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PROCESS FOR THE PRODUCTI ON OF CARBONYLATI ON PRODUCTS
The present invention relates in general to the

w@e@ductsson of a carbonyl ati on product by the PCT/GB2005/004452
car bonyl ati on of an al cohol and/or a reactive
derivative thereof and, in particular, to the
production of a carbonyl ati on product by the vapour
phase carbonyl ati on of an al cohol and/or a reactive
derivative thereof in the presence of a heterogeneous
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EP 0885870 A1 describes a process for the production of carboxylic acid and/or
carboxylic acid anhydrides which comprises contacting an alcohol and//or a carboxylic
acid ester, optionally water, a first hydrocarbyl halide and/or a hydrocarbyl ether reactant
and a second hydrocarbyl halide promoter, with carbon monoxide in the presence of a
catalyst comprising an insoluble imidazole-containing resin supporting a Group VIII metal
species. The process may be performed in the liquid or the vapour phase.

EP 0353722 A2 describes a process for the vapour phase carbonylation of one or
more alcohols, ethers or ether alcohols to esters and, optionally, to carboxylic acids over a
solid catalyst comprising a polyoxometalate anion in which the metal is at least one taken
from Group V and VI of the periodic table, such as Mo, W, V, Nb, Cr and Ta, complexed
with at least one Group VIIIA cation, such as Fe, Ru, Os, Co, Rh, Ir, Ni, Pd and Pt.
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EP 0353722 A2 describes a process for the vapour phase

carbonyl ati on of one or nore al cohols, ethers or ether
w@bk@elelsso t 0 esters and, optionally, to car boxpeT/GB2005/004452

acids over a solid catalyst conprising a

pol yoxonetal ate anion in which the netal is at |east

one taken from Goup V and VI of the periodic table,

such as Mo, W V, Nb, O and Ta, conplexed with at

| east one Group VIIIA cation, such as Fe, Ru, Gs, Co,
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such as Fe, Ru, It N|, Pd_and Pt.
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utilising a heteropol yaci d cat al I'on- exchanged or
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rhodi u i ridium an IIalumanda
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reactor const
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t he production of a carbonylation product by

preduntign of AgabaRBisHORDIRENGt By cpptagtiag pashep monoxide with a feed
comprising an alcohol and/or a reactive derivative thereof in the vapour phase using a

heterogeneous heteropolyacid catalyst which has been ion-exchanged or loaded with at
least one metal selected from rhodium, iridium, copper and palladium and a Group IA
metal selected from the group consisting of lithium, sodium, potassium and rubidium.
Heteropolyacids are well known. Typically, the heteropolyacid anion comprises 2- ‘
18 oxygen-linked polyvalent metal atoms, which are known in the art as peripheral atoms.
These peripheral atoms surround one or more central atoms in a symmetrical manner. The
peripheral atoms are usually one or more of molybdenum, tungsten, vanadium, niobium,
chromium and tantalum, but n{ay be or may include other metals. The central atoms are

usually silicon or phosphorus but can comprise any one of a large variety of atoms from
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conprising an al cohol and/or a reactive derivative

thereof in the vapour phase using a heterogeneous
whedoenersed yaci d catal yst whi ch has been i on- exediHGB2@5/004452

or loaded wth at |east one netal selected from

rhodium iridium copper andalladiumand a Goup IA

nmetal selected fromthe group consisting of lithium

sodi um pot assi um and rubi di um Heteropol yacids are

wel | known. Typically, the heteropol yaci d ani on
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strvietnged ikuown o Kelagin, Wellb{Dawsomandréingdemers&vascRarloff structures.
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ear trisrgRalyagdnimay be epresaisd %w&aﬁmaﬁi—;aﬁ?@x&mw e
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ptaval’ent 1 odine 1ons. Such heteropol yacids are al so
orsilmam as " pol yoxoani ons", "pol yoxonetal |l ates" or

o R T DRSS T RS e Tl st Yoy
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striuctures known as Keggin, Vel s- bawson and
hemamofwiyasidsEvans- Per | of f structures. Heteropol yaci ds may

e represent ed byt fQr H3ML2XO40 where Mis
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¢ . i hS.~ S s the foll ow ng
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H3[ P ZHedchpolihdis for use in the process of the present invention is a
heteropolyacid which has been ion-exchanged or otherwise loaded with one or metals
selected from rhodium, iridium, copper and palladium and a Group 1A metal. The Group
IA metal is selected from lithium, sodium, potassium and rubidium, preferably rubidium.

