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PROCESS FOR THE MANUFACTURE OF CARBOXYLI C ACI DS The .
i nvention relates to a process for the manu- facture of carboxylic

acids. Mre iﬁmﬁﬂ?&ﬁgular t he i nvention relates to SCR/ERSTH f or
e o g?

t hé manuf act ur branched carboxylic acids by neans ~a Koch
synthesis 5 usi ng carbon nonoxi de as reagent and a solid acid o
cat,al yst. The up to now avail abl e processes are characterized
by the fact that no solid acid catalyst cout d be used, - unless said
catal yst is operated under unattractively 10 severe conditions or

unl ess said catal yst | i ] r ' 1 s .acid .
cocat al yst or unl ess ggloéﬁg? ﬂﬁ{j ngt gwg%#{b%@g&ﬂ%ﬁ&ﬁoﬁiﬁém reaction
system In particular fromInternational App|lcaFIFE I WO
96/ 20154 was known agpfgoO ti f L5 trial kylacetic
acids from branched gﬁéf%ﬁi?ﬁg} nbgggggggdug é(ﬁ%g%ﬁf%dgofnfgfrﬂﬁﬂ- queous
reaction system dsichygra 85| ¢arboxylic peids. diaxd yiot peohpeukanghe cationic
resin, having  jpventibhi £féfitesAtoldadpLPYESs cfori[)@ﬁ'edﬁaﬁggéldéﬁ#eefg otons
for conversion of branched ol efin and carbon nmonoxide to 20

trial kyl acetic a®Fa@gched carboxylic gcidsiby reans o€ aakrehi eyntdsisisnas

specified $0 usinBayveribén afdﬂﬂﬁineoésafeé%éﬁi dULVebed d&d hat of a
65 wt % sul phuric a%L It will be appreciated by an average

person skilled 252 gyan the art that said process can only be perforned
in two st epsThe. ep et apatdaplée JMtedeRiEaaEE NEhd Mectediizdd

CLAVEL i oul SEDREEL A b BAREE USR5 Conra be wadl 0 10
unless said catalyst is operated under unattractively
10 severe conditions or unless said catalyst is combined
with corrosive Lewis acid cocatalyst or unless said
catalyst is used in a non-aqueous reaction system.
In particular from International Application
WO 96/20154 was known a process for the production of
15 trialkylacetic acids from branched olefins and carbon
monoxide in a non-aqueocus reaction system using a solid
resin catalyst comprising a cationic resin, having
sufficient acid groups to provide requisite protons for
conversion of branched olefin and carbon monoxide to
20 trialkylacetic acids.
In particular the cationic resin was specified to
have an acidity of at least equivalent to that of a
65 wt% sulphuric acid.
It will be appreciated by an average person skilled
25 in the art that said process can only be performed in two
steps, i.e. one step comprising contacting the solid
catalyst with olefin/CO feed and a subsequent step con- ‘
tacting the catalyst with water feed, and that stoichio-
metric amounts of branched olefin and water will not lead
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metric anounts of branched olefin and water will not |ead VWO

98/ 58896 ' PCT/ EP98/ 03998

-2- r . to the desired products in an acceptable yield. Mreover,

sai d process n produce nore than 1 nole of converted posfesdRg i N per
nol e active p‘&@?@%%gcfn the solid catalyst in one cyclléc% two steps.
5 On the other hand from WD 92/ 18592 was known a process
for the manufacture of trialkylacetic acidsg and particularly of -

pi valic acid, from branched ol efins and particul arly isobutene, and

Car bon nonoxi de, t@sthr) dgsired pradpete ddt @nc AcsPPEablidgeiadst WerRoRehor

amounts of a 10 gaid i saehfnot UsFodifcd@ioR thahl UaidXde .of converted [N
additi on from EP- A—%49976 W?Ls known alprocess f manuf act ur e

r ., _the
of branched car b8%§fi% BfG g9lepgctiys proton on FgFi §°Jc’0‘?1v‘?rt§irlc¥ﬁto?'nol efins
wi th carbon nonoshéecygtke of two st@ber in the presence of zeolites as

catal ysts at 15 enper atures, of . from 200 _ [err],C and _at pressures
of 5a200 to 7 @}e. ottger hand Er%r%vg) igé(}&gg%cﬁ%rk’&%’& Ptes of the
pentasil type arprocess fomthe menvfscatiyst ©f Acdelliyhgcetnid reidsenpdified

enbodi - . gh_t I eS 0 pr.e res 20
(300-500 bar) ar BEigPlaty" ¥ phOHREE HNES crdll oL Bhildd AUERLCSRY
di scl osed reacti particularlydisgbutens, wind Ganbenr monoxidey giadmdoper at i on

costs due sol £d £CHH 'RETHABULES 1]?§ext ]Swi%%f ﬁ&xognﬁn&wﬂg Emant .

