PROCESS FOR THE CONVERSION OF HYDROCARBONS INTO ETHANOL The present
invention relates to a process for the production of ethanol (and 5optionally methanol) from synthesis
gasi In particUtathE Beesent invention relates to a process for the proBUEIdR WS &HAACl from a
carbonaceous feedstock; wherein the carbonaceous feedstock is first converted to synthesis gas
which is then converted to methanol, which is then converted to ethimoic acid, which is then esterified
and which is then hydrogenated to produce ethanol in the 10same, alcohol synthesis unit in which the

said synthesis gaRiScIosy ¢ifd tAEEHHANORsIOND EEGeBRGEARIBEIES A¢H 18§ @R slemand for
alcohols such as methanol, ethanol and highetalcoheis has led to a greater interest in processes

relating to alcohol production. The said alcohols May be produced by the fermentation of, for example,
sugars and/or cellulosic materials. 15Alternatively alcohols, such as ethanol, may be produced from

synthesis gas. Synthesis:gasiefensitn acompinatiortel 2 angearbam oxides progduced in a synthesis
gas plant grom at.camon S urciﬁr?uch as natural gas, petroleum liquids, biomass and other

carbonaceous AT HALIHERR éa%sé?i?tr}éeéilsc%a plastics, municipal wastes; or any organic material.

Thus, alcohol a_md aﬂu@aﬁﬁd&mh&ﬁmm@m&ddmh&mm@m@am fbagedrotite®20fatitheproduction of
valuable chemjcals and fUElS, s feeﬁﬁg&@ﬂXe}QS tRéoc%%‘i'l%e&tﬁﬁaﬂ%?i%'& {?ﬁ&%@&ﬂ@'%@ gthanol, takes

place via three procesmsteps: synthesis gas preparation, methanol synthesis, and methanol
purification. InthBsyhthesikigais prapurfsisste prednnedditérialstag e mayitele miployed whereby the

feedstock is trgadedhRigis e feadstpekiiz Rusified teremove.surhurAnd atherRatential 25catalyst
poisons prior to being converted into synthesis gas. This treatment can also be conducted after

synthesis Yas PrEFArARAY RSrSRAHIHIE, R h oS DI BIBRSSLS 4 SHpIFysde methglreaction to

produce alcohol(s) fiomacsyniaesimgasssi genetdadyrexothieratichdibeutbriatiehaabCamand C2 alcohols is

believed to proc %viatpef rmation of methanol for modified methanol catalysts and cobalt
molybenum ST e B B R e thus
requires high presaiiralsibosraey terackiacediable ipialeratiperide [ressurs. casrbended to increase the
yield, as the reagtignwhichproduces methanol exhibits a decrease in volume, as disclosed in US

.3326956. A low-pressure, copper-based methanol synthesis catalyst is commercially available from
suppliers Such as HASEIBEAE ST AN AN G AR Ry dssR I RAER HER R pynthesis gas.

Synthesis gas refers to a combination-of H, and carbon oxides produced in a synthesis gas
plant from a carbon source such as natural gas, petroleum liquids, biomass and other
carbonaceous materials including coal, recycled plastics, municipal wastes; or any organic
materidl. Thus, alcohol and alcohol derivatives may provide non-petroleum based routes

20 for the pfoducﬁon of valuable chemicals and fuels.

Generally, the production Qf alcohols, for example methanol, takes place via three
process steps: synthesis gas preparation, methanol synthesis, and methanol purification. In
the synthesis gas preparation step, an additional stage may be employed whereby the
feedstock is treated, e.g. the feedstock is purified to remove sulphur and other potential

25  catalyst poisons prior to being converted into synthesis gas. This treatment can also be
conducted after synthesis gas preparation; for example, when coal or biomass is employed.

The reaction to produce alcohol(s) from synthesié gas 1s generally exiothermic. The
formation of C, and Cy4 alcohols is believed to proceed via'the formation of methanol for
modified methanol catalysts and cobalt molybdenum sulphide catalysts. However, the

30 production of methanol is equilibrium-limited and thus requires high pressures in order to
achieve viable yields. Hence, pressure can be used to increase the yield, as the reaction

which produces methanol exhibits a decrease in volume, as disclosed in US 3326956.



yields from copper-based catalysts are generally over 99.5% of the convened CO+CO2 present. Water
is a by-product of the conversion of CO2 to methanol and the conversion of 5CO synthesis gas to C2
and CD oxygenates. In the presence of an active water-gas shift catalyst, such as a methanol catalyst
or a cobalt mofyBAMIIA Batalyst the water equilibrates with the CO to give"CEB AR HY A paper
entitled, "Selection of Technology for Large Methanol Plants," by Helge Holm-Larsen, presented at the
1994 World Methanol Conference, Nov. 30-Dee. 1, 1994, in Geneva, Switzerland, reviews the
developments in 10methanol production and shows how further reduction in costa of methanol
production will result in the construction of very large plants with capacities approaching 10,000 t per
day. A low-@therproppssesdoniikapedsuttions sh@zsaird @2ariahol(s), include the
processes degefihed herelnafler: W0, 8383499 easribasiapasessibeieh.ethanalsiproduced by

carbonylationa8?115met anol by reaction with CO in the presénce of a carbonglation catalyst to form

ethanoic acidweklefresntherpeobiverterlssirishraats SstetroibMdbesy NEro b Sis of the

ethanoate esterformed:to giveethanel arrmixtersif etlranab anshanotheriadeohobbickt can be

separated by distillation Carbonylation can be eﬁ‘eﬁtet usin% a C(g?l-l Imi\>}<vt re %Q%hQF(drogenolysis

can similarly (& SSAGGEEEE U Presents BREE:; 1BANinG s the posaibility 2Uof circulating gas

between the carhonyiatioasandehydroganolysisazohels wiillytsigntihesis:yasthpredearaiglyilsb2ies1-12:CO

molar mixture bei as make up gas, 13Q.r anufacturing
1%%%% Igwe a8 lqa A '%/a%ﬁpéltdlﬁ'glz é&ec%k%%% T%MEQ%% @fré@

alcohols; partfcvzu saturate prima cohols, by reacting CO with 1J2 at a pressure between

2 and 25 MitaMsttracidtimpératuré dettiebn- Lgocaner o0 Cdinene prébaitilohaiehtalyst; characterized

in that the catalyst contains, atdeast 4, assentiat slementsi-(ahcoppaE(blieahali ¢ghahieast one element
1\4 selected from chromium, iron, vanadium anchman anese, andé(i‘,%‘a&leaﬁt one glkali. etal. us
%r|§ anoi proguction wi

1831060 felatBg e tle BB uteRSA P AR E8 A IEE HBS SWE £12"gas8s Uising & catalyst, with
optionally a ce-satalysk whereinthe catalystaitals wite 3@ aviokrademantitangsht OT drenium, and

the co-catalyst metajs,are coball, Hels! 9L K THE CAASLISBIRTOISHMNID AisherT ropsch

_ 3 : .
promoter like an alka |h§? gﬂ aline earth Series metal or a smaller amount of thoriunt and is further
treated by ,suiiskidirg. IPhenadmposition of the mixed alcohols fraction can be selected by selecting the

extent of intimate coptagtaMEngdhe satalyticcompengnitanol isJpuinatob Catalysisid988, 114, 90-99
discloses a mechanism of ethanol for atir(%%n? from %ynt esisF

| esis 025 gter CUOIZN0/ARY3, The formaton
of ethamiPfrof B aheY P Gidr % e G642 50 Y g

Rhethanor catalyst'is studied’in a ixed-bed microreactor
by measuringdtie iegtbpictidistribution of thetbarbon éatthéo hrodd by ditvapesiopibiain ¢dtpically-enriched

13C mEthan0'6%%0%%%@%%?0%%5?&&% cthA8 he imparaneanh.ethanalds,evacdnareasing in today's

world, so is the need and desire to produce ethanol from a carbonaceous feedstock Wiﬂé a higher
carbon efficiersey ba SEOmigRePE ARSI GHBCAN T STR BTSNV Ehd LeleRRAEF Hénce, the

present hydrogenolysis can similarly be conducted in the presence of CO, leading to the possibility
20  of circulating gés between the carbonylation and hydrogenolysis zones with synthesis gas,
preferably a 2:1 Hy:CO molar mixture being used as make up gas.
USF41221 10 relates to éproc'ess for m‘anufacturing alcohols, particularly linear
saturated primary alcohols, by reacting CO with H, ata pressure between 2 and 25 MPa
and a,temﬁeraturé between 150 and 400 C, in the presence of a catalyst, characterized in

that the catalyst contains at least 4 essential elements: (a) copper (b) cobalt (¢) at least one

N
(W)

element M selected from chromiun, iron, vanadium and manganese, and (d) at least one
~alkali metal. _
US 4831060 relates to the production of mixed alcohols from CO and H; gases
using a catalyst, with optionally a co-catalyst, wherein the catalyst metals are
30  molybdenum, tungsten or thenium, and the co-catalyst metals are cobalt, nickel or iron. -
The catalyst is promoted with a Fischer-Tropsch promoter like an alkali or alkaline earth

series metal or a smalier amount of thorium and is further treated by sulphiding. The



invention provide S a process that allows one to produce ethanol from a carbonaceous feedstock, with
an improved carbon efficiency, a higher selectivity and, in particular, with a more productive
conversion to ethaned/o77723 Figure 1 represents an embodiment of a process/sgheneascording to the
present 15invention, wherein the references correspond to those used in the present description and
appending claims. Thus, the present invention felates to a process for, he conversion of synthesis
gas to ethanol, characterised by the following steps:  |) introducing synthesis gas, together with
methyl ethanoate and/or ethyl etlianoate, into 20an alcohol synthesis unit to produce methanol and

ethanol, 2) separaling.ihermethanaliram the.ethanal ot ster.ds 8) lniredreing methapol, from step 2,

together with CQO, into a carbonylation reactor in the presence of a methanol carbonylation,catalyst, to
produce ethaiHIatEEoRyHEBaERE StRXHOCAERN BN step 3, together with methanol and/or ethanol,

into an esterificationjsinifdQ pragdiegsmetryl ethanoate aridian etbyh eihangaig. ) ieedingimethyl
ethanoine and/or ethyl ethanoate, produced in step 4, into the alcohol synthesis unit of step | , and 6)
recovering etﬁtﬁﬂbﬁwg}fﬁsgtgﬁ sver &89%}?%&%0@%%”5%0% ﬁﬁg\%%@g%“ egg)tégd%}?a%%%ess for the
conversidn ofGaGQtabhasianedustibadstonk(s) intofethahal nihereirtdheyoatbomagsdes feedstock is first
-converted intg gy %hcﬁ%%ﬁbg\%%h"ov IR0 SuPsegy rr(‘f%%ﬁ%&‘éﬁ%ﬁeﬂh@&?ﬁ@ﬁ%@ﬁfy@%c%%“a&te“Sed by the

following steps: A{)l) introducing a carbonaceous feedstock into a synthesis gas reactor to produce a
mixture of carbeshaoride(syled 14 e dydhtroducing CO and H2, from step 1., together with methyl

ethanoate and/or ethylgthanealgipeanAcRRktsyribesis Unitdeyrradiee ethanekand ethanol, 3)
separating the methanol from the ethanol of step 2, 4) introducing methanol, from_step 3, together with

