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PROCESS FOR THE MANUFACTURE OF CARBOXYLI C ACI DS The invention

rel-ates twoe?sﬁFU(?ess for the manu- facture of car boRGTEEIMY  \pre

|n “particul ar the invention relates to a process for the manufacture

?of branched carboxylic acids by n5$Q§ of a Koch synthesis 5

usi ng carbon nonoxi de as reagent and a solid acid cat al yst.

The up to now avail abl e processes are characterized by the fact that
#no solid acid catal yst could be used, unl ess said catalyst is

operated under unattractively 10 severe conditiens or unless said

catal yst is conbi pROCESS FORMTHE MANUFNCIVURESWES CARBOXYIAT Aorps or unl ess

said - catalyst is used in a non-aqueous reaction system

In particular fromlnternational Application WO 96/ 20154 was known a

process for the pTﬁ@Uth@&tQBn1§elate%rM@ %Yb@@ﬂés% Fordenkr a@n-anched
ol efins and car bon nonoxi_de in a non-aqueous reaction Eéften1u3|ng a

solid . Eastireardl yerhorddicsiafd g -c Mareniie Pagitdcwan

sufficient acihfy@hRupRs HRIBQY 4% raegﬁ‘o%'ets% ot ¥ hufactur<L YPversi on
of branched ol efin and carbon nonoxi trial kyl acetic aci ds.

In particul ar bﬁfﬁélcél@ld SRirboxadile Red dspdy means ©f a KOC%@\Y@WS&@ dity of

at | eagt equiyak at, % J18 &
It wil I&}> be apprgem ate btl?e] arcl)(}lfao\fcgl'rda‘:“geasperre:i‘ef'gJ %:k%l& %h%r 1 n the art that
the said proceasadastonly be perforned in tw steps, in the first

il hotTead o T8 WG Goy avasy I MDA AU Gl ANk o
Moreover, = by thsaiﬂq&@@srmmwdnqomgbe:amrl@stmmuﬂmeemﬁed,
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—aqueéus 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-agueous 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 trlalkylacetlc acids.
In particular the cationic' resin was specified to
have an acidity of at least equivalent to that of a
65 wt% sulphuric acid.
| I£ will be appreciated by an average person skilled
25 .in the art that the said process can only be performed
in two steps, in the first step of which stoichiometric
amounts of branched olefin and water will not lead to
the desired pioducts in an acceptable yield._Moreover,

said process cannot produce more than 1 mole of



'shows hi gh conversion an
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-2- ~converted ol efin per nDIe active proton on the solid

cat.al yst iwoosssiaycl e of two steps. On t he ot herPQTA&RISMIIZN WO
92/.18592-was- krown a process for_tfe_manufacture of trialkylacetic
aci ds ard F Barticularly of pivalic acid, from branched ol efi ns and
particularly isobute d.f£arbon nopoxi de soI d,acid

cat al yst togetﬂ%?vﬁfgﬂdﬁ?ﬂ%#lﬁﬁﬁﬁﬁtQ ¥ %Ftive prékgﬁ L RE suéﬁjas boron

trifluoride. catalyst 1n|@naddyé1@nofrummE§tép§249976 was known a process

10 for the uf acture of branc b ci ds,

catal ytic conver5|(g‘?1 o?‘g??ﬁsh%‘?hp 3@1 Wr#oéﬁ%% was kné’vghoa water in
the presence ?ré@@ﬁstf@rashé&h@ﬂmﬁ&étﬁe of tr:.aiBlﬂjﬂH@éttteSa@Idé rami 200 to
500 [err] C and at pressures 700 bar

particuPar zeoPRY¥hicRtarhy %gh?%g?}l?yiﬁﬁd from Qﬁiﬁ?ﬂﬁgl%&ﬁﬁﬁﬁiﬂﬁ% sI

According to therexeaphtiyefsobutene, SR CAFBHSS. mcyxm@h usimprat ures:
(300 [err] Q) and - pressures (300-50

|
will be apprectetid 2@hd %%F%Ilw*éc\'—%%%ﬁlﬁ’ed’&’cﬂb) tor am°‘t‘,’b'1"ﬁi|‘?§ dhs will

give rise to hjghes Qéf&at.ls@é‘h09§tﬁoﬂéh€ trifluoridel equi red neasures as to .
safety and environnent. Therefore there |s still a strong need

for further Inlmb\?mnfr@ﬂ ¥l?1‘eAh%14ﬁ%f6§ WAh IR & PEACHIAinched
car box%bl C aci fgy §ﬁérﬁéﬂﬁf)$£9ﬁ}@r@ﬁcﬁ‘:?§n&§é‘é'é‘&r@%‘ﬁ){ﬁﬁc acidSArHen