The total amount of metal (that is the total of the amount of thodium, copper,

iridium, and/or palladium and the amount of Group IA metal) loaded or ion—exchanged
onto the heteropolyacid can vary depending on the heteropolyacid used. Suitably,
however, the total amount of metal loaded onto the heteropolyacid should be such that
some acidity is retained by the heteropolyacid, for example at least 0.5 protons. Thus,
where 12-tungstophosphoric acid H3[PW1,040] is employed, up to 2.5 protons may be
exchanged for metals and where 12-tungstosilicic acid H4[SiW12040] is used, up to 3.5

protons can be exchanged by metals.
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12- nol ybdophosphori c aci dH 3[ PMb120 40] . xH20
12-tungstosilicic acid H4[ Si Ww2040] . xH20
wa2oaobnsbadosi | i ci c acid HA[ Si M012040] . xH20O ThePCT/GB2005/004452

het er opol yacids for use in the process of the present
invention is a heteropol yaci d; whi ch has been

i on-exchanged or otherwi se | oaded with one or netals

sel ected fromrhodium iridium copper and palladi um

and a Goup A netal. The Goup A netal is selected

fromLithi : . . . .
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solution was stirred for lhour. To the soluytion

ThedMeport, sygh as 1 piligequg SURBose & YHtakly eghe)foun g grathleneqdsy
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evaporation under vacuum (330 nbar) for lhour and then
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prgslelfllp;tnaalbagntg] oF 361-98%03(31 ngi gﬁtuc?fqﬁé %o%al t\;\pe?éht %F %ebsellpggr?e%
heteropolyacid. |

Preferably, the alcohol is an aliphatic alcohol having 1 to 12 carbon atoms,
preferably 1 to 6 carbon atoms, including methanol, ethanol, propanol, isopropanol, the
butanols, pentanols and hexanols. A preferred alcohol is methanol.

Reactive derivatives of the alcohol which may be used as an alternative to, or in'
addition to, the alcohol include one or more dialkyl ethers, esters of the alcohol and alkyl
halidés. Suitable reactive derivatives of methanol, for example, include methyl acetate,
dimethyl ether and methyl iodide. A mixture of an alcohol and a reactive derivative
thereof, for example a mixture of methanol and methyl acetate, may also be employed.

The carbonylation product is a carboxylic acid and/or the corresponding carboxylic
ester. Thus, where methanol is employed as the alcohol feed, the carbonylation product

comprises acetic acid and/or methyl acetate.
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i nclude silicon carbide, organic polyners such as
crosslinked pol ystyrenes and carbons. The support,

WG owh/0ers6@ Ssil i ceous support, is suitably in tPEr/GBRevs/004452
of granul es, beads, globules, extrudates or pellets.
Where the heteropolyacid is %upported t he
heteropol yacid is typically present at a | oadi ng of
20- 80% by wei ght of the total weight of the supported
heteropolyacid that is the heteropol yacid forns
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zogep’rc%{ﬂre%ea %glrtﬁwangfeoér?&gngl e a mxture of methanol

and T8 paydesAsTrh@irfentiGy m@if 50 opgatedpl sled atnibspheric pressure, but is

carbonyl ati on product is carboxylic acid and/o ﬁ%r
preforablysinsrrieday adatabpseyiure ingthe gnge fiRims 1t} RargaFsHBIY from 1 to
20brsarerrployed as the al cohol feed, the carbonyl ation

Gduct conprises acetic acid and/ or met hyl

acetTe @roMebeis sudblp eerforaideed taperatgretinshemnpofryinaitioda 300°C,

process as a by-product of esterlflcatlo Tm
thpgoial HBRey EPUAING PRSI WS bERE dendaBbe By TRy of the
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The process may be operated as a batch or continuous process, preferably as a
continuous process.
The invention will now be illustrated by reference to the following examples.