e
Therefore there 1s still a strong need for further 2 | nprovenent of

the manuf®turi ngepiecaeidosushaagharon trifluoxigexylic acids, starting
from branched ol ef i ngnadWlition frofaEBoK-0ITNVEdGas known a prock8sobpect of

t he present inven ion is rovidigg an alternative e ficien[ one
step nanufacturlﬁ ep?%% uhe o branched carboxylic acids, by cata
lytic conversion of olefins with carbon monoxide and
water in the presence of zeolites as catalysts at
15 temperatures of from 200 to 500 °C and at pressures of
200 to 700 bar.

More in particular zeolites of the pentasil type are
used as catalysts. According to the exemplified embodi-
ments only high temperatures (300 °C) and pressures

20 (300-500 bar) are used.

It will be appreciated that said disclosed reaction
conditions-will give rise to higher operation costs due
“to required measures as to safety and environment.

Therefore there is still a strong need for further

25 improvement of the manufacturing process of branched
carboxylic acids, starting from branched olefins and
carbon monoxide.

An object of the present invention is providing an
alternative efficient one step manufacturing process for

30 branched carboxylic acids, which process uses relatively
mild conditions on the one hand and which shows econo-
mically acceptable conversion and economically acceptable
selectivity to branched acids on the other hand.



30 branched carboxylic acids, which process uses relatively

mld conditions on the one hand and whi ch- shows econo- mcally
accept abl e conversion and econom cal'ly acceptabl e selectivity to
branched acids on the other hand. WD 98/ 58896

PCT/ EP98/ 039%8 98/5889 | - 3- PCT/EPIRE® o
result of extensive research and experinentation t here has now been
surprisingly found a one step process - 2 .for manufacture of branched
car boxylic acids from branched ol efins by neans of reaction with

carbon 5 nonoxi @6 &n¥eukl|qfd exEpnstne a¥SARArchhapdceEPe TPt tioR:

a branched ol ef igher@ hasPh&s WSt Sultpre8ingly fRafd @0ohB step procdial ch
reactor or plug flow reactor wth _ carbon nonoxid water, in the

e . ., an

presence of an aQ%MENUSACERES Mgdranched carpRxyldcs @CiAsi ERP™aci d gr oups
to provide ][eqUilﬁtiaIrﬁ:h_bQ ole:‘.jﬂdi@tlgﬂiuehﬁ& 66 NYEASH ith G))fitﬁﬁbgrﬁbﬂg in IO_r a
precursor _o i1, and_ carho oxi de.into hranched, carbpxy,

acids, 2 é?'ﬁi‘q’ﬁdf’hgngr%sse‘?ﬁbf‘edq@gqg ﬁg}q%}y%fn-cg’@&a FRALFRY Jo’?g%}ﬁ%c

sol vent . a brandhed ohefint icxulaaprebersow ciltareoil eliat esativedininlb

I nproved manuf ac | ri a ' |4 ‘

formul a 4 ‘Bt %?gﬁ?f & él&galf“u gﬁéeérigqlﬁwé%?hgégfﬁgglmﬂl?%% esents
a radi cal havi ncpand twater, in the) presesceacfnen acidic ion exgharger.ef erably

the total nu”be}ar%rioigftaarslaeeiei% diPQroups tE%IdvidK¥edaebiceaci ds ranges

from5 to 19 an
10 protons for conversion of said olefin or a precursor of

it, and carbon monoxide into branched carboxylic acids,
and in the presence of a polar non-coordinating organic
solvent. :
More in particular the invention relates to an
15 improved manufacturing process of trialkylacetic acids of
the formula

Ry
|
Ro—C—C—OH
]
R3
wherein each symbol R represents a radical having 1 to

10 carbon atoms.
More preferably the total number of. carbon atoms in
20 the trialkylacetic acids ranges from 5 to 19 and most
preferably from 5 to 14 carbon atoms.

