HYDROGENATION OF ETRANOIC ACID TO PRODUCE ETHANOL The present invention relates to
the production of ethanol. In particular, the present invention concerns a process for the production of
ethanol 5(and optionally methanol) from synthesis gas and ethanoic acid; wherein the ethanoic acid is
hydrogenated to produce ethanol within the same alcohol synthesis unit and in the presence of the
same catalyst(s) R o produce methanol from the synthesis gas. WT@&?{’%%@?
increased use and demand for alcohols such as methhnol, ethanol and higher alcohols has led to a
greater interest in processes relating to alcohol production. 10The alcohols may be produced by the
fermentation of, for example, sugars and/or cellulosic materials. Alternatively alcohols, such as

ethanol, may be Pmﬁvﬁgﬁeﬁﬁxg%ggimaérﬁxrﬁ'aﬁ%m%rﬁﬁ@)ﬁe@nhﬁﬁm@w2 and carbon
oxides produced in OMm a carbon source such as natural gas, petroleum liquids,
biomass and other 15 carbonaceous materials including coal, recycled plastics, municipal wastes, or

any organic matefiaf-hl?%%eﬂiqmtﬁm@é%h@ltﬁ@ﬂﬁ@ﬂ\éﬁ@r{@@&tﬂﬁ@&ﬂde non-petroleum based routes
for the production of valuable chemicals and fuels.  Generally, the production of alﬁ]ohols, for

example methanol, YARBEIFHRTe DPIRTEY BREQLOL SOBGESARFSSRS Budhs BIRANSHSR o BRAR|
synthesis, sind @atbanet My ifiediant) iRoathatByithasisngasprepardationisiein ar addidanalistage may
be employed whereby the feedstock is treated, .e.9. the feedstock is purified to, remove sulphur and
other potential léa%[% Bt ﬁ%pﬁﬂ%‘}%eg&wg ST SHIRte écoﬁﬂls A i e

convertea Into syntnesis gas. IS ]%reatment can also be

conducted aftepreynibesisigaspespariatits); tfar examitie pwhere codhardiponats isyetmsloyesl. The
reaction to producelal%)hgl(

S) from synthesi ' I [ 0 ign.ef C2 and
C2+ alcohols is beliéved 10 K%S%Séén Via the o%ﬁiﬁ%r%%??ﬁgt cégnﬁgllgjcﬁqrf 5rﬁé‘%ll;#e %@t’hggfr}%ﬁatalysts and
cobalt molybdengmrsitphidieheatat/ste. e irierehiappocheesisr dttine thaheitiel esrdiBiRim-limited and

thus requires Mg pEFRN R nedehiRATY BYSAUARIANIBHIS HEREEamBIESHULR Gat/Ge used to

increase the yield, as the reaction which produces methanol exhibits a decrease in volume, as
disclosed in US@B‘MB@a@@Eﬁlffow-pressure, copper-based methanol synthesis catalyst is

commercially availapigfrpm sHnpdisisisebhas BAGEI, Jeinsopddatteroang ddaldoeakopsoe. Methanol

ields from copper-based catalysts are generally over 99.5% of the converted CO+C0O2, 2
Y p‘é)ynthesis gas refer% to a com F?‘natlron %f H; and caréoon oxqges produced in a synthesis gas

plant from a carbon source such as natural gas, petroleum liquids, biomass and other
15  carbonaceous materials including coal, recycled plastics, municipal wastes, or any organic
material. Thus, alcohol and alcohol derivatives may provide non-petroleum based routes
for the production of valuable chemicals and fuels.
Generally, the production of alcohols, for example methanol, takes place via three
process steps: synthesis gas pfeparation, methanol synthesis, and methanol purification. In
20  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
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 synthesis gas is generally exothermic. The
25  formation of C, and C,+ alcohols is believed to proceed via the formation of methanol for
modified methanol catalysts and cobalt molybdenum sulphide catalysts. However, the
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.
30 A low-pressure, copper-based methanol synthesis catalyst is commercially
available from suﬁpliers such as BASF, Johnson Matthey, and Haldor-Topsoe. Methanol
yields from copper-based catalysts are generally over 99.5% of the converted CO+CO,



present. Water is a by-product of the conversion of CO2 to methanol and the conversion of CO
synthesis gas to C2 and C2) oxygenates. In the presence of an active water-gas shift catalyst, such as
a methanol catalyst or a cobalt molybdenum catalyst the water equilibrates with the CO to give CO,
and 112. A paper entitled, "Selection of Technology for Large Methanol Plants,” by Helge
Holm-Larsen, presented at the 1.994 World Methano? Conference, Nov. 30-Dec. 1, 1994, in Geneva,
Switzerland, reviews the developments in methanol production and shows how further reduction in