Examples
Catalyst A preparati_on

1
i

i

A rhodium substituted heteropolyacid catalyst was prepared as follows.
Under nitrogen at room temperature, rthodium acetate (Aldrich, FW=221.00, 1 g) was
dissolved in methanol (50ml) with stirring for 60 minutes. After stirring of the thodium
mixture, 12-tungstophosphoric acid (H3[PW1,040].xH20, Aldrich, FW 2280, 13 g) was
added with stirring for 1 hour. 5.9g of'silica (Grace, grade G57)‘ was then added. The
solution was then stirred for 4 hours. After 4 hours the flask was' transferred to a rotary

evaporator and the methanol removed under a reduced pressure of 330 mbar for 1 hour
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fed to the reactor in a suitable nolar ratio to the
al cohol feed (and/or reactive derivative), preferably
wW@00a/0X36¢ 0 al cohol nolar ratio of at |east 1:RCT/6B2I05/004452
as at least 5:1, and/or up to 20:1, nost preferably in
the range 5:1 to 15:1. The pgocess of the invention
may be operated at bel ow at nospheric pressure, but is
preferably operated at a total pressure in the range
from1l to 100 barg, preferably from1l to 20 barg. The
[ yectaps r ‘hef
anf [RE T e 3T 90k T TPl O LR The AR lifSr i o
hefeopobasiduwva 1bel agl the hetecapotyacid dohstittited el wish abibeitotyl weight of
of the catalyst. Preferably the tenperature is in the

catalyg@dsepPar” 250C, nost preferably in the range 200 to

250G : j ' CHdaact i ng
t heq}hgg@? iari[r%tEl Is-?ﬁ)\?vlﬁfl?l Ld (?fhtgwé%?g%t&?qg{l@%mgg%gur I 3? " space

Catslysicl prepafadion) i n t he range from 100 to 10000 h" 1,

referably the GASV is in th 500 S N
Phe Ubrulebeicay Thamapiparutr Swdiy fedneshRegherivisaboo. 059
weRIRSER8d in%&lhrﬁ'icﬁ %Nnbﬁé)ﬁyiﬁl GRftg 19480 SniRURE EARer stifing of the

I nvention w now illustrated by reference to the

thédrimnanikiuge, :23gpif dishiumarsistecvasaaided yath stimnedond@minges To this

. hodi supstituted het | yagi a t
i REh e pparse e BL PR AT ERO S R B °5280. 13 ) was
ad8QIWER sdrting forr NRGUrUS. BC 6f dlie (Ghhel, pedde (3M-Rdd tHetl, addedy) The
was di ssolved in nethanol (50mM) wth stirring for 60

sohtinn tas thepstieed fari4 houagy dfterrhlovrhBigiflask pak frapsderred to a rotary

ey R Q2SR Rk o L PR B3 1 s
thén @@lend pieidutcal (08 mber foga Adthefd0 mimetss. t Tiermalddeadio offih to
solution was_ then. sti rred_fgg%ﬁffgours. Af t hour

hetepiepofyagisivagdl- ¢ f alths PRflfrratiq LRy ?éxl&ﬁg thg hgiergpglyacid
coiﬁgg?ﬁggf.@%&% 5%9Y&Q%W8gﬁﬂo§gaﬁ§gy&ﬂ%@?&§sur e of 330

ourand then~under pressafe of 100 mbar
f or Thefempirivat f@athubd ofithe satalyktewasRlars Li asHoWesOsRbn sidica,

hei er ggol yacid was 1 : 1 and the heteropol yacid
C 4 wt % of the total weight of .

The procedure for Catalyst 1 was repeated except that 0.22 g of potassium acetate
was used instead of lithium acetate. The empirical formula of the catalyst was Rhyg 5 Ko sHa
W12040 on silica

Catalyst 3 preparation

The procedure for Catalyst 1 was repeated except that 0.33 g of rubidium acetate

was used instead of lithium acetate. The empirical formula of the catalyst was Rhy s-

~ Rbg sHy; W20y on silica

Catalyst testing procedure

5g of catalyst was charged to a glass reactor of diameter 1 inch with a supportive
frit positioned in the middle of the tube. The reactor was then further filled with glass
wool above the catalyst. The remainder of the top section of the reactor was packed with
carborundum to minimise the dead volume in the reactor.