With the term "branched olefin or a precursor
thereof”" as used throughout the present specification is
meant that branched olefin itself as well as alcohols,

25 esters or ethers, from which the specific olefin can be
easily derived, can be used as starting materials for the
present manufacturing process, which makes this process
much more flexible than conventional prior art processes.

In general all olefins containing at least one



preferably from5 to 14 carbon atons. Wth the term "branched
olefin or a precursor thereof " as used throughout the present
specPfication S meant that branched olefin itself as well as

al cohol s ters or ethers, fromwhich the specifi ' n be
easily derlvgggﬁﬁﬁgbe used as starting materials for the Cl’daJ‘'FSi’gnm%;?)%falsent
manuf acturing process, which nmakes this process much nore fl exible
t han conventional prior art processes. -4 In general all olefins

containing at | east one WD 98/ 58896
PCT/ EP98/ 03998 tertiary carbon atom or precursors thegefor, can pgrepary

carbon atom or pgLEEHES AW ﬂﬂéebgggéntcgfbégbgzon- verted by the
present process. i nportant advantage of the presen% grocess
e

i s that it cap b’é“Rﬂféﬁa&Feadﬁgr‘% Qe Fhsy PBﬁée‘P"eéb‘TQﬁesﬁr dEethal
showi ng an econoft Caah Ybe GRiratbbeas 0dhe NeidORrObne reactd®Piyckisen degr ee

and selectjvity. \ The.catal yst t used for he ocess of the
present i entioﬁh?glﬁﬁsﬂﬂi%fqgewaFéiﬁgna%ﬁﬁéiﬁﬁ}?r gﬂgﬁf?ﬁf ot strong
‘aci d behavi our. tonverpimi clegirey sntesébectivdmyt.he 10 group consi sting

of sul fonated resins ﬁgukéggwisgr@ge%gbﬁ ed for t eféggégggﬁéﬁf(Dnstyrene and

di vi nyl benzene, pheno eénol T ¢ base sSi ns fat ed
pol y(tetrafl uor opresent lnmwoene}s ansiokid fanisiied ion| exchangsy winowing

In either case of Ebﬁ?pééfaﬂﬂa% Qhoacti Y€ f%“ﬁfyféiaﬁﬁyoselégﬁ] Q&%ﬂpﬁhethe

resinis treated to gfve a sulfonic acid resin
capabl e o¥0 provi erﬁgpswnsmtemg of SUJ-fO'p?‘%ﬁQ)FF@SlPSean@H@#Qesﬂwfﬁéﬁbhg an

acid strength GQEbpolymers oﬂ/aslt?&tensoaﬁa &ﬁ?ﬁiyl@@n%r(@s WdHE1 Graci d and
preferably | eas} @6suIPhur|c aci.d Cat al yst

solid resins, CORBFPQ’H‘@] liiﬁefdoﬁ‘eé”a‘érdsul natengS&ﬁét%ﬁﬁa@éﬂ%d from
copol ymers from stlykese) Hnd ylfonated siloxane polymers.

In either case of the presence of active sulfonic

15 acid groups, the resin is treated to give a sulfonic acid’
cation-exchange resin capable of providing sufficient
protons, i.e. the resin having an acid strength equi-
valent to at least 65 wt% sulphuric acid and preferably
to at least 70 wt% sulbhuric acid.

20 Catalyst solid resins, comprising sulfonic acid
groups and derived from copolymers from styrene, divinyl-
benzene and phenol or derived from (tetrafluoroethylene)-
polymers or from siloxane polymers are preferred.

Specific more preferred examples of commercial

25 effective acidic catalysts are AMBERLYST, NAFION or
DELOXAN catalysts (AMBERLYST, NAFION and DELOXAN are
Trade Marks).

Most preferred are the NAFION type catalysts. More
preferably NAFION NRS0 catélySt is used. The reaction

30 temperature in the batch reactor is in the range of from
25 °C to 200 °C and preferably from 100 to 150 °C.