costs of methanol praoductiaon will result in the construction ery lar lants with capacities
approaching P88 t %?HW%@@?H%?%&E&S@?%F%@ %ggg?ki/?olﬁ%?‘%&g%@/v élf-?% €onol(s), include
(he processes,feeeUARARIEINANRY, and 1L E5 AL Ine yacheled iR MRS 3ush as
ethanol, methanol and acetic acid are produced by contacting synthesis gas (carbon monoxide and

hydrogen) witkh&tsuppostech chixtwenetlaunhbdituty campoonkdit andyhdinconitatalgentipowetstr 150ptionally
containing one or more additional components selected from the metals iron,.managanese,
HéE

molybdenum,eaiilsiatss et O dRsiinY irathltm s RePi sitifte drheshielieh @l support is silica.
Th ' iti ically a t el f 0 in th
e reacton GUIIACRAS PRce A EmAsAeD Cﬁ?ﬁreaﬁgﬁnrqg?s% Ofetalfaqgessire I the

range from 1 to n ourly space’ ve greater than per hour. 20WO 8303409
describes a prpeeREMAIRIEY(RIRRAG I8, INedUsRb by, carhonyigitmeldreiarelby, raetion with CO in

the presence of a carbonylation catalyst to form ethanoic acid which is then converted to an ethanoate
ester followedlzydeydrageauly sistafthhec tradoctieoresterstorvidebto Gintbesttedotion énreigtsird of ethanol
and another alcohol which can be separated by distillation. Carbonylation can be effected using a

CO/H2 25mixiteearr] RRIUGERONALSH SrliteRPBaSHRB LIRS BIRLSTEENSR%S 8%ding to the

possibility of circulati ep &%&; carbonylation and hydrogenolysis zones with synthesis gas,
preferably a 2??3&%@3‘%@@@8%5&@ eing used as make up gas. 3 US 4122110 relates to a

process figr manufactipgpaiebals faatticptadyclivaarsatunated. plicoasy sicelnlde Myereacting CO with
H2 at a pressure between 2 and 25 MPa and a temperature between 150 and 400 C, in the presence
of a catalyst, phevessksrilesdrihethhetbieadiatilyst contains at least 4 essential elements: (a) copper (b)

cobalt (c) at least 50ne _element M selected from chromium, iron, vanadium and manganese, and (d) at
least one alkali metaf™ EP %&égl‘% Féi%‘i&%“‘f&?%ﬁ&g éfo%l%g ﬁ%ii%%’c%%?ﬁ&ﬁ%@%%%ﬁ‘go and H2

gases using a,cafalyst, With,aRfiaal %&&a@ﬁ@y%@m?& vasrsaméﬁ&%élén@rﬁym@g&genum,

tungsten or rhenium, and the co-catalyst metals are cobalt, nickel or iron. 10The catalyst is promoted
with a Fischemitiopsebiesdaiek tike @hnalkalion atkaposcaantii series nietakompematler amount of
thorium and is further treated by sulphiding. The composition of the mixed alcohols fraction can be

selected! By s@lpideng] theosiaisioPRstivh e e bR 6P RABEET AR} feted AipariBatgetals irongoymal of

Catalysis, 1988, 114, ggé%?)é%s Iosrens %rﬁ%?t%ﬁa?dﬁq@n?ﬁrﬁﬂé p&rhil.u%orurpa%tiigrrﬁ avr\llé:)thorium The
2010/055285PCHEE ’ > 5 > .

preferred support is silica. The reaction conditions are typically a temperature in the
range from 150 to 450 °C, a pressure in the range from 1 to 700 bars and a gas hourly
space velocity greater than 10° per hour.

20 WO 8303409 describes a process whereby ethanol is produced by carbonylation
of methanol by reaction with CO in the presence of a carbonylation catalyst to form
ethanoic acid which is then converted to an ethanoate ester followed by hydrogenolysis
of the ethanoate ester formed to give ethanol or a mixture of ethanol and another alcohol
which can be separated by distillation. Carbonylation can be effected using a CO/H,

25  mixture and hydrogenolysis can similarly be conducted in the presence of CO, leading
to the possibility of circulating gas between the carbonylation and hydrogenolysis zones

with synthesis gas, preferably a 2:1 H,:CO molar mixture being used as make up gas.



