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1 PROCESS FOR THE CARBONYLATI ON OF AN ALCOHOL AND/ OR A REACTI VE DERI VATI VE
THEREOF "The present invention relates to a process for the carbonylation of .
an al cohol and/or a reactive derivative thereof The production of acetic
acid by rhodi um catal ysed, iodide-pronoted carbonylation of nethanol in a
honogeneous | i qui d- phase reaction nmediumis a 5 known process and is
operated on a commerci al scale. Althoughlsuch a process is highly
selective, there is a gradual build-up in the carbonyl ation reactor of

i nert gaseous inpurities such as nitrogen fromthe carbon nonoxide feed gas
and of by- product gases such as, nethane, hydrogen and carbon di oxi de. The
buil d-up of these gases in the reactor is controlled by venting off-gas
fromthe reactor to keep 10 the standing concentration of these

undesi rabl e gases in the reactor to an acceptable | evel. The vented off-gas
contai ns carbon nonoxide in addition to the undesirable inert and

by- product gases. The vented off-gas nay additionally conprise-volatile

i odi de conpound pronoter, acetic acid product, water and unreacted nethanol
and/ or methyl acetate reactant. Simlar venting of off-gas is 15 known in
car bonyl ati on processes for the production of acetic anhydride by

carbonyl ation of nethyl acetate, in which case the off-gas is essentially

free of water OESS FORTTHE CARBONYEATION OFANALCOHODAND/OR A
carbonyl ati on reactor i s progga DERIVATIVECPHEREQR! L, Such as a
scrubber system in ich volatrle ED hal ogen aﬁE7 or, hal ogen .conpound
promoters and car body/f PEESefititgvegtion W@raeqfogﬁﬁﬂf%lt G AL %?’Bﬂgf‘ﬁed to the
car bonyl at i on salealedl and/of hecacevaderivativegthsreofihi ch conpri ses car bon nonoxi de

and t he undesi'rabl eﬂggﬁd_ug@gln E%_Cg{i‘?g%?w ﬂ%ﬁﬁﬁ%gﬁégf%@%&%@f ned.

Scrubbi ng systens for. gases ven om car I o
carbonylation of methanol in a homogeneous liquid-phase reaction medium is a

5  known process and is operated on a commercial scale. Although such a process is
highly selective, there is a gradual build-up in the carbonylation reactor of inert
gaseous impurities such as nitrogen from the carbon monoxide feed gas and of by-
product gases such as, methane, hydrogen and carbon dioxide. The build-up of
these gases in the reactor is controlled by venting off-gas from the reactor to keep

10  the standing concentration of these undesirable gases in the reactor to an
acceptable level. The vented off-gas contains carbon monoxide in addition to the
undesirable inert and by-product gases. The vented off-gas may additionally
comprise volatile iodide compound promoter, acetic acid product, water and
unreacted methanol And/or methyl acetate reactant. Similar venting of off-gas is

15 known in carbonylation processes for the production of acetic anhydridé by
carbonylation of methyl acetate, in which case the off-gas is essentially free of
water vapour.

In known processes, off-gas vented from a carbonylation reactor is
processed through a recovery unit, such as a scrubber system, in which volatile

20  halogen and/or halogen compound promoters and carboxylic acid are recovered
and ultimately returned to the carbonylation reactor. The remaining gas, which
comprises carbon monoxide and the undesirable inert and by-product gases, is then
usually burned. Scrubbing systems for off-gases vented from carbonylation
reactors are described for example in JP 61058803, AU 8288598 and US 4241219.

- 25 A disadvantage of such scrubbing/burning systems is that the burnt carbon. iy



reactors are described for exanple in JP 61058803, AU 8288598 and US
4241219 25 A di sadvant age of such scrubbi ng/ burning systens is
that the burnt carbon 2 nmonoxi de represents a | oss of the overall
conversi on of carbon nonoxi de to carbonyl gtion products in the plant. This
Is particularly a disadvantage when the sBurce of carbon nonoxide limts
the overall plant productivity. It has now been found that the off-gas
vented froma |iquid-phase 5 carbonyl atj on process can be used as a feed
gas to a secodPROXdsIRpTeaety A lase £fiths ovesallganversionof carbppmoppHd« e in the
of f-gas is cordfiongltib® produbmniy tiiplan. Mhiddsisirticulitita dissdvahtdidiehédthene
aspect of the Er esel%t inventiOJ?1 tl.l‘er%Fi s‘ée?rlgéi‘ged fa.r bonyl ati on process
whi ch conpri s S8UEE)PEERThoR fqngide limits the oyerali plp @ﬁ?}f"gl}"&h reactor at

el evat ed t enper at url¢ hasmbw bearsionsd thanthelofbias| vehtad firogn aliqidipbaseat ons 10
and/or a rgath'an%ngﬁ{ibP{ Fdoks éah%re%géq W 4 fle§ g%&% s%&f}\%agoeongﬁtign %g&‘&d
reaction conpasition cofprising a hal ogen arfd/ or "hal ogen compound” pronot er
and a Group Vimwhighithe amangkide inthgofiogasdneanverted toraghansiatien product.

car bonyl ati on produgysCasEBrdifg ffore RFER BF el presdft ifvénaivh Bitkrdlis bréddon at ons
and/ or an ester of gfahe car box‘x

Jc acid having n+l carhon atomns and the

al cohol havi ng2PopxlaHem Peacssss iil?sh camna?sa(é cm’ilﬁé%’ft W&’@“X‘é‘i‘%xyl i C
aci d havi ng n%r];iadtafdlmlbvatedrfsmpér’a’_burwﬂdmwb'djgn hicolol thieeing gms@ogatdmﬁﬁyl ation
reactor, of { - I, r:Sl I ban oxk e ptlonally
hal ogen a;r;\lg/ oranﬁgﬁggfg%a@g%ﬁgan eﬁ%%gtvglgf cagt?lodﬂﬁ;g)?gl(%&n%éf‘I%g'qggrrﬁ%cg{;’f‘at I on
product; and (compesitivacompysing adalogemanil/erdrabngey compoundrprampter and he
wi t hdrawn of f - ' I i 7 nd/ or
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a reactive deri van ve ereof In > pres en” an al ogen
comprising a carboxylic acid having n+1 carbon atoms and/or an ester of the
carboxylic acid having n+1 carbon atoms and the alcohol having n carbon atoms

15  and/or an anhydride of the carboxylic acid having n+1 carbon atoms; (b)

withdrawing from the first carbonylation reactor, an off-gas stream comprising
carbon monoxide and optionally halogen and/or halogen compound promoter, and
optionally carbonylation product; and (c) contacting in a second carbonylation
reactor, the withdrawn off-gas stream with an alcohol having m carbon atoms

20  and/or a reactive derivative thereof'in the presence of a halogen and/or halogen
compound promoter and a heterogeneous carbonylation catalyst comprising a
supported Group VIII noble metal to produce a further carbonylation product
comprising a carboxylic acid having m + 1 carbon atoms and/or an ester of the
carboxylic acid having m+1 carbon atoms and the alcohol having m carbon atoms

25  and/or an anhydride of the carboxylic acid having m+1 carbon atoms.

The process of the present invention overcomes the disadvantage of the
prior art by converting carbon monoxide in the off-gas vented from the first
carbonylation reactor to carbonylation product in the second carbonylation reactor
thereby increasing the overall yield of carbonylation products from carbon

30 monoxide in the carbonylation plant. This is particularly beneficial when the source
of carbon monoxide is limiting the capacity of the plant,

The process of the present invention will reduce or even eliminate
completely the amount of carbon monoxide in the vented off-gas which is burned
from a liquid-phase carbonylation process.

35 Another advantage of the process of the present invention is that the off-



conpound pronoter and a heterogeneous carbonylation catalyst conprising a
supported G oup VIIl noble netal to produce a further carbonyl ation product
conprising a carboxylic acid having m+ 1 carbon atons and/or an ester of

t he carboxylic acid having mtl carbon atons and the al cohol having m carbon
atons 25 and/ or an anhydride of the carBoxylic acid having mtl carbon
atonms. The process of the present invention overcones the disadvantage of
the prior art by converting carbon nonoxide in the off-gas vented fromthe
first carbonyl gasifoom thefirstorarbanylation ceagtoacarobe ysed duthe seepndiparbonylation

car bonyl ati on feﬁ@t@f'%th%u Sitatidicr easing the overall yield of carbonylation
products from carbop monoxi de in_ the car bonyl ation plant, This is

particul arly benefi &Fd ﬁmhehadwaeta%af@é pERcessH abﬁpmw&eh%mth%fm ng the

capacity of theffigasfibm thé firse c&bEHAativn rbmornﬁ@ﬁmpﬂoﬂm Je@Rvitolt reduce or
even elim te cQ ngl etely the anount of carbon nonoxi in the vented

of f - gas V\/m ch $¥"B&r ned from a | i qui d- phase car bonyl atlon process. 35
Anot her advant age oln thafirgpand sscend tarbbmylgsronseattors,the akcolol réaz:tztriMay he of f -

3 gas fromthefi eﬁkexﬁ%rbl%%ﬂ)é 1ﬁﬁdt8'}11<{o§gfﬁa9fng@% V) cy%%?ﬁéé}ng % efer agl of the

car bonyl ati on redctor tho
process of t hetodt earhen atoms dnplyding methanrpl; ethansl cpmpagalsandrlmr@mm rst

carbonyl ati on gaaI9p eﬂﬁﬂo]?ﬁn&ﬁﬁﬁaﬁ&@' h)brbt%ﬁéd Webl?W méthandlO@k! Y. I n the
first and econ cay bon ation r oho reactan{ s na
i ndependerntd y %‘W aé‘I"P Qﬁ%‘{ °%‘f" b acﬁ%?ﬁ'fg”?p“%" ¥ acgiatfy %%\‘%
preferably u p derivatives of the alcohol include dialkyl ethers having alkyl moieties each having n

or m carbon atoms as the case may be, alkyl halides, preferably iodides, having n or

m carbon atoms as the case may be and esters of alcohols having n or m carbon

atoms with carboxylic acids having n + 1 or m + 1 carbon atoms as the case may

15  be, wherein n and m are independently suitably up to 12, preferably up to 6.
Suitable reactive derivatives of methanol include methyl acetate, dimethyl ether and
methyl iodide. A mixture of more than one alcohol may be used in either reactor.
A mixture of alcohol and reactive derivatives thereof may be used in either reactor.
Preferably, methanol and/or methyl acetate are used as reactants in the reactors.