Carbon monoxide at a gas flow rate of 150 ml/min was fed into the top of the
reactor for 5 minutes. The temperature was increased to 230 °C in stages of 50 °C each of

10 minutes in duration.
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catal yst and support. The enpirical formula of the
catal yst was RhlH W20 0 on silica Catalyst 1
w@e@pasEso on Under nitrogen at room tenperat urBCT/GB2005/004452
rhodi um acetate (Al drich, FW221.00, 0.5 g) was
di ssol ved in nmethanol (50M) with stirring for 30
m nutes. After stirring of the rhodium m xture, 0.23g
of lithium acetate was added with stirring for 30
m nutes. To this mxture, 12-tungstophosphoric acid
( H3[ R ] : Il
W t hf\séfsggéﬁgln‘ggl%—%ﬁ ai ot #aﬁ}g fgrwszﬁﬁptol [ cag(%u cteaﬂlgﬁgdl liquid

m%&ﬁol was fadne rthatbgast.thel; feactsmzutal syring@punihara atel ofr le@ ndlfr
4 hours. After 4 hours the flask was transferred to

r ot alip 28% aleAm eRiting ke Fepdonursambised Byd gatchipgatogkph Squipped
wit 9 'po&! ga&{6§§Hfu§8{3£%d3§@ ﬂ%fecicﬁr 1 hour and then under

a pressure o or a further 60 mnutes. The
mol afherlafuidpotiuds weoe tdleeted potomded glassamp®and dildted twhida 1 g of

scRrRFls ol g i wahied Py li8idast e SFDEPRACHEP N R2icghm

of calemkusid eﬁ&ﬁ%&ﬁﬂ%éﬂ‘ate J&%%&bf’s'o‘fﬂie koYl a of the
cat al yst was . on silica Catalyst 2

pr epﬁwaeaabmnfhedlppo@wdmﬂéOfCa rl aCatrabsgate and adsHP ¥ 54660 The

ot BipPipone i i atbaRdngS St BB FHE R af TPl 1etow

Thiie 1cat al yst was RhO-5 Ko.5H2 WL2040 on silica
“Catalyst 3 preparation The procedure for Catalyst 1

was repeat ed except that 0.33 | of rubidium acetate
Cotadystised i nst eadMethappl hj um ac&ﬂm 0 209k dosg @hrenvexsion
formula of thejc Rh . H2WL2040 on
silica Catal yst ct%‘elg%'?é?lé]l (3’55 crng'ltggﬁj%s catal yst was
charged to a gllass reactor of dianmeter 1 inch with a
Asupportive frit/2gositioned in3he mddle of the tube.
. The reactor-wag

then further lfilled wth al ace wnol
-heh+Hurtner—H-+-eg--WtnN g+-assSWooH

above the catallyst. The remi n7d§r of the top section
lof the reactor |’ packed wi tjh'-

2 27.5 8.0

3 - |526 9.1

The results of Table 1 show that the process of the present invention provides an improved

conversion of methanol reactant and increased catalyst lifetime.
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carborundumto mnimse the dead volune in the
reactor. Carbon nonoxide at a gas flow rate of 150

worRdoriosisems fed into the top of the reactor foPCBGB2005/004452
m nutes. The tenperature was increased to 230 0C in
stages of 50 C each of 10 mnutes in duration. The
systemwas |eft at tenperature for 15 min to fully
equilibrate and then liquid nmethanol was fed to the
top of the reactor via a syringe punp at a rate of 1.6