4 from synthesis gas over CuO/ZnO/AlI203. The formation of ethanol from CO and H2 over a CuO/ZnO
methanol catalyst is studied in a fixed-bed microreactor by measuring the isotopic distribution of the
carbon in the product ethanol when isotopically-enriched 13C methanol was added to the feed.  As
the importance of ethanol is ever increasing in today's world, so is the need and desire to produce
ethanol from a carbonaceous feedstock with a higheBcarbon efficiency, a higher conversion and an
improved productivity and selectivity.  The present invention provides a process that can allow one
to produce ethanol f ceous feedstoc More%ver the %re erpt inv ntiPn liovides a
R

process that can 102&%&‘\3&%@?@%?8@5&% aem%egf#%rrﬁlgng ?‘B%iﬁglge é’d%?t‘ocl:%} {Jith B

an improved
carbon efficieqgy, apygfia HighrLASIeCHYI:RRAIT S Mt RradUGie.FOBYRISIOM athanabHence,
the present invention can provide a process that allows one to produce ethanol from a carbonaceous
feedstock, witindn iemppenedredeboncefficie nny 48highén gelectrdhcants icnpdyticulamantith zdnore
productive conversion to ethanol. 15Figure 1 represents an embodiment of a process scheme

according to 4R BaitRIRHehSHF eRE BredelseshdsattiahHERS AL EYSRRBRICEY e8PRIEHBR f8those

used in the present desctjption an ending.claims. T the pre inyenti ides a
Process or proB AT O A B oSk e e TN S
and the ethanglds,prodmeed via the 20hydrogenation of an ethanoic acid feed; characterised in that the
hydrogenation of the ethanoic acid feed is carried out within the same alcohol synthesis unit and in the
presence of the same £483Y8(@ y¢hatisadedtoduaitucy thixedetlsaholsfformtbh® spathlesigsgas and
wherein the feed introduced to, the alcohol synthesiﬁ(unit compriges syB,thesis as and ethanoic acid.

25The presentiigehtialiahaihraicRaly Hroceialysh (R CoMVEFsiH oP s HRES R gas to ethanol,
characterised py e A@ReRHEQMPEIGR e steps b lipdusing YpIRsie gpsgnd ethanoic

acid into an a ol synthesis unit to produce’ methanol and ethanol, wherein the methanol is produced

from synthesigBasaaiigsthe pilinoelisvitogd uarderid thestty grogeratite ahthik 4thaatielaeid feed, and
wherein the 30hydrogenation of the ethanoic acid feed is carried out within the same alcohol synthesis

unit and in theptbsence pEtHeosamp ke ity ivseand ipivabes thateddthanbhiding the
synthesis gas, WO 2010/055285PCT/GB2009/002639 5 2) separating the methangl| from the ethanol
of step 1, 3) irﬁ%&iﬁ’@ﬂ?&%‘é’%g g’?%ﬁ?féﬁoﬁf) n%aﬁt@l}rﬁ%l}%g? X }ﬁﬁa Voﬁ%ﬁﬂﬂlﬁ ﬁ%eeeﬁ)(%%ence of a
methanol carbgnylation Calal¥Bhid R ORHER S NRNIG AGiEnts.

Journal of Catalysis, 1988, 114, 90-99 discloses a mechanism of ethanol

15  formation



4) feeding ethanoic acid, produced in step 3, into the alcohol synthesis unit of step 1, and 55)
recovering ethanol from step 2.  The present invention yet further provides a process for the
conversion of a carbonaceous feedstock(s) into ethanol, characterised by the following steps: 1)
introducing a carbonaceous feedstock into a synthesis gas reactor to produce synthesis gas, 102)
introducing syntheeisogesssream step 1, and ethanoic acid into an alcohol syntpesgigghatioitopgeduce
methanol and ethanol, wherein the methanol is produged from synthesis gas and the ethanol is
produced via the hydrogenation of the ethanoic acid feed, and wherein the hydrogenation of the
ethanoic acid feed is carried out within the same alcohol synthesis unit and in the presence of the
same catalyst(s) that is used to produce 15the methanol from the synthesis gas, 3) separating the

methanol from tHECBHTEMBFET 8889 Er AR{FRI ALY mathenaighrsahanol ) #foHlg over

carbonylation uni fntherwresanae déR.mathanalisathamaiioadcatalyshdepdias.athaneic acid,
5) feeding ethanoic acid [%)rodu,ced in, step 4, into.the alcoho z%(ré\thesis_unit of step 2, and, 206)

recovering ethanSPHBIH 4 Lption of fhe parban 1 e ProdHch MO SNRIHCalY SBisBRYinG claims

the following termetamedefineddedneidaftecd. The 'dew point temperature' is a threshold temperature,

for example,sfor a giv%n E?‘ur.e co "‘518@8% Xols mf'xture of com one%%aaisa L g ﬁ,n ressure, |fa H&e system

. . €1 O ano CVEr Increasing in SO .15 the nee
25temperature is raised 10 abbve the dew pomt temperature, the miture witl Sxist as dlry gas.