MoONOXi ect of the present ilon is rOV|d|ng an
i nproved nanufa@t@thgcp¢©@%@§Si@m %fa%ﬁ%@%p%aWh%ﬂy¢¢€b°n m°n°x%&§ds whi ch

process uses rElAUYELY 1] theoEhLLnge OF zeoliths (46 oliesiics o4 whi ch

selectivity to branched acids on the
ot her hand. Astanperatureseeﬁlf-r@m 280 ek $R0 r &6 eand A rRr 3PeFS e at i on

fsuchd a?ob”PS°¥6€ pLpcess alned at has been surprisingly
ound.

15 More in partlcular zeoliths of the pentasil type
are used as catalysts Accordlng to the exemplified
embodiments enly high temperatures. (300 °C) and
pressures (300-500 bar) are used. |

It will be appreciated that said disclosed reaction

20 conditions will give rise to higher operatién costs due
to required measures as to safety and environment.

Therefore there is still a strong need for further
improvement of the manufacturing pkocess of branched
carbdxylic acids, starting from branched olefins and

25 carbon monoxide. '

An object of the present invention is providing an
improved manufacturing process for branched carboxylic
acids, which process uses relatively mild conditions on
the one hand and which shows high conversion and high

30 ' selectivity to branched acids on the other hand. As a
result of extensive research and experimentation'such
an improved process aimed at has been surprisingly

found.



Substitute sheet - 12 Septenber 2000 ‘ v
-3 - Accordingly the invention relates to a p&Qﬁﬁ?ﬁwﬁﬂ 3
manuf a‘ct__g]?veo'_%f(s_s 4ryanched carboxylic acids from branched ol efins by neans
of reaction with carbon nonoxide and a~ 3 3olid acid catal yst, .
characterized in that a branched olefin, or a precursor thereof, is reacted
in a continuously Asamkrdiverl y edvt dmvertisie rsldtfesitanta procesy Dort he
feed conponent ﬁng odsc cours to.obtain an.effigjent ] Xi ng,
twith conti nuoﬁ%é’%upp I‘Péeaoqfcjaq? ‘%nn&eé cr%rr%%ﬁefcaﬁ%g%%t%&pvﬁbﬁma(
conti nuously alefifrisicoy meamns tdflrevenctcioom rwist i gcdarlaot reshoxide aabdxy| i C
aci d, non-converted olefin r bon noxi de and.water, i.n the presence of an
aci di ¢ ion excif rafc-f;v‘f#gacg(ﬁbﬁﬂ ccfr{gﬁﬁa %?ﬂlzg?%dﬂéevbatpr%\r}ﬁ%n&é%‘ai site
protonss for olefinverat an pfecarsbol tHerewf, aiprssantsed i at, and carbon
nonoxi de into branched 10 carhoxyli¢ acids, and at a tenpgrature in the
range of fromEBTEHIES %Cbﬁfg“]%’f? G%ﬂfgt%‘f' évq\ereque% 19t he range of
from10 to 20Gthiariangl ¢f therBssdircomporiditt ¢ age Pfodudn déclies 260 bar
and using a water/olefin lar ratio in the ra_n‘ag of from0.5 to 2

mol e/ nol e. obtain arffiticienk (PRHBIxIME TV RV RIEE to0 an

| mpr oved WﬁnUfﬁ?Mié& U OEHS métoxide drid aldvd AC MLl &CE St Dhudhiel §or nul a
15 [err 0 wher ei n. each synbol R represents a radical having 1

to 10 ¥hrbon d@gffluent is withgrawn emprbiing Hrarghed earexviicear bon

atoms in the t4dal KAEbdvdt &F SPIERS, carbdh GBrokitd Sl dwdPst
preferably from5 to 14, derived from C4-Cl4 ol efins. Wth the

term "br anched-|&¢ PERsengr Rtirapragitieocion RXchangefw AHLYE the 25
present speci fdeedi Ofed BN gLoHs DESNCISH: L SFddui 456 TpASLdRs | £85

al cohol's, esters or ethers, Tromwhich the specific olefin can be
easi |y derivedongrpon sl sxidtalefin or a preewrser of okt+ hangr esent

manuf agg uri ng ﬂ%smoﬂm:fﬁb into branched carboxylic acids.