20  Preferably, the number of carbon atoms, m, of the alcohol in the second
carbonylation reactor is the same as the number of carbon atoms, n, of the alcohol
of the first carbonylation reactor, but the reactants need not be the same. Thus, for
example, methanol may be used as reactant in the first reactor, but methanol and/or
a reactive derivative thereof may be used as reactant in the second reactor.

25 In the first and second carbonylation reactors, as promoter there may be
used either a halogen or a halogen compound, which may be for example hydrogen
halide, an alkyl or aryl halide, a metal halide or an ammonium, phosphonium,
arsonium or stibonium halide. Promoters containing iodine as the halogen moiety
are preferred. Preferably, the promoter is an alkyl iodide, preferably having an

30  alkyl moiety corresponding to the alcohol reactant and/or its reactive derivative,
for example methyl iodide.

The First Carbonylation Reactor -
The homogenous liquid-phase carbonylation process in the first

carbonylation reactor may be any suitable process for the carbonylation of an
35  alcohol having n carbon atoms and/or reactive derivative thereof to produce a



to 6 carbon atons including nethanol, ethanol, propanol and isopropanol,
but anol s, pentanols and hexanols. A preferred al cohol is nethanol, the 10
carbonyl ati on product of which is acetic acid and/or nethyl acetate.
Reactive derivatives of the al cohol include dialkyl ethers having al kyl

noi eti es each having n or m carbon atons 4s the case may be, al kyl hali des,
preferably iodides, having n or mcarbon atons as the case may be and
esters of alcohols having n or mcarbon atons w th carboxylic acids having
n + 1 or m + Tatgnyerompwdycteompsising asarbenyliciid haying nitlegaghan atomsd m ar e

dor Vat i vos. o ok st B clboooRRavg nel chdlof atomt drd e sy o hy

i odi de. A mi xthaYiBg dca t?‘ﬁ%ﬁ“%??e““a%“&i‘)ﬂ‘ﬂ?ﬂe D%él}e ‘@gbq}%'hﬂa?iﬂ%@f‘f‘&éf?r eactor. A
m xture of al catboh atdifds.r eactive derivatives thereof may be used in either
reactor. Preferabl met hanol , and/or et hyl ac are used.as reactants
b eatrore. ool EbARRY Ao Rng SIS piy betuaRReEBY | PO

al cohol in t heaheoplation af methpheltas describedfoo exangple IcGB a8 23312 1vndGBwer  of
carbon atons, s ﬁxﬂetﬁ s 3 | tor, but the
reactants neecﬂ%‘c‘)?{,lbe t gb%%IO@%fu%$? %drhygél(%&rr‘ng,gpﬁgﬁ é%tﬁgfhﬁg‘% be used as
reactant in t iEoduction of aceticseid fram methanalmad carban srongxidean e series@fr i vat i ve
thereof may besiefifihtidh, E4B6tytion afld bRArARARRYs IsSRSéribed iR EP-A-0087870.1 t he

first and,second catbonyl a reactors, .as.pronot.er there.may be used

ei ther a HQI ogen o?ﬁ}f uB;\}é[ﬁlnM?Fp‘Bﬁtﬁ ,at%%eﬂth 9“‘@8“‘%"8?‘3'1@51 BN dr ogen
hal i de, an al lcpinpositian yri thedirstderboaylatidradeadtat is pecfenablganaridiomi armhodium-
phosphoni um s ' L1 ' : 1+ 13] i odi ne as
t he hal ogen rrg::bg y di e&ﬁf@@gﬁﬁgﬂﬁ%@g@gﬁ%@@ ?&?ﬁéﬁ%@g%ﬁ%@é@@?%hgl Kyl

i odi de, pref edadinm erabpdiymepatadest may b pddeddp she liguid reactimennppsitionifoethgl cohol

reactant and/ %rﬂoh?laﬁ@ﬁ?éaw@n ﬂ%&‘éﬁiﬂbléefonﬁ WhichAdEBhEs ﬂﬁ‘h@l&huiﬁ%ﬂcﬂ%n The
First Car Hgnyl ation Reacfor - Egl%tgoml%glre] génl i qui d- phase carbonyl ati on

Examples of suitable iridium-containing compounds which may be added to

the liquid reaction composition in the first carbonylation reactor include IrCl3, Irl3,
IrBr3, [Ir(CO),12, [I(CO),Clly, [Ir(CO),Brly, [Ir(CO)2IoT, [Ir(CO),Brol,
[Ir(CO)2I21, [Ir(CH3)I3(CO), ], Ir4(CO) 2, IrCl3.4H50, 1rBr3.4H0,

20  Ir3(CO)jg, iridium metal, Irp O3, IrO9, Ir(acac}(CO),, Ir(acac)s, iridium acetate,
[Ir30(0AC)(Ho0)3][OAc), and hexachloroiridic acid [HpIrClg), preferably,
chloride-free complexes of iridium such as acetates, oxalates and acetoacetates.

Preferably, the concentration of iridium catalyst in the liquid reaction
composition in the first carbonylation reactor is in the range 100 to 6000 ppm by

25  weight of iridium.

Examples of suitable rhodium-containing compounds which may be added
to the liquid reaction composition in the first carbonylation reactor include
[Rh(CO)2Cl],, [RR(CO);1]7, [Rh(Cod)Cl]2, rhodium (III) chloride, rhodium (III)
chloride trihydrate, rhodium ({II) bromide, rhodium (III) iodide, rhodium (III)

30  acetate, rhodium dicarbonylacetylacetonate, RhCl3(PPh3)3 and
RhCI(CO)(PPh3)y.

Preferably, the concentration of the rhodium catalyst in the liquid reaction
composition in the first carbonylation reactor is in the range from 1 ppm up to its
limit of solubility in the reactor and/or product recovery system, typically 10 to

35 1500 ppm by weight of rhodium.



carbonyl.ation reactor may be any suitable process for the carbonyl ation of
an 35 al cohol having n carbon atons and/or reactive derivative thereof to
produce a 4 carbonyl ati on product conprising a carboxylic acid having
n+l carbon atonms and/or an ester of the carboxylic acid having n+l carbon
atons and the al cohol having n carbon atofs and/or an anhydride of the
carboxylic acid having n+l carbon atons. 5 Thus acetic acid and its

correspondi ng anhydride may be manufactured by carbonyl ation of net hanol as
described for exanpWaen theGErotp MBBricbie metd] GBalyst inth8iquid reactionhe producti on

of acetic anhyqifde:on t Y] : = 408 0 ' iqacetic acid
from net hanol ﬁ]dﬁgg%gﬂﬂ%oﬁr{gﬁaw ?{%ﬁgﬁg&ér@t}oégsq%?\ng&?%ﬁqkﬁ:}gﬁtgﬁ,
car bonyl at i on MRPOSEIoa mAY; EHntain apeptionalrosprometer selgctepfiamtbg gy, - 10

The Goup VI Iconsisliy oBueHentund, dbfim, irferinlif, datfiiting] nferE 9 AR iAdREm hRACt | ON
conposi ti og [ 2& he first carbonylation reactor is preferably an iridiumor
nt

rhodi um c Uy conpound which is soluble in the |liquid reaction
conposi tion. The i rWien thedGroupddilLmobiemetal/mttheriguidreaatitstecbntpositioa in thgui d
reacti on conpqsi.gf i I r. IO | | . SUl .form
which di'ssol veaust %@%"f&’?ﬁ@ég?&ﬁ@ég@@{c‘f%’ i%]"‘_[“g@‘ceta%tgdu?‘t%“ri’%g‘)rﬁ°ﬁ @a&%ﬁ{}@ﬂ ible
to a sol ubl e faronptioArlgeppremotsr selerted fom alkaliometals endionampragnicdedidesuch whi ch

may be added tf at(tmtgr}, lahridiiih iddidecONposi ti on [ n t he first carbonylation

ir ??gf S;n ; | g? g, Al ﬂjz%ﬁ\]e o[f'te}{erillco%gl andgoerrrrelc’tivé Eér?&a‘é% t eE"eaolf ’willi Be ] ’
converted to, and hence present as ester of the alcohol with the carboxylic acid
product in the liquid reaction composition by reaction with carboxylic acid product
or solvent. For example, methanol will be present as methyl acetate. The
concentration of ester in the liquid reaction composition for rhodium-catalysed

15  carbonylations is suitably in the range 0.1 to 70% by weight, preferably 0.5 to 50%

by weight, more preferably 0.5 to 35 % by weight and for iridium-catalysed
carbonylations is preferably 1 to 70%, more preferably 2 to 50% and yet more
preferably 3 to 35% by weight.

Water may be formed in situ in the liquid reaction composition in the first

20  carbonylation reactor, for example, by the esterification reaction between alcohol
reactant and carboxylic acid product. Water may be introduced to the
carbonylation reactor together with or separately from other components of the
liquid reaction composition. Water may be separated from other components of
the reaction composition withdrawn from the reactor and may be recycled in

25  controlled amounts to maintain the required concentration of water in the liquid
reaction composition. Preferably, the concentration of water in the liquid reaction
composition is in the range 0.1 to 15% by weight, more preferably 1 to 15% by
weight, most preferably 1 to 10% by weight in processes for producing carboxylic
acids. Alternatively, the process may be substantially anhydrous, for example less

30 than 0.1% water by weight, where the carboxylic acid anhydride is a desired
product.

The concentration of the halogen or a halogen compound promoter used in
the liquid reaction composition in the first carbonylation reactor is preferably in the
range 1 to 20% by weight, more preferably 2 to 15% by weight.