CO, into a caf5dFyIARErRsatBIIA e hreaEneacse s ﬁﬁ%‘iﬂﬁ%}”érgrﬁgi’%h%ftﬁ?ﬁb8aﬁ@§ﬁnf8 Broduce
ethanoid acidhiphéntredueing etdancicpacidd fromstepylsiogathevivwitAmethaaotand/or ethanol, into an
esterification unit to E{)rodu e.me’thxl etha I’:\te and/%)r etlaxl ett&%?lgﬂ;%m %%Meedig'% methyl ethanoate

and/or ethyl ethanoa f%%&ﬁ%@&o in Ssstélﬁ gﬂ into ?H% aléohor - © onaee
feedstock, with an improved carbon efficiency, a higher selectivity and, in particular, with
a more productive conversion to ethanol. |
Figure 1 represents an embodiment of a process scheme according to the present
15  invention, wherein the references correspond to those used in the present description and
appending claims. ‘
Thus, the present invention relates to a process for the conversion of synthesis gas
to ethanol, characterised by the folloWing steps: |
1) introducing synthesis 'gas, together with methy! ethanoate and/or ethyl ethanoate, into
20 an alcohol synthesis unit to produce methano!l and ethanol,
2) separating the methanol from the ethanol of step 1,
3) introducing methahol, from step 2, together w.ith CO, into a carbonylation reactor in the
presence of a methanol carbonylation catalyst, to produce ethanoic acid,
4) introducing ethanoic acid, from step 3, together with methanol and/or ethanol, into an
25 esterification unit to produce methyl ethanoate and/or ethyl ethanoate,
5) feeding methyl ethanoate and/or ethyl ethanoate, produced in step 4, into the alcohol
synthesis unit of step 1, and
6) recovering ethanol from step 2.
Furthermore, the present invention relates to a process for the conversion of a
30  carbonaceous feedstock(s) into-ethanol, wherein the carbonaceous feedstock is first
‘converted into synthesis gas, which is subsequently converted into ethanol and

characterised by the following steps:



synthesis unit of step 2, and 7) recovering ethanol from step 3. For the purposes of the present
invention and appending claims the following terms are defined hereinafter: 15The-dew point
temperature' is a. threshold temperature, for example, for a given pure compaonent or mixture of
components, 8t@&20ETH Pressure, if the system temperature is raised to a{)&f\)//@ﬁ?éw gwjﬁoint
temperature, the mixture will exist as a dry gas. Likewise below the dew point temperature, the mixture
will exist as a vapour containing some liquid. 20- 'Gas' and/or 'gas phase' are defined as a pure
component, or mixture of components, that are above the dew point temperature. - “Gas hourly space
velocity' (GI-1SY)) is defined as the voiunic of gas fed per unit volume of catalyst per hour, at standard
temperature (0 Gratat pressute@:a0E32FINPR )P EiefsirBrsisacer e ISR EAHSATS defined as
the volume; of liguid fed Oqggelegigxglﬁrpe-of catalyst per hour.  According to one aspect of the
present invention, the synthesis %_’?s I’zeedst'ock, a mixture of carbon oxide(sgg%rr\%tﬁz, that is used to
ou

produce the Rietinapbiciesd Streamz & presismblip BrOGUEEA REHY SCLaR98Ia dedstock. 30The
carbonaceous fegdstaek is pPrafamhly & maiakahisuchambiomasspplastidianaphtha, refinery bottoms,

crude synthesis gas (from underground: coal gasification qr biomass gasification), smelter off gas,
municipa Wa%?e?"t?&?l“ﬁ%&‘ﬁf@ﬁ%%@} 85]‘,%%%%? OQ/\?aés(?f?)géa1077723PCT/G820081004095 natural gas,

with coal anddaturadgas heingrhie foreferrpd, seantbeswiloGnaRilsar lrratian weHhBiHEton of

sources can also be ysed, for, example.caal aBH Nakkaldaseadvaniagequsly increase the 112 to
carbon ratio. Naftiral gas commonly contains a range of hydrocarbons (e.qg. 1._-C§3, alkanes)"in 5

which metharfé preddmiiatdennicaduigbateand; RaRTE YL RiPaIAm ot hitSgen, C:02 and

sulphur compounds,; Referablythe nitreaemsanteniafthelfeedsibekisdess than 40 mol %, more

preferably less than 10 mot % and most preferably less than 2 mol %, sges,fer producing
synthesik%gasé,)infﬁ(g%fﬁ%tg?g A SRRE": %rﬁ}éﬁ%ﬁloa\rfvor? X eEgrc%dzuncw%(?ﬁ%geﬁzfs’ fi%g?c';acnl%antages and
disadvantages, apgtithes choicesafpuisimgla particular :

7) recovering ethanol from step 3. v

For the purposes of the present invention and appending claims the following terms
are defined hereinafter:

15 ~  The ‘dew point temperature" is a threshold temperature, for example, for a given
pure component or mixture of components, at a given pressure, if the system

temperature is raised to above the dew point temperature, the mixture will exist as a

dry gas. Likewise below the dew poiﬁt temperature, the mixture will exist as a

vapour containing some liquid. ‘

20 - ‘Gas’ and/or ‘gas phase’ aie defined as a pure component, or mixture of
components, that are above the dew point temperature.
—  ‘Gas hourly space velocity’ (GHSV) is defined as the volume of gas fed per unit

volume of catalyst per hour, at standard temperature (0 °C) and pressure (0.101325

MPa).

25 ~ “Liquid hourly space velocity’ (LHSV) is defined as the volume of liquid fed per
unit volume of catalyst per hour.

According to one aspect of the present invention, the synthesis gas feedstock, a
mixture of carbon oxide(s) and H, thaf 1s used to produce the methanol feed stream, is
preferably produced from a carbonaceous feedstock. |

30 The carbonaceous feedstock is preferably a material such as biomass, p1a§tic,
naphtha, refinery bottoms, crude synthesis gas (from underground coal gasification or

biomass gasification), smelter off gas, municipal waste, coal bed methane, coal, and/or



10reforming process over another is governed by economic and available feed stream considerations,
as well as by the desire to obtain the optimum (1-12-002):(CO+C0O2) molar ratio in the resulting
synthesis gas thabiggialle for further chemical processing. A discussion gf the @valable synthesis
gas production technologies is provided in both Hydrocarbon Processing, 1999, 78:4, 87-90, and
92-93 and Petrole et Techniques, 1998, 15415, 86-93, and are both hereby incorporated by reference.
It is also known that the synthesis gas may be obtained by catalytic partial oxidation of
hydrocarbonaceousmaterial in. a microstructured reactor as exemplified.in IMRET 3: Proceedings of

the Third Interpational. Confere aon.Mierar ion T | . W. Ein inger Verlag,
1999, pages fgg‘r% . Avﬁleﬂ?r?gﬁg%%ﬁ%gﬂ gf(?a%e)?%% e{sﬂﬁ%ga%?r%g)%uégégﬁénoe%é é%%k@?tqcontact time
catalytic partialcoxibiatioenof hydhessaronaceoissddetstotkicas dasdmpbiieBr0303438. The

synthesis gas,ganalse ke ohipnedva Acompachigformer process as described in
HydrocarbomEngine.erin%, 2000, 5:5, 67-69; Hydrocarbon Processing, 2000, 79:9, 34; Today's

Refinery, 2000, 15:8'6" YIOIPEAIBARPIAES HEDEBEON LTSRN Sor corArEIT& Yynthesis gas
production thevprgssutie:at yybichthessynthesisogastispraduget fom asitamntafermegeanges from

approximately 0.1 to 10 N4Pa, prefera to 3 MPa and the tem tures at which the synthesis gas
exits the refor%ezrafléinsﬁ s@%?%“&&%ﬁi%%% ??) %%/I 8%8%‘6’ &QI}E?I%\SV%%%E %%%rﬁe@é?g{%@nthesis gas
production the presdsure:atwhithaie lsynthesié gas 1 producedréforabhnaatbathemebl80reformer

ranges from approximately, Orh 19 40,18, Rieferabl 1o & MPa.and.he femperaires,at which the

synthesis gas exits the reformer ranges from approximately 700 to 1300 C. Where the high

temperatures e Fsdeskhay iia ahierashrod diEadiraioati aBebODISo8 e 2 RBECHE B 2008/004095

6 equilibrigim fer.svnthesis:aasRieabetion @neiedianoidomsialwigyprobiemsassagiated with carbon
dusting..The synthesis gas contains a molar.ratio of (42-002)J(COH-002) I from 0.8 to 3.0,
which is depefISISEEH e LaMSEHE XSS FE¥E oY té‘} R4 Iﬂ%e“ﬁe&ﬁé&%?f@?%?ﬁ@ ﬁ“é)gd . For
example, whentiatutal @astiisgjssedfasiirgesgmtb@nam&)fé@dbmgkemicmistemir@fofming, the
synthesis gas pRlainge PUALDNES A MRITUIL MR- (C0RKERCORLANR of f However, when

naniral gas is used as the carbonaceous feedstock for auto- thermal reforming, the synthesis gas

obtained usudiydresraoFiBany: (684 GO Pratlb srilecot drbier profsited@aibbditnent of the
preSent invention g 8¢ Malakre FRHE hekhy incorporated by reference.

It is also known that the synthesis gas may be obtained by catalytic partial
oxidation of hydrocarbonaceous material in.a microstructured reactor as exemplified in
IMRET 3: Proceedings of the Third International Conference on Microreaction
Technology, ed. W. Ehrfeld, Springer Verlag, 1999, pages 187-196. Alternatively, the

20 synthesis gas may be obtained by short contact time catalytic partial oxidation of
hydrocérbonaceous feedstocks as described in EP 0303438. The synthesis gas can also be
obtained via a ‘compact reformer’ process as described in Hydrocarbon Engineering, 2000,

"5:5,67-69; Hydrocarbon Processing, 2000, 79:9, 34; Today’s Refinery, 2000, 15:8, 9; WO
9902254; and WO 0023689, ‘

25 Typically, for commeicial synthesis gas production the pressure at which the
synthesis gas is produced from a steam re'former ranges from approximately 0.1 to 10 MPa,
preferably 2 to 3 MPa and the temperatures at which the synthesis gas exits the reformer
ranges from approximately 700 to 1000 °C. Likewise, for commercial synthesis gas
production the pressure at which the synthesis gas is produced from an auto-thermal

30  reformer ranges from approximately 0.1 to 10 MPa, preferably 2 to 5 MPa and the
temperatures at which the synthesis gas exits the reformer ranges from approximately 700

to 1300 °C. Where the high temperatures are necessary in order to produce a favourable



10C.02);(C0+C02), of the synthesis gas stream exiting the synthesis gas generation unit(s) is greater
than 1.6, more preferably greater than 1.8 and most preferably greater than 2.0. Preferably, the molar
ratio, (H2.4302):(CO+C02), ofsaid synthesis gas stream exiting the Synt%?ﬁic?ﬁ% /g@@gaﬂon unit(s) is
less than 3.0 vipefepdBiyAess than 2.75, more preferably less than 2.4 and most pre erai)ly less than
2.2. 15According to another embodiment of this inyention when the carbonaceous feedstock used for
synthesis gas generation is not an aliphatic hydrocarbon (mg, coal, aromatic 'material, biomass) the
molar ratio (I-12-002):(C04C102) of the exit synthesis gas'is preferably adjusted to the target value by
addition of 1712 or removal of CO2. CO2 may be removed by the use of a %l(rin\l%:eg1 yet effective,
separation methadizkoowynitosiheserskillstidn e Brevrt BREAMBR, ONEMBIEHRE Separation method".
Such membrane te&é‘{“""’%%%&ﬂﬁe?ﬁ qupshin PurifisatienandiRetoyeyOptionsdenGasification’ D. J.

Kubek, E. Paha F P, Rfilcher, HOP, 1996. Alternatively, &grm%}/si)aenae[gg}{‘e&ggd%@d removed by

any suitable froetHotis} RneWals HesasRIR R HE BCTOF SEMPTE. by reacting with amines:

performing a methapolwash, d.emie Rie 16l gricess) aanidiorprasing HetSEsSum carbonate
(e.g. the BENVIELD process).  According to a preferr iment of-the. presentjnvention, the
exit stream o%%éﬁﬁ?cﬁ%}?‘ﬂtﬁ}ées\ymhe@éﬁagsaosn%ae‘%% §rs %ﬁg RE Rarmeni orihe o1

. using a steam reformer), ctomprises
essentially amixtyre Oficarbesn, oxide (sharid:ds iistdoanha ISR eEATpHISE R Mitf64Eh and traces of

30unconverted hydrocarbons, (e.g, ¢1:613 alkanes)sualAGEerding o, a(p@fererrambbdiment of the
present inveﬁ]fi%ﬁf%berﬁ%rbmsn' {ﬁeeggfél géasl égeﬁleration, an additional stage may be employed whereby the

feedstock is first purified to 7 remove sulphur and other potential catalyst poisons (such as halides or
metals e.g. merCUr%&&%‘i;{gté%}B&@&y&ﬂs&iiﬂi@xsmms?g@amvanémaﬁwmé?*ﬂ‘ééﬁ‘?fent can also

be performed after synthesis gas preparation for example cqal.or higmass arrdised.
According to @@H@éémﬂv%ﬁ%ﬁyg'gfggﬁagg{ﬁ%%’gtggﬁ‘ gs\%}r%%esisg asé%I stream is_then introduced

into an alcohgksyathesis.uniiogethebivithemettivhdrtiof EwiREtHa & ROWA ficrewith and

hereinafter as the ethanoates) o freguce,a sigan compsiagmeshanoland ethanolin addiion t
unreactea metwny

8thvanoate and ethyl ethanoate. Additionally by-prod su ne and
higher alcohaigmhaysalsoebescration u'n%/t(s) is less than 3.0, preferaL%gf t?élssp trhan"b(.:%, m&@ S‘r%f'%??&l}a

less than 2.4 and most preferably less than 2.2.