More in particular the invention relates to an

improved manufacturing process of trialkylacetic acids

of the formula '
Ry l This Sheet Has Been Replac

e T

wherein each symbol R repreSents a radical having 1 to
20 10 carbon atoms.

More preferably the total number of carbon atoms in
the trialkylacetic acids ranges from 5 to 19 and most
preferably from 5 to 14, derived from Cy-Cy4 olefins.

With the term "branched olefin or a precursor

25 théreéf" as used throughout the present specification
. is meant that branched olefin itself as well as
alcbhols, esters or ethers, from which the specific
olefin can be easily derived, can be used as starting

materials for the present manufacturing process, which
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makes this process nmuch nore erX|bIe t han conventi onal prior art
pr 0Cesses.wo 98/38149 In general all ol efins containing aPCT&ER#0I2%
tertiary-carbon atom or precursors therefgor., can be 5 converted by
t he present process. Sui t abl e exanpl es of the continuously
backm xed kes %@ﬁ s%r Fn% tﬁho %r &%9;%& théhec‘c‘sﬂ%h@%ﬂéhy
stirred tank reactors feacto

reactors. 10 prior affh@Iﬁ@ﬁ@Sﬁbefore nentloned reactor types are knomm

frome.g. Chenical R [ Iels d.. LrLen - 1962, O
Levenspi el . %%% Eant% %ghg yﬁgﬁgggggggang %gggFoPs or the
recycl e reactme&t&m&ytharmmafemmadoan@&echisors therAfiorpporhabt advant age

of the process of th sent .invention is that it shows an inproved
combi nat i on ofOR &ﬁt@&\?é(r H‘(?n p(f(?gqlgé‘é: G T e[y sel ectivity as to the

desi red branched s&n&abnblexa@pdes of thelaoﬁa&n&busmp backhéxed
conventi onal prlor erat ed relatively n1|d

ot pondl Bl ederred kA BRIRI npl o *RER bRt ShubeY ol i Lo

present inveniit@ired &an® Irdza%(tldirlsc (crsTRIGhEN@GHized bed $baBLBgsA -
sufficient anmount of acid actlve sites per 25 volune unit catal yst and
a strong aC|d°§bFE§ﬁF§ acid site. The cat al yst

can bggsel ected frp@ h@Qegh%&ore mentioned $ehedopf tp@ésnarebaabmg
sul phoni c, phosphonlc or trihal o acetic acid grou psS.

Preferably sufFgfated r S&emdcale Regatiiog Epglseering eEPB#ePQBFﬁon'
sul fonat ed regig®,aie UesRhspiaar.ein the resins-are copol yners of -

styrene and d|V|n¥Ibenzene
he continuously stirred tank reactors or the

recycle reactors are the preferred ones.

15 An important advantage of the process of the
present invention is that it shows an improved
combination of high conversion degree and high
selectivity as to the desired branched carboxylic acid,
in comparison to these conventional prior art

20 processes, while operated at relatively mild
conditions.

The catalyst to be used for the process of the
present invention is a solid acidic ibn exchanger,
showing a sufficient amount.of acid actiﬁe si;es per

25 " volume unit catalyst and a strong acid activity of each
acid site. '

The catalyst can be selected from the group
con51st1ng of resins, bearing sulphonlc, phosphonic or
trihalo acetic acid groups.