- 35 A solvent, preferably the carboxylic acid and/or ester product may be used



[err] and hexachloroiridic acid [err], preferably, chloride-free conpl exes
of iridi'umsuch as acetates, oxal ates and acetoacetates. Preferably, the
concentration of iridiumcatalyst in the liquid reaction conposition in the
first carbonylation reactor is in the range 100 to 6000 ppm by 25 wei ght
of iridium Exanples of suitable rhodi um &ontai ni ng conpounds which may be
added to the liquid reaction conposition in the first carbonylation reactor
include [err] , rhodium (111) chloride, rhodium (111) chloride trihydrate,
rhodium (I111) inrtberﬁthecarbbnaditwm(ehdtbn) i odide, rhodium (Il11) 30 acetate,

r hodi um di car bonyl I

concentration of t %&g&h‘%ggé efe[ag{am m%%féf&aﬂlmﬁa}@ac o‘%{y%a%tgom tion
inthe first ceﬁsmyy pUienT mayeomtain nsrtnmpurmeSrsu darbom dioxidenngshane, i t s

linit of sol ubjibyn Ineblfe ése@siepa ﬁRfaPﬂl‘i’rﬁé hiEEOHEEN SR(FFence
edmpi he .G oup

typically 10 to_ 3 ppm b
Vill nobie Srretaﬁhyelm&ny%thwwm @a&qrﬁtsﬁnbﬂwdzysﬁ Pwsaﬁerlgqs s first

carbonyl ati on feaeidndin thefirst caibmyxatioheedcmrus ﬁrefe@ﬂﬂjr kept Iewfop ekimple, 168y
contain an op I ng of

on er selected from.t nsi
r ut heni um os ?bla #ﬁﬁﬁm‘*&{ﬁyﬁﬁﬁ{ PRFEFICE MpY r?uﬁég{qe#ﬁm 5  gallium
Wien the G ouphydrdagenandm prodectal The partial prespuredofroasboninpmoxidepin thetfirsin i n t he

first carbony! ghbqRidisAtbaors sllBf e Rge | k60 el prREKLAP19878%8L 1 0N may
10  and most preferably 1 to 15 bar.
The pressure of the carbonylation reaction in the first carbonylation reactor

is suitably in the range 10 to 200 barg, preferably 10 to 100 barg, most preferably
15 to 50 barg. The temperature of the carbonylation reaction in the first
carbonylation reactor is suitably in the range 100 to 300 °C, preferably in the range
15 150to 220 °C.
The liquid phase carbonylation process in the first carbonylation reactor
may be operated as either a batch or continuous, preferably a continuous process.
Carboxylic acid and/or ester and/or acid anhydride product from the first
carbonylation reactor may be recovered by withdrawing liquid reaction
20  composition from the reactor and separating the carboxylic acid and/or ester
and/or acid anhydride product in one or more flash and/or distillation stages from
other components such as the Group VIII metal catalyst, halogen or halogen
compound promoter, water and unconsumed reactants which may be recycled to
maintain their concentrations in the first carbonylation reactor.
25 The Second Carbonylation Reactor
Off-gas withdrawn from the first carbonylation reactor comprising carbon
monoxide is contacted in a second carbonylation reactor with an alcohol having m
carbon atoms and/or a reactive derivative thereof in the presence of a halogen
and/or halogen compound promoter and a heterogeneous carbonylation catalyst
30  comprising a supported Group VIII noble metal to produce a carbonylation
product comprising carboxylic acid having m + 1 carbon atoms and/or an ester of
the carboxylic acid having m+1 carbon atoms and the alcohol having m carbon
atoms and/or an anhydride of the carboxylic acid having m+1 carbon atoms.
In the heterogeneous carbonylation process in the second carbonylation
35 reactor, the alcohol and/or reactive derivative thereof may be in the liquid and/or



an optional co-pronoter selected fromalkali netals and/or an organic

i odi de, 'such as a quaternary amoni um i odi de. 10 At | east sone of

t he al cohol and/or reactive derivative thereof will be converted to, and
hence present as ester of the alcohol with the carboxylic acid product in
the liquid reaction conposition by reactign with carboxylic acid product or
sol vent. For exanple, nethanol will be present as nethyl acetate. The
concentration of ester in the liquid reaction conposition for

r hodi um cat al y§§;ﬁ)uiLF§ase. carbonyl ations is suitably in the range 0.1 to 70%
by wei ght, preferab 0.5 to 50% by weight, npre preferably 0.5 to 35 % by
wei ght and for iri dﬂﬁﬁa'eab%ap ear@avmﬁywatwedh%rev&ssmwaswdl to 70%
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pronoter used in the |i qyi d rea_cti‘on (o30) sition.in the first carbonylation
reactor is pref psajion of yapours in the vent -gas. Previous heating and vaporisation

15  of'the alcohol and/or reactive derivative thereof may be employed in order to avoid

condensation in the total feed to the second carbonylation reactor. Suitably, the
off-gas vented from the first carbonylation reactor will be at the elevated
temperature and pressure of the first carbonylation reactor, for example at a
temperature in the range 100 to 300 °C, preferably in the range 150 to 220 °C, for

20  example about 188°C, and at a pressure in the range 10 to 200 barg, preferably 10
to 100 barg, most preferably 15 to 50 barg, for example about 28.6 barg.

Optionally, the off-gas withdrawn from the first carbonylation reactor may
be passed through a condenser and knock-out pot to remove some of the
condensable components before being admitted to the second carbonylation

25  reactor.

Preferably, the off-gas withdrawn from the first carbonylation reactor
additionally comprises volatile halogen and/or halogen compound promoter. This
may be sufficient for the requirements of the second-carbonylation reactor, or
additional halogen and/or halogen compound promoter may be introduced to the

30  second carbonylation together with and/or separately from the off-gas.

The off-gas withdrawn from the first carbonylation reactor may additionally
comprise carboxylic acid and/or ester product.

The liquid Hourly Space Velocity for continuous operation of the second
carbonylation reactor may be in the range 0.05 to 10 and the feed gas to the feed

35  liquid ratio may suitably be in the range 0.1:1 to 10:1, though higher or lower



range 1 to 20% by weight, nore preferably 2 to 15% by wei ght. 35 A
sol vent, preferably the carboxylic acid and/or ester product may be used
6in the first carbonyl ati on reactor. The carbon nonoxi de reactant in the
first carbonylation reactor nay be essentially pure or may contain inert

i mpurities such as carbon di oxi de, nethan®, nitrogen, nobl e gases, water
and [err] to [err] paraffinic hydrocarbons. The presence 5 of hydrogen in
t he carbon nonoxi de and generated in situ by the water gas shift reaction
in the first mrdgmiayllﬁténﬁp]oysaact or is preferably kept |Iow, for exanple,

| ess than 1 bar

t ' th
formati on of hydr ogi’ﬁé?‘f ca{ 6’ ﬁé{@ﬁsréﬁtér B’ﬁ?’?’?glce%ﬁgé/%eﬁﬁg %?g%%pg%ﬁ
monoxi de i n t meacfarpatkesdawity a phitabledreterogeneous ¢asbanylatiablcatalyst.t he range 1to

70 bar, preferably ’é’gtsﬁriqr'y B&ve hje&ro%éﬂgodmhbo%?ﬁﬁ% @Qhﬁr(zgt]méfbe]és . The

pressure of the car on react!

ny

l at1on reactor

i s suitabl§ i theseeondyepskonylatiog reastorp Dreferablyetherhgtarggengouscatanylation, nost

preferably 15 chialysOinkiRé Sbcordd earb&mroatru&c@omm

k8agkd on in
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car bonyl at i on ppsmates ©nian ihdresippostt car bonyl ati on react or

may be operated as

clher 1, Datch or GABCHBIOHS noBkSAA ok Y BURT AR RSon FAERPXY! 1 ©

acid and/or ester an romt

car bony! a#tf on maysyttahly aerppiise frer §uletosd %WYVWQ@&@WPQ’M metebandeact i on 20
conposi tion fLBAAdMG FRA61%0 204 b IRIEH OF Ridtd B?orE&EPOXW ic acid and/or

ester

If a metal promoter is present in the catalyst composition, the weight ratio
Group VIII metal : metal promoter may suitably be in the range 200:1 to 1:200.
Suitable metal promoters include iron, nickel, lithium and cobalt.

15 Preferably the inert support is carbon. The carbon support may be any

suitable activated or inactivated high surface area carbon or high surface area

graphite. Preferred supports are the high surface area activated carbons.

Examples of such materials are high surface area carbons having a surface area in

excess of 500 m2g~1. Suitably macroporous, mesoporous or microporous carbon

20  may be used.

Preferably, the heterogeneous catalyst for use in the second carbonylation

reactor comprises rhodium and optionally ruthenium supported on a carbon
support. Alternatively, iridium with optional ruthenium may be used on a carbon

support.

25 The catalyst for use in the second carbonylation reactor may be prepared by
impregnating the inert support with soluble compounds of the Group VIII metal

and optional metal promoter, removing the solvent and drying the composition so

obtained.

Before use in the second carbonylation reactor it is preferred to activate the

30 catalyst, suitably by contacting the catalyst with a reducing gas at elevated

temperature, preferably at a temperature in the range 150 to 600°C. The reducing

gas may be selected from carbon monoxide, hydrogen, mixtures of carbon

monoxide and hydrogen, or off-gas from a carbonylation process.

The second carbonylation reactor is suitably operated at elevated

35  temperature and pressure. Suitably, the elevated temperature is in the range 150 to



and/ or acid anhydride product in one or nore flash and/or distillation
stages from ot her conponents such as the Goup VIII netal catalyst, hal ogen
or hal ogen conpound pronoter, water and unconsuned reactants which nay be
recycled to maintain their concentrations in the first carbonylation
reactor. 25 The Second Carbonyl ati on Reactor O f-gas withdrawn fromthe
first carbonyl ation reactor conprising carbon nonoxide is contacted in a
second carbonyl ation reactor with an al cohol having mcarbon atons and/or a

reacti vg der i 3800, ot b aiout DR K@D ethe}‘ele?atb@bf&tﬁne a'idl/the rahgé egen
conpound pro Qus ation, cata

OO P Ol 860 PRk SeshShEY SRR TR BHscRPfih BB is S 1 o
product conpr iogbmgpdawtbm;aﬂlymﬁhhcﬁt bﬁxﬂactgmbemg]remvéﬂ)by meanstknamwal/in thean

ester of the %ﬁr%gslt—&é& 1 ?F%%MHEQ[;RV @sﬁgqgﬂtﬁgf&l cohol having

m carbon atoms A an an e car |c aci ving mtl carbon
atoms. In §he8ﬁmfétr1@g@ﬁ@@il§md>é¢9§@fﬁﬁ°&mron process in the second

carbonyl ation 35 mqfewmgénh&asadam htiGNYoREss itMiesbavhddarionglative t her eof
may be in the |iquid and ﬁl The al cohol and/or reactive

ase.
derivative th&FASHT Ry ytbﬁgpgréﬁegﬁaaé’QE%WF Bt9°6H- r eact or may be
i ntroduced to the Peeferably; didsecyridxtartonylatiorcteactot gpetated with doandlow so

o -gas i hel gy PN pAaRcly BRBcincd feblsaREhROOY R BlloPls oy b SO | T
conpri se aPcoleasilyfram the neactor. | The ghaes andiorwapaureexiting thh@emndmthonalnmw
reactive deri yalctdtendy 6 fbed WiouBR ohd bf ABHCEAdEReiRRART cOMErsGBcBAIBAs&L | ON
liquid products, unconsumed reactants and/or promoters which may be separated
from any residual gases and/or vapours and recycled to the first carbonylation
reactor. Any residual gases and/or vapours may be disposed of by conventional
1S  means such as for example, by passing to conventional scrubbers and/or burners.
If required, these are smaller than otherwise would be the case without the second
carbonylation reactor of the present invention,
Condensation of liquid products within the second carbonylation reactor
may reduce catalyst life, and is preferably avoided by control of reaction
20  temperature. However, lower reaction temperature may be desirable in order to
reduce reactor costs. The temperature at which condensation of product occurs in
the second carbonylation reactor may be reduced by feeding excess alcohol and/or
reactive derivative thereof so that the product is substantially an ester rather than
the less volatile carboxylic acid. Alternatively, the temperature at which
25  condensation occurs may be lowered by lowering the pressure or by recycling to
the second carbonylation reactor some of the gaseous effluent from the
downstream scrubbing system.
The process of the present invention will now be further illustrated by
reference to the following Examples and by reference to the Figure which
30 represents a flow scheme for the process of the present invention.
@ Preparation of Catalysts

Heterogeneous catalysts suitable for use in the second carbonylation
reactor in the process of the present invention were prepared and tested.