The pressure in the reactor is in the range of from
10 to 200 bar and preferably from 50 to 100 bar.



benzene and phenol or derived from (tetrafl uoroethyl ene)- pol ymer s
or fromsiloxane polyners are preferred. Specific nore
preferred,exanpl es of commercial 25 effective acidic catal ysts are
AMBERLYST, I DELOXAN cat al ysts ( AMBERLYST, Pg%‘ﬁ‘m d

DEL OXAN are%la’%sggﬂade Mar ks) . Most preferred are the NAFI ON
type catal ysts. Mire preferably NAFI ON NR50 catal yst is used. The
reaction 30 tenperature in the batch geactor is in the range of from
25 [err]C to 200 [err]C and preferably from 100 to 150 [err]C

The pressure in the Ae®elsr ReNTePQusinaiang oFgdnimmsolvents gantle 200 bar
and preferably fgom Xhdncd@PyPaiert polar org¥fL&84MBRM s such as

-PCT/ EP98/ 03998 . . i . - 5- . As pol ar
non- coor di nat i ngCRAKHIACs BFERt e daFiyatives thexeef ARhTOZR| ¥0inert pol ar

organi ¢ sol vent spstEftidar estersfasbd @ty loptisfaUby Osubkiiitedledvealfbpamof and

nore in particul ar. esters, or an optionally substituted sul folane 5
(preferabl®y sul f&’%ﬁ%r. ly s“ﬂ°lan9llc‘cordi ng to a nmore preferred enbodi nent
of the pr esertcquradegstoas npteapredereedr ehvadinagptsolfveneé a

branched acid is_present in.the react.ar. st. .prefer.ahl he.
carboxylic acid ?ge e hiFo l%gtgg’c%n%oelalfsélwgaéogﬁ&ga@%g\?g%ﬁent a
Nor mal |y the reaktamchesd facidedsvwprésend denthandeactor. Mywtalpyefenably a

catal yst/sol vent tl‘ﬁ% Oégfﬂvs?:\xqa%hgcigeté %}g?ﬁ:oguced Qén fﬂé)rﬂs%'doést 0 0.5 ww

and preferably O. er respective reactants are
introducdd’ into F%qu&- reactor and reaction m xture i s heated FO t he
desired reaquﬁtaltl?nméaféa@uor is filled With fRAGeRk aharting
olefinis in the range of from

fro /0.01 to 10 g/@ cat al yst and
preferably from 62%a ¥§%5%*H5 a catalyst/solvent wt ratio of in the range

of from 0.01 to 0.5 w/w and preferably 0.2-0.3 w/w. The
other respective reactants are introduced into the
15 reactor and reaction mixture is heated to the desired
reaction temperature.
The feed of starting olefin is in the range of from
0.01 to 10 g/g catalyst and preferably from 0.2 to 5 g/g
catalyst, while the water/olefin molar ratio is in the
20 range of from 0.5 to 2 mole/mole and preferably about 1
and the CO/olefin molar ratio is in the range of from 0.5
to 1000 mole/mole and preferably from 1 to 100.
Tt will be appreciated that, when using water amounts
significantly below the hereinbefore specified amounts,
25 the process becomes unattractive due to too low
selectivity and that the selectivity and conversion have
surprisingly been improved when using stoichiometric
water:olefin = 1:1 feed.
The invention is further illustrated by the following
30 examples, however without restricting its scope to these

specific embodiments.



catal yst, while the water/olefin nolar ratio is in the 20 range of from
0.5to 2 nole/nole and preferably about 1 - and the CO ol efin nolar
ratioe is in the range of fromO0.5 to 1000 nol e/ nole and preferably
from1l to 100, It will be appreciated that, W ter
aRount s wo”@?saﬁl ficantly bel ow the hereinbefore specifie ﬂrr%a%t?s

t he process becones unattractive due to too | ow selectivity and
that the selectivity and conversion have_ ¢ _ surprisingly been inproved
when using stoichionetric water:olefin = 1:1 feed. The
invention is furB¥MPLE L strated by the foll owing 30 exanpl es, however
W thout restricting i lssgSe@Pgridy h@¥e1yst 15 (6 )f wer@"hedad® i a
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- 6- EXAVPRE Ml batch reacton %"@doff°ar?eﬁ°%é‘rtl ¢SO 16 wedeRq) were

I ogded in a vacudi0 stispbatied ﬁeactsalluc&ﬁbﬁdofozo % thhébtiﬁalé err]C
under vacuo n a,salu n.of 20 o) eptanai c, 5

acid (sol Yent), 2FH dqs ‘ﬁS’SBgfyl o $H4de° %B?ﬁ&farm‘g'h (Dggc ;PwhiC a-he
regarded as ol efte iy emgazdedaans élefln pracursat exhd flnallybychm&erg' up to