30 ' Preferably sulfonated resins are applied. More
preferably sulfonated resins are used, wherein the

resins are copolymers of styrene and divinylbenzene,
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- 5- wom@, based resins, poly(tetrafluoroethylene) galpsmiosizs

or -si l‘'oxane’ polyrrers. In the preferred catal ysts, bearing
active sulfonic acid groups, the Pesin is treated to give a sulfonic
5 aC|d cati on- exchange resin capabl e of providing sufficient
protons, i.e. pheaoledbasedaviesdnser padtly (tetrafluorastthy lenedcipblymerst h
eqU|vaIent to _at 5 sul phuric acid and preferably to at

| east 70 wt % ot Sﬁ%itaml(\é urycrz“e &d. 10 - - . catal yst solid resins,

conpri sing sul f oniIm a.hledpreferredgmmlaiyzsm dérdardch o raarhioepauwlnfersid rom

styrene, di vin Ibe ene_and phena |ved from

(1ot rat] uor 0e RS RETR e Gt hisebnd B e, <" Bulfonig
prefersed. 15acid catildw-expheitse adsdmne. cza:taamestcsﬁ p/:&u\mlﬁmga sul f onat ed
copol yners, deriyed fr

t d di
sul fon group FSFEGHS * 3 °ry‘fé’ene g It:é“san?e“n %a‘h%(?epﬁ eaf‘ig’rla‘fﬁ y >3

meg/ M dry resiite \aiml |a@1'k‘h%tﬁ@@t}l’ﬂ@qulvalent has st diedstyldenwasne content
in the range of from4 to .20 30 vvtooanc{_?ﬂprefefable/iéom8 to 18 wt %

Specific nor e SHENEIS) agidyang pye Yei eas &Y ve catal ysts
are AVBERLYST s38 phurd% a¥ARK.ON or DELOXAN cat al ysts ( AMBERLYST 36
or 38 _ar NAFION and DELOXAN are Trade Marks). 25 Most
prefedfed are t he CAMBENSESPOIdhresdns, GOmRGESing sulfapie @gid ysts. The

reaction tenpeiaiuyst dnd (deeiGRR fr% drd rﬁdr@ry;g,lcg érom 25 [err]C
td 200 [err]Cg;nd preferabI;' " COPO fmb to 150 [err] >

The pressure ﬁﬁWHﬂ¥¥h§ﬁﬂﬁﬂe|%§q|Phﬂﬂ9¥%9ﬁy§QﬁlWQQNﬁ¥Hﬂ 10 to 200 bar

and preferab'Wt@@@@fﬂﬁdﬁbégy}ﬂgﬂé) olymers or f28m G IdedEqdI AR i nert
organi ¢ sol vent can useé) whi ch does not interfere wth the

desired arﬁwﬂﬁﬁﬁﬁﬂ¥GQNeferably a solvent which can easily be
15 - More preferred are catalysts, which are sulfonated

copolymers, derived from styrene and divinylbenzene,
having a sulfdn group density of >2 meq/ml dry resin,
and preferably >3 meqg/ml dry'resin, while the copolymer
has a divinylbenzene content in the range of from 4 to

20 30 wt% and preferably from 8 to 18 wt%.

Specific more preferred examples of commercial
effective catalysts are AMBERLYST 36 or 38, NAFION or
DELOXAN catalysts (AMBERLYST 36 or 38 or NAFION and
DELOXAN are Trade Marks).

25 - Most preferred are the AMBERLYST 36 or 38 or NAFION
type catalysts. The reaction témperature in the CSTR 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

30 "10 to 200 bar and preferably from 50 to 100 bar.

' During the reaction an inert organic solvent can be
used, which does not interfere with the desired

reaction, preferably a solvent which can easily be
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- 6- separated fromthe other reaction m xture conponents

and. reci .o 93849 As organi ¢ sol vents can be used BEDERIS/HE28e| | as
pol ar_ sof vent-s- such as ketones, - g hers, substituted aromatics,
esters and carboxylic 5 aci ds. According to a nore
preferred enbodlnent J resent Jrocess t he branche acid
primarily to gparate pé’fﬂi‘hct&f qtsrpeﬁ:r Jse@rﬁ TOD FRRFARS GOMPRRSAES t or . an
S r egWmy | nedli sadlartgatl fprsamngtammgstdm;remust leana ey us@@, 10 -
non-converted ol efin and y.- pr.oduct s uid level in
the reactor c&Rt weli Rl p;lcacr’orscﬂqﬁ' 2o o"’r\’(fhofast H‘@tﬁ drred

enbodi nent's, tdihers, sudeHiRuted ldﬂmhﬁmdé) eajtears anad ceabalxydtion th a-

catal yst/solvent, wt rdtio of in the range of from0.1 15. to 0.5 ww and
preferafbl y O. AGGAB 4 w, The respective reactants are continuously
i ntroduced into tRRJIARGIY to a moreafﬂiierf%&@édo%mﬁddlhﬂe%tl fCaMe Nuousl y