15 According to another embodiment of this invention when the carbonaceous
feedstock used for synthesis gas generation is‘not an aliphatic hydrocarbon (e.g. coal,
aromatic material, biomass) the molar fatio (H,-C07):(CO+COy) of the exit synthesis gas

S preferabl.y adjusted to the target value by addition of H, or removal of CO,.
CO, may be removed.by the use of a simple, yet effective, separation method

20 known to those skilled in the art, for example, a “membrane separation method”. Such
membrane téchnoiogies can be found in ‘Purification and Recovery Options for

Gasification” D. J. Kubek, E. Polla, F. P. Wilcher, UOP, 1996.
Alternatively, CO,'may be recovered and removed by any suitable method(s)
Known to those skilled in the art, for example, by reacting with amines; performing a
75 methanol wash (i.e. the RECTISOL process) and/or by using hot potassium carbonate (€.g.
the BENFIELD process). |
According to a preferred embodiment of the present invention, the exit stream
obtained from the synthesis gas reactor (e.g. using a steam reformer), comprises essentially
Iso comprise water, nitrogen and traces of

a mixture of carbon oxide(s) and Hp. Itcana

30 unconverted hydrocarbons (e.g. Ci-Cs alkanes).
According to a preferred embodiment of the present invention, during synthesis gas

generation, an additional stage may be employed whereby the feedstock is first purified to



produced during alcohol synthesis (i.e. methanol and ethanol synthesis). According to a 10preferred
embodiment of this aspect of the present invention, the stream exiting the alcohol synthesis unit is
subsequently purifieddorremove said by-products by any methods known t@these ikihgaft to obtain
substantially pure methanol and ethanol products. For the targeted production of ethanol the
preferred molar ratio, (1-12-002):(C0+ CO2), (where’the concentrations of relevant components are
expressed in volume percent 15 or mole percent), of the fresh synthesis gas feed stream fed into the
alcohol synthesis Milt is greater than 3.0, preferably greater than 3.8, more preferably greater than 4,0

and most prefataRl Giggiar A RURlerahly e molR (AL, (HAROB)(§04,592). of the fresh

synthesis gas feed stream fed into the alcohol' synthesis unit is loss than 8.5, prefg'rably less than 6.0,
more preferabR 145 1A SV EHE FABS e faablyhesls garUeanatine whislicsee 20 Halecalso

unexpectedly feungshatdhecofieadvieQrpaL2rinttheRIcohal synthesiswaitwasparticularly
beneficial to the sele&tivi%of the, process accor,din% Etf) the present invention. Therefore CO2

represents more than 1 Vol4%, PR SBR) O R B Y 7S ToR HiH ot PriheibiyEsn 8164 Rah 5 volo of
the total réactongastpldase! compuositidb! syntipsordet, togltiaimiienafosmentionsd high:synthesis gas
molar ratios, Fonal H2.m he t ynthesis gas feed stream exiting the
synthesis ga:ggneratio% tﬂnitg.W E’rr?g%?légglté} %ﬁg %2?85%02%%26%\%%3 %gc?rﬁtrt & aforemanitioned synthesis
gas generatiorstiel THisHeppbiaradsiy pre ommed by fipstiesivuint: @0 2 tandtatertfrom the

generated synthesis gas:fohawed-hy & eryqasnicseparatinninisolatsiihe swbstansially pure CO from
the H2. Alternative mé?t ods of sepéaration, such as membrane separation technologies can 30also be

employed. AltEFRAHTEJ LR 1Y HEHIFF They IO BROb BRAiPEaPR b StHef SitdB $8urce, such as
another dfiemigafpratess(@genifighis fipmisitalmansfaciveaameteetialysiskiaichd 42ssram(s) may
still contain in%%m%riti S sugh as ng%thanﬁé dygg)e 2009/077723P T(s 112008/81(33095 8 nitrogen,

nit 1s supsequentiy. purt ove sal b Fproaugc 2} me s kn 1]
noble gases, water and Cl to C4 paraffihic ydrocarbons W%lghpare preferably femoved Before use. An

added advantag&ktindlisrasenebinie ot nibdnreompehedoiontivdraprbpesisess in the field, is that the
purification of the sepgyaieehidddesd Aradhcad AWNaRYRIEsE GRS.0RRE AR H3TAYrequirement for

the removal of carbon oxides. Indeed, this is advantageous when compared to a process with a
separate hydrogBhAlGA StAG e RSP RRRHEREE IO B CX D AT DRIBES HEL AL PEROMEE the
hydrogeriationocatally stiasniyelir as: iftese aging the formationaf iBemhimatesialothysnesassitating an

increased purge, sige: Accaing o g prafaned embpdiment.of the present javentiory the alcohol 10
gsegls gt@x‘égﬁ:?& Bl%f%%ﬁ%l?% e%‘ﬁa 5 deu]?:ft &e}ﬁ%a? th 4;& d

synthesis unit may be any reactor that is suita r producing m nol'and € éinof,n?cs)tr example a

fluidised bed reE&GPbr Gchke dbed teBrfsrabihibh matubetiur Itk @ witho Gtextefial fiedt exchange

equipments e.g/.n@lmglgam@w@&é@m&msish&lHi@éﬁsﬂsg)@@wﬁ‘@&ﬁw;s%s%\éﬁiﬁ5r,?§91¥8fa-bf§rﬁef£rab'y the
alcohol synthegé;b%&it is ope%%%ed at a temperature of more than 15180 C, preferably more than 200 C

and most pref PR rﬁ@éﬁ ‘éﬂséh%j‘%&ﬂ?ﬂéﬂo“ preferably less than 4.4. The Applicants

20 have also unexpectedly found that the co-feed of CO and CO, into the alcohol synthesis
unit was particularly beneficial to the selectivity of the process according to the pfesent
invention. Therefore CO; represents more than 1 vol%, preferably more than 2 vol% and
most preferably more than 5 vol% of the total reactor gas phase composition.

In order to obtain the aformentioned high synthesis gas molar ratios, additional H,

25 may need to be added to the synthesis gas feed stream exiting the synthesis gas generation
unit. Preferably, the said H; is obtained from the aforementioned synthesis gas generation

- stage. This is preferably performed by first removing CO; and water from the generated
synthesis gas followed by a cryogenic separétion to isolate the substantially pure CO from
the Hy. Alternative methods of separation, such as membrane separation technologies can

30 also be employed. Alternatively, said H, stream may also be obtained from.another
suitable source, such as another chemical process (e.g. off-gas from steel'manufacture or

electrolysis). Said H; stream(s) may still contain inert impurities such as methane,



290 C, preferably less than 280 C1,.more preferably less than 270 00 and most preferably less than
250 C. Preferably the alcohol synthesis unit is operated at pressure of morethan 2 IMPa and
preferably more than 5 MPa; and less than 10 MPa and preferably less thap 8dARalndsact, since
methanol syntHedi8%8 ditExothermic reaction, the chosen temperature 200f operation is governed by a
balance of promoting the forward reaction (i.e. by rgot adversely affecting the equilibrium) and aiding
the rate of conversion (i.e. higher productivity). The ethanol synthesis is also exothermic; however, in
~ this case the chosen temperature of operation is governed by a balance .of reaction rate and
selectivity. The GHSV for contimiona operation may be in the rw%ﬁf 1%50609%6U%b8referably from
1,000 to 30,0000%84, midreipesferablyiifom ©,600%4 1BO0G T ENa st préferably from 5,000 to
12,000 ill. Thr% n%tg,g@g@fgqg, liguid substrate introduced into the alcohol synthesis unit preferably has an
1,1-1SV less than 10111, more preferably less than Sand maost pref ' 1; for example,
a typical THSV for AdrtAarbbration & AR 1t ‘X\hﬁgﬁ frélgt%%bg({%%? Ig?e%@;gﬁl invention is that
the synthesis;qf fegthanal frepusimithesisigas apdaieé Hytrdgenditien Gfethandateedters into their
corresponding alcohols occur in.the same alc ' hdhe gatalyskfier methanol synthesis
from 9 synth&LIE YL gﬁsd%’ée%‘ﬁfgﬁ%r? or (ta% a%t\}é&;%ﬁ{/%%@%%ﬁgf may be one and the same catalyst;
or alternativelymaredhanbaecatalyst inapecanipByearmnd HEsiBr SR IESIS Unit. The catalyst, or
catalysts, may be afy ﬁ%@’&‘e“s@%ﬂ Jeithose skillechin the.ar toogatalysectisymthesissof methanol
from synthesis gas and those known to those s |II%d in .5%?511%&%5'[ vgm%hrg@ég ‘%gzgslggrported to catalyse
the hydrogenaﬁmséffge@ﬁe@’?@%?@dﬁdﬁ.ﬂ malp i BV Sidance ou%t, when it is hereinafter referred

to as a mixture of a m@@@ﬂ@k@a@hﬁﬁamdrﬁbbmeg@rﬁati:qm@maiys@?fto&ts‘éif’cﬁ%@}%l physical blends of

:geat‘évr%fﬁgg@mg%ﬁégéﬁﬁ%tg acked zones of the by catelysindmine sameneactor(s); according

on, ezhy rogenation catalyst is located 10 do nstr%ﬁlmtof said
methanol synihesisicatalystedus, rastordingirdsreites BMBbHMEHTSr e Présent invention, the
catalyst Conﬁ%‘{{é}ﬂa rhoeft the alcohol synthesis, unihisistiehi thatthe stredni ¢omrding-C0, 1:12 and
methyl ethanoate an Jor ethyl ethanoate is first reacted in the presence of a methanol synthesis
catalyst and suseqtietitiPfeacted in the presence of a hydrogenation catalyst. The preferred catalyst
for the alcohol synthgsis;uif gamnkehchosencamongstotraditionia Wﬁé@h@ﬁb’?é&fﬁ’f‘ﬁ@s’i}é‘lﬁatalyst selected

from Onel S?f th1e8%)V\‘{8,fgrle|:?evrvz|\Qg/ gnrgrléqga:m 200 °C and most preferably more than 220 °C; and less than

290 °C, preferably less than 280 °C, more preferably less than 270 °C and most preferably

less than 250 °C. Preferably the alcohol synthesis unit is operated at pressure of more than

2 MPa and preferably more than 5 MPa; and less than 10 MPa and preferably less than

9MPa. In fact, since methanol synthesis is an exothermic reaction, th; chosen temperature

20 of operation is governed by a balance of promoting the forward reaction (i.e. by not

adversely affecting the equilibrium) and aiding the rate of conversion (i.e. higher

productivity). The ethanol synthesis is also exothermic; however, in this case the chosen

temperature of operation 1s governed by a balance of rea_ction rate and selectivity.

The GHSV for continuous operation may be in the range 50 to 50,000 b,
25 preferably from 1,000 to 30,000 h'', more preferably from 2,000 to 18,000 h! and most
preferably from 5,000 to 12,000 h'. : |
| The ethanoates liquid substrate introduced into the alcohol synthesis unit preferably
has an LHSV less than 10 b, more preferably less than 5 h™! and most preferably less than
31’ for example, a typical LHSV for normal operation is approximately 1 b,
30 A key feature of the present invention is that the synthesis of methanol from
synthesis gas and the hydrogenation of ethanoate esters into their correspondivng alcohols

oceur in the same alcohol synthesis unit. The catalyst for methanol synthesis from



i. the high pressure zinc catalysts, composed of zinc oxide and optionally a promoter; and ii. low
pressure copper catalysts, composed of zinc oxide, copper oxide, and optionally a promoter. A

preferred methanot@ynthesis catalyst is a mixture of copper, zinc oxide, apg-adsamaigisuch as
cluomia or Moil-dna. The Applicants have unexpectedly found that the said methanol Synthesis
catalyst demonstrated high hydrogenation activities.” According to a preferred embodiment of the
-present invention, the preferred catalyst used in the alcohol synthesis unit is either a hydrogenation
catalyst or consists of a mixture of the above methanol catalyst together with a hydrogenation catalyst.

The hydrogenyion satalst oan be.selastedtiom dhg dollown: ()& p'esioys et ahpased catayst

comprising of at least one noble metal from Group -VIII of the periodic table (CAS version, for example
iron, rutheniurff 3B sMitFTEBBEN RGO SHALSE MicRe cpaiRaesumths A YAHE S least one of

the metals chegeniiepatnenivmatungsten ardiay melyhdenwn andepliorally ar additional metal that
is capable of allgi{ingtwith S id.GripuptVIII WO 200 /0.77723PCN;1§?25L808/004095%IT§{ né)ble metal; (ii) a
ais e'a 55

copper-based XA L (P SR AI RIS CEISH EPBhFIMIEE b R BEESPBEP Mdbers dSed catalyst
wherein thie selcontdwhetahcarbbe copper, @ingakisednitiyibe gaangandse}rand:(ithhohixtures thereof.