Catalyst A
35 Catalyst A comprising rhodium (0.48% w/v) supported on microporous



reactor by mxing with hot vented off-gas fromthe first carbonyl ation
reactor either as a liquid at anbient tenperature or as a vapour at

el evated tenperature, 10 thereby introducing a gas, vapour and/or liquid
m xture into the second carbonylation reactor. A suitable liquid injector
may be required to reduce thermal shock & the m xing process. It is
expected that injection of liquid al cohol and/or reactive derivative
thereof into the hot vented off-gas will cause sone condensati on of vapours
i n the vent edARDI(Temie- MiRG ¢arbus (dxeSutéliffe Speakman) wvdspatpaced dsHollows: t he

e : Ardo .
Svord_condenaat | onisropaEts AR A MENS Bt BRIsOR) TN AHER pePofbtel | 0
Sui tably, t heingfuiitigaby addingthefcathontth @ splution of 20% v/ nitrig 451'3/ (259qeldandyi | | be
at the el evatgd, Fﬁeée%o?ﬁtwneat?t@@oﬁﬁg?ﬁﬁf €or@ipetiBe of I hiir. CPEORGAEN

reactor, for eXa a tenperattfe in the range 0 to,300.[Le
preferablysi nlsgh@drf@ﬁfgéhel‘!}mqaé“dzwt[%rh*y]r}!ltm&“ a?g%lasig%mﬁweg%&&ll%ég[ err],
and at a presgfidid ditilldewaepBeforcbeing AR ilvan gvent afterpératurd 6f 115°CHor bar g,
nost preferabl MS to 50 barg, for exanple about 28.6 barg. Optionally, the
of f - gas wi t hd? Sfromthe first carbonyl ation reactor may be passed

t hr ough a condenseR shdionrsf@k208gtof RhiCl4 i 40emiofacetone was added to@fdelmfabl e

conponent s bef;or.e ' ' t-Q - : '
Prof orably. o HE Tieney A Qg8 dahtlh, “Thid HeaRCARR 1o 6 G PGB Ber fo ml 6271 O
addi tional®y cuhpn support(dead.#3% Wiiregialdoading) o The seluens vasd APV ter.
fenotor or able i b o o At arotor Tt Do
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i oduced ¢ oreSHENgGaiaSEYE GHeRIB AYPLE T ¢ SYERRY A0r Han RSP bar at el

from the of f - gagrea@pdoraise- gas wi thdrawn fromthe first carbonylation

reactor may a%&l l'y conprise carboxylic acid and/or ester product. The
|l iquid Hourly elocity for continuous operation of the second
15 Catalyst B comprising rhodium (0.48% w/v) supported on mesoporous

carbon (grade Wv1100; ex Westvaco Corp.) was prepared as follows:

The mesoporous carbon (50 g) was washed free of metal impurities by
adding the carbon in a solution of 20% v/v nitric acid (250 ml) and heating the
solution at its boiling point for a period of 1 hour. The carbon was isolated from

20 the nitric acid solution by filtration and was then washed with 4 litres of cold
distilled water before being dried in an oven at a temperature of 115°C for 3 hours.

A solution of 0.203g of RhCl3 in 40 ml of acetone was added to 20 ml of
the washed and dried mesoporous carbon. This is equivalent to 0.1 g of rhodium
per 10 ml of carbon support (i.e. 0.48% w/v metal loading). The solvent was then

25 removed by rotary evaporation at 40°C for 1 hour and at 80°C for a further hour.
The resulting catalyst was dried in an oven at 110°C overnight after which the

catalyst was ready for use.

(II)  Catalyst Test Rig
A Catalyst Test Rig comprising a Hastelloy (trade mark) reactor tube of

30 internal diameter 0.5 inch and of length 28 inches with a 4mm OD axial thermowell
was used in the following experiments. Liquid feed was supplied to the reactor via
a pump capable of delivering liquids under pressure. A process stream was
removed from the reactor and was passed to a 100 ml volume condenser,
constructed from Hastelloy (trade mark), where liquid products were condensed
'35  and collected. A gaseous stream was removed from the condenser and passed



carbonyl ation reactor may be in the range 0.05 to 10 and the feed gas to
the feed 35 liquid ratio nay suitably be in the range 0.1:1 to 10:1,

t hough hi gher or | ower 8 ratios may be enpl oyed. The second

carbonyl ation reactor may be a nulti-tubed heterogeneous reactor packed

Wi th a suitabl e heterogeneous carbonyl atitobn catal yst. Any suitably active
het er ogeneous carbonyl ati on catal yst may be used in 5 t he second

carbonyl ation reactor. Preferably, the heterogeneous carbonyl ation catal yst

in the secondyggg &@M@Pm@&a%ﬁ{ea@%wv&eﬁea Goup VIII rmetal selected
fromthe grouEmS t| ng of I di um rhodi um and ni ckel, and an optional

nmetal pronote rt. Preferably, the heterogeneous cat al yst
in the second car bamlcatraly@tsprqmmboizewermvmdbeforqtestimgmase from0.1 to

e O SlSHeReotl'rodist ) uBthe il 304 e LAY Barbohfladfdh fadiyr 4! ot

of netal pro r Ono rese ata
conposi ti of, thaepmsgnfthomrmnenwmovm rretal . nmetal pronoter nay

sui tably be in theAaa&ﬁragag;flwpsocgmemmmm 135y P P PIHRLGRalyt Nl Ude

iron, nickel, lithiumand port

i s carbon. Thavasieaded into theotatalysh TestRigspactar, tf%l r abé%aqu’&’rbae g‘ﬁ)vat ed
glr g ht ﬁ gr L ?Cﬁ gﬂfrﬁ?x egcgab@ﬂuﬁr/ﬁwd STRé dﬁﬂys‘ﬂm t@aaatat b eemprathey 6f30080PpOr t S
i oh surface Meicarge R rgoE iRVt B dhe SualifoalBery B ° 2
Sui tably d@cr oghrcediat a tquemumwf 188°Gmmd mﬂowaats of 336 oo withrpegasbe used.
' composition prepared to simulate the composition which would be expected

downstream of a condenser placed in the off-gas vented from the first

carbonylation reactor in the process of the present invention. The composition of

this off-gas composition is given in Table 1.

15 The catalyst activation procedure was deemed to be complete when the
levels of carbon monoxide and hydrogen exiting from the reactor, as monitored by
GC, were the same as in the simulated off-gas stream fed to the reactor.
TABLE 1 - GAS COMPOSITION USED IN CARBONYLATION

EXPERIMENTS

Component % mol
Hydrogen 10.2
Nitrogen 17.9
Carbon Monoxide 63.3
Carbon Dioxide 5.6
Methyl Iodide 2.8
Methyl Acetate 0.1
Acetic Acid 0.1
Water 0.2

20 (V) Heterogeneous Carbonylation Experiments
The catalysts prepared above were tested in a heterogeneous carbonylation

process using the conditions summarised in Table 2 below to illustrate the second
carbonylation reactor of the process of the present invention. Following activation
of the catalyst, as described above, simulated off-gas was fed to the catalyst ata

- 25  flow rate of 149 ml/min via a mass flow controller and the pressure of off-gas



Preferably, the heterogeneous catalyst for use in the second carbonylation
reactor’ conprises rhodiumand optionally ruthenium supported on a carbon
support. Alternatively, iridiumwth optional rutheniummy be used on a

carbon support. 25 The catalyst for use in the second carbonylation
reactor may be prepared by inpregnating ¥he inert support with sol uble
compounds of the Group VIII netal and optional netal promoter, rempving the

sol vent and drying the conposition so obtained. Before use in the second
car bonyl at i orgdviiag titbugh theedttetivedsitieh increaset ity 27 barigh AfBd stabilsatadryatt

bl
omerat ur v, B bRE fornft e i Bpehhs drfe SN B IORGeGE af2 BTEE |
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lﬁl{l

t enper at urse appreximately 4@15&@94’5)/ Samles@[f g%tgéﬁP%‘é PEOGUCts 1y ¢ he
range 150 0 exjtirh the PéEdriwert Q{keﬁéﬁlﬁﬁlt evap 2D hod8@he IWe]'e arfalysed by gas t he

I
Cecond car bangrampiogabycibe ta g pEe pradiit solicleh it dordfistlat ' Dol

of reaction bﬂlbmﬁdbem\/aﬁexhnemﬁeﬂemmedl n the art, such as for exanple,
an external steam ﬁfl%%s\é“?%&rﬁw&wagwg‘g g{lc&ﬂﬁosﬁlo gﬁ@ @édc? R4 medi um

pressure steam Th eous ¢ I.on proc econd
car bonyl atQ ondata§weight andycompiosition)wese Sleeive gzgar@egegm(u &ﬂkekb‘?’bcess

which measure the performance of the catalysts in utilising the carbon monoxide in