(HW1Gh. The gas streamexiting the reactor was anal ysed

a gas chromat ograph equi pped with a Porapack S

.1, col Wigarbaey@ich@roetst et prodbeidni fdicarbonpldtion prodecichy

collected in cooledﬁglass traps.and diluted with 1

cotpctingesashan mppexidowife afeetrpmmuinggaalophol andiare rgs%ﬁvg derivative
h . .
T

jon-eashiah@d craostedivatisat Wekeo30etal selecatfrqm esslinm, imiddng copper

GHSV =1850/h. The_ratiqQ of carbon_ nonoxi de .to nethanol .
andgallagliunyigad pLapp A get2l gelgetrd fiomrip gEoup coBpERRS S figmy sodium,

poIa!gﬁuﬁlea?xﬂlrﬁﬁidﬁfm Tabl e 1 show that the process of the
present invention provides an inproved conversion of
2.met apmicesseactrding tankiim icwkasiadheGtapydtmetal is selected from

JJifeti .aims: 4 . A carbonylation process for the
li E%C{TF%’%IB‘P' a carbonyl ati on product by contacting

3.car @eprora@g},%h&aiﬂg th Riafin F26RRerERTRE GRjupdAdel BABdium.
and/of a reactive derivative thereof in the vapour ,
4. phase pusessqcaonditgsp oge neoobthh presedipg Flpines whersimihy deteropolyacid

i ch has been | on-excha | oaded, wi I
el hapio 5Tl SRS PRGER o PBREPM I Dol Fpionom,
chichiunag viadang, BntEvaier Aibbiiet &ld X & gebsitbréusunsiliwngr oup
consisting of lithium sodium potassium and rubidiu )
5.2. M prasessssceidingticlgmidovheraindy1s thasvien or maky e andaX 1s
netal s |ected fromlithium and rubidium 3. A
phBF%?é%@ ogggloc‘ﬁ ing to claim2 wherein the Goup IA
6.met aA pideessideicaliditp to4laih whaessthabaangolygcitids seigctaifeom the

of- the precedi ng claji ns. wherei n_ the hete o) yaci .
 crown eamgishing oF § &piesieREQRRLNS 1 Hh U rab o) MER R0l bdophosphoric

a8 [9%1%JofxﬁW%Q§ttﬁﬂgstmli&ip G} SiW 12040] xH,0, and 12-
molybdosilicic acid Hs[SiMo012040] xH,O.

7. A process according to any one of the preceding claims wherein.the total amount of
mefal loaded or ion-exchanged onto the heteropolyacid is such that at least 0.5 protons are

retained by the heteropolyacid.

8. A process wherein the hetropolyacid catalyst is supported on an inert support.
9. A process according to claim 8 wherein the supported is an oxide or non-oxide
support. A

10. A process according to claim 8 or 9 wherein the heteropolyacid is present at a
loadingvof 20-80% by weight based on the total weight of the heteropolyacid and the
support.

11. A process according to claim 10 wherein the heteropolyacid acid loading is 30-70%
by weight. |

12. A process according to any one of the preceding claims wherein the alcohol is a Cy-

Cy aliphatic alcohol.
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chrom um vanadi um tantalumor niobiumand X is

phosphorous or silicon. 5. A process according to
webk@snsemherein Mis tungsten or nol ybdenum apPd/&BR@5/004452

phosphorous or silicon. 6. A process according to

claim4 wherein the heteropolyyacid is selected from

the group consisting of 12-tdngstophosphoric acid

H3[ PWML20O40] . xH20, 12- nol ybdophosphoric aci d

HB[PNb12040] xH20 12 tungstosilicic acid
131t & RissonasioFagty S 1o PRelBE SRohulisR G trtinharioicobol
14! of tAhﬁro@és@ Geshrdigg € dlaith 19hekpinttc Akohol Blscleomd ﬁ‘bmaﬁethanol

nmet al | oaded or. 1 on-exchanged onto the heteyropol yacid
ethagolspmamiaxsompar@ééhe butgncgﬁ denAeolapad hetaaplied by t he

het 9{ Ot%?l:% %Séoqdmg 10 @88{1 ‘iﬁ%ﬁ%re‘M‘ L&IdohbIE ntﬂé?fé?ﬁﬁgm yacid

'S Su on an I ne supp or
16pr OQEFRDCEaR @etcddmg td enycbigd o the pleesdingclaines wheopmrthertactsve