Aocording to a prefefigdhempariment efhe preent Iantion. e cR1BNSHReREWFy(he alcohol
synthesis unit (which may be the aforementioned methanol catalyst and/or the aforementioned

hydrogenatioredtaigbepial wicagrenlsisdaamipstlymostippeiereb yoorsphisil ebppérand zinc. This

copper-based Gatalyst.contains: prefecrbly. oy erthanirc ks margdrsferablymgre than 90 wt% and
most preferably mare than 95 wt% of copper oxide and zinc oxide. According to a preferred

embodiment JFE P HEBRTGH dhe APEOGEnEE SHCaraRAe R Rtk APEEhixed with the
methanol Catalyst)siscancoppid bagedatalystiwhichyis, shsuppestén catalysitwhic bndaniprises copper,

andpreferably pramoters, uch.as ﬁeb%ﬁa?%%%{gﬁn%%%%‘Q%?ﬁlé‘”%%f{o‘%@r%mé%‘g‘mﬁ!'iso‘ééc Cthat
aforementione y([irogenatlon catalysts may advantageous y%e Y
the stream comprising CO, H; and methyl ethanoate and/or ethyl ethanoate is first reacted
in the presence of a methanol synthesis catalyst and subsequently reacted in the presence of
a hydrogenation catalyst. 4
15 The preferred catalyst for the alcohol synthesis unit can be chosen-amongst
traditional methanol synthesis catalyst selected from one of the two following groups:
i. the high pressure zinc catalysts, composed of zinc oxide and optionally a
promoter; and
ii. low pressure copper catalysts, composed of zibnc oxide, coppér oxide, and
20 optionally a promoter.

A preferred methanol synthesis catalyst is a mixture of copper, zinc oxide, and a
promoter such as chromia or alumina. The Applicants have unexpectedly found that the
said methanol synthesis catalyst demonstrated high hydrogenation activities.

Accérding to a preferred embodiment of the present invention, the preferred

25 catalyst used in the alcohol synthesis unit is either a hydrogenation catalyst or consists of a
mixture of the above methanol catalyst together with a hydrogenation catalyst. The
hydrogenation catalyst can be selected from the following:

(1) a precious met a]‘based catalyst, comprising of at least one noble metal from

Group VI of the periodic table (CAS version, for example iron, rutl)@niﬁn},
30 osmium, cbbalt, rhodium, iridium, nickel, palladium, platinum) and at 1eas‘t one
of the metals chosen from rhenium, tungsten and/or molybdenum; and

optionally an additional metal, that is capable of alloying with said Group VIII



supported on any suitable support known to those skilled in the art; non-limiting examples of such
supports include carbon, silica, Mania, clays, aluminas; zinc oxide, zirconia and mixed oxides.
Preferably, the palladium based catalyst is supported on carbon. Preferably, 20ihe ¢opper based
catalyst is sup‘ﬁ8r7t%03/ Yi'Zinc oxide. According to the present invention, at least a pest of the stream
exiting the alcohol synthesis unit is passed through(a separation unit.(e.g. a separation column) to
recover and .collect a stream comprising the targeted ethanol and a stream comprising methanol. This
separation stage may be performed by any suitable means known to those 25skilled in the art, e.g. a
sieve tray column, a packed column, a bubble cap column or a combination thereof. Sirice unreacted
methyl ethanoate and @h&?l‘éff‘%?rmate can also be present in the exit stream from the alcohol
synthesis unit, the Applicas-Rave taungtire:follouyikrg: preferrédandderaf ppefaients): 30(i)

methanol/meth yt ethanoate mixture can be easily.recovered;tagether with the methanol and fed
directly into the downstPEEhPE Fb&%%f?a %agyatnﬁ?%%llglor 0 ethanol/ethyl ethaﬁr?oate mixture can be

advantageously recoveredrand secyetedrtetherdicohol synthesis unit. According to a preferred

embodiment of thetﬁgﬁsen{ in\ﬁlqetlig&;_ in order to minimize the cost of separation and recycle of methyl

mIxiure A ) . . .
ethanoat8 and/or ethyl &thanciate within the 5Cgrocess, the alcohol s%potgetﬁésc%gfg % Sgg&rdated at high

conversion of ethandeter ded @ BIHEHEH STER '%}‘éﬁt‘é?ﬁfﬁsr?%%?more prefer greater than 90%
and most preferaply greptenihan 95%whichAdgitionalyfdysproductsrsubmakertice %thane and

other higher alcohols may also be produced during alc hoé syhthesisiAcaRrdingrte.apreferred
embodiment é‘fet'ﬁfgri'@%\@boél&l(]}f/ fjrli%gﬁ%tsl%lﬁﬁﬁi esgtglqcs)r%,ct & streams ex?ﬁig the&gs}gpgrati?g zone are

subsequently it ja semone! said. Bjsproturtsareshianly sheapaRS PAE etHaRgr s by any
methOd%‘6”0%%?n%%9€s§r§‘é'rﬁ€@ Ixrr.lotget}?aQ% wt% and most preferably more than 95 wt% of copper

oxide and zinc oxide.

According to a preferred embodiment of the present invention, the hydrogenation
catalyst (which may be mixed with the methanol catélyst) is a copper based catalyst which
is 2 supported-catalyst which comprises copper, and-pr@ferably promoﬁers, such as cobalt

15 and/or manganese and/or chromium. '

All of the aforementioned hydrogenation catalysts may advantageously be
‘supported on any suitable support known to those skilled in the art; non-limiting examples
of such supports include carbon, silica, titania, clays, aluminas, zinc oxide, zirconia and
mixed oxides. Preferably, the palladium based catalyst is supported on carbon. Preferably,

20 the copper vbased catalyst is supported on zinc oxide.

According to the present invention, at least a part of the stream exiting the alcohol
synthesis unit is passed through a separation unit (e.g. a separation column) to recover and
collect a stream comprising the targeted ethanol and a stream comprising methanol.

This separation stage may be performed by any suitable means known to those

75 skilled in the art, e.g. a sieve tray column, a packed column, a bubble cap column or a
combination thereof.

Since unreacted methyl ethanoate and ethyl ethanoate can also be present in the exit
stream from the alcoho! synthesis unit, the Applicants have found the following preferred
mode of operation(s): |

30 (i) methanol/meth yl ethanoate mixture can be easily recovered together with

the methanol and fed directly into the downstream carbonylation unit,

and/or



According to the present invention, at least a part of the aforementioned stream comprising methanol
(and optionally methyl ethanoatc), together with a substantially pure 15CO stream, are introduced into

a carbonylatiogyeagtarreferably at least part, most preferably all, of thepgaid sagifanestream,
emanates from the aforementioned alcohol synthesis unit. However in practice said methanol stream

may also emanate from another suitable source, suth as a bio-fermentation process and/or pyrolysis
(e.g. wood pyrolysis). Preferably at least a part of the said CO stream is obtained from the
aforementioned 20synthesis gas generation stage. This is preferably performed by first removing CO2

and water from the gengratad.synihesisgas.foliowed by, 3 SM0genicsenatalon e jsplate the

substantially pure CO from the 112. A particular advantage according to the present invention is that
both the 1-12 fed to the ald6RBIEHARSICORE S e B0 fed to the carbonyiation unit are obtained

from the same synthesisrgag separatianisiagedifkeraative, 2R metheds ot sepRratianmskich as
membrane separation technologies can alsg be employed. Alternatively, said CO. stream may also be
3 lich debinr i

of sé recvele gl Qe 8#&?{}85?6}88@6&3(@%? SHYaS from steel

. e C I 1110 an
obtained from another Stitable source;’s
Manufacture)./Baidss tissthotiallyyptrei CQistsearm iy doptaioninesoimiutities aseitleds CO2,

methane, nitrQgep,NRIEIERERMRIPY A Gk gore%#amg%@aé&ﬂ%%@%@g!ﬁ%svtvhigﬁraa? 30preferably
e .

removed before use. According to this aspect of the present invention; the step o?ln}tlroducing
methanol, togjé‘t??é‘?f\fchﬂﬁ &% into a carbonylation reactor is performed under conditions favourable

WO 2009/077113P GH&RANBIN0A09E L2 far RrRdusing SHRANOLESIE: highEPSIGIVE Many examples

in the prior art hl%] d.iﬁclose carbonylatiou processes that can be suitably used in the present
invention. Forag? BRI B HAS SRR TPEHE LABO TR R TRETEH R HB YRRERLY B fridium
5-catalyst8 asadgscribid mdsS3772880, thiktpatent B Bid Aé6320adlsodeserthestggprsparation of

mono-carboxylig aeids Ry-cabanvisiontalrehals. e pieranee, o odiim prjgdium catalysts,
halogen promoters and water or an'alcohol, ether or ester. Car onylation processes in the presence of
ruthenium andé8wisiiewtalyshoeatilled in the art. '

According to the present invention, at least a part of the aforementioned stream
obmprising methanol (and optionally methyl ethanoate), together with a substantially pure
15 CO stream, are introduced into a carbonylation reactor. Preferably at least part, most
preferably all, of the said methanol stream, emanates from the aforementioned alcohol
synthesis unit. However in practic'e said methanol stream may also emanate from énother
suitable source, suf:h_ as a bio-fermentation process and/or pyrolysis (e.g. wood pyrolysis).
4 Preferably at least a part of the said CO stream is obtained from the aforementioned
20  synthesis gas generation stage. This is preférably performed by first removing CO, and
water from the generated synthesis gas followed by a cryogenic separation to isolate the
substaﬁtially pure CO from the Hy. A particular advantage according to the present
invention is that both the H, fed to the alcohol synthesis unit and the CO fed to the
carbonylation unit are obtained from the same synthesis gas separation stage. Altemative
25  methods of separation, such as membrane separation technologies can also be employed.
Alternatively, said CO stream may also be obtained from another suitable source, such as
another chemical process (e.g. off-gas from steel manufacture).
Said substantiaﬂy pure CO stream may coniain inert impurities such as CO;,
methane, nitrogen, noble gases, water and C; to C4 paraffinic hydrocarbons which are
30 preferably removed before use.
According to this aspect of the present invention? the step of introdﬁcing methanol,

together with CO, into a carbonylation reactor is performed under conditions favourable



also be suitably used in the present invention. Thus, UK patents GB 1234641 and GB 101234642
describe a process for the production of an organic acid by carbonylation of an alcohol in the presence
of a noble metal catalyst selected from iridium, platinum, palladium, osmiy /%I%qoﬁ%gg(gyym and their
compounds aitPafdinatér which is halogen or halogen compound. According to denner et al, Journal
of Molecular Catalysis, 1987, 40, 71-82 ruthenium ggmpounds are effective carbonylation catalysts for
converting primary 15alcohols into acids at high CO pressures. Standard conditions of 45 MPa CO
pressure were used in the reported experiments. For example, UK patent application GB 2029409
describes a process for the preparation of aliphatic carboxylic acids by reacting CO with alcohols at an
elevated presungohBideMPadr greater in the presence of a ruthenium catalyst and ’

halogen-containing prematel, 2ACSRIIRG e aRisfeired embatireentoh thisaspeatsofsthe present
invention, the carbonylation process takes place in the presence of an iridium catalyst together with at
least one proiietertiAtEadd SURRCREGSTSHEME -V proven to have beneficial effects on the rate of
carbonylation of methanek:$aidcarbanylationprocesseis-thus preferably pestormeidriAitie presence of

at least a finite concentration of water.with g catalyst system 256amprising; kg @p iridium catalyst, (b)
methy! iodide EHIE %ﬁc? A 1tbfj)cliﬁénprorgr\?é) er?o' %&%' %ts, accordin? to a preferlred embodiment of this

aspect of the preseatdinvéntion-theprocessdob tiverprodiadeioal gfeftinel Gerfvs cafonylation of
methanol comprises,cONIARINgMEHRROlMIN AR e bauie geaciiomonmpasitienn a
carbonylation reactor 30wherein, the liquid reaction compo;ition corgprises: ég}a?tp[aga%l acid, (b) an
iridium catalyst, (c) rhethyIBERIE Y Wt BRa eSS IS SRR BIIMGEAE " 13" According to an
embodiment ofi{his.asnaat of dhe.presentinyertian dining e cansony st preeéss! water may be

formed in situ in the liquid reaction composition. For e Walglr e ie Bigskicsdyia by-product
formationl,ogen%ﬁ@@%ﬁ??ﬁlaerﬁgfﬁ(éeﬁ%Pé%%dﬁu%rt?ohl.c%%?a rranaé)gaétllso begenerart%rd during the
esterification reactidnrbietwesmmethandilreastantahat strardiE aeid roBultiEter may also be

introduced to the, carbonylation.reacior-iegethemuiti, apseparatelyiomiothaicaamplopants of the
liquid reaction’composition. Water may be separated from other GQmMpo g&sﬁf reacfion @omposmon

withdrawn frorfr thidosa SRR REMASEBE R8O Tt th S8t SHE Ath SIS A marntair a prefefred
concentration of watemhinihe diguiduerclicifreampositionFirefersiitys Iothencortamiaten of water in

the liquid reaction composition,of e Garhonylation, Racior i 106/ ange 04T q:LauE Heramore
preferabl§/5l to 4GP 94" B8 preféta Iy?to wt %. o
- used in the reported experiments. For example, UK patent application GB 2029409
describes a process for.the preparation of aliphatic carboxylic acids by reacting CO with
alcohols at an elevated pressure of 3.4 MPa or greater in the presence Qf a ruthenium
catalyst aﬁd halogen-containing promoter. |
20 | According to a preferred embodiment of this aspect of the present invention, the
carbonylation process takes place in the presence of an iridium catalyst together with at
least one promoter; indeed, such catalyst systems haye proven to have beneficial effects on
the rate of carbonylation of methanol. Said carbonylation process is thus preferably
performed in the presence of at least a finite concentration of water with a catalyst system
25  comprising:
(a) an iridium catalyst, (b) methyl iodide and (c)-at least one promoter.