- the off-gas.
*C-mol" relates to the number of moles of carbon atoms in the
carbonylation product which are derived from the alcohol reactant and/or reactive
15  derivative thereof. For example, in Equation 1, the methyl acetate carbonylation
product contains twice as many carbon atoms derived from the methanol reactant
as the acetic acid carbonylation product;
4 CH30H +3 CO —— CH3CO2CH3 +2 CH3CO2H+H0 (1)
In this example the C-mol selectivity is 50 C-mol% to each product since 2 moles
20 of acetic acid are produced per mole of methyl acetate.
(V) Definitions
CO conversion (mol%) =  (moles CO in feed) - (moles CO exiting reactor) x 100

(moles CO in feed)
MeOH conversion (mol%) = (moles MeOH in feed) - (moles MeOH exiting reactor) x
25 100 )
(moles MeOH in feed)

Acetyls selectivity (C-mol%) = C-moles in (MeOAc + AcOH) derived from MeOH x 100
; (C-moles in total products derived from MeOH)
(VI) Results
30 Examples AandB
The total conversion of carbon monoxide (mol %) and conversion of me;hanol
(mol%) together with selectivity and .productivity data for Catalysts A (Example
A) and B (Example B) are given in Tables 3-4 and 5-6 respectively.
A comparison of the results in Tables 3 and 5 shows that a catalyst

'35  comprising rhodium supported on a mesoporous carbon support produces less



Preferably, the second carbonyl ation reactor is operated with down-flow so
that any liquid products, unconsuned reactants and/or pronoters may be
renoved 10 easily fromthe reactor. The gases and/or vapours exiting the
second carbonyl ation reactor may be passed through one or nore condensers
and/ or coolers to condense |iquid productls, unconsunmed reactants and/or
pronoters which may be separated from any residual gases and/or vapours and
recycled to the first carbonylation reactor. Any residual gases and/or

vapours may bgethafi® @hashdediraBle tgp%meﬁ&t) fHank cdflyst coreprisingurhddiam shipportedanpl e,
by passing to conventlonal ubbe

nd/,or .bur ners t hese are
smal | er than 9% AENGHORR™ WS & oﬂéu?ﬂ?(f %@s‘ét‘kﬁﬁf?&?&{‘l’%"ﬁé ugée%ﬁéﬁ%bl%réagonyl ation
react or of t heondittsasf thewestnti on. Condensation of |iquid products within
t he second car bonyl at| on reg 0 I@bl"ﬁONSfe and is
preferably aperdes Slaimm.
reaction tewo@t)aMcOé-I mefye(be deS| rabl ein rldeﬂmoﬂaé reduce reactor costs
tenperature pj MirffeIgRRR@Nsati on of prodligy.1qaewrs in the second
car bonyl ati op _react or be reduced by frggag excess al cohol and/ or
reactive der | GatalyseB P%ék%ﬁFeso that the p t is substantially an ester
rather than |heed GasFIval atil e carboxylic agseimi/Alin er natively, the
t enperature E wﬂ&l condensati on OC'HQ be | owered by | oweri pg
t he pressure|6f® qP@§§QW|ng to the secong aHBonyIatlon reactor some pf

t he gaseous ¢RehationtTimeam Stheandownst r eam éﬂtﬂ@lhonu? system The process] of

For 1 owi ng ExafpEaunaitals PERKY a8 se UF Rl Rl BRI, ©' P Tee s

fl ow schene for the process of the present invention. (I) Preparation of
Cat al ysts Het erogeneous catal ysts suitable for use in the second

carbonyl ation reactor in the process of the present invention were prepared
and tested.
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Catal yst A 35 Cat al yst A conpri sing rhodium (0.48% w v) supported
on ‘m cropor ous 10 AR2 (Trade Mark) carbon (ex Sutcliffe Speakman) was
prepared as foll ows: M croporous AR2 (Trade Mark) carbon (50 g) was washed
free of netal inpurities by adding the carbon to a solution of 20% v/v
nitric acid (250 m) and heating the solé#ion at its boiling point for a
period of 1 hour. The carbon was 5 isolated fromthe nitric acid solution
by filtration and was then washed with 4 litres of cold distilled water
before being dried in an oven at a tenperature of 115[err] for 3 hours. A
solution of 0.203g of [err] in 40 m of acetone was added to 20 ml of the

washed and dri ed feat s—egurvatemtTto—0—t—gof] rhodi um per 10 i
of 10 car bon syppor D.48% wW v netal |oading). |The solvent was then
removed by rotary eva at 40[err] for 1 hour and at 80[err] for a
further hour. Thg res at al yst was drlied in an ovien at 110[err]
overni ght after vrhich al ystowaser e f‘\or use, oflat al yst B 15
Catal yst B conpri@ng %Cﬁ@@vﬂv) 8 p@l&ed\@mn mesopor ous car bon
(grade W1100; eXq s Y. T N8 Pre P &8 rows: The nesopor ous
carbon (50 g) wag waslhed ffreel of nmetal inpurities by adding the carbon in a
solution of 20% W v nitric acjd (250 m) and heating the solution at its
boiling point for{ a period of|{ 1 hour. The cjarbon was isjolated from20 the
nitric acid sol utfion [py f Itratlon and vva%then washed with 4 litres of
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distilled water before being dried in an oven at a tenperature of 115[err]
for 3 hours. A solution of 0.203g of [err] in 40 m of acetone was added to
20 M of the washed and dri ed nmesoporous carbon. This is equivalent to 0.1
g of rhodium per 10 m of carbon support (i.e. 0.48% w v netal | oading).
The sol vent was then 25 renmoved by rotdsy evaporation at 40[err] for 1
hour and at 80[err] for a further hour. The resulting catalyst was dried in
an oven at 110[err] overnight after which the catal yst was ready for use.
(rn) Cat al yst Test Rig A Cat al yABLE#L dﬁ:gh(nvggn&si ng a Hastelloy (trade
mar k) reactor tube of 30 intern I amet er 5 1nch and of length 28
inches with a 4mm ; wa ; AHNg
experinents. Liqui j’rfmednsaearﬁ@mpal ed to the reac 6rIOV| a a pynp capabl e of
delivering liquids|under pr essure A pr ocess strepm was renmoved fromthe
reactor and was pa HHHE—CoHaeRSE ted from
Hastel | oy (trade maCOConmhmt%l d pr oducts werk ,lbahdensed 35 and
collected. A gaseoligs %% m&n renoved fromthe 3??? nser d passed

t hrough a gas wate neasure its vol une. ? Actlvali on Procedure
The catal ysts prep m@é%above were activated beforf testing in a

het er ogeneous proc agéleéﬁhﬂgl lustrate pgILc use in 9@4§econd ar bonyl ation
reactor of 5 t he|l process of the pres inventipn. A standard activation
procedure was used &h@P’e@y 10 m of t"‘l‘f@ at al yst /\ﬁ | oaded into the

Catal yst Test Rig {emeh@ethdnel)l owed by 89g of ineft glass begds which act
as a m xer/ pre-bed. |ne aetd% gérat\{\l/?g_tlrsggd -gaspregs%r _zzitbure of 300[err]

MeOAc = methyl acetate; AcOH = acetic acid
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with nitrogen at a flowrate of 130 mM/mn for 12 hours. The catal yst was
then 10 reduced at a tenperature of 188[err] and a flowrate of 136 mM/mn
with a gas conposition prepared to sinulate the conposition which would be
expect ed downstream of a condenser placed in the off-gas vented fromthe
first carbonylation reactor in the prdéess of the present invention. The
conposition of this off-gas conposition is given in Table 1. 15 The
catal yst activation procedure was deened to be conpl ete when the | evels of
car bon nonoxi de and hydrogen exiting fromthe reactor, as nonitored by GC
were the sane as in the sinulated off-gas streamfed to the reactor. TABLE

1- GAS COMPOSI THONTUSERp T NTCARBONYCATT ONTEXPERI VENTS| Conponent
% nol Hydr ogen 10. 2 Ni tir ogen 17.9
Car bon Monoxi d g3. 3 Carbon Di g¢xi de 5.6 Methyl 1odide
2.8 Methyl Acefate 0.1 Acetigc|Acid 0.1 Water
0.2 20 (1V) erggerjgous C%;bogybgtlgrbﬁgpgfgmﬁmgs The catal ysts
prepared above ﬁeregest& Cnva\&e-teloggr éb@s“!c'a!r'b‘o@ | ati on process using
t he conditions |Sumhfi 4 iIP TAMN & 9 belMN FaSi A WsTHat e the second
car bonyl ati on rneactlor qf the process of tlhe present ilnvention. Foll ow ng
activation of tlhe datallyst,| as descri bed |above, sinuljated of f-gas was fed
to the catalystl at la 2§ fllowrate of 149 m/mn viala mass flow controller
and the pressurne off of f|l-gas —
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12 flow ng through the reactor was then increased to 27 barg. After

stabilisation at 27 barg for 30 m nutes,

liquid reactants were punped to

the reactor at a flowrate of 10.4 mi/hr via a high pressure punp. The
vol une of gas flowi ng out of the reactor was neasured using a flow neter.
The reaction was allowed to continue 5

Sanpl es of both gaseous and |liquid products exiting the reactor were taken

at
mass of

¥or approxi mately 40-50 hours.

| east every 12 hours and were anal ysed by gas chronat ography. The total
liquid products collected in the condenser at the end of the

experinment was determ ned. The gaseous product data (vol une and

data (wei ght and conposition) were
used to derive paraneters (defined bel ow) which nmeasure the performance of

conposi tion) and product

liquid 10

the catalysts in utfiTisijng the carpon nondxide in the off-gas. "C nol"
relates to the nunfjer off noleg of parbon dtons in the carbonylation product
whi ch are derived firomtfhe al cohol |reactarnt and/or reactive 15 derivative
t hereof For exanpld, in |Equatjon 1f the ngthyl acetate carbonylation
product contains tvige ;hany;taraﬁpyatons derived fromthe nethano
reactant as the ac tg& cird cppdonykation [product; 4 [err] + 3 CO
[err] [err] ++2 | ril f} ln-this exanple the C-nol selectivity
is 50 CGnol%to eagh product pincel2 noleg 20 of acetic acid are produced
per nole of nmethyl |acetate. (M) Definitions CO conversion (mol% = (ol es
COin feed) - (nolgs COxitihg reactor) x 100
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(nmoles COin feed) MeOH conversion (nmol% = (nmoles MeOH in feed) - (noles
MeCH exiting reactor) x 25 100 (noles MeOH in feed) Acetyls selectivity
(CGml%w = Cnoles in (MeOAc + AcOH) derived from MeOH x 100 (C-noles in
total products derived from MeOH) (VI) Results 30 Exanpl es A and B The
total conversion of carbon nonoxide (nol % and conversion of nethanol
(nol %9 together with selectivity and productivity data for Catal ysts A
(Exanmpl e A) arExamplé€anpl e B) are given in Tables 3-4 and 5-6 respectively.