Likewise below tHesidete poihiceetiperdtites) thatrmirtgeewiitalsistias shvapighercatamifiicsame diquid.
‘Gas hourly Spacg MRIoGiGE1S)) i delinark a5 G ARMME PLgas gg per unit  volume of

catalyst per hour, at standard temperature (0 C) and pressure (0.101325 30MPa). 'Liquid hourly space
velocity' (LHSV) is defihearessthBvoltipae triegia peerprstmicarol] v ok dargdiosstiapel from

a carbonaceous feedstock. Moreover, the present invention provides a process that can

10 allow one to produce ethanol from a carbonaceous feedstock, with an improved carbon
efficiency and/or a higher selectivity and/or a more productive conversion to ethanol.
Hence, the present invention can provide 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 ethanol.

15 Figure 1 represents an embodiment of a process scheme according to an embodiment
of the present invention, wherein the references correspond to those used in the present
description and appending claims. ,

Thus, the present invention provides a process for producing methanol and ethanol,
wherein the methanol is produced from synthesis gas and the ethanol is produced via the

20 hydrogenation of an ethanoic acid feed; characterised in that the hydrogenation of the
ethanoic acid feed is carried out within the same alcohol synthesis unit and in the presence
of the same catalyst(s) that is used to produce the methano! from the synthesis gas and
wherein the feed introduced to the alcohol synthesis unit comprises synthesis gas and
ethanoic acid.

25 The present invention further provides a process for the conversion of synthesis gas
to ethanol, characterised by the process comprising the following steps:

1) introducing synthesis gas and ethanoic acid into an alcohol synthesis unit to produce
methanol and ethanol, wherein the methanol is produced from synthesis gas and the
ethanol is produced via the hydrogenation of the ethanoic acid feed, and wherein the

30 hydrogenation of the ethanoic acid feed is carried out within the same alcohol synthesis

unit and in the presence of the same catalyst(s) that is used to produce the methanol

from the synthesis gas,



WO 2010/055285PC T/GB2009/002639 6 According to one aspect of the present invention, the
synthesis gas feedstock, a mixture of carbon oxide(s) and H2, that is used to produce the methanol
feed stream, is preferably produced from a carbonaceous feedstock. The carbonaceous feedstock is
preferably a material such as biomass, plastic, 5naphtha, refinery bottoms, crude synthesis gas (from
underground coaigagifizasiagsor biomass gasification), smelter off gas, municiad wasiey,Geaided
methane, coal, and/or natural gas, with coal and natugal gas being the preferred sources. To one
skilled in the art a combination of sources. can also be used, for example coal and natural gas to
advantageously increase the H2 to carbon ratio. 10Natural gas commonly contains a range of

hydrocarbons (e.g. C1-C3 alkanes), in which methane predominates. In addition to this, natural gas
will usually contaftt FEBEEMH @ﬁ)@%@ﬁﬁﬁlﬂlﬁwﬁﬁ%t.eP’rleferably the nitrogen content of the

feedstock is less3hanrdfuning Yctmass prefeably lwasdband @ meblivanshmgsipreiepiiylessthan 2
mol %. Processes for &rod cingosy ghesis as,jna s%lnthegiﬁs% as plant, are well known. Each

15method has its aaj\?anat%%ecsman galsl%%{n Sgtjetg,pé% tRS'CARILRS sing a particular reforming

process over ancth&e{smgrtbened bydeporiomsitiant@ysiabledferdistrean emnsideratiops, asiwell as

by the desireto cgl?tpf,jgb(}é%rp Emlﬁlg] @%—g%Z):(CO+COZ) molar ratio in the resulting synthesis gas that
is suitable for further chemical processing. A discussion of the available synthesis gas production

technologies is providEeein Bt PORNrorE fcheP poeedsinypees, fistiy &nedsiamdf92-93 and Petrole
et Techniques, 1%@@&%5@%&35@&&ﬁﬁﬁtpgﬁ‘aﬂﬁfﬁ’:ﬁ%@ﬂ?&{&% 9%1[8‘%5%@?%@9 Itis also known

that the synthesis gas may be obtained by catalytic partial oxidation of hydrotarbonaceous material in
a microstructured r&4EErHREAEHTNMEEPHT fRafetorkaintsy s sxaibinsiiszat IRRETPRiFIAtEAS A DMEHS
Conference on Micggakgaction Technology, ed. W. 25Ehrfeld, Springer Verlag, 1999, pages 187-196.

Alternatively, the synthesis gas may be obtained by shart contact time catalytic partial oxidation of
hyd rocarbo)r{l%cegZSmTEé%dls(‘tl('%l% %@%gs%ﬁbgé%ﬁt@%%%g@?%%c%%ﬂé&% gRRoLsymtirsy BBibbtained

via a 'compact refotmprpracesthastiestebacimtytiachehnaanginaetng:aA00n 5yt diERis

Hydrocarbon Procegsing 2890 17?:9 d?4' oday's Refinery,. 2000, 15:8, 9: WQ 9902254; 30 and WO
0023689. Typically, o_‘rﬁ comr%érc?é é‘fﬁi‘éé@e&é&%"ré‘%ﬁé o r%eﬁﬁéénsgd?ea 2t witferthe synthesis
gas is produced frohergie e redoenesticngfdbefetimnapproidi feeds bycaudetbotOwitRia, tha@me

