e e e TR W W R e e e T e T W

substantial ly t he 1afe IGPPLL MET 2R teingd. \The Ped yEanisatien
differences: ajate mascdi.dl Yt copaltymer/clontps Iled inl.hoam) .
hexafluorotitﬁggﬁmgggﬁ i nstead of tetrafluoroboric acid, and b) the

reaction tine . ours instead of 10 hours. 27.0 g copol ynmer was

obt ai ned. The pol fmeeirben smencxidefeshens lcppodymiermwes prepared vm hour) .
Exanpl e 5 A Canpat @019 tec @kt WY Wi nVaskaupaRAEd gut SHdd aid al |y
t he sane way &§ in gxanpl.e 1, but with“the follow ng differences: a) the
catal yst sol utiodtor3mdai F8H¥ Sl hexaf | uor ophosphoric acid instead of

tetrafl uorobomi)c atiedcatiad izt isedutdaet icontaimmedids 149 mmsdurs i nstead of 10
hours. 28.4 g copgl .al ned., The . .paol i | rate was 6.1 kg
copol yrmer/ (g pall %ﬁéﬁlﬁmﬁ%@a:ﬁﬁ% gngtgg%(@ﬁ’r ﬁé%kﬂ%g‘&o%taﬁ)gf ccopol yner
was prepared in saleddanend |y the sane way as in exanple 1, but with the
followi ng diftgre S. : I Olgut,

hexaf | uor oant %?mn?gl%agie?:ith%? eartgtm%f *?tgt ?éfel_&gﬁggf)%%tg%gc%%,o(}a%?d 6’58?] tlihe'
reaction tine wasl9-2 KogePolydesaWas obfaissds. Thes pelygenigatiiamas

obt ai ned. The rpgley RIS 236 XYy 'R IWaery. (3 lh1a@REBIdurg Jpal | adi um hour).

Exanmple 7 A c rbonlnD oxi de/ et hene copol yner was prepared in substantially
the same way iééﬂﬁaénénple 1, but with the follow ng differences:

A carbon monoxide/ethene copolymer was prepared in
substantially the same way as in example 1, but with the

following differences:

a) the catalyst solution contained 0.024 mmol para-
toluenesulphonic acid instead of tetrafluoroboric
acid, and

b) the reaction time was 4.6 hours instead of 10 hours.
16.8 g copolymer was obtained. The polymerization

rate was 1.9 kg copolymer/(g palladium.hour).

Example 10

A carbon monoxide/ethene copolymer was prepared in
substantially the same way as in example 1, but with the
following differences:

a) the catalyst solution contained 0.19 mmol para-
toluenesulphonic acid instead of tetrafluoroboric
acid, and

-b) he reaction time was 4.6 hours instead of 10 hours.
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S 12 - a)  th&FACHS st HAUA ST iTRehi AR d s il & SFhoni ¢ aci d
i nst ead of t et304f mloreolwartiad yesti Gsolartd dn) wase imdacidumed icombanimdiour s

i nstead of 10 uLs. ; copol ymer was obtai ned. The pol ynerization rate
was 1.5 kg coé%fy%é?ﬂ%%h%gﬁvédiunlhour). Exanpl e 8 A carbon nonoxi de/ et hene

copol yrmer was Opreginodd piad laghism xaediate,t he same way as in exanple 1, but
with the foll Quingm@if hRtIIATE1 phbnild1@cGd,alapt sol ution contained 0.19

nmol et hyl sul ni c aci.d _i'nstead of tetrafl ugrobaric acid, and b) the
reaction ti rreq?xg% H‘.“@thUFSTQ% Zo-pefélqm?ge_nyﬂd_p@ogsg;m] s
obt ai ned. The Aftleymithiez aliirorin afhe \sartodl@vie) haeh Wewie dilsplatidadm houlrl) :
Exanple 9 A ca; nQX| t I ’ r red i uhstantially
t he sane way gé}t&%%dé%an%ﬂdcejgf% %S{E%\ﬂﬁ%h%%t #«g‘;ﬁt&\éﬁg’w ﬁg’oéere?‘etb}ﬁilgg‘& a)° the
cat al yst sol ui98@, canl al nearbonzmonnsidpeiethenel méntvuepwasi foxced inst ead
of L el raf | uor ghesiC aagirdsctid B 5° HeiA0R SacRRANAS Dol e | NSt ead of
ined. T '