- di schar ged. The feed of starting olefin is.in the range of from

0.01 to 10 g/ @nﬁsewunr@qwm@ma@ﬂ%%%}ﬁ PRMGLIGY to hes in the
range of fromfdQd, MY ¢Yraiehtdndh solvent Aeft@laallenctRayt ahdns the

COolefin noldr ratiois in the range of fromO0.5 to 1000 nol e/ nol e
and pref er abl yyegularly fqﬂ(ﬁﬁf&aﬁ?@dl@Om it togethen wifh wakeLap&Qaci at ed

that, yien usifg Wehffedd ole@FPUHE HY-PHJdRa, kPl the her ei nbef ore

speC|f|ed anounts, the process beCones unattractive due to too
| ow sel ecti vi thicaidl tewelk Hen ddlecteagtior sensd@iker si on have "

surprisingly been Q&qﬁy fe d:@m@gay&éhggatgmeplefln =
1:1 feed. 30 - A ei'ﬂ‘%ventmn |stfhur Ter | ustrated ;
fol | owi ng exagiTs,ishdidehMerd Wito o resnty m‘td rﬂjﬁatlélst Wlth ascope to these

specific enbocga@fst/solvent wt ratio of in the range of from 0.1
15 to 0.5 w/w and preferably 0.2-0.3 w/w. The respective

reactants are continuously introduced into the reactor

and reaction mixture is continuously discharged.
The feed of starting olefin is in thé range of from
0.01 to 10 g/g/hr, while the water/olefin molar ratio
20 is in the range of from 0.5 to 2 mole/mole and
preferably about 1 and the CO/olefin molar ratio is in
the rangé of from 0.5 to 1000 mole/mole and preferably - -
from 1 to 100. | |
It will be appreciated that, when using water
25 amounts'significantly'below the hereinbefore specified
amounts, the process becomes ﬁhattractive due to too
low selectivity and that the seléCtivity'and conversion
have surprisingly been improved when using
‘stoichiometric water:olefin = 1:1 feed.
30 ' The invention is further illustrated by the
following examples, however without restrigting its

scope to these specific embodiments.
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-7- EXAVPLE 1 56 g of dried AMBERLYST ded in
a300m wo”’”‘&TR reactor, suspended in 145 nm of n- hexi%vﬁg}(?b@g

(sol vent),” and acti vated upon heating up 7o-155 [err]C 5 under 10 bar
COw th regular purge of the gas cap followed by 1 h at 155 [err]C
under a 80 bargxmplpew of 50 g/ h. A feed containing propyl ene
triner water and Co____ he nolar_ ratio of water:trimer belng 1:1 was

t hen admtﬁ@xﬁtQﬁt¢Eﬁ?@aﬁ¥%@R¥¥$ﬁ 15 eesei 19adedgin 21360my 10

50 g/'h (WHSV QigfR lpealrdR]l 805pOnded/ SANL4YNEEToF n-hexaf8DEI BUYS
stirring of 1100 rpm the 1|qu | evel of the reactor being kept

constant by coh¥®hvensl y and aCth%ﬁ©§|HeoﬂhbeéﬁéégsuplEGlHséroﬁuct
Under tfiese cqpelidi opg phge EGLLRN-OEORECEAr YL Br LBno qadbOMb 75 85%

conversion and 93- 9596select|V|t ranc e car.boxylic acid
havi ng 10 car béellewed by 1 h atv@ﬁ&mﬁ¢cna@eu ao$0 bar c€ontloy nf