2010/055285PCT/ Cﬁﬁ@@&%@@%@%gumt and in the presence of the same catalyst(s) that is used to produce

15 the methanol from the synthesis gas,
3) separating the methanol from the ethanol of step 2,
4) introducing methanol, from step 3, and CO, into a carbonylation unit in the presence of
a methanol carbonylation catalyst, to produce ethanoic acid,
5) feeding ethanoic acid, produced in step 4, into the alcohol synthesis unit of step 2, and
20 6) recovering ethanol from step 3.
For the purposes of the present invention and appending claims the following terms
are defined hereinafter:
— 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
25 temperature 1s raised to above the dew point 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.
~ *Gas hourly space velocity’ (GHSV) is defined as the vblﬁme of gas fed per unit
volume of catalyst per hour, at standard temperature (0 °C) and pressure (0.101325
30 MPa).
— ‘Liquid hourly space velocity’ (LHSV) is defined as the volume of liquid fed per

unit volume of catalyst per hour.



7 preferably 2 to 3 MPa and the temperatures at which the synthesis gas exits the reformer ranges
from approximately 700 to 1000C. Likewise, for commercial synthesis gas production the pressure at
which the synthesis gas is produced from an auto-theimal reformer ranges from approximately 0.1 to

10 MPa, preferapl a and the S5temperatures at which the synthesi ' former
ranges from ap?)‘?g(%r)n}g)/t% y 700 to 1300 C. Where the high temperatures areage?:%ggg%@?%%er to

produce a favourable equilibrium for synthesis gas pr%duction, and to avoid metallurgy problems
associated with carbon dusting. The synthesis gas contains a molar ratio of (H2-002):(CO+C0O2)
ranging from 0.8 to 3.0, which is dependent on the carbonaceous feedstock(s) and the method of 10

reforming used. For exappigs Whelk AFaHialiaRs ieusethastiRa aashopacsouaferdsiauk for steam
reforming, the synthesis gas obtained usually has a maximum (112-002):(C04-002) ratig of 3.0.

However, when REHEI0G 52 ROn S LS sl Earibri Ab B iertiet edPbtg AHEF ¥4 b ithing, the

synthesis gas obtafeeel ypuailchbten( b 226073 o fésMydatio of 1.5. 15According to a preferred
embodiment of the present invention, th($ m%lar ratjo I1-|2-'C02. :fCO+CC%23 of th(? synthesis gas
Istoc 1

stream exiting the sy ecf@ % f§eé)élrs1éc?% on uﬁsit’fgj Fsragr%gt%}? &R ,ar%orefrg'rsesfé)r%%]fl’greater than

1.8 and most prefetelnyrefieate bthamg. Orueaiorabiis, gre( frrmharmddigro{htitGOL)s(B@H@OLR), of said
synthesis gas styeam exiting th i e g [t(S). 15} 0, pre ly less than
2.75, more prefégfgﬁ?%é?gsgsc%ﬁ%%gﬁ%gﬁeg #%%tgbre%%&gﬂ?é%{s&tﬁ(% 62&;1%%%(%&%09%01 gz;l&r?()(?ther
embodiment of trigrinhveastiviinteehaikneiid satedns theadstoerdssutrder Sprmeslidlgasdenarttation is

not an aliphatic hydraaarhen & JukeakAARAic Ratesial iginassl ihe melal palie 5
(H2-002):(CO+C02) of the exit synthesis gas is prefer.ably adjusted to the target value by the addition

of H2 or the renfslantgessdy seeessis BT &FRAAGAUS the use of a simple, yet effective, separation

method kngwn to thosgskilles isvthe dlly fohexarmpiagacMesbyabenseparajan; meihey, irSuch
membrane technologies can be found in 'Purification and Recovery Onptions for Gasification' D. J.
7] & P B e S R g et

Kubek, E. Polla, P8 RS PEOR 85, RREMAIR & 1E BUY, VAR SRR IR by any
suitable method (@) kaaiwnl30io dhrageusiddlebréfcthel pithe fotregamplecibyf dacfiedsiwith @memelsin

performing a methanol,wash (i.e, th CT [0GESS r by-using,hot iury), carbonate

(e.g. the BENFI E ??r(%%&% - Ry r%%_\;[ 76%%5%%@@%@8%@8%%&%%@% Algcé,?sotrg‘léagzsgt%oég%'referred

embodiment of the pRssessspaenpimduthegsxitterisngasobstairiethivnganplayn e gislgaovendieete.g.