et g 'nSOPth. v EARY: (St 9 Brfptisile #4hw FEMAYFortad U flerofd ‘@itesgﬁsess
P hang ( nrarten SRR Speplomah ChyBians ARRLYE: prepated s poehbsdpn

g rhodi um
supported on al(mlofﬁmatalwtfﬂaﬂ'fs))wetsdxmdwmtoahﬁi‘eamrtalsdc&mbedsuderp(ﬁl)t or under

the particuy ar CO”Q’h‘é'cQ:@Efsth/astabﬁvatﬁ%i 250PC Eea%f’i\%ﬁ%ﬂﬂ}lm TIONS CO MeOH

in feed

25 1° (ol ar) CFRRD S Wdgimiyd 40D ofsileed OFges CToe GHEgpo OB Gas I ow
149 m / m n Feedasthepmalntainggat 140ml/min and the pressure incregsedita128 bar. The liquid

feed (MeOH, Mel etc) was then delivered to the reactor at 10.4ml/h, The feed
composition (see Table 7) in this example was designed to simulate the feedstream
10  that would be obtained following the mixing of fresh methanol with typical
methanol carbonylation plant off-gas recovered after passing through a condensor
(dry, low-Mel type off-gas):
TABLE 7

Low-Mel off-gas . -

Feed CO | CO2| H2 N2 | MeOH| Mel | MeOAc | AcOH| H20{ Totals

% mol | 38.02] 336] 5.79| 10.71] 40.06 | 1.81 0.06 0.06 | 0.13] 100
The CO:MeOH ratio 6f the feed was 0.95, and the contact time of the feed

15  onthe catalyst was 2.7 s. The carbonylation reaction between CO in the off-gas
and MeOH was allowed to proceed for 29h, with gas and liquid products analysed

periodically. The data obtained is shown in Table 8.
TABLE 8 - CATALYST C
Time/h 9.75 15.58 21.92 29.12

Selectivity C-mol %

CH4 069 | 1040 | 908 | 9.66
DME 000 | 244 | 239 1.94
MeOAc 580 | '532 | s5.4I 0.00
AcOH 9351 | 8183 | 83.12 | 884l
(Acetyls) 9931 | 87.16 | 88.53 | 88.4l
Totals 100.0 | 1000 | 100.0 | 100.0

Conversion %

CO 92.59 76.52 | 78.85 80.65
MeOH 97.12 97.35 97.24 | 100.00




Reaction Tinme on Stream 40-50 hours 5 a. Equivalent to 4.98
and 2.95g of Catalyst A and B respectively. 10 15 20 25 14 [err] [err]

[err] 15 TABLE 4 - CATALYST A Tine on Stream (hr)a

6. 10 CO Conversi on nol % 11.71 MeCOH conversi on
25.92 ol % Sel ectivity MeCAc 19 86.48 C ol %
AcCH 0.00 (fromnethanol) a. Bed tenperature = 188[err],

O f-gas pressure = 21 barg
The data in Table 8 indicates that the Rh/carbon catalyst is capable of

scrubbing CO from simulated off-gas of composition 'dry, low-Mel' with a high
efficiency of 70%+, despite the low level of Mel of 3 mol % available as a
promoter. Moreover, selectivity to byproduct methane is < 10% C-mol, despite the
5  high catalyst bed temperature of 260°C observed in this test.

Example D '

A catalyst (catalyst D) comprising 1% w/w Rh supported on microporous
carbon (Sutcliffe Speakman Co. grade AR2) was prepared as described under (I).
2ml of this catalyst {0.96g) were loaded in the reactor as described under (III).

10 The catalyst was activated by heating at 188°C in flowing nitrogen at 130
m!/min for 3h then in 100 ml/min of simulated off-gas for 3h. The off-gas flow rate
was then reduced to 24 ml/min and the pressure increased to 28 bar. The liquid
feed (MeOH, Mel etc) was then delivered to the reactor at 5.6 mi/h. The feed
composition (See Table 9) in this example was designed to simulate the feedstream

15  that would be obtained following the mixing of fresh methanol with typical
methanol carbonylation plant off-gas recovered before passing through a condensor
{wet, high Mel type off-gas):

TABLE 9

Low-Mel off-gas

Feed COo | CO2| B2 N2 | MeOH{ Mel | MeOAc | AcOH | H20| Totals

% mol | 2416] 1.8 | 3.58| 2.47 | 24.05 | 1647] 0.82 12.69 | 13.96] 100

The CO:MeOH ratio of the feed was 1.0, and the contact time of the feed
20  onthe catalyst was 1.7 s. The carbonylation reaction between CO in the off-gas
and MeOH was allowed to proceed for 29h, with gas and liquid products analysed
periodically. The data obtained is shown in Table 10.

25

30



MeOAc= net hyl acetate; AcOH = acetic acid 5 10 15 20

[erv] [err]

17 [err]

[err]

Co. grade AR2) was prepared as descri bed 6Jnder (r).
2

10

15

- 20

TABLE 10 - CATALYST D

Time/h 533 29.20
Bed temp (°C) 197 196
Selectivity C-mol%

CH4 0.03 1.19
DME 1.63 0.69
MeOAc 13.24 15.36
AcOH 85.09 82.76
(Acetyls) 98.33 98.12
Totals 100.00 100.00
Conversion %

CO 92.78 91.47
MeOH 93.23 92.14

16 [err]
[ 18 Exanple C A catalyst (catalyst O
conprising 1% w w Rh supported on m croporous carbon (Sutcliffe Speaknman

The data in Table 10 indicates that the catalyst is capable of scrubbing CO at
efficiencies of 90% + from wet, high-Mel off-gas, despite the conditions of lower
temperature (bed temperature 197°C) and higher throughput (1.7 s contact time)
than were used in Example 1. The high efficiency observed is probably due to the
high level of Mel promoter (16.47 mol %) available in the feed. Byproduct
methane selectivity was very low at <2 % C-mol, indicative both of the
predominance of the carbonylation reaction and of the low catalyst bed temperature
of 197°C observed in the test.

Examples (A) to (D) are not examples according to the present invention
because they are only illustrative of feature (c) of the process of the invention.

Carbonylation Apparatus

Figure 1 illustrates a carbonylation apparatus for use in the process of the
preéent invention which apparatus comprises a first carbonylation reactor (1), an
off-gas vent line (6), a methanol feed line (7), a second carbonylation reactor (2), a
cooler (3), a reactor vent condenser (4), a reactor vent condenser separator (5), 2
recycle line (8), and a high pressure absorber (9).

In use, an off-gas stream (10)-is withdrawn from the first carbonylation
reactor (1) and is passed along the off-gas vent line (6) where the off-gas stream is
mixed with methanol from the methanol feed line (7). Alternatively, the off-gas is



10m of this catalyst (4.97g) were | oaded into the reactor as descri bed
under (tl1). 5 The catal yst was activated at 250[err] by heating in
130m /mn flowing nitrogen for 3h followed by 140m /m n of simulated

of f-gas. The off-gas flow rate was then nai ntained at 140m /mn and the
pressure increased to 28 bar. The liquid2ieed (MeOH Ml etc) was then
delivered to the reactor at 10.4m/h. The feed conposition (see Table 7) in
this exanple was designed to simulate the feedstream 10 that woul d be

obt ai ned fol | puésed throgghra xondensdr ahd separated (hanshown) tdiremygvieagiortiern dithe |

carbonyl ati on pl ant .of f - gas, fecovered . ' I dgnsor
Cary. T ow wer Pofisesty mpfE SRS HEE hiRtd R “%?i.;ggﬁfg&@é%’d@d By ch ko

N2 =~ MeOH Melmekkdatinjectw@hiy beHequireitoanipingsathernggstoek inttefi-gaspgnt 10. 71
40.06 1.81 " 6 : Medhb ' the feed
was 0.95, and h{f g%c c?\l%eég%twtellyoh%&g? et?%gi ?‘é%é’;a ?g;e-l}gﬁor?% at adl%ég I!t’ﬁbv\r/gé 2.7 s.
The car bon§| afmixing vatcihe off-grsstiean (@or admissiondp thepeeond cpr H88s al | owed

to proceed fokea®dt.(2) th gas and li-quid products anal ysed peri odi cal ly. The
data obtained is s

wn in.Table.8 TAB 8 - TALYS Ti
9 75 15 58 21w resulting quxed stream ptgtﬁgagn%rpé&}gra{‘gﬁ) 1s HI%{I If'ed to the
0. 69 10. 40 head 6f #8econd c&b6fylididn reactor (2). The second carbonyddion reactor42) 2.139
1.94 MeOAc . . . . . . .
5351 g1, g mulgiubplar and s Spefbded isortimmigly witteti nixed start 15 Bbvine,
88. 53 28 4 dowswardly through the reactor (2).04 fiyst seatipm of tubes ggyreguireditgcheat the

mixed stream (11) to reaction temperature. Heat of reaction is removed from the

second carbonylation reactor (2) by way of medium pressure steam via cooler (3)
which comprises an external steel drum with pressure control.
A product stream (12) is removed from the second carbonylation reactor
15  (2) and is passed to a reactor vent condenser (4) in which the product stream (12)
is cooled to a temperature at which most of the acetic acid carbonylation product
and methyl iodide promoter condenses. The stream {13) which exits the reactor
vent condenser (4) is passed to a reactor vent condenser separator (5) where the
condensed products (14) are separated and returned via recycle line (8) to the first
20  carbonylation reactor (1). The non-condensed process stream (15) is passed to the
high pressure absorber (9).
Example
The process of the present invention using the apparatus described above,
was simulated using an ASPEN (Trade Mark) computer model. In the simulation,
25  the off-gas stream (10) is withdrawn from the first carbonylation reactor (1) at a
temperature of approximately 188°C and at a pressure of 28.6 bara. Methanol is
fed along line (7) at a temperature of 20°C. Addition of the cooler methanol
stream to the off-gas stream results in at least some of the condensable products
from the first carbonylation reactor (1) condensing. The amount of methanol
30 added to the off-gas stream is such as to maintain a 1.5:1 molar ratio of carbon
monoxide to methanol in the mixed stream (11) feed to the second carbonylation
reactor (2). The mixed stream (11) is at a temperature of approximately 177°C
while the second carbonylation reactor (2) is operated isothermally at a
temperature of 200°C. The reaction exotherm of 1.28 MW will be expected to be
35 sufficient to raise 2.4 te/hr of steam at 15.6 bara in the cooler (3).