an oxli de or non-oxjde support. f ﬁs accordlngi;kl
Qe wHtEe o FheleghobissRier GHATER ! st SR p ] Snirs, ieGuEy
haﬁﬁesa | oadi ng of 20-80% by wei ght based on the total

wel ght of the-heteropolyacid and the support. 11. A
17pr ooéeﬁmcesscaocddmg t6 olairh dlmhelﬂn wherctive detretive of methanol is used

heteropol acid acid Ioadln 70%

58 seid gy VEUYHY 3 frasigpe Pﬁ@leﬁwif?%% lme%Yﬁ%“hef and

Inﬁﬂﬁ.&hﬁethe al cohol is a Cl- Cl2 aliphatic al cohol.13.

A process according to claim 12 wherein the al cohol is
18a CIA P®cedsiaobatling taklaihdl whetein thepfeed eemprigss srafhangl ansl methyl

claim 13 wherein the al cohol is selected from

acf@hanol , et hanol , propanol , isopropanol, the

19but Q@ﬁfo%ess&@@&rﬁﬁh@'@ aﬂﬁ@n&@f(tﬁél?ieaedlﬂ claﬁn@bvﬁéﬁﬁﬁthe gas hourly
according to claim 14 wherein the cohol is nethanol.

SPaC@.VehOO{!in@éﬁgé’)a%@ﬁh@I rangetl@0 aniP09RB of t he preceding
o° Saigfgi%’éo £55 aa%Fordlmga? Fa%éél'?%%&% hegf‘vf-lﬁv ?fl }E%@e%@b% 5000 b,

21est eX proeesh arbdndinghalhyese of the preceding clalms wherein the process is

carried out at a pressure in the range 1 to 100 barg.

22. A process according to claim 21 ‘wherein the pressure is in the range 1 to 20 barg.

23. A process according to any one of the preceding claims wherein the process is

carried out at a temperalture in the range 100 to 300 °C

24. A process according to claim 23 wherein the temperature is in the range 150 to 250

°C.

25. A process according to any one of the preceding claims wherein the carbonylation

product is a carboxylic acid and/or a carboxylic acid ester.

26. A process according to claim 25 wherein the carboxylié acid is acetic acid and the

carboxylic acid ester is methyl acetate.

27. A process according to any one of the preceding claims wherein the process is

operated as a continuous or batch process.

28. A process according to claim 27 wherein the process is a continuous process.

29. A process according to claim 1 wherein the carbonylation product is acetic acid

and/or methy] acetate, the feed comprises methanol and/or a methyl acetate and the catalyst
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17. A process according to claim1l wherein a reactive
derivative of nethanol is used and wherein said

di met hyl ether and nethyl iodide. 18. A process
according to claim1l wherein;qhe feed conprises

met hanol and net hyl acetate. 19. A process according
to any one of the preceding clains wherein the gas
hourly space velocity (GHSV) is in the range 100 to

R S T e

wift D68 arcoGRupJAtRetanitlcerd fifm litttumraad echidigme| ai ms

wherein the process is carried out at a pressure in
the range 1 to 100 barg. 22. A process according to
claim2 1 wherein the pressure is in the range 1 to 20
barg. 23. A process according to any one of the
precedi ng clains wherein the process is carried out at
a tenperature in the range 100 to 300 OC 24. A process
according to claim23 wherein the tenperature is in
the range 150 to 250 OC. 25. A process according to
any one of the preceding clains wherein the

car bonyl ati on product is a carboxylic acid and/or a
carboxylic acid ester. 26. A process according to
claim 25 wherein the carboxylic acid is acetic acid
and the carboxylic acid ester is nmethyl acetate. 27. A
process according to any one of the preceding clains
wherein the process is operated as a continuous or

bat ch process. 28. A process according to claim 27
wherein the process is a continuous process. 29. A

~process according to claim11 wherein the carbonyl ation

product is acetic acid and/or nethyl acetate, the feed
conpri ses nethanol and/or a nmethyl acetate and the
catal ystis a supported tungstophosphoric

het er opol yaci d whi ch has been ion-exchanged or | oaded
with rhodiumand a Goup | A netal selected from

l'i t hium and rubi di um

| east one of nethyl PEYEBAL06/004452