using a steggn rf%r@(m@rﬂagﬁm%ﬁége%sgﬂttﬁyydaam%@%mﬁ@@@&%ﬂg@ @?gr!ﬂ%ieﬂ can also
ydroca

comprise water, nitrogen and traces of unconverted rbons (e.g. C1-C3 alkanes). 5According to
a preferred embEdRIAEBF RESHPESEAIGE gt TRATY SHPRABL R ghvailable feed stream

considerations, as well as by the desire to obtain the optimum (H,-CO,):(CO+CO;) molar
ratio in the resulting synthesis gas that is suitable for further chemical processing. A
discussion of the available synthesis gas production technologies is provided in both
20  Hydrocarbon Processing, 1999, 78:4, 87-90, and 92-93 and Petrole et Techniques, 1998,
415, 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 hydrocarbonaceous material in a microstructured reactor as exemplified in IMRET 3:
Proceedings of the Third International Conference on Microreaction Technology, ed. W.
25  Ehrfeld, Springer Verlag, 1999, pages 187-196. Alternatively, the synthesis gas may be
obtained by short contact time catalytic partial oxidation of hydrocarbonaceous 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,
30 and WO 0023689.
Typically, for commercial synthesis gas production the pressure at which the

synthesis gas is produced from a steam reformer ranges from approximately 0.1 to 10 MPa,




generation, an additional stage may be employed whereby the feedstock is first purified to remove
sulphur and other potential catalyst poisons (such as halides or metals e.g. mercury) prior to being
converted into synthesis gas; alternatively this treatment can also be performed after synthesis gas
preparation for %dg %S\ggggn coal or biomass are used. 10According to thePErle;ég 0@}{&@5@”’
synthesis gas and ethanoic acid are introduced into an alcohol synthesis unit to produce a stream
comprising methanol and ethanol, in addition to unreacted ethanoic acid. The synthesis gas feed and
the ethanoic acid feed may be introduced to the alcohol synthesis unit either as separate feed
streams, a combined feed stream, or any combination of feed streams which comprise the
components theyeafailylberenpeeaiictmbagimneantoftthi siesenitentian etie Gyntiasisgas and the
ethanoic acid are introduced to the a&co %I sy&t@&?s’ g!il(lt as s%garate feedlstre%ms. In another specific
embodiment of TREPTESBHITRVAIBI XHE'S is gab S the SRR AP R B duced to the
alcohol synthesjsadnittizg theprebinedtfedotistieayntifstoraing o dupre fesne dnertbablément of the present
Invention at least 8 Rl (AR Al SR AOPDNERIP ORRRUSATY RRIRCRE e @ Synthesis gas
generation process. | ion%ly?%y-pro USts such as methane an igher alco ol may also be
produced dirindgeaipohbtireyzithdsis fiesmibestrgssantdsahitanbirsymages)itacordrgradypréderred
embodiment of thepresen{inyeniion; R fRFeam:exHd 8 alohetamiasinUn i stasrauently

purified to remove said by-products by any methods known to those in the art 25to obtain substantially

pure methanol &AddREROPPFIRIbERS 2asmapdneipisgatld provuesbi Bsmabismhesmansitetitholar

ratio, (h12-r?02§£0§>@ﬁ &%.fﬁﬁ%?ﬁrmssgmhhsﬂfxgﬁasﬁfﬁg ﬁﬁ@%ﬁ;{%ﬁb@(ﬂ)@@%@h&i@ﬂ@egs t:)rllit
IS greatert an o.U, maore prereranly. greatert an 4.0 and most prerera reater than 4.1. Prefera Yy
Eebterkham mermiomats

the molar ratio, 2868 FHLCTISPEIFY FrLls SHRANASR SIS Fer ’th&'30 alcohol
synthesis woit isdeaamthans8d, faeieiably, lessthamalGand wsabipiefeselolyatesastiiwdsbdk khe
Applicants have also unexpectedly found that the.co:feed of CO and CO2 into the alcah nthesis
(it was parto I SNBSS T B Eret e s e o REseisy
20101055285P @TitGE 20031002639vehtn thuplesens invéatidre PHudforenCiodviopkdsemipmore than 1

vol%, preferably;marg AR 2O ANAHIESLRY Sieiakly QIR H13% ﬁ%qh‘)@g%&%@ algoBp! synthesis

unit gas phase composition. In"order to obtain the aforementioned high synthesis gas molar ratios,
additional H2 5typically needs to be added to the synthesis gas feed stream exiting the synthesis gas

_generftiogl gnit. frefgrd&%h,ﬁfr_{gi@ g@@é@p@cgggega%@m@m;g ﬁ&@ﬁﬁn@iﬁ%&h@&?%&@?@f@t@%ﬁfagea Tbhis
is preferably performed by first removing CO, and water from the generated synthesis gas followed by
a cryogenic separadh s %&iat‘é? {Re o hﬁ&ﬂf}%ﬁ%%&“ﬁéﬁ%‘i ?P?‘ét .o ﬁﬁ’feg%é '?/téomégﬁgs&sof

separation, suclpastendmbranesepatdéiabl iegeaetabied Gamd Galspledeatvigloyattr Alterhatively, said