Thus, according to a preferred embodiment of this aspect of the present invention
the process for the production of ethanoic acid by carbonylation of methanol comprises
contacting methanol with‘CO, in the liquid reaction composition, in a carbonylation reactor

30 wherein, the liquid reaction composition comprises:

(a) ethanoic acid, (b) an iridium catalyst, (c) methyl iodide, (d) water and (e) at least one

promoter.



The iridium catalyst in the liquid reaction composition may comprise any iridium containing compound
which is soluble in the liquid.reaction composition. The iridium catalyst may be added to the liquid

reaction compogitiogbarikg carbonylation reaction in 15any suitable form whichdisgatvgssin the liquid
reaction composition or is convertible to a soluble form. Examples of suitable iridium-containing

compounds which may be added to the liquid reaotibh composition include IrC13, Irl3, 11131-3,
[1r(CO)21]r, [ Ir(C0)2C1]2,, Pr(C0)2B12, [I[ECO)2I2T[Ir(C0)2Br2T H, [Ir(C0)214.1 H.
[Ir(CF1.3)13(C.0)2T h4(C0)12, IrC13,3H20, IrEr3.31.420, 11.4(C0)12, iridium metal, Ir203, 1r02,

10I0akCO)2, 201(acee)3, E T SHRIAAIe, IPOACIT(E 20IUOAL ang hesachioornd aci

[142IrC161, preferably, chloride-free complexes of iridium such'as e hanoaf)eS, oxa %es and

acetoacetatesSVRRIY ‘dFerspiomsies i dpensy hoferotdHe sarbotiyltiod reatorgopeponeritsrsuch as
water, alcoholanglige carRexvlicrgithdRardicularly, praferrad.isigre éﬁ%ﬁﬂé‘d’ﬁu?m%g%’v hich may be

used in an ethanaic, acid or aqueous ethanoic acid solution. referably, the iridium carhonylation

catalyst concel AN in Wit TigAeaRa 8RBT Gurishiis /iteRiEFainge POBY DT Hom by weight of

iridium, mére preferaidh200tand3QOAREAY weight ofiidium.detbe rreeassief the present invention
at least one prg oter IS present En the reaq%ion composition. ﬁg}i%ble promoters are preferably
T

TR ST ST FRMBSEFRILM Ry, zinc, gallium,

selected from the %%up consis mogg(e)t%1 Sord
indium and tumgsten, @merigdvioYépreferablypetectetidronthrutheniunemandf esetiom and most

preferably is rutheniymy, Rrefarablys e promater.in presentdn, an effective Amount yp fo the limit of its
WO 20091077723PCT/G132008/004095 solubility in the liquid reaction composition and/or any liquid

process streafié PEL)RIBE e apsRyRtiBhEaCib R St i ecatiamennaeitirsc Budtttage. The

promoten s suitalahspriaseihirthediqrithseraion caRINQRIRN A Pomalatr g ekiBromets s iridium of
[0.51t0 15]: 1..A§lnoted ?botve, the 0t/)eneficial ffs;)[cﬁ Ef a promaoter such as ruthenium has been 5
found to be greateEPSFthe Water tonCsHE B RHiCH GIVe¥ the MOSKRTRF Warb bl fatibierate at any

defined methyl etharidateidinc masthyl iodidéi goncentiationmposititablaprometer cgricenttation is 400 to
5000 ppm by weight: The, RIOmeter:may &om r;ﬁeh%rll. SHi gbl. yromoter, metal-containing compound
which is soluble in thré-gliqlﬂ% reaction &i.mpéls%on. %hpeé%ro%rﬁg%g may Ogltéoc?dté? o't llefni(?liquid reaction
composition foRHESERMGIAdtvhitebelionidreayosuieatiesiormintitsr aeaplipdistmegsédigitid reaction

CoMposition okis GeRVEI TG %ﬁﬂ'ﬂ@@lﬁi&mﬂa the liquid reactionbomposition or is convertible to a
soluble form. Examples of suitable iridium_-cbntaining compoun&s which may be added to
the liquid reaction composition include IrCly, Irls, IrBrs, [If(CO)lla, [Ir(CORCl, |
[Ir(CO)Brl, {I(CORL] H', [I(CO)Br) H', [Ir(COY,L ] H, (In(CH;)5(CO)1 HY,
I1a(COY1z, [rCl3.3H,0, IrBr3. 3H20, Irg(CO)ya, iridium metal, I£203, IrO;,, Ir(acac)(CO),, -

20 Ir(acac)s, iridium ethanoate, [Ir3O(OAc)(H,0)3][OAcC], and hexachloroiridic acid
[HyIrClg), preferably, chloride-free compléxés of iridium such as ethanoatés, oxalates and
acetoacetates which are soluble in one or more of the carbonylation reéction components
such as water, alcohol and/or carboxylic acid. Particularly preferred is green iridium
ethanoate which may be used in aﬂ ethanoic acid or aqueous ethanoic acid solution.

25 Preferably, the iridium carbonylation catalyst concentration in the liquid reaction
composition is in the range 100 to 6000 ppm by weight of iridium, more preferably 700 to
3000 ppm by weight of iridium.

In the process of the present invention at least one promoter is present in the reaction
composition. Suitable promoters are preferably selected from the group consisting of

30 ruthenium, osmium, rhenium, cadmium, mercury, zinc, gallium, indium an}d tungsten, and
are more preferably selected from ruthenium and osmium and most preferably is

ruthenium. Preferably, the promoter is present in an effective amount up to the limit of its



Examples of suitable ruthenium-containing compounds which may be used as sources of promoter
include ruthenium (HI) chloride-, ruthenium (ll1) chloride trihydrate, ruthenium (IV) chloride, nithenium
(111) bromide, ruthenium metal, ruthenium oxides, 15ruthenium (llI) methapo&%{%ﬁ%&gpml IT%
[Ru(C0)212]", [R&EELBYAE [RU(C0)31212, tetra(aceto)chloromthenium(lI,fl Frathenium () ethanoate,
ruthenium (l1l) propanoate, ruthenium (Ill) butanoate, ruthenium pentacarbonyi,
triratheniumdociecacarbonyl and mixed ruthenium halocarbonyls such as dichlorotricarbonylruthenium
(1) dimer,- dibromotricarbonylruthenium (Il) dimer, and other omanoruthenium complexes such as
20tetrachlorobis(4-cymene)diruthenium(ll), tetrachlorobis(benzene)diruthenium(T1
diehloro(cycloebtalilySrdlerégpidHetinn YEPRRSIATEIANA RS g cstoTStRy Uy Ardrie Examples
of suitable osmiumeaNtaIRINg.coMpoxnds whichomay hewsedag:sotegesmitpromoteriinclude osmium
(I11) chloride hydrate and anhydrous, osmium metal, ogr,griurp Z?efg%tgféirdq idium of [0.5 to
triosmiumcloddesEalb s ITO (EBFAL L TR 3 212 IE(EBY S pen Achioro-hu “riitro/host-Mum
and mixed osmium. halpcatbonyls suchas tiicafionyidichionsoswiua (hewner EadSther
organoosmium compjexes. amples. of suj ium:cantaini mpRKodaihich may be
used as s%ur‘cr%%ng pr8 rgf‘éersfr?gtﬁag] %%rchélgﬁ%{l%%%%fé%% ?fgg%gﬁé%&%gé@Re C(%))Sl, 30[Re(C0)4112,
IM,;(C0)4121 < peany Reéabdyle 20! cthamrismpiasaTsittitte Cafiifle Oty EdRYBunds which
may be used inglide. CA(CIAR)Z, %@‘,qulg%gggi, Cd(01-1)2, and cadmium acetylacctonate. 15
Examples of suitable mercury-containing ,compoun(% which may bt?_usn Ecllrgg s(%%cesngf promoter
include Fig( Ac)2, HGT2 PERIESYS, GCI2MRGE 1S ahi ot g Mplas Of Suitable zinc-containing
compounds whighh Rayiedisetas;sautaesoafcprgmoteniitiupe Zad Ae) 2 2MaH) 20z niz, ZnBrz,
ZnC12, and zinc acetylacctonate. 5 Examples of sui ium-contaipi R_HNds which may
be used A soﬂ?‘é%sreg %%ﬁ%? ?%ﬁﬁ%d%%ﬁﬁ%%%@é%?ﬁ%%%g@ gﬁ?ﬁj@ﬁ(}éﬁ]&%{g&, (has, CiaBra,
Gal3, Cia2CldianCia(®2108id reactBxamples shistitapie jrdRimsiEififg compounds which may

be used as sources gf promaierinslude.dngium-aseiaceitnaiedndiven ethanoate] dnC13, InBrz, Inlz,
Iril and ICIn(OH)3. Examples of suitable tungsten-containing.co unds which may be used as
sources of proitBEet MergEe ieoyse W@i‘ﬁ?%@@é&ﬂfﬁ%,ﬁh% 18?@8@&%%%%%% any -
tungsten chlorash e gvoEigskieatnbamleaiiip oundide, ruth@ieferadih), tbeiridiumd hd
promoter-containing compounds are free ofimputities, 1owlich preyide @ts,i situ ionic iodides
IR I e R Prese vt
tetra(aceto)chlororuthenium(ILIII), ruthenium (11I) ethanoate, ruthenium (I1I) propanoate,

ruthenium (I1T) butanoate, ruthenium pentacarbonyl, trirutheniumdodecacarbonyl and
mixed ruthenium halocarbonyls such as dichlorotricarbonylruthenium (II) dimer,
dibromotricarbonylrutﬁenium (II) dimer, and other organoruthenium complexes such as
20 tetrachlorobis(4-cymene)diruthenium(Il), tetrachlorobis(benzene)diruthenium(Il),
dicmoro‘(cycioocta-l _5-diene)ruthenium (II) polymer and tris(acetylacetonate)ruthenium .
. |
| Examples of suitable osmium-containing compounds which may be used as sources
of promoter include osmium (I1I) chloride hydraté and anhydrous, osmium metal, osmium
25 tetraoxide, triosmiumdodecacarbonyl, [O{(CO)L, [OS(CO)ﬂﬂz, [Os(CO¥ls) H,
| pentachioro- mu -nitrodiosmium and mixed osmium halocarbonyls such as
tricarbonyldichloroosmium (1I) dimer and other organoosmium complexes.
Ekamples of suitable rhenium-containing compounds which may be used as
sources of promoter include Rea(CO)o, Re(CO)sCl, Re(CO)sBr, Re(CO)sl, ReCl;.xH,0,
30 [Re(COl)y, [Re(CO)la] H', and ReCls.yH,0.
Examples of suitable cadmium-containing compounds which may be used include

Cd(OAc),, Cdly, CdBry, CdCl,y, Cd(OH),, and cadmium acetylacetonate.



alkali or alkaline earth metal or other metal salts. lonic contaminants such as, for example, (a)
corrosion metals, particularly nickel, iron and chromium and (b) phosphines or nitrogen containing

compounds organgdsiich may quatemise in situ; should be kept to a mpaiag i tagliguid reaction
composition HS 20these will have an adverse effect on the reaction by generating F in the liquid

reaction coniposition which has an adverse effect ofvthe reaction rate. Some corrosion metal
contaminants such as for example molybdenum have been found to be less susceptible to the
generation of Corrosion metals which have an adverse affect on the reaction rate may be minimised

by using sutable coprosiaf:(esisiant MAIRLIAIS Bl aARSIrUSHAN, SIIALYoMAIRaNtS such as alkal