10 hours. 16.8 % copqalyner was obt ai e polynerization rate was 1.9 kg
copol yrer/ (g PRIYEGTdRHIOD) thex dFgssure NagamadatidRed @d &R &ubol yner
was prepared iforgdbgt dmf iaalll:1 daebtammotdk ide /et hndRlikthrdiut Afitdy the

tol Uenestl phofbREAc e RELaE TR A doa oo SETIPE a0 BY SmP It e ibact | on
tinme was 4.6 heactiomsmdxduae t® hrooms temperature and releasing the
pressure. The polymer was filtered off, washed with
methanol and dried.
22.3 g copolymer was obtained. The polymerization
rate was 10.5 kg copolymer/ (g palladium.hour).
Example 12
A carbon monoxide/ethene copolymer was prepared in
substantially the same way as in example 11, but with the
following differences:

a) the catalyst solution contained 0.19 mmol para-
toluenesulphonic acid instead of methylsulphonic
acid, and

b) the reaction temperature was 88 °C instead of 89 °C.
19.5 g copolymer was obtained. The polymerization

rate was 2.7 kg copolymer/ (g palladium.hour).

Of the examples 1-12, examples 1-6 are according to
the invention. 1In these examples, catalysts were used
for the gas phase polymerization which contained a Lewis



- 13 - 8.3 ¢ 8858P§ngfgﬁ£§°ogfgpn€3_C?H§°88P§n§?rzaEPbﬁxng%eﬁag'&pl kg
copol yner/ (g pasl phiase podyperdzatioa wasAapplied.nofFamgdest Admd 2copol yner

was prepared ag1hekl @451ilGlia pralkr F%_‘iyﬁi%&‘i%'a%‘i%nwth a volume of 300 n a
catal yst solution was introduced contaifing 50 m nethanol

_ " Q.1 ol
pal | adi um acet at eCoBParisar Rkt khestesHabsScOdc r¥amRIgSo 1T MWidP those
1,3-b:3[biﬁ(gogebhampnbﬁnvkgpgghbhfnQhkr@ﬁagegnAthe[pbﬂ@m@ﬁidﬂ?ﬂbbe .
aut ocl ave ha en_di.spl ace .ni trogen an e _aut oc a
been brought 8 §9rgﬁF ocgu ?Xlggﬁﬂoﬁgﬁnﬁgfi3§F3Fh8%3¥%¥§5§%3'§£i g%ced
in until a prpedymersf a55trengwesgansichedidDini ket katadiyptediszati on t he
pressure was g@bﬁ%@bﬁ?ﬁyakf?grﬁgrREXdV%E%h%geP;a%iﬁ:ﬁi%%%&%naccording

monoxi de/ et hene™m xture:” Af ours the polynerization was term nated by
cool i ng the ré&acthenipveniiénto room tenperature and rel easing the

g;egsure- Tre polmaﬁpagagphigfeta@ QEFulﬁ%SBQdeWhthEBtha@QHOQEW%thed-
.3 g copol ynpr was _obt ai ned. e rization rate S i g
copol yner/ (g gEPﬁgdPénPﬁé ?SElgnﬁﬁg ﬁgeﬁhegﬁb eﬁﬁh it /éﬁﬁgﬁb copol yner
was prepared infiuencenthaltl yhehpodgneriagtieon medthadpl(gakl phiase wrt h t he
follow ng differ es; t cat.alyst [ al | para-
toluenesulpho%ﬁgﬁggighﬁgégeggsq hh%*%y ?g&%%g%?g?ggﬁdfggggqgﬁgfﬁgnreaction
t enper at ur e weetadypésr contadndag ef s§gohgr organig. 8cgdc@sol yer was
obt ai ned. ThepabyERhitZBHi 0N
It was established by NMR analysis that the polymers
prepared according to examples 1-12 were built up of
linear chains in which the units from carbon monoxide and
the units from ethene occurred in an alternating manner.