H., stream may alsp be obtained fro tl i uree, . another chemical process (e.g.
off-gas from ste%?%é%%ﬁc Ure or é?gé’f?@%gg 22%%!1'?2@ érég%léggrﬁ%%é%ﬁaégﬁ%fﬁ%[rgglr?tl rrt? r?urities
such as methangyntiireg e, grobletigased(watdssa ftCL00ciphlattsichaydrdobansonereierbly are
preferably sgmoyedhgiore MsembaAnadsng rRdvantage of this aspect of the present invention, when

compared to other processes in the field, is that the purification of the separated H2 feed produced
during synthesis gas4&EHRESA Mo RbTBbRAMFL A 18ISty Finp VI tRa FEtI RN fRRIREK this is
advantageous WRed fePEIRASE IAPeBreEion Witbiasepaiaic ytieasnatior srgafeneaibanoic acid

where the carbon oxides act ag poisons to the}t&yﬁgr ' t—L catalyst as well 20as increasing the
formation of inefPAIRMRIRTATE S e RRLKifAlIR g |§§Z§§e%ﬁ}§%éf’§ 1t synthesis gas 13
preferably adjusted to the target value by the addition of H, or the removal of COs.
25 CO; may be removed by the use of a simple, yet effective, separation method known
to those skilled in the art, for example, a “membrane separation method”. Such membrane
technologies can be found in ‘Purification and Recovery Options for Gasification’ D. J.
 Kubek, E. Polla, F. P. Wilcher, UOP, 1996.
| Altemative’ly; CO, fnay be recovered and removed by any suitable method(s) known
30 to those skilled in the art, for example, by reacting with amines; performing a methanol
wash (i.e. the RECTISOL process) and/or by using hot potassium carbonate (e.g. the
BENFIELD process).




The alcohol synthesis unit of the present invention comprises at least one reaction zone. According to
a preferred embodiment of the present invention, the alcohol synthesis unit may be any reactor that is
suitable for producing methanol and ethanol, for example a fluidised bed reactor or a fixed bed reactor,

which can be ruwgvifl ;gsesggout external heat 25exchange equipments e.g. gofdifiztidhedagseactor; or
a fluidised bed reactor; or a void reactor. Preferably t@e alcohol synthesis unit is operated at a

temperature of more than 180 "C, preferably more than 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
30less than 250 C. Preferably the alcohol synthesis unit is operated at pressure of more than 2 MPa
and preferably moreAbandiniyl@ea; maiiedsiitadiiCivieidtendescefenabiy desthereant Shdara. In fact, since

methanol ynthess BB IMIE e 00N ChGREN PBRIAUE 40 ol apelalionagayermed by

a balance of promoting the  reaction (i.e. by not adversely affecting the equilibrium) and aiding
the rate of conversisnré & daighe ppidsdtlcndity). Irsenalbaponpysthssie. sitrse ratHeeeichowever, in

this case the chosen iempgialdreod RREA’ISQaveEned by a balance of reaction rate and

selectivity. 5The GHSV for continuous operation may he in the range 50 to 50,000 ii*, preferably from

1,000 to 30°000 I, MGrETFratdplyshsrriZnbetina ooh RS THOSIbFHIbN RERS68 to 12,000
. The ethangicacishligyighgubstiaie dotiagdueethintg dhe/mcaliohs Yethasis wnit-prplerallyohas an
LHSV less than 10 hi, more preferably Iess_than§ h4 and mgst {’lO?Le[e ably less than 311'; for
example, a typitEN P YISYRBY ABHOSI BBRICRIEh RS RYUAMIEY L £1 12hoes a0 &S a20f the present
invention is thahibewsynihiesis okimetbanatddamosynthesispaa s hardatie iyt iogenaitancef etitanoic acid
to ethanol ocours i the sama alconiol synihesis,nil, Therelare ing eatalst far methanol synthesis
from synthesis gag And the Lhcatalyst for ethanoic acié)rhyc% enation may beé one and the same
catalyst; ot0alternatidehprdnug ¢ottiampsaencancysomsip hesenspicydciratioc alid ol wjradissit unit. The
catalyst, or catglysis, maybeAMHSH NG GRS m@%g& t&méengﬂ'aﬂa%mﬁdaé&mﬁalyse the

synthesis of methanol from synthesis gas and those which are known to those skilled in the art to

catalyse the hy@fgiimdacmsreadisehanficasds AReIrnbsts §1batdand I etimrinackd Bbme¥ of doubt,