Conver si on % Co 92. 59 76. 52 78. 85 80. 65 MeOH
97.12 + 97.35 97. 24 100. 00 19 The data in Table 8 indicates that

t he Rh/carbon catal yst is capable of scrubbing CO from sinul ated of f-gas of
conposition "dry, lowMl' with a high efficiency of 70%, despite the |ow
l evel of Mel of 3 mol % available as a pP8noter. Moreover, selectivity to
byproduct nethane is < 10% C-nol, despite the 5 hi gh cat al yst bed
tenperature of 260[err] observed in this test. Exanple D A catalyst

(catal yst D) conpr iQsving td theproseRbe ofigopdertsedireaptonproduptsrand shechigh taaction

(Sutcliffe Spg ggﬂ &él%&%@??%bgﬁ@%o?%@%ﬁ&g ﬁﬁle%@ﬁdllé?goﬂmeﬁor( ). 2m

of this catal yst i tor as escrlbeg

(111). 10 for the seren &9&999&'@“%@3@8{ {2 an 8‘35(‘3011?%{??%"‘&% eReSt tP?’% n
flow ng ni trog&ﬁm@atagguggd/m n for 3h then | n 100 M/ mn of SI nmul at ed

of f-gas for 3h. The qff-gas_ flow.rate was [y t nd the
pressure i%creased??gwfé) er 'élaﬁ“?'}fufsoas?@ée qbﬁee%él/'e%%qvg %&}1 ?
delivered to mhélﬁ@%(sebctiﬁtytﬁ aBetid ddiid is Bhkieveded conposi tion (See Tabl e 9) in

this exanpl e was dqﬁh )#u ﬁ}eﬁﬁmﬁtﬁﬁﬁagff‘\?fm“sm {§ woul d be

obt ai ned fol |l ow ng ? 1 typi cal net hanol
car bonyl at i on cpibanylatigrf :egqgr @Gb@@*@ﬁtotﬁeﬁempéraﬂﬁgﬁ%QWrtbﬁW@f(‘!ﬁﬁdensor

(wet, high MelgohdengerQhf astPsassed OB deprate?\(5)\edm WhichdAlsquid stream comprising
10  carbonylation products from the second carbonylation reactor is withdrawn and

recycled to the first carbonylation reactor via line (8). The non-condensable gases

comprising carbon monoxide is passed to conventional high pressure adsorber (9).
A summary mass balance for the computer simulation is given in Table 7

below.

15 Using the process of the present invention, less carbon monoxide will be
passed to the high pressure adsorber than would be the case without the second
carbonylation reactor. Therefore, the overall yield of carbonylation products based
upon carbon monoxide is increased.
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Feed CO (€02 H2 N2 MeOH  Mel MeQAc AcOH H20 Totals %ol
24.16 1.8 3.58 2. 47 24. 05 16. 47 0.82 12. 69 13.96 100 The
CO MeOH ratio of the feed was 1.0, and the contact tine of the feed 20 on
the catalyst was 1.7 s. The carbonyl ati on,4 eaction between COin the

of f-gas and MeOH was all owed to proceed for 29h, with gas and liquid
products anal ysed periodically. The data obtained is shown in Table 10. 25

30 20 TABLE 10- CATALYST D Tinme/h 5.33 29. 20
Bedtemp (O 197 196 Sel ectivity C nol % CH4
0. 03 1.19 DVE 1.63 0.69 MeQAc
13. 24 15. 36 AcOH 85. 09 82.76 (Acetyls)
98. 33 98.12 Total s 100. 00 100. 00 Conversion %
CO 9278 T AT IVECH 93. 23
92.14 The data in ffalle 10 indi catel\s &hag_ t he cgtagyg ®swcapgbl e of
scrubbi ng CO at o T o QA8 283 a o
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efficiencies

of 90% + fromwet, high-Mel off-gas, despite the conditi

ons of

| ower tenperature (bed tenperature 197[err]) and hi gher throughput (1.7 s

contact tine)
is probably d

5

ue to the high level of Mel pronoter (16.47 nol % avail

than were used in Exanple 1. The high efficiency observed

abl e

in the feed. Byproduct nethane selectivityswas very low at < 2 % C nol,
i ndi cative both of the predom nance of the carbonylation reaction and of

the | ow catal yst bed tenperature of 197[err] observed in the test. 10
Exanples (A) to (D) are not exanples according to the present invention
because they are only illustrative of feature (c) of the process of the
i nvention. Carbonylation Apparatus Figure 1 illustrates a carbonyl ation
apparatus for use in the process of the present invention which apparatus
conprises a f carponytratTom reactor (L), —am 15 of f=gas—vent tTTe (6),
a nethanol fepd |ling, (R 2a segongd carbonyl at; ol r®act ¢ ), a cqolgr (3),
a reactor venf dondeps® £4), § @adtqy yent €ofdghser Fefarat & ¥55| a
. N . 4 (o8] b <
recycle line , and & Hiigh [fP.eggngecab:sorbeg X InPsE ancpfffi- S
stream (10) ip 'théﬁa& i;rom@heqf'i‘rst car bqay t:[-on rgag‘xor l)na IS
passed along } hg off-gas vent line (6) where the off-gas streamis 2(
m xed with nefhgnol trom the nethanol feed I%Qecﬁzg. Al ternatively, tlhe
off-gas is 21 passefR tHrough & cgndenser ﬁdﬁs@arat r Y not mshgvvg to
renove a port of £h& adndengald eSnat epi al Hefore beiFgAM xel® Wit
met hanol fronj rHe feedgiﬁe (;;E'.j\%@amol ionj gcttor Mg reduiFefflt o
m ni m se therjmal shd&kgindthe f N gas vent ILpel_é§. Al;ennati ely, “tjhe
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5 m xing with the off-gas stream (6) or admi ssion to the second

carbonyl ation reactor (2). The resulting m xed stream of off-gas and

met hanol (11) is then fed to the head of a second carbonyl ati on reactor
(2). The second carbonylation reactor (2) is nmultitubular and is operated
isothermally with the m xed stream (11) 44 owing 10 downwar dl y through the
reactor (2). Afirst section of tubes is required to heat the m xed stream
(11) to reaction tenperature. Heat of reaction is renoved fromthe second
carbonyl ation reactor (2) by way of nedium pressure steamvia cooler (3)

whi ch conprises an external steel drumw th pressure control. A product
stream (12) is renpvgd Tromthe second carbonylation reactor }5 (2) and is
passed to a reactof .ent condenser (4) in which the product sgream (12) is
cooled to a tenper re whi ch nost of the acetic acid carb¢nylation

product and net hyl di dé&5pr ormt gy Ssopdensgs. oThe st eead L3p|which exits
the reactor vent c gens@‘ (4ci® pasgedot@ &reacborP vencS cofpdenser

separator (5) wher he ¢dndensed products®(14) are separated|and returned
via recycle line ( to the first 20 carbonylation reactor {1). The

non- condensed procgsy stream (15) is passed to the high pressyire absorber
(9). Exanple The pyodess of the present 1nvention using the apparatus

descri bed above, was |si atequsirg an ASEEN (Trade Mgk cofput er nodel .
In the sinmulation,{gh mg-_l, ggﬁ&rs m{@)wsﬁﬁm@hﬂra’«\ﬁb romthe first
car bonyl ati on reac} ot (1)O't dot emid r&{mqeooof-'appr‘erqmﬁe ®g8[ err] and at
a pressure of 28.6] bgra. et haﬁol i:§ Peooagorfﬁ red (‘37).,,at_.a fenperature of
20[err]. Addition pf fthe cooler nmethanol streamto the off-ga$ stream
results in at |easf qone of the condensable products fromthe]first
car bonyl ati on react or (1)p{.COI’]d§I’]SI ng. gThe F@nE & Bthaidl $0  added to
the of f-gas strean t':s (% as gﬂoorr@nt«alzq g 355531 gnggarorglo of carbon
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nonoxi de to nethanol in the m xed stream (11) feed to the second

car-bonyl ation reactor (2). The m xed stream (1 1) is at a tenperature of
approximately 177[err] while the second carbonylation reactor (2) is
operated isothermally at a tenperature of 200[err]. The reaction exotherm
of 1.28 MVw || be expected to be 35 s#ficient to raise 2.4 tel/hr of
steam at 15.6 bara in the cooler (3). 22 OmM ng to the presence of
condensed reactor products and the high reaction tenperature Hastelloy w |
probably not be an acceptable material of construction for the second
carbonyl ation reactor (2) and therefore zirconiumis expected to be

required to b UuFed. b 'n the conputer sinulatron 1t 1s assuwad
t hat 100% conyenpi on of nethanol and 10096select|V|ty to acetic acid
achieved. In { conguidrgnodel, tdhe product s%ré?mc(lZ)cﬁé%n1thg QQ1d
car bonyl ati on Act B @)wls cBolRdt aotenp"éra:tuige of 36 err]“lg}]t&’la
reactor vent ensgr -\36 andgp sed & 0ca sepavt r (5§ f@om
liquid strean1$§7pr|®|@g 0 <Qarhonylation Q&o@ﬁq&s framﬁihe sécﬁhd“
car bonyl ati on actor is withdrawn and recycl éd to'the first carbonyl htion
reactor via line}] (8). The non-condensabl e gases connr|5|nq car bon_nonbxi de
i s passed to ¢onfentional high pressure adsorQfer 6 SYgmary nmess
bal ance for the ponput & g rrulatlcen I $5given 4>n3’ e 79ogg ow. A5e =
. oQ
Using the proee,ss of Gt 186 @r eseft Knuwergion, & gcgrbongmnom w |§| be
passed to the{Hf'p pﬂeﬁume adSorpef tPa® wou d chedt he @&‘3 wi tgoft e
second carbonyl a |onNré%c§0r Phérefore, the 9vegani vyiel of c¢arbbn¥lation
products based
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upon carbon nonoxide is increased. 20 25 30 35 [err] [err] [err] 24

[ert] [err]
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15

20

25

o b S A
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Claims

1 A carbonylation process which comprises (a) contacting, in a first
carbonylation reactor at elevated temperature and pressure, an alcohol having n
carbon atoms and/or a reactive derivative thereof with carbon monoxide in a liquid
reaction composition comprising a halogen and/or halogen compound promoter
and a Group VIII noble metal carbonylation catalyst to produce a carbonylation
product comprising a carboxylic acid having n+1 carbon atoms and/or an ester of
the carboxylic acid having n+1 carbon atoms and the alcohol having n carbon
atoms and/or an anhydride of the carboxylic acid having n+1 carbon atoms; (b}
withdrawing from the first carbonylation reactor, an off-gas stream comprising
carbon monoxide and optionally halogen and/or halogen compound promoter, and
optionally carbonylation product; and (c) contacting in a second carbonylation
reactor, the withdrawn off-gas stream with an alcohol having m carbon atoms
and/or a reactive derivative thereof in the presence of a halogen and/or halogen
compound promoter and a heterogeneous carbonylation catalyst comprising a
supported Group VIII noble metal to produce a further carbonylation product
comprising a carboxylic acid having m + 1 carbon atoms and/or an ester of the
carboxylic acid having m+1 carbon atoms and the alcohol having m carbon atoms
and/or an anhydride of the carboxylic acid having m+1 carbon atoms.