COVPARATI VE E 1
stirred batchxggabﬁl rec?ed c rlegg% or é ﬁgggg%{ﬁgferr¥gﬁgﬁ g?gggcsgns

suspended the mqiarsnanooqfoWaEergtpimganbetngcldl(webvéhey 6 g
propyl ene tri d nal e o] 0
[ err] C under g§&g €%§)€° t%%mﬁégétgp Wléh d kﬁ%ogfﬁgegg condl |%n§gi

reactibh procez@legl/hi (MHSB of 0.aHpuod. 92&6&ndv9n9|gﬂgAhu Bﬁﬁeelect|V|ty to

acid 10). . continufpr eSEYing®bE IRhTSone EA55aR T akeT, oo i n

exanple 1 30 theh@&%éﬁbﬁwbéﬂngakabystoﬁEEagt bylesntyﬁdoualyzo n
hexanoi ¢ acid was used for the con erngn ofggcgpylene triomer with

CO and H[err]Cf?WﬁYF%ﬁa %ﬁeﬁxﬁﬁfﬁo yAPL9aRTGe"

Under these conditions the reaction proceeded with
15 - about 75-85% conversion and 93-95% selectivity to the
branched carboxylic acid having 10 carbon atoms
(VERSATIC acid 10), for some 24 h.
COMPARATIVE EXAMPLE 1
20 g of AMBERLYST 15 were loaded in a stirred batch

20 rector, dried for 2 h at 110 °C under vacuum, suspended

in a solution of 50 g propanoic acid (solvent), 6 g
propylene trimer 3 and 0.8 g water and, finally, heated
to 150 °C under 80 bar CO for 65 h.
Under these conditions the reaction proceeded with
25 about 91% conversion and 8% selectivity to the branched

carboxylic acid having 10 carbon atoms (VERSATIC

acid 10).
EXAMPLE 2
In the same way as described in example 1
30 " NAFION NR 50 catalyst (59 g), dissolved in 120 ml

hexanoic acid was used for the conversion of propylene

trimer with CO and H20 into branched carboxylic acids,
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- 8- containing 10 carbon atons, under the foll ow ng
condi ti onwQ 9838149 propyl ene tri mer 8.8 g/ h (WHSV= 0. 16PCHEB?¥M128
water - . - 1.2 g/h (WHSV = 0.02% a/g/h) 5 CO
52 g/h (WHSV = 0.9 g/ g/ h) tenperature 155 [err]C

pressure . 80 bar, - The conversign,was,88 nol % and t he
sel ectivity wsgontaining 39 FarHepoatoms, FRRQYSEEthe %olY%W1ng 13.6 g of

‘dri ed AVBERLYSEn38 twona | oaded in a 240 m stirred autoclave, dried

for 2 h at 150 [err] C under vacuu cooled 1o roomtenperature,
suspended i n P¥opylene triger,;,q8;8 gchql %%YV@nQ)%gp (R} zed under 70

bar CO 15 watg heated up to reagtéon (WHPErat gl e of fhyerr]C. During
t he heating period, 23-4 g of DIBC (d?-i sgbut | - gﬂ%ar%i nol) were ‘

sl ow y%and cof@i nuously introduced®i n@6h (WHSV ={Qe9 qut Ik over 17 h. At

the end of theempRrathee reggtog was cool ed down and enptied for .
anal ysis. 20 Under these conditions the reaction proceeded with
nearly 100% c®#eSSHren and - 56% s@P R2Fvity to branched " carboxylic

acid, having 10 cgR0R 84278 iOMERSATEBE mols achd d8lectivi -
COVPARATI VE EXAVPEES2C98VEES1 é&ginS } and?¢hd m?tﬁcgﬁYﬁté DI BC bei ng

added at 91 modde in the stirred reactor (i.e. batch) before

press roi zing LE.B(AE_@LEO3bar CO and raising the tenperature-to 150
[err]C. The r S again carried out for 17 h. 30

Under these condi fiBefisgt bé dzdetli AMBERDY¥E8EJ38 werh loaded inearly 100%
et o o gOL . B FE btk 90T cox 2 nCBEDESY! 26 e havino
vacuum, cooled to room temperature, suspended in 74 g : :
of pivalic acid (solvent), pressurized under 70 bar CO
15 and heated up to reaction temperature of 150 °C. During '
the heating period, 23.4 g of DIBC (di-isobutyl- '
carbinol) were slowly and continuously introduced into
the autoclave over 17 h. At the end of the run, the
reactor was cooled down and emptied for analysis.
20 Under these conditions the reaction proceeded with
nearly 100% conversion and ~56% selectivity to branched
carboxylic acid, having 10 carbon atoms (VERSATIC
acid 10} .
COMPARATIVE EXAMPLE 2
25 Example 1 was run with 20.4 g DIBC being added at

once in the stirred reactor (i;e. batch) before
pressurizing it to 70 bar CO and raising the
temperature to 150 °C. The reaction was again carried
out for 17 h.