I
metal iodides, for example lithium iodide, should be kept to'a minimum. Corrosion metal and other

ionic impuritie¥vy dedrepgeadpldné gst shatitlitdbiBioniekihdltge radiftéd to treat the reaction

composition, or prefeably@ catalyshd eayCls SRR e SHL AR RGeS SIS B8 55EIPRM:iNLES 4007130,
Preferably, ionic contaminants are kept below a concentration at which they would generate 500 ppm

by 30weight JF PREHEFABR s S BsOPE PR by WeiGhe Bf £ GG ierE BASP RS position,
Preferably, th&xcantenstatibabof pakitinyl dadiderip dbe piguidsreniction g ompes o isceyd OF
2009/077723Per/GB2008/1104095 16 in the range Jto 20 wt %, prefera to %., The patrtial
pressure of CBin the 185? %r%ﬁz}ﬁt?gha%g&%ﬁg %&ié%@% F\geanr%’r%egé? 6%&31%5)/‘5}%7\?%5%\%5%? ly 0.1 to 3.5
MPa and mostdreférdbly 0.1 to 1.5 MPa. The presence of 1-12 in the CO feed and generated in situ

by the water-gas shift Sreaction is Riefarablyeaph\oy asilsRrasenss mayyesul in the formation of

hydrogenation tproducts., hus, the molar ratio of Il) to CO reactant is pre erablil less than 0.01:1, more
preferably lese AR B B0BC ARG rarbIpfeus B o089 altier thle Barad pressure of
H2 in the carbgamyiation reactor is preferably less than 0.1 MI-1a, more preferably less than 0:05 MPa
and yet more preferably less than 0.03 MPa. 10The catalyst system used in the carbonylation process
of the present invenﬁé%lﬁ%aess Bgélﬁt%geﬁanﬁ)s %-%)él} %ﬁ?&rff% %/rf[ljc%i\aﬁléct réls ril\b/%ﬁ/S Tgav%/spartial pressures
of CO where therrate dfreactiomehaly BéepeWdantWipbn W CHlpantiadthrédédure WaAday these

conditions, it has heen:fownd,ihatthe catalyshsysiem, as he advantage of providing an increased

rate of reaction over catalyst systems without the promoters of the present invention. This
15advantage allowsSiarPiHcie-EdH ratd S Prasetiar g R tmhervHe f thatCeyaieal pressure is

relatively fow, farcexasvple dueieradavitotahRressirevinitiencarbanylatiordaasiab ofdbgIto high
vapour pressure %f c%mﬁonen%orgég%i%%d re c}iorltgomposition, e.g. at high methyl ethanoate

. 0T, ne €a T I metal S .
concentration in the liquid reaction composﬁlon or (fhe toa

Ionic contaminants such as, for example, (a) corrosion metals, particulatly nickel, .
iron and chromium and (B) phosphines or nitrogen containing compounds or ligands which
may quaternise in sity; shouid‘be kept to a minimum in the liquid reaction composition as

20 these will have an adverse effect on the reaction by generating I in the liquid reaction
composition which has an adverse effect on the reaction rate. Some corrosion metal
contaminants such as for example molybdenum have been found to be less susceptible to
the generation of I'. Corrosion metals which have an adverse affect on the reaction rate
may be minimised by using suitable corrosion-resistant materials of construction.

25 Similarly, contaminants such as alkali metal iodides, for example lithium iodide, should be
kept to a minimum. Corrosion metal and other ionié impurities may be reduced by the use
of a suitable ion exchange resin bed to treat the reaction composition, or preferably a
catalyst recycle stream. Such a process is described in US 4007130. Preferably, ionic
contaminants are kept below a concentration at which they would generate 500 ppm by

30 weight of I', preferably less than 250 ppm by weight of I” in the liquid reaction
composition.

Preferably, the concentration of methyl iodide in the liquid reaction composition is



high concentration of inert gases (for example nitrogen and CO2) in the carbonylation 20reactor. The
catalyst system may also have advantages of increasing rate of carbonylation when the rate of

reaction is reduced by the availability of CO in solution in the liquid reactlj%nf B%M% resulting from
mass transfeMipitatieHs2¥or example due to poor agitation. . The pressureé, of the carbonylation

reaction is suitably in the range 0.9 t0-19.9 MPa, 25preferably 0.9 to 9.9 Mila" most preferably 1.4 to
4.9 Mlia. The temperature of the carbonylation reaction is suitably in.-the range 100 to 300 C,
preferably in the range 150 to 220 'C. Ethanoic acid may advantageously he used as a solvent for said
carbonylation reaction. 30The carbonylation process of the present invention may. be performed as a
batch or continteusprdcesy) ptéfepatityal a EoHtiftidls process and may be performed in any

suitable reactor, known.to thse skilled-in fhe.atkrobiylatiod heathaneitatidrpieductmiay be removed

from the carbonylation reactor b withdrawin%lliquid reacﬁl1 n clotmﬁ)c%sl%qlgg\ and separating the ethanoie
acid product toy7 dearafrsrel IASHRhA AN frartiawa! BEHAtSN §8ges ¥om the other components of the

liquid reaction compgsitien: suchr as idivmatalyst pathenidin sindiorissmitemeand’dr indium 5
promoter, methyl iodide, water and uneonstuned reactant Wm%%%eggﬁ%@y&l@gg@m@reactor to
maintain%heiF%&%ﬁtPé"thWﬁVnEﬁ%lﬁ&uﬁél}segrgtsi%%%{)na p%gijtlion. The ethanoic acid product may also be
removed as aaapasriomithenstreano ekiinty tHe carswhRARSHHEEST. atblGh e promoters

and sabilzers, sueh a8 el indile, Imprave.ihe dQefieieney Andproduaipopessbonylation
|

&)
processes, tHe con ued presence of halide compounds in the carbonylation reaction products is
undesirable iﬁ)th@tgmtﬁlhbtllst@ﬁﬁlé?@daééfhr%%ﬁbplﬁgﬁfé%&l ﬁ?sa%%aﬁb%%égléaht%orrgcpergs em%loying a
halide-sensitiyg Gaialy sk wherelpoisondngeifects ymay beupiuléitve and irreversible. In a preferred
embodiment the ethanoic acid product iS'P rified of i’i

lide co nyY ificatigrs treatment can
be 15acHeved by alyaBHGBIRET Gl EHOUR I T e g e o e

illed in the art. For example halides
been found to be particularly beneficial at relatively low partial pressures of CO where the

rate of reaction may be dependent upon the CO partial pressure. Under these conditions, it
has been found that the catalyst system has the advantage of providing an increased rate of
reaction over catalyst systems witho.ut' the promoters of the present invention. This
15  advantage allows for an increased rate of reaction under conditiqns when the CO partial
pressure is relatively low, for example due to a low total pressure in the carbonylation
reactor or due to high vapour pressure of compolnems of the liquid reaction composition,
e.g. at high methyl ethanoate concentration in the liquid reaction composition or duetoa
high concentration of inert gases (for example nitrogen and CO,) in the carbonylation -
70  reactor. The catalyst system may also have advantages of increasing rate of carbonylation
when the rate of reaction is reduced by the availability of CO in solution in the liquid
reaction composition resulting from mass transfer limitations, for example due to p00§
agitation.
The pressure of the carbonylation reaction is suitably in the range 0.9 t0.19.9 MPa,
25 preferably 0.9 to 9.9 MPa, most preferably 1.4 to 4.9 MPa. The temperature of the
carbonylation reaction is suitably in the range 100 to 300 °C, preferably in the range 150 to
220 °C.
Ethanoic acid may advantageously be used as a solvent for said carbonylation
reaction.
30 The cérbonylation process of the present invention may be performed as a batch or
continuous process, preferably as a continuous process and may be performed in any

suitable reactor, known to those skilled in the art.



can he removed from the liquid phase using silver salts either unsupported, or supported, on an
ion-exchange resin or a zeolite as exemplified in US 5344976 and references therein. According to
the present invgiatingyan-athanoic acid stream is introduced into an esterificagien Wity tegether with an
alcohol(s) stream, in order to produce a stream 20comprising methyl ethanoate and/or ethyl

ethanoate. According to a preferred embodiment of the present invention, at least a part, .
preferably all, of the said ethanoic acid feed stream originates from the aforementioned catbonylation-
reaction; however in practice, it may also originate from another suitable source, such as wood '

pyrolysis and/or as afgéléﬁ{&%%gﬁﬁ%i@ﬁ@fﬂ%ti%nr@&%?g&% DREAES AR00IS S alcohols)

stream comprises methanol, ethanol or advantageously a mixture ot methanol and ethanol wherein at
least a part - préferanipaliqod fsechiathamp ahel oh etsansliagalsrotucsd agisriprg dine baforementioned
alcohol synthesis, staggshbiitimayRlsariginaie from anetherRPRIRPHAIR SRUISE: sWghas a

bio-fermentation process and/or wood pyrolysis. According to a preferred embodiment of the.
present inventigiy e B Fatic 6P AROHBIR F i KiHaNEie R AP St e At/ théd&8rification
reactor is § howeverdnalahNVQ RO A1 23REIGBLRASHRAG LB Fatios:betueent: and 3,

preferably betwe %1m an 2 advantagggus%g(ﬁ us%d as ex Iained.her?inaf}er. The

n a
gt 3. reac? T 10 intain 1¥concentra 3 1N 1d réaction composition, The ethanoic . .
esterification reac?or IS pretera Fy any reactor that is sﬁffa Iie or con%}hcsur%% an este?#lcatlon reaction,

for example usingracdiosergoulpiet: reactordand distilatiomabitrnerbduditg thecebotidribeing
equilibrium limited, The esterifleation reaction may also be conducted in a reactive distillation column.
The esterification of ethanoie acid by alcohol is a reaction which is known to be catalysed by strong
inorganic acids such®aSMydrbeile ReoBo&ifsidie i s e reaBainsiptide bern@dieribed in many

textbooksmof osganisshamistiuden g xaroia iy ehapias kosef, 1Y cbatEinar, Qrgrp s Ghreistry Vol |,
Longmans, 1963. The esterifieation of ethanoie acid together with alcohol(s). may pe %atalysed by
any sutable T BRI T AL AP SRRSO Bl oo EERUTeS of common

commercial hcalsrm_g;atieg)u&mawlmmmqmsmmammgmi@@spMNenaa:‘kuslphbmie acid and
alkyl Su'phon'%é}gdﬂﬁyg"!ﬁ%{% alky ‘bé%QH&Q{&985%%&@%@%l@%ﬁ%&%@ﬁé&‘é@o%%q@&'?‘ RSO3I-1

wherein R is a Cl to Cr) substituted or onsubstituted aliphatic hydrocarbyl group and with the added

proviso that th&taia aeibrsret scrinbelaelida srenatios e MperEfissomesessicrgs C. A
preferred; membgeefithisslasy Risutehesic aeidsisinethanaisuphoic-asis KATPR0BENAS
exempled I O 1. A R O O e X GeS S Ol 222

on an lon-exchange resin or a zeolite as exemplified in US 5344976 and referenceé therein.

According to the present invention, an ethanoic acid stream is introduced.into an
esterification unit, together with an alcohol(s) stream, in order to produce a stream

20 comprising methyl ethanoate and/or ethyl ethanoate.