rate was 9.7 kg Cgrocess f?r thFI ﬁeﬁarESﬁ?? oEfp?%¥m8§gn8Fe 2fbey
exanmpl es 1-6 EP§°§ééSrHFﬁ§ PBetﬁé paveneilefinigad fysunspiippsed cat al ysts
were used fOrcbﬁpoﬁﬁ&sphﬁsﬁhﬂ@hYﬁB&yiﬁéirbOEhéhhﬁ’i'tgomréhlnéﬁrﬁohev"' S - 14

- d/ B ted es 7- 12 fal
ou?g:de {LgrgﬁgﬁgebggfhﬁdnhggnPPéﬁs %ﬁgg EE?e E@gﬁnFﬁgREXeHn?ﬁtPﬁétﬁgtent
appl i cation foompoupdsi ave. pEeasptedn7aldubstaheindlyhalueenatiagt al ysts
Shase pol s f5ERIgeREAEY EnachE 8P sa0PB0 RonkbeiRg AT nBRohess RS
Bolynerlzatloﬁletﬁﬁpdrtgmneﬁﬁtune aaduprssgﬁrexanglesbﬁtantnahlyhmne of

exampl es 7- 10cR80#BsEREe 08k ! mlaﬁﬁdpﬂbﬂnsa1@&9%&%%&’@{18&0&&%3ﬁ'f In
the gas phase aration of t p ners” a rong organic acid t
catalyst is r%g£%£¥ﬁtb9°ﬁpEé§}§gaC|d/Br[err]nsted acid mxture according to

t he inventiona)Cb@peroﬁanDiItﬁetaesu?mpo@ﬁdﬁ??nples 7hand g with those of
exanples 11 1 fh arge,in ence that the
polgﬁerlzat|gﬁpne €8¥% gégﬁ/égd%?g??qﬁ ﬁdhﬂéEE?rﬁasaﬁa t he pol yneri zation
activity of c@laIqu%nt@healngagdacemtmnglnggablteastdtwe phapphentisb) . |t

was est ablished bﬂ1€£§%éﬂalaflg?i€ﬁﬁrlg Pglﬂf§5wﬂgﬁﬁ9?%69r §grd|ng to

exanples 1-12 mere ear c arns 1n e’unirts from carbon
nmonoxi de and t he ¥%bYrE%¢e@%%ﬁ%t%ckhg$%@ ¢an geomplexnwithgthenner. -

15 - Group VIII metal.
2. Process according to claim 1, characterized in that
component b) of the catalyst contains 0.1-10 mol Brénsted
acid per mol Lewis acid.
3. Process according to claim 1 or 2, characterized in
that the Lewis acid in component b) of the catalyst is a
fluoride.
4. Process according to claim 3, characterized in that
the Lewis acid in component b) of the catalyst is
selected from boron trifluoride, titanium tetrafluoride,
phosphorus pentafluoride and antimony pentafluoride.
5. Process according to one or more of claims 1-4,
characterized in that the Brénsted acid in component b)
of the catalyst is hydrofluoric acid.
6. Process according to claim 5, characterized in that
component b) of the catalyst is selected from
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T 1723 sIN C F2R1YRESIR SBFBcBsTUPBLitHe tBRL kg FBLRA¥SEoCPRERIDSt car bon
nonoxi de wi t hOehe260 moleodl thenLeuwlibyacidaperagedtommeongs VILd Iwhi ch

pol yners the yaiLs from carbon nonoxide and the units fromthe olefinically
unsaturated conpounds are present in a substantially alternating
arrangement, 8har BEPERFSeACErdbngatei apet a8 monenetsciaimselaled

tenperature agHapaegevrigeandnsvhatathbakbh¥alPstheonbasngeasf a liquid

non- pol ymeri zable diluyent with a catal¥st conprising:. a) a C?ggs VIl rmetal
conpound, b) ﬁofgﬂpgnch | Br FEFPPHRHATatRE geReLRL, forBudp ARjeaPaRe
gigand contain«nb)gtiheaﬁnchmalpheppéeeugs,anibpag?nalmy punﬁbur-containing
entate group I gand_can ,c ex wth the &Go 1]
metal. 2 prosusSELERel RySFREEFEYy, P0UR RRar R PoBlePhERac aarRlRRN: 1)
of the catal ye¥rgabhcabnidgingigroup ephitaihhngedtatedspetwontakbons aci d.