180 [err]C under o]
conditions, the rsz %)I or?ggpgcé%?%évxﬂ Emder 80 b% ouq lé&% gJ/O converS| on of
DI BC and 26. 6 nol % yrslex thestecdamlitionsyatbheteactinox pirioceaded Wam ng 10

carbon atons (V1 QBm]-.t 98.8% cgﬁ{?@@éféd{ & BE8ePLfa 126, 6 mols gielw]g

experl nment of exa was repeated usl ng as sol vent
i nst ead &0 n- hepbwltﬁeh&aabowbl@lmd havmg é%mmrbﬁt&murww) to 99.2

mol % and 6.7 notdeydaltd vef Example V10. EXAMPLE 2

When the experiment of example 1 was repeated using

dodecane as solvent instead of n-heptanoic acid, the DIBC

conversion amounted to 99.2 mol%, and 6.7 mol% yield of
15 vV10.

EXAMPLE 2

With the experiment of example 1 was repeated with

7 milliequivalent of NAFION NR50 (8.7 g) as catalyst

instead of AMBERLYST 15, and a reaction temperature of
20 150 °C instead of 180 °C, the DIBC conversion after

5 hours was 91% and the V10 yield was 28 mol%. After

17.5 hours the DIBC conversion was more than 99 mol%

while the V10 yield amounted to 39 mol%.

Comparative Example 2

25 When the experiment of example 2 was repeated with
using dodecane as solvent instead of n-heptanocic acid,
the DIBC conversion amounted to 99 mol% and the yield in
V10 did not exceed 1 mol% after 17.5 hours.

EXAMPLE 3

30 When the experiment of example 2 was repeated using
pivalic acid in the same molar amount instead of n-hepta-
noic acid, the DIBC conversion was 99%, while the V10
yield amounted to 42 mol% after 5 hours.



Wth the experinent of exanple 1 was repeated with ' 7

m || iequival ent of NAFION NR50 (8.7 g) as catal yst i nst ead of
AMBERLYST .15, and a reaction tenperature of 20 150 [err] C instead of
180 [err]C, e conversion after 5 hours was $bogled V10
yirel d was 28%@%“& 17.5 hours the DI BC conversion wagﬁremre
than 99 nol % whil e the V10 yield anounted to 39 nol %

Conpar ative Exanple 2 25 Wien the-experiment of exanple 2 was
repeated with usi ng dodecane as solvent instead of n-heptanoic
acid, t heompaxatyiey Examphe adpunted to 99 nol % and the yield in
V10 did not exceed e ¥maf Eﬂﬁeﬁfmélﬂn%ﬂ Example 2 wasAdPdatdaSlsing

When t he experinenpt of exanp repeat ed usi n‘g% dpl valic acid in
the sanme nol ar aﬁmtﬂnﬁt@&a bR Fuh?le?ﬁ‘g? molar amoppt dnghead ofe D BC

conver si on was 9fR%eptinddd AeiylOthe DIBC confedsaonwdLddyy 4dinel thefter 5

hour s. 8896
PCT/ EP98/ &3998 Vlg\oyiqu.'(c‘I:’ was only 0.4 mol% after 5 hogris_. Conpar at i ve

Exanpl e 3 Compaiiicivel Egampbes i it of exanple 2 was repeated using

the DI BC conver si on e S0% AP0t et kg repepced TpERETS' 175 ¢
after 5 hours. n-heptmqmmudvvaExmmla&ﬁmbw the same weifihd empuntéent of
exanpl e 2 was reBEatxﬁ&xé’éﬁ)yh'éﬁen% %co%r%r{@gl%gygeﬁg%l repl aced by the

same wei ght arount$ ene I et hyl ene glycol 10
respecti Vi y, whFesPecEksIdar Hblﬂhedﬁ)aﬁ??jfﬁeﬁ é&ﬁt to signifigemérference