According to a preferred embodiment of the present invention, at least a part, .
preferably all, of the said ethanoic acid feed stream originates from the aforementioned
carbonylation reaction; however in practice, it may also originate from another suitable
source, such as wood pyrolysis aﬁd/or as a by-product of a fermentation process to produce

25  alcohol(s). - A

The alcohol(s) stream comprises methanol, ethanol or advantageously a mixture of
methanol and ethanol wherein at least a part ~ preferably all — of the methanoi and/or
ethanol are produced during the aforementioned alcohol synthesis stage, but may also
originate from another appropriate source, such as a bio-fermentation process and/or wood

30 pyrolysis.
According to a preferred embodiment of the present invention, the molar ratio of

alcohol(s) to ethanoic acid, introduced into the esterification reactor is 1; however molar



21)However any sulphonie, acid which has a de-sulphonation temperature greater or equal to that of
p-toluene sulphonic acid is preferred as a catalyst. The de-sulphonation temperature of a sulphonic
acid is defined as "the minimum temperature at which the reaction (de-sulphonation) occurs at a
practical rate st@tmosphieric pressure” (sec page 429 of P. E. Gilbert, Sﬂﬁﬁ&ﬁﬁ% %\‘W&SRelated
Reactions, interseienee, 1965). The de- 255u|phorf§tion temperature of p-tolue.ne suiphonie acid is
186C hence the sulphonie acids used in the present invention preferably have de-sulphonation
temperatures in excess of this and preferably in excess of 190 "C. The sulphonic acid catalyst is
added to the reaction mixture so as to comprise from Mt to 5 wl % of the reactor contents.
30Alternatively;saietesierificatioh pafcalsly beeatalysedby meirg vimthessed chtalsstsissuch as di-butyl
tin oxide Hetero en%%u§e%s§gergfication catalysts may be operated in- the gas phase (e.g. acidic 19
zeolites or heefénrobng ya%ids? or alternatively in the liquid phase (e.g. ion-exchange resins). The
esterific-ation proceBs: delsufibsihmageise i peatatell atatrephdatipraLird B e M franly

operated at Sé@e?fﬁ%&%?&@&[&%ﬁ%‘%%&%Q%«%‘m%&%&&@é&-&MBaarﬁhﬁstammredunemf esterification
is preferably greater than 80 C and more 5pre erabl)é isin t?f range oft125 to _1?5 '%- The process
may be operatsdcitiASaBIYSrEHERIILE WLGabis FSTHEZHRP CARRIRG AUE the esterification

Cartying o
continumisly ig geseritied vER 0009886, EhRm@action mixture may also contain in addition to the

catalyst between 0.1 and L. wt % of 2 corrosion IBIRIPI {0 eduse sauipsien.of theyessel. A
preferred corrosion inRIBOr IS copper as a salt for example copper ethanoate. According to the

present inventionytive streamesxitise thecasterdicatiodrshions eompReesavidtiyPararsF Byl ethanoate,
as well as unreacted ethanaic, acid, ethangl andiermethanaliesteviicationcatalyskandovater. This

stream may be continuously .removed front the reactorhﬁ distillation whilst the reaction occurs.
Accordinf to b préfetredemisdehFmiNro 25tk praEEt ind&ntion, the stream exiting the esterification
reactor is purified tofieraQversaithn of ethanoic acid together with alcohol(s) may be catalysed by any

suitable acid catalysts (homogeneous and/or heterogeneous catalysts).
Examples of common commercial homogeneous catalysts include sulphonic acids,
such as p-toluene sulphonic acid and alkyl sulphonic acids; where alkyl sulphonic acids

15 may be represented by the formula RSOgH wherein R is a C; to Cy; substituted or
unsubstituted aliphatic hydrocarbyl group and with the added proviso that the alkyl
sulphonic acid has a de-sulphonation temperature in excess of 186 °C. A preferred member
of this‘ class of sulphonic acids is methane sulphonic acid (CH3SO3H), as exemplified in
EP 0158499, which has a de-sulphonation temperature in excess of 220 °C. ¢

20 However any Sulﬁlaonic acid which has a de-sulphonation temperature greater or
equal to that of p-toluene sulphonic acid is preferred as a catalyst. T he de-sulphonation
temperature of a sulphonic acid is defined as “the minimum temperature at which the
reaction (de-sulphonation) oceurs at a practical rate at atmospheric pressure” (see page 429
of E. E. Gilbert, Sulphonation and Related Reactions, Interscience, 1965). The de-

25  sulphonation temperature of p-toluene sulphonic acid is 186 °C hence the sulphonic acids
used in the present invention preferably have de-sulphonation temperatures in excess of
this and preferably in excess of 190 °C,

The sulphonic acid catalyst is added to the reaction mixture so s to comprise from
0.1 to 5 wt % of the reactor contents.

30 Alternatively, said esterification can also be catalysed by using tin-based catalysts,

such as di-buty! tin oxide.

Heterogeneous esterification catalysts may be operated in the gas phase (e.g. acidic



ethanoic acid, esterification catalyst and water, before its introduction into the alcohol synthesis unit.
After purification and before introduction into the alcohol synthesis unit, the ethanoate stream contains
preferably lessthan, wt of esterification catalyst, more preferably le T Wwt, most
preferably less than %/%98%1 wt. After purification and 20before introducti(?)r?j |£rl1)t(af){;1 ﬁ%%ggf&%ol synthesis
unit, the ethanoate stream contains preferably less than5 wt% of ethanoic acid, more preferably less
than 1 wt%, even more preferably less than 0.1wt% and most preferably less than 100ppm by weight.
Preferably, after purification and before introduction into the alcohol synthesis unit, the ethanoate
stream contains lless than 20 mol ng preferably [%iyss than 2 moé%, more preferably less than 0.2 mcl

% of water; afd the* SIcBHECEIRARLIE UL ATEEY PPLRSrABRA BRaTatES il tr HBLERES P water.
According to an altefihatigetfinbodiment Bidherprdsent bavention, watensgpriespnisiebyeen 0.5 and 20

mei %, more preferably between 0.5 and 15 mol % and mast preferabl %g{gn 1 and 5 mol % of the
total liquid feeé Eégtﬁ%a%%g gf% époahcs)\lpaerrl ‘W% r,é]ﬁertlg 3ot e a (G::E) %Fsyrﬁlh%é?g'uni “The applicants have
unexpectedly found Bpieferreduicdessiriperatcnowirerbbyeesirethyh Sthihoateimethanol mixture

and/or ansethy} gthaneate/ethanol mixiuse cagyatso "WO 2009/077723PC1/GB2008/004095 0
advantageously be used together with the ethanoate as a feed to the alcohol synthesis unit; this is

particularly advantad86aEpeEatdet epriaiteraBi Pt b rificHifs st orhe selective

introduction of:ihgiegmyitaﬁhamga;efat&aﬁmithﬂj&uérﬁiaa@tﬁﬁd o trevedogkml synthesis unit has been
proven to be partlculq‘rly bepeflual 5The m;esthéll and/or m/l e&bgnoatgl felL into th%‘?lc%qol synthesis

o e Leactio Ixhure me ontain 1n a e ¢ St belwee 1
unit is preferably purified of SUlPhUr and halide ComMpounds. This purfication HEAtent tan be

achieved by ant/ appropriateomethbdoktowdite thuse skilfelk ircthe . ripeiresamplgphalides and
iodides cgn be remgved dnfhe liguigt f?&@?n&#ﬁ%ﬁﬁ%é%‘&&%&é,either homogeneous or supported) on
r

either an ion-exchange resin or a zeolite, or for the removal of sulphides the purification 10treatment
may be perforftfeef #fere (hpgverephasentsy JisSipntRe Vahide c8val s SRl BBPEFZinc oxide (or
copper zinc oxiges).and/oFetithesmoraudhe ehpnaniedeatisaiarablyvapounsediniia, contacting
the alcohol synth?ﬁis catal,c}/st bty egher, heating the ethgnoate(s) in a separa uriser prior to

tin S) i eva
L T e R B ) TR e Rencre oms (6.p.

having contact wi
either in a sepeagette redsel otion whpsethedeoithe @loohol @pnthesis rpadtor)d Theddednnixture including

recycles gntey; PQ&&'&%%E‘%}{H‘E@%@HM&&%@ iDERYHIERIS x%&‘&o}‘?:gﬁﬂﬁ%%&‘%%%v%ﬁ%Oatg(s)) is

preferably more than 10 C, preferably more than 20 C above its dew point temperature. y
recycling at 1638t 15aR Iprerarapn dlIcot tieeaforalte RtoFe SatesiyeiRigibeaitpid bsterification unit
into the alcohel:syBihesis reastpuihaapplicanimsweieable e aehiByelcohol synthesis unit, the

ethanoate stream contains preferably less than 5 ppm wt of esterification catalyst, more
preferably less than 1 ppm wt, most preferably less than 0.1 ppm wt. After purification and
20 before introductioﬁ into the alcohol synthésis unit, the ethanoate stream contains preferably
less than'5 wt% of ethanoic acid, more preferably less than 1 wt%, even more preferably
less than 0.1wt% and most preferably less than 100ppm by weight. Preferably, after
purification and before introduction into the alcohol synthesis unit, the ethanoate stream
contains less than 20 mol %, preferably less than 2 mol %, more preferably less than 0.2
25 mol % of water; and the alcohol synthesis unit is most preferably operated in the absence
of water. |
According to an alternative embodiment of the present invention, water represents
between 0.5 and 20 mol %, more preferably between 0.5 and 15 mol % and most
preferably between 1 and 5 mol % of the tota] liquid feed (ethanoate, alcohol and water) to
30 the alcohol synthesis unit. _
 The applicants have unexpectedly found a preferred mode of operation whereby a

methy! ethanoate/methanol mixture and/or an ethyl ethanoate/ethanol mixture can also



a higher efflcigncy and an enhanced conversion towards ethanol. ;It should be noted that whilst all of
the aforgmentl_oned temperature and pressure operating conditions form preferred embodiments of the
present‘lnventlon, they are not, by any means, intended to be limiting, and the present: invention
hereby mclude@aﬂ@p@tﬁ@%pressure and temperature operating condition§tH! I%(Q,%/eo{)/‘g%ﬁe same
effec_:t. Example's The Examples demonstrate that methanol was produced via hydrogenation of
CO in the same reactor as ethanol was produced from hydrogenation of methyl edam-mate or ethyl
ethanoate. The Examples demonstrate that enough methanol can be produced to 30balance the
overall synthesis gas to ethanol via ethanoi acid process without the need for a separate methanol

reactor (i.e. atadivagtsmeshanolabtconvertath dstehonereatet trraiohial e nratedih the methyl

ethanoate Examples; and a methanol ia converied esierraiainhidlgregientoanl wasde
in the gthyl e E{gnso%at%%xarr%&es)%tafyst The Catalys?i L;S,é‘)d in%ﬁ%q;e ILEx rﬁr? Ie'§ as.??znf;)ated
(supplied by SticsGeviieyrwhierrnas e foilowity E6HpEBY: Ch S ?é%%t%%‘,ez%ﬁ?gawt.%).
_Cl_lﬁéaé);i; I-;if%\?é%%m %r;%{'qt@aglgggﬂygmggthg)@maﬁmmseﬁﬁmﬂarried out in a pressure flow reactor.
s heated to .C under a flow o ol % H2 in : P -

11-1. The concentrattb oK A ﬁwig%%%?ﬁes?gt%}sot%l%ﬁf%}%%’%Eog %%ggfa%én%gla%%@vl\nltﬁ\; cif P?OOO
dwellhtlme at pafhvstagelphheaodtalyist mhw&te& his IP@ﬁrﬁﬁﬁﬂ@lé’%@l&ﬁWWéﬁfﬁ&%Pé of 200C and
was eld fo g el ime.of 10, s ngi ARl aion v, epnsidered complcie. Example 1

mixture of f'? V0l%), | ? 0 vol%), methyl ethanoate (4 vol%) and N7 (16 vol%) was passed
over 1-2130 at24Oranavith ia Brelsuerbr. 65| NFE A SRSV SPTEEES? Y Clo BBRS the LHSV was

1.0The obserygd conyarsien.afmethyd.ethanpate Washe removal of sulphides the purification
A} 0 treatment may be performed in the vﬁpour phase, by passing the vapour over a sacrificial
bed of zinc oxide (or copper zinc oxides).

Furthermore, the ethanoate feed is preferably vapourised prior to contacting the
alcohol synthesis catalyst by either, heating the ethanoate(s) in a separate vapouriser prior
to having contact with the synthesis gas.or, by heating the ethanoate(s) within the synthesis

15  gas (e.g. either in a separate vessel or on a prebed to the alcohol synthesis reactor). The
feed mixture including recycles entering the alcohol synthesis unit (e.g. the synthesis gas,
together with the ethanoate(s)) is preferably more than 10 °C, preferably more than 20 °C
above its dew point temperature.

By recycling at least a part, preferably all, of the aforemenfioned stream(s) exiting

20 the esterification unit into the alcohol synthesis reactor, the applicants were able to achieve
a higher efficiency and an enhanced conversion towards ethanol.

It should be noted that whilst all of the aforementioned temperature and pressure
operating conditions form preferred embodiments of the present invention, they are not, by
any means, intended to be limiting, and the present invention hereby includes any other

25 pressure and temperature operating conditions that achieve the same effect.
Examples

The Examples demonstrate that methanol was produced via hydrogenation of CO
in the same reactor as ethanol was produced from hydrogenation of methyl ethanoate or
ethyl ethanoate. The Examples demonstrate that enough methanol can be produced to

30  balance the overall synthésis gas to ethanol via ethanoic acid process without the need for a

separate methanol reactor (i.e. a ratio of methanol to converted ester of greater than 2 was

demonstrated in the methyl ethanoate Examples; and a methanol to converted ester ratio of



96.7% and the selectivity to ethyl products (i.e. ethanol and the ethyl portion of ethyl ethanoate) was
97.9%. In this Example, methanol was produced from CO hydrogenation and methyl ethanoate
hydrogenolysis.wWiheoatio;efsmethanol to converted methyl ethanoatc was 2,24,£98 AsmAlaL basis). 20
Example 2 A mixture of H2 (70 vol%), CO (10 vol%), methyl ethanoate (4 vol%) and N2 (16 vol%)
was passed over T-2130 at 250 C, with a pressure of17.6 MPa and a CRS V of 6837for 20 h; the
THSV was 1.0The observed conversion of methyl ethanoate was 96.2% and the selectivity to ethyl
products (i.e. ethanol and the ethyl portion of ethyl 25ethanoate) was 95.7%. In this Example,
methanol was f i d methyl ethaneate liydrogenolysis. The ratio of
methanol to Co%%%?%%ﬁ%{%ﬁﬁ%ﬁ”ﬁ%@ (g%mgnrg%%;%rxbagl ?S “Example 3 A mixture of H2 (70
vol%), CO (10 %@lﬁ)ﬂ,icoz (10 vol%), methyl ethanoate 30(4 vol%) and N2 (6 vol%) as passed over
T-2130 at 250 C, withrRearassureef 1e.MPa.ang :GliS V-9 @éﬁzpﬁéé%ty%%tﬁ'{é%éi%%as 1.0 h71.