3. Process aC&@éﬂé”ﬂnt€h€|Ekﬂh%e?riﬁ’ C&ééﬁggéy'6fd0LQ-§hﬁblt§§5Lemﬂ5 acid

I n conmponent b) of the catalyst I1s a tluori 4. Process acc ing to
claim 3, char%c®kPPz8HOPR YRAE BeEalewi s acid in conponent b) of the

Cﬁtalﬁst is Ssle?fﬁ@cé%@”&@géﬁ@iﬁ@iféU@ﬁéd6¥ mbfenbﬂnglsimgfhusyide,
osphorus pe ride and aptipony pentafluoride..5..Process, _accordin
Po oge or ngr€ﬁ€f3§€3¥hée§-h? €%3f28¥53?92d0¥n°iﬁg%n%ﬁalg¥[BPF?HEFégeacig
i n conponent &ympdundietoabel pslymsrigedod| qonantityi df Gat&lysesisanseddi ng
to claims, GPR{aR!EshEETns M 67RL16OBPGNE N e Olp  PEIE3RELYE! Lagse! ect ed

from
that it is carried out at a temperature of 25-150 °C, a

pressure of 2-150 bar and a molar ratio of the

olefinically unsaturated compounds relative to carbon

monoxide of 10:1 to 1:10.

10. Catalysts, characterized in that they comprise:

a) a Group VIII metal compound,

b) a Lewis acid/Brénsted acid mixture, and

c) a dentate ligand containing at least two nitrogen- or
sulphur-containing dentate groups through which the
dentate ligand can complex with the Group VIII metal.

VM3/T1723FF



16 - tetrafluoroboric acid, hexaFPLVMER | FREPRRAEIAN hexaf | uor ophosphoric

acid and hexafl uoroantinonic acid. 7. Process according to one or nore of
claims 1-6, characterized_ in that conponent b esent at al yst
in such a quanti t8¥QFRSS t1RF (LheRLEP r%fﬁw‘t’a‘?’hscg% e’ﬂ%logf %ﬂg rEewi s acid
per g.atom Gmowodidé witklond. of%mmnesobeﬁnmﬂcmblyounaetorahede of clains
1-7, characterized | that C S c) a conpound
of the generd? WQ&%& %ﬁi??[égf?¥§%§ €§%§ﬁﬂfz§ ff&ﬂaggfﬁé errL
represents ewmmmmxn@alawdpbharunubStfIQmeﬂhﬁy@lg wbgallyowpsaryrated

represents a %6 oGRS Oéﬂé‘(%fe?éﬁggiﬂgagéﬁ’b@t&ﬁﬂié‘l]’.‘ynSl@érhﬁﬂﬁhgtWO car bon
atons in the bri'dge, 1n a

antity of gpﬁsﬂatomeopwll
metal . 9. Pro%%%%n%%%%@ﬁqn@P@Exbﬁén%rcﬂBF%thn%I Qn@MeERaftict eri zed in
that per rr]pl @iei@é@édnté@éyau@ﬁ@thamtpﬂesmeuaddtsubstantyattyzen a
gquantity of c ta IS US | C on g 10y VL |
netal, and th % ?%nﬁﬁr?f ¥ hﬂuﬁﬁ éﬁéﬁééig?%%%ggieZg?%gghfzgg &,Ea
pressure of 2cdt8lpst eomprisihgr ratio of the olefinically unsaturated

conpounds rehgfiwfhaf @g“@?PIWR&€§1d8b§5 &ﬁ?l to 1:10. 10. Catal ysts,

characterize ey conprise: VIIl metal conpound, b) a
Lew s aC|d/EN@brréhhe%usa@¢udﬁBRQ®$bedaﬂ@l@)mbXH%ﬁ?at%n¢|gand cont ai ni ng at

| east two nitgpgep- d@ﬁt?%pt'i:'?aﬁ@né@hﬁéﬂﬂl naatﬁegé@ueﬁotbn@sghonhseh t he
dentate |igand can, co e (}oug nmet al VNB/T1723FF
nit rogen— or su ur-co talnlng entate groups

whereby the dentate ligand can complex with the Group
VIII metal.

VM3/T1723FF