30 ' Under these conditions the reaction proceeded with
nearly 100% conversion and ~13% selectivity to branched
carboxylic acid, having 10 carbon atoms (VERSATIC
acid 10).
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-9- LE 4 Exanple 1 was run using n T 36
as- ° _-W&_’E% t. The anmounts of catalyst, feed and sol vg‘wﬂﬁ@mre
about- 4 ti'nmes smaller, nanely 3.1, 7.4 an® 49 g, 5 respectively.
Under these conditions the reaction proceeded with ~85% conver si on
and ~32% sel eagiampng to branched carboxylic acid, having 10 carbon
atoms (VERSATIC— _ acid 10). 10 COVPARATI VE .EXAMPLE 3

Conpar ative exanplE3mRER } RSBt WhteH T R ANBERLYST 36 ag) tjnes anounts

- of catalyst, fc?@@h?gﬁ%t?%ﬂ@@rﬁ@uﬂ@%ﬁ’ cat'e]ay5t.)"’i tdedZad vent’9 O

respectively. But t° eed was add at once beforeré‘s)ressuri Zi ng
the reactor td"s®e mhout 4 timep wpalier sitapehe I ehpet ot ARAtB2 10 [err]C
Under tdiese condiddonsydiye, reaction proceeded with - 93% conver si on

and -2. 7% sel ectivi tg/ t o branched : ~ carboxylic acid, having 10 carbon
atons (VERSATIC Under these igynditions the reaction proceeded with

Substitute sh e 0 -

10 CLAI I\/gﬁés% %‘%Péf%pé%%egé&? osrelrr%crﬁf%lcﬁ%rteo okfr%r?%rhec%ed car boxylic
aci ds. f rom br arectieekwl &¢ i msidy havimgad cdrbemcatams WYERSAFLON nonoxi de
and a solid acaiéijf& @)I yst, characterized in that a 5 branched olefin, or a

precursor thereof, TS reacted in continuous backni xed reactor, wherein

sufficl@nt stiGONFPRARATFIVECEXAMRLE 3ponents and product occurs to obtain an
efficient

Comparative example 2 was run as batch process with
4 times amounts of'catalyst, feed and solvents, namely
with 12.1, 20.3, 79 g, respectively. But the feed was
added at once before pressurizing the reactor to 70 bar
15 CO and raising the temperature to 150 °C.

Under these conditions the reaction proceeded with
~93% conversion and 42.7% selectivity to branched
carboxylic acid, having 10 carbon atoms (VERSATIC
acid 10).



backm xi ng with continuously*suppli.ed carbon nonoxi de and water, while
continuously an effluent is withdrawn-conprising branched carboxylic
aci-d, nonweoesmsideed ol efin, carbon nonoxi de and wat er PCT/BP28/03128r esence
of .an.ac+di c-4 en exchanger, having sufficient acid 10 groups to provide
requisite protons for conversion of said olefin or a precursor of it, and
car bon - ed carboxyl4 d0aeids, and at a tenperature in the

range of J]Cto 200 [err]C and at a pressure in the range
of from1l ﬂﬁ“ﬂllgm ﬁl{luang a water/olefin nolar ratio in the
. 0 1

range of f¥orne ! _ e/mole. c1b A2 M SProcess according to claim 1,
characterized in that it is carried out at a pressure in t he range of
from50 to 100 bar. 3. Process according to claim1 or 2,

of from100 to 150

characterizediin Afiioeéssswﬁrma@df@@tuﬁé &F branél@é@%?wﬁylmt he . range
err process accordjn ny one of
clains 1-3, chGt@3t F‘P’Eelar?ﬂc’}t‘ﬁ‘ét°%?FH“§y‘P§§C‘B??ES of r?ﬁ?@sg‘bfw’tﬂéyforwl a