2. A process according to claim 1 wherein in the first carbonylation reactor
methanol or a reactive derivative thereof is contacted with carbon monoxide.

3. A process according to either claim [ or claim 2 wherein in the second
carbonylation reactor methanol or a reactive derivative thereof is contacted with the
off-gas stream withdrawn from the first carbonylation reactor.

4, A process according to either claim 2 or claim 3 wherein the reactive
derivative is methyl acetate, dimethyl ether or methyl iodide.



26 [err] [err] 27 Cains 1. A carbonyl ati on process which conprises ———
(a) contacting, in a first carbonylation reactor at el evate

and pressure, an al cohol having n carbon atons and/or a reaﬂ"lﬂﬁﬂ”eﬁ'ﬁ@’ﬂ"’
thereof with carbon nonoxide in a liquid reaction conposition conpti 4 *
hal ogen and/ or hal ogen conpound pronoter 3  and a G oup VIII noble netal
carbonyl ation catal yst to produce a carbonyl ati on product conprising a
carboxylic acid having n+l carbon atons and/or an ester of the carboxylic
acid havi ng n# cardprocgsoansording toranysine ofithe preseding chaims whengindthe helogend/ or

an anhydri de ghd/oPfafogsiesmboinddsrbmoltR \iséiin HHelfils iR A b onyfition
withdrawing fromthe Tirgst ,carbonylation reactor, an off-gas Stream

conpri si ng 10 Te34e18 % ﬁﬂ)&?%@eand optional ly hal ogen and/ or hal ogen

conmpound pr ong, gr, A ptooess dd@ﬁﬁiiﬁg’to&ﬂﬁmha’ginahe ﬂk?l]gu@itie isaﬁdhjl(ic)di_ﬁﬂﬂt acting
in a second caybony] ation reactor. the wi rawn .of fzgas _stre th an

o conot hadi nd- o c4b BESFSSs SRR oAy ok ok I R4 AR wRbeREPR Sroth, [ e
presence of a\Héln@ﬂmmtaﬂbubphy_iat&rgmatdmmthndimrcmbonsdati(amdaeto_hismer ogeneous
carbonyl at i on i@l otShoSARLIRAiRe SahBourRtPROA Bt Rnedutd RABIG Metal to
produce a further carbonyl ation pgoglu t conprising a carebo yl1 ¢ acid having
m + | carbon £CBWESHAR/ or an ester of the carboxylic acid having mtl carbon

atonms and t he gal cohwlprdtRyd f@oflisediimat Fherein the Group VII noble metal
10 carbonylation catalyst is iridium and the liquid reaction composition contains a co-

promoter selected from the group consisting of ruthenium, osmium, rhenium,
cadmium, mercury, zinc, indium and gallium.

9. A process according to claim 7 wherein the Group VIII noble metal
carbonylation catalyst is rhodium and the liquid reaction composition contains a co-

15  promoter selected from alkali metals and/or an organic iodide.

10. A process according to any one of the preceding claims wherein in the first
carbonylation reactor water is present in the liquid reaction composition in a
concentration in the range 0.1 to 15% by weight and carboxylic acid is produced by
the process.

20 11. A process according to any one of claims 1 to 9 wherein in the first
carbonylation reactor the liquid reaction composition is substantially anhydrous and
carboxylic acid anhydride is produced by the process.

12. A process according to any one of the previous claims wherein the off-gas
withdrawn from the first carbonylation reactor additionally comprises volatile

25  halogen and/or halogen compound promoter.

13. A process according to claim 12 wherein the promoter in the off-gas
withdrawn from the first carbonylation reactor is sufficient for the requirements of
the second carbonylation reactor.

14, A process according to any one of the preceding claims wherein the second

30  carbonylation reactor is a multi-tubed heterogeneous reactor packed with a
heterogeneous carbonylation catalyst.

IS. A process according to any one of the preceding claims wherein the
~ heterogeneous carbonylation catalyst in the second carbonylation reactor comprises
a Group VIII metal selected from the group consisting of iridium, rhodium and
35 nickel, and an optional metal promoter, on an inert support.



and/or an anhydride of the carboxylic acid having mtl carbon atoms. 2.

process according to claiml| wherein in the first car bonyl eact or

met hanol or a reactive derivative thereof is contacted w mﬁﬂu mnul!l llll

nonoxi de. 3. A process according to either claiml or

t he second carbonyl ati on reactor methanol%r a reactive der| vative thereof

is contacted with the off-gas streamw thdrawn fromthe first carbonyl ation

reactor. 4. A process according to either claim2 or claim3 wherein the

reactive 25 léer i Vviaprogess ascondingytb clairatl&tveheredi thetigrt supplodris carbomt hy|

I odi de. %og %Ca%%,@rd eraﬂy Bfe Bﬂhégb/eceaﬁ fanﬁé@h&éﬁ‘iﬁ%é’g cl ai s
r

wher ei n the haI ogen en conpound rom) used I1n the first and
second car bonyfeandsa &'éf‘%‘? EeaF%)r&}FF heterogengeys ebongl fation catalystRampsises cor di ng

to claim5 V\heh&ilﬁmtitﬁl@itkmhlly Rtheiiun, Su Ionlacuitbiﬁ: su 0rt7 A process

accordi ng n t he precedin p VI LI nobI e
nmetal carb nyI ti orﬁ%ﬁcﬁ rdH‘gttﬂémgPP%gfgaj?‘Bmﬁﬁﬁ gt“f'llf‘ﬁe'? @'F

i ridium or rhedibenyleton macnon@edmtqmgamdowdmatdtyst sommprisel irgdiam, addeoﬂtloqali)d
reaction conp r ggoqprdingto claim7 wherein the

G oup VIII nogﬁehkwg?léf‘ﬁlﬂ?m%é}l%ocﬁy at'l Catalyst is iridiumand the liquid
reaction conposition contains a co- pronoter selected fromthe group

consi sting of ruthenium osm um rhenium cadm um mercury, zinc, indium
and gal li gﬁl 9. A process according to claim7 wherein the Goup VIII
nobl e met carbonyl ation catalyst is rhodiumand the liquid reaction
conposition contains a co-
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15 pronoter selected fromalkali netals and/or an organic iodide. 10.
A process according to any one of the preceding clains wherein in the first
carbonyl ation reactor water is present in the liquid reaction conposition
in a concentration in the range 0.1 to 15% by wei ght and carboxylic acid is
produced by the process. 20 11. A process according to any one of
clains 1 to 9 wherein in the first carbonylation reactor the liquid
reaction conposition is substantially anhydrous and carboxylic acid
anhydride is produced by the process. 1230 A process according to any one
of the previous clains wherein the off-gas withdrawn fromthe first
carbonyl ation reactor additionally conprises volatile 25 hal ogen and/ or
hal ogen conpound pronoter. 13. A process according to claim 12 wherein
the pronoter in the off-gas withdrawn fromthe first carbonyl ation reactor
Is sufficient for the requirenments of the second carbonyl ation reactor. 14.
A process according to any one of the preceding clains wherein the second
30 carbonyl ation reactor is a nulti-tubed heterogeneous reactor packed
wi th a heterogeneous carbonyl ation catal yst. 15. A process according to
any one of the preceding clains wherein the heterogeneous carbonyl ation
catalyst in the second carbonyl ati on reactor conprises a Goup VIII netal
selected fromthe group consisting of iridium rhodium and 35 ni ckel , and
an optional netal pronoter, on an inerg : 16. A process
according to claim15 wherein the ineﬁgﬁﬁiggiﬁ I's carbon. 17. A process
accordi ng to arBROGESS FORTHECARBONYIA TION/OF ANALCOHOL AND/OR A
REACTIVE DERIVATIVE THEREQOF

A carbonylation process which comprises (a) contacting, in a first
carbonylation reactor (1) at elevated temperature and pressure, an alcohol having n
carbon atoms and/or a reactive derivative thereof with carbon monoxide in a liquid
reaction composition comprising a halogen and/or halogen compound promoter
and a Group VIII noble metal carbonylation catalyst to produce a carbonylation
product comprising a carboxylic acid having n+1 carbon atoms and/or an ester of
the carboxylic acid having n+1 carbon atoms and the alcohol having n carbon
atoms and/or an anhydride of the carboxylic acid having n+1 carbon atoms; (b)
withdrawing (via off-gas vent line 6) from the first carbonylation reactor, an off-
gas stream comprising carbon monoxide and optionally halogen and/or halogen
compound promoter, and optionally carbonylation product; and (c) contacting in a
second carbonylation reactor (2), the withdrawn off-gas stream with an alcohol
having m carbon atoms and/or a reactive derivative thereof in the presence of a
halogen and/or halogen compound promoter and a heterogeneous carbonylation
catalyst comprising a supported Group VIII noble metal to produce a further
carbonylation product comprising a carboxylic acid having m + 1 carbon atoms
and/or an ester of the carboxylic acid having m+1 carbon atoms and the alcohol
having m carbon atoms and/or an anhydride of the carboxylic acid having m+1

carbon atoms.

Fig. 1



second carbonyl ation reactor the heterogeneous carbonyl ation catal yst

conprises rhodium and optionally ruthenium supported on a carbon support.
5 18. A process according to any one of clains 1 to 16 wherein in the
second carbonyl ation reactor the heterogeneous catalyst conprises iridium
and optionally ruthenium supported on a carbon support. 10 15 20 25 30 35
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