Wi th the reactiopptder&titideamticdl t¥dOrd@Sion. No shBsf®ekial V10 was
formed.
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1. A process_for uf acture of branched carboxylic |p9sinabdgO M
branched ol eWQ?Q'SE@Erreans of reaction with car bon rlr’ocﬁom de asnd a
solid acid catal yst, characterized in that a branched olefin is
reacted in a batch reactor 5 or plug flow reactor with carbon nonoxide
-and water, or that an al cohol, est&r~or ether as precursor of a
branched olefin, is reacted in a batch reactor or plug fl ow reactor
wi th carbon nonoxide, in the presence of a solid sulfonated resin
acidi c ion-exchanger, having an 10 S _hcRdIMrSngth equivalent to at |east
65 Wt % sul phuric acid, in the presence of a chemcally inert, polar

sol vent selected from carboxylic acids or esters thereof, )
optional Iy substht ufeBTSERERtERF JFPpERGHUre Lfy branched Garbexylige
wat er/ ol ef i n nDlfyidsaifiromi Branchere dlafgas Oby Ifieans Jofr @euBtboh owtHOl €/ nol e.
2. A process according to claiml, chatagterjzed.in. that .
trial kyl acetic & é’nof"°flﬁ§l$%rm & se1id’ aeid catarly[stgl’rfhar“tenzed are
produced, whereiimn ¢delt syhbahched ejireddant er aa rpubaaisor thereofiavismg 1 to 10

S BT, Seosored, A PBESG SAY £ Boligihte

characterized e ’'so resin acidic ion
exchanger carbon monoxide and water, in the presence of an acidic

or an

ion exchanger, having sufficient acid groups to provide -
requisite protons for conversion of said olefin or a
precursor of it, and carbon monoxide into branched

10 carboxylic acids, and in the presence of a polar non-
coordinating organic solvent.

2. A process according to claim 1, characterized in that

trialkylacetic acids of the formula
Ri ‘This:Sheet Has Been Replaced

| 0 i :
et on DA

|
are produced, wherein each symbol R represents a radical

R3

15 having 1 to 10 carbon atoms.
3. A process according to claims 1 and 2, characterized
in that as solid acid catalyst is used a solid acidic ion
exchanger, selected from the group consisting of
sulfonated resins, sulfonated poly(tetrafluoro-ethylene)
20 and sulfonated siloxane polymers.
4. A process according to claim 3, characterized in that
the resin is treated to give a sulfonic acid cation-
exchange resin, such that the resin having an acid
strength eguivalent to at least 65 wt% sulphuric acid and
25 preferably to at least 70 wt% sulphuric acid.

R A



catalyst is selected fromthe group consisting of " sul fonated resins

derived from styrene, divinylbenzene and phenol, sul fonated

pol y(tet.rafl uoro-ethylene) and 25 sul f onat ed si |l oxane polyners

4. A pr ocessvﬁgﬁ%ﬁg ng to claim3, characterized in that g resin
has an acid s equi valent to at | east 70 wt%su?pﬁgurl Cc acid.
5. A process according to clains 1-4, characterized in 5 that the.
pressure in the reactor is in the range_of from 50 to 100 bar.

6. "A process according.to clainms 1-5 characterized in that during

the reaction a c@-boRyPFecess RGsOraing to clajidws iadivehanesterized dnesent

as solvent in FhQ:hra\Qth@r?réqure ih th8 PEREESS ALY d.hagra.@?&l@f Frohr 6,
characterized in hat the catal yst/solvent weight ratio is in the

range of 50 && 8981%%: 0.5 w w. 8. A process according to

claims 1-7, charagt e pedcegs accordinghab &mi:ﬁseeidsqf cahaééwﬂzéosflinn is in
process

the range of fro to 10 cat al
according Po cl alrglpt?% dgrlaﬂa Tt ?38 f carg°xyl’t°n§f""9h8rv%t er/olefin
nol ar ratio is akettivhtdveetheteof is presedf. ad\ JWIRELS iACENE Ctdrktox .Ccl ai s

P haracter o | Apropssy Aifrdils £5 Bl8lad 1T, 2enbhé et fodd £
that the catalyst/solvent weight ratio is. in the range of
from 0.01 to 0.5 w/w.
10 8. A process according to claims 1-7, characterized in
that the feed of starting olefin is in the range of from
0.01 to 10 g/g catalyst.
9. A process according to claims 1-8, characterized in
that the water/olefin molar ratio is in the range of from
15 0.5 to 2 mole/mole.
' ' 10. A process according to claims 1-9, characterized in
that the CO/olefin molar ratio is in the range of from
0.5 to 1000 mole/mole.
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