The observed conversion of methyl ethanoate was 95.1% and the selectivity to ethyl products (Le.
ethanol and thgaéﬂtffll A WP Bt StHARDRIEY Wa98%9%: 4h-this Example, methanol was
produced from@@ihydrasgenation and methyl ethanoate hydrogenolysis. The ratio of methanol to
converted methyl eth,m%ogatte was 3.&1@ ona m%lar basis). artn[éle 4 5A miﬁ;ture of fi2 13@70 vol%), CO
(10 vol%), ethyl ethanoate fﬁyvofasos ENNETCLE V6Iooy WaS AL BN TIR1SGHIY75E, with a
pressure of 7.6ayYFiavanbeal@ KW 6F 6883 11fb orfZ0nv] thd b 1BV wasSIVPT hedelbsERkediconversion
of ethyl ethanagjgwas 95 85%.anfihe seleqiivity do.ehanalyas 887%. 1o tis, Examele, sethanol was

produced from CO hydrogenation; the ratio of methanol to converted ethyl ethanoate was 1.33 (on a
10molar basis)\ylilajazéhzdjwell time at each stage. The catalyst was heated at | °C/min to a holding

10 temperature of 200 °C and was held for a dwell time of 1 h. At this point catalyst activation

was considered complete.
Example 1
A mixture of H, (70 vol%), CO (10 vol%), methyl ethanoate (4 vol%) and N,
(16 vol%) was passed over T-2130 at 240 °C, with a preséure of 7.6 MPa and a GHSV of
15 6837 h'' for 20 h; the LHSV was 1.0 h”'. The observed conversion of methyl ethanoate was
96.7% and the selectivity to ethyl products (i.e. ethanol and the ethyl portion of ethyl
ethanoate) was 97.9%. I-n this Exarﬁple) methanol was produced from CO hydrogenation
and methy] ethanoate hydrogenolysis. The ratio of methanol to converted methyl ethanoate
was 2.24 (on a molar basis). |
- 20 Example 2
A mixture of Hy (70 vol%), CO (10 vol%), methyl ethanoate (4 vol%) and N,
(16 vol%) was passed over T-2130 at 250 °C, with a pressure of 7.6 MPa and a GHSV of
6837 b for 20 h; the LHSV was 1.0 hl The observed conversion of methyl ethanoate was
96.2% and the selectivity to ethyl products (i.e. ethanol and the ethyl portion of ethyl
25 ethanoate) was 95.7%. In this Example, methanol was produced from CO hydrogenation
and methyl ethanoate hydrogenolysis. The ratio of fnethanol to converted methyl ethanoate
was 2.40 (on a molar basis).
Example 3
A mixture of Hy (70 vol%), CO (10 vol%), CO, (10 vol%), methy! ethanoate
30 (4 vol%) and Nj (6 vol%) was péss&d over T-2130 at 250 °C, with a pressure of 7..6 MPa
and a GHSV of 6837 h™' for 20 h; the LHSV was 1.0 h™". The observed conversion of

methyl ethanoate was 95.1% and the selectivity to ethyl products (i.e. ethanol and the ethyl



MCS 23 Claims: 1.Process for he conversion of synthesis gas to ethanol, comprising the following
steps: l)introducing synthesis gas, together with methyl ethanoate and/or ethyl ethanoate, into an
“alcohol synthesis unit to produce methanol and ethanol, 2) separating tlbg m}egh(%%%hggom the ethanol

of step 1, 3)MrBALETRG ethanol, from step 2, together with CO, into carbonylation Unit in the
presence of a methanol carbonylation catalyst, 10tgyproduce ethanoic acid introducing ethanoie acid,
from step 3, together with methanol and/or ethanol, into an esterification unit to produce methyl
ethanome and/or ethyl ethanome, feeding methyl ethanoatc and/or ethyl ethanoateproduced in step 4,
into 15the alcohol synthesis unit of step 1, and 6)recovering ethanol from step 2, 2.Pragess for the
conversion ofParEarss e stheTerelsteeES thtr SiNdnBmalhdpshianol e (?é?B‘b‘i‘?g&%’ %%?eed'stock is
first converteq jatQ.synthesis aasaWhichhissubsequeniis20ro eI tedintaethanchcomprising the
following steps: 1)introducing a carbonaceous feec&stock into a synthesis gas reactor to produce a
mixture of carBEYOKHM AN H, | ‘Pr’b?iﬂ‘&%@ and H2, from step 1, together with methyl
ethanoate andfengthyl ethanoate, into an alcohol synthesis unit to produce methanol and ethanol,
S)separating the mefiangl fQTHNG FIMAR! S S1R IR UGG E\AIGAG) PR, step 3, together
wi in

t /1Nt 36 vol%) was passed over T-2130 at 275 °C, with a pressure of 7.6 MPaand a GHSV of

6837 h! for 20 h; the LHSV was 1.2 h''. The observed conversion of ethyl ethanoate was
95.8% and the selectivity to ethanol was 89.7%. In this Example, methanol was produced
from CO.hydrogenation; the ratio of methanol to converted ethyl ethanoate was 1.33{ona

10 molar basis).
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carbonylation unit in the presence of a methanol carbonylation catalyst, to produce ethanoic acid,
30introducing ethanoic acid, from step 4, together with methanol and/or ethanol |mg] esterification
unit to produce methyl ethanoate and/or ethyl ethanoate, MCSLLP 24 6) feedln@ yl ethanoate
and/or ethyl ethanoate, produced in step 5, into the alcohol synthesis unit of step 2, and 7) recovering
ethanol from step 3. 53.Process according to claim 2%herein the alcohol synthesis unit is operated at
a temperature of more than 180 C. 4.Process according to claim 1, wherein the alcohol synthesis unit
is operated aAati@mperature of less than 290 C. 10 5. Process according to claim 1herein the alcohol
synthesis unit is operated at a pressure of more than 2 1\4Pa. 6. Process according to claim 1,
wherein the alcohol synthesis unit is operated at a 15pressure of less than 10 NIPa. 7. Process
according to dlaim 1Pwhesefnithe alcohoksyntiesishasis igas peretiethin, themresendbeofodlosvomgmore
copper based catalyst(s) 208.Process according to claim 7, wherein the alcohol synthesis unit is
operated in the resence of one or more catalysts comprising copper and zinc. 9.Process according to
claim 1, Wherein thelalcohohsydtivesis Umithies spegratéekiriher with methyl ethanoate and/or ethyl

ethanoate, into an alcohol synthesis unit to produce methanol and ethanol,

2) separating the methanol from the ethanol of step 1,

3) introducing methanol, from step 2, together with CO, into a
carbonylation unit in the presence of a methanol carbonylation catalyst,

10 to produce ethanoic acid,

4) introducing ethanoic acid, from step 3, together with methanol and/or
ethanol, into an esterification unit to produce methyl ethanoate and/or
ethyl ethanoate,

5) feeding methyl ethanoate and/or ethyl ethanoate, produced in step 4, into

15 the alcohol synthesis unit of step 1, and
0) recovering ethanol from step 2.
2. Process for the conversion of a carbonaceous feedstock(s) into ethanol, wherein

the carbonaceous feedstock is first converted into synthesis gas, which is subsequently
20 converted into ethanol comprising the following steps:

1) introducing a carbonaceous feedstock into a synthesis gas reactor to
produce a mixture of carbon oxide(s) and Hj,

2) introducing CO and H,, from step 1, together with methyl ethanoate
and/or ethyl ethanoate, into an alcohol synthesis unit to produce

25 methanol and ethanol,

3) separating the methanol from the ethanol of step 2,

4) introducing methanol, from step 3, together with CO, into a
carbonylation unit in the presence of a methanol carbonylation catalyst,
to produce ethanoic acid,

30 5) introducing ethanoic acid, from step 4, together with methanol and/or
ethanol, into an esterification unit to produce methyl ethanoate and/or

ethyl ethanoate,



the presence of a hydrogenation catalyst selected from 25(i)a precious metal based catalyst,
comprising of at least one noble metal from Group VIII of the periodic table (CASG&sidn) and at least
one of the metals chosen from rhenium, tungsten and/or molybdenum; and optionally an additional
metal, that is capable of alloying with said Group VIII noble metal, 30(ii)a copper-based catalyst, and
(iimixtures thereof. MCSLLP 25 10.Process accordifg to claim 1, wherein the stream exiting the
alcohol synthesis unit comprises an ethanol/ethyl ethanoMe mixture which is recovered and recycled
to the alcohol synthesis unife&lidgPreteds:decoaingtboclaihy g thvirersin theduedesssfep thenproduction

of cthanoic acid by carbon)ﬁ%igﬁo forpgiglﬁ@glls %@{legg%% «%ogg%cting methanol with CO, in the liquid
reaction composition, in a carbonylation unit, wherein the Tiquid reaction composition comprises: (a)

ethanoic acid, 10(b) @n iridigeveatalysthécohfethykieplitle, (d) water and (e) at least one promoter.

1512.Process according to claim 1, wherein the molar ratio of alcohol(s) to ethano c acid, introduced
into the esterification unit is comprised between 1.1 and 2. 11.Process according to claim 1, wherein
the streaf exiting thirestetiackatinaimtdkim puvifteeindlremlovbodtsianibtsicia carbpepliation tatalyst

and water, betfe%%&gture of more than 180 °C.

4, Process according to claim 1, wherein the alcohol synthesis unit is operated at a
temperature of less than 290 °C.

10
5. Process according to claim 1, wherein the alcohol synthesis unit is operated at a

pressure of more than 2 MPa.

6. Process according to claim 1, wherein the alcohol synthesis unit is operated at a

15  pressure of less than 10 MPa.

7. Process according to claim 1, wherein the alcohol synthesis unit is operated in

the presence of one or more copper based catalyst(s).

20 8. Process according to claim 7, wherein the alcohol synthesis unit is operated in

the presence of one or more catalysts comprising copper and zinc.

9. Process according to claim 1, wherein the alcohol synthesis unit is operated in
the presence of a hydrogenation catalyst selected from
25 (1) a precious metal based catalyst, comprising of at least one noble metal
from Group VIII of the periodic table (CAS version) and at least one of
the metals chosen from rhenium, tungsten and/or molybdenum; and
optionally an additional metal, that is capable of alloying with said
Group VIII noble metal,
30 (il)  acopper-based catalyst, and

(i)  mixtures thereof.



20introduction into the alcohol synthesis unit. 14.Process according to claim 1, wherein the methyl
ethanoate and/or ethyl ethanoatc stream is vaporized prior to its introduction into the alcohol synthesis
unit. 2515.Process according to claim 1, wherein the feed mixture including reW&% ntering the
alcohol synthesis unit is more than 102C. above its dew point temperature, 16.Process according to
claim 15, wherein the feed mixture including recycleéntering the alcohol synthesis unit is more than
20C. above its dew point temperature.

10. Process according to claim 1, wherein the stream exiting the alcohol synthesis

unit comprises an ethanol/ethyl ethanoate mixture which is recovered and recycled to

the alcohol synthesis unit.

5 1L Process according to claim 1, wherein the process for the production of ethanoic
acid by carbonylation of methanol comprises contacting methanol with CO, in the liquid
reaction composition, in a carbonylation unit, wherein the liquid reaction composition
comprises:

(a) ethanoic acid,

10 (b) an iridium catalyst,
(¢) methyl iodide,
(d) water and

(e) at least one promoter.

15 12. Process according to claim 1, wherein the molar ratio of alcohol(s) to ethanoic

acid, introduced into the esterification unit is comprised between 1.1 and 2.

13. Process according to claim 1, wherein the stream exiting the esterification unit is
purified to remove ethanoic acid, carbonylation catalyst and water, before its

20  introduction into the alcohol synthesis unit.

14. Process according to claim 1, wherein the methyl ethanoate and/or ethyl

ethanoate stream is vaporized prior to its introduction into the alcohol synthesis unit.

25 15.  Process according to claim 1, wherein the feed mixture including recycles

entering the alcohol synthesis unit is more than 10°C. above its dew point temperature.

16. Process according to claim 15, wherein the feed mixture including recycles

entering the alcohol synthesis unit is more than 20°C. above its dew point temperature.