[err] carbéh %@ﬁ@ﬂﬁ@@dan&hﬁr§bD1dfaé?tEll§yei)’0él§isf gpresents a radical-
having 1 to 10 carbon atons rocess according to any one of
claims 1-4, cParEREEeFrEegd; hntﬁﬁfttﬁebF%?%Peﬁuﬂk% ngPr @ REFEHHESt ons in

the tfsalkyacﬁﬁéfeéf'ﬁ§ réneesdf 1 #M6nt Pnddus backmixed reactor,
Substitute sheet - 12 Septenber 2
wherein sufficient stirring of the feed components and

product occurs to obtain an efficient backmixing with
continuously supplied carbon monoxide and water, while:
continuously an effluent is withdrawn comprising

10 branched carboxylic acid, non-converted olefin, carbon
monoxide and water, in the presence of an acidic 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

15 carboxylic acids.
2. A process according to claim 1, characterized in
that trialkylacétic acids of the formula

Ry
Fh
Ry—C—C—OH
|
R3

are produced, wherein each symbol R represents a
radical having 1 to 10 carbon atoms.

20 3. A process according to claim 1 or 2, characterized
in that the total number of carbon atoms in the
trialkyl acetlc acids ranges from 5 to 19.

4. A process accordlng to claim 3, characterized in
that the total number of carbon atoms in the

25 trialkylacetic acids ranges from 5 to 14.
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A process accor di nE to any one of clrainms 1-5, characterized in that a

6. _

solid acidic i.onl mlan |Hiled from the group congj.Si
suI3Ton‘at_"_e'W°s_%_8§r’_‘_r8b‘ﬁe 0 l!m L i H!II resins, sulfonated i’ahll’g%ﬁh _
pol y(tetrafl uoro-ethyl ene) and sdl f Onatetllst| oxane pol yners is used. 5
7. A process according to claim®6, characterized in that the 'solid

aci di c ion exghangeproces'sS atRlo2elid toomiauisonaugd cheRAlorEY iz i3 yrene .
and di vi nyl benzene and phenolic base resins. . _ 8. . A process
« according to &ptods Seldduiatddcatadiystadedsast 8 Faligt asidhiG dtul fonic

10 acid cati QRcatiidige dAYdtdS frdhpitdid Ytp WHlsilta e has per

active site an acid’strength equi val ent to at | east wt % sul phuric

aci d. gulfonatad xesd ngoc guditapatedpplond esradiaane-1- 8,
charactseri zed eit!ﬁgtﬁré@{e)a%n@ts%])ﬁngac d silPLPA | ymer derived from
I ny )

styrene and div benzene is use aving a sulfon 15 group density of>2

meq/ M dry redi-n, Avprosesise aseipsidimng teasclaisentleh, ehatiagugnized dme
in the range 9 : ) Nor (ofoTcTlel to claim9
characteri zed%rhr?%t tﬁ(%t :i%‘1-'\5/%%'1{91‘s(§-'na'i"tsec}ljilscopoalnyrfa@rﬂ[?{l%\e?L e%l vec?qﬁ%m styrene and
di vi nyl benzengelearssd £ doay isng foratidfdo copadymedensift stofre@ agheq/ nl dry

oy o o SN R s Sdpdenzene | e [anoe o
1- 10, 1dhar act &r.i z&d poodelsst achooinigj nichéeo claimsedcetd,orcha Hactrechicrkdacind
primarily to he Rrediucedsilss i S eed XYV d LhBRd LRy 25
cation-exchange resin, such that the resin having per
active site an acid strength equivalent to at least
65 wt% sulphuric acid and préferably to at least 70 wt$
15 sulphuric acid.
8. A process according to claims 1-7, characterized in
that as catalyst a sulfonated copolymer derived from
styrene and divinylbenzene, having a sulfon group
density of >2 meqg/ml dry resin and preferably >3 meqg/ml
20 dry resin, while the copolymer has a content of
divinylbenzene in the range of 4 to 30 wt% and
preferably from 8 to 18 wt%.
9. A process according to claims 1-8, characterized in
that the pressure in the reactor is in the range of
25 from 50 to 100 bar.
10. A process according to claims 1-9, characterized in
that during'the reaction a branched acid primarily to

be produced, is present as solvent in the reactor.
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