when it is hereigafigrd@fessad teaskanblixHieaf anmetihens] sypataesiscaatadyskanebabdageenation
catalyst, it also covers physical %lends of She two catal sti?nand/or separate packed zones of the two
catalysts in the SEHB EARSARTRARRIGHES SSFBroNBI T iSHL B L& AR L Py Bheation

catalyst is Iocatefledpasiiraabodifitie ofieibaroctsyinthasimchialysththispacedrtngtmaipaeférred
tehrgtmdime”t 2501 NG RIS, IIvINaR: Bssak et sonlidviating ol hgRlcphgl viteeis sinitis such
embodiment of the present invention, the synthesis gas and the ethanoic acid are
introduced to the alcohol synthesis unit as a combined feed stream. Accordingto a
preferred embodiment of the present invention at least a part, preferably all, of said
20  synthesis gas stream is produced by a synthesis gas generation process.

Additionally, by-products such as methane and higher alcohols may also be produced
during alcohol synthesis (i.e. methanol and ethanol synthesis). According to a preferred
embodiment of the present invention, the stream exiting the alcohol synthesis unit is
subsequently purified to remove said by-products by any methods known to those in the art

25  to obtain substantially pure methanol and ethanol products.

For the targeted production of ethanol the preferred molar ratio, (H,-CO,):(CO+
CO,), of the fresh synthesis gas feed stream fed into the alcohol synthesis unit is greater
than 3.0, more preferably greater than 4.0 and most preferably greater than 4.1. Preferably
the molar ratio, (Ha-CO,):( CO+ CO,), of the fresh synthesis gas feed stream fed into the

30 alcohol synthesis unit is less than 8.5, preferably less than 5.0 and most preferably less than
4.4. The Applicants 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




the stream(s) comprising CO, 1-17 (or synthesis gas) and ethanoic acid, is first reacted in the
presence of a methanol synthesis catalyst and subsequently reacted in the presence of a
hydrogenation catalyst. In one embodiment of the present invention, the alcohol synthesis unit
catalyst is a 30%Q9{b9d5§%§ghesis catalyst. ~ The catalyst for the alcohol sygthesis i9jb&as be
chosen amongst traditional methanol synthesis catalyésts selected from one ‘of the two following
groups: 11 i. the high pressure zinc catalysts, composed of zinc oxide and a promoter; and ii. low
pressure copper catalysts, composed of zinc oxide, copper oxide, and a promoter. Suitable promoters
for the methanol synthesis catalyst include cobalt and/or 5 magnesium and/or chromium and/or
aluminium compoip @sesbnpiefentie MEHEafot SYDhesiseatatyst ihan Mixilig wttogiiematac oxide, and

a promoter such as,.chrgmia or alumina. The Applicants have.une cedlI?/fou that said methanol
synthesis catal;}s?nd%r‘ﬁogny]%?Paténc‘i) %iB’i‘? %’r &%Pgi%o?ﬁnacvt?git?é)g.%c%éggd?n%o 81as rrlgﬁglrsrél 1gﬁ%‘ﬁ)odiment of

the present invehtigncaihegsrederred catalyst 10used in the alcohol synthesis unit is either a

hydrogenation catalxst o "%ﬁgﬁq@%ﬁ“%g @@&@@%Q&@B{Jy&@%}g gg%%p&%ioﬁg@%ﬁgzgether with

. [o)
a hydrogenation catarllyst. rogenation catalyst can lowing: (1) a metal

based catalyst, vpiepdhisinedo tabicslded trethssithesth Bydegs WIRaoT eAEipe HsdiEtieies G8AS version, for
example iron, ryBeniig M ka8 A2 nil AU HY it EHR nPRU RN e@;gzae@md at least
i

one metal chosen from rhenium; tungsten and/or molybdenum; and optionally an additional metal, that

is capable of al¥§eg ThinisargfesrBlipponermetdy firstipmdppEOpand & eistliran thsrasRsripke a copper

chromite or a mixed&apReToNSIRO¥iIdeppsedicatpbativhorsideensectnanigiapasnde gepper, zinc,
20zirconium or mangan?se ,.and (iimijxtures thereof. Izi%r the a\ﬁoidance of .dom%bag? the term Group
VIl of the periog Babie [EAERPTHIONR 95 SHEALRHH e’ drd B 2BRFERR STRIRY 1 lﬁgogl% T8 transition

metals in the Petiodie eafiteyef. EAdrmrants ¢gyopoddth byethe HdP AL e b8Ginad droviniotvisefound, for
2oexample. In G HAIROO RS IETHBOhARRR VGG (/0 BREEIV AR e haR BBy Pvid R
Lide, publlshedsby Ffé Pressinc (6@% :
electrolysis). Said H; stream(s) may still contain inert impurities such as methane,
nitrogen, noble gases, water and C, to Cy4 paraffinic hydrocarbons, which are preferably
removed before use.

15 An added advantage of this aspect of the present invention, when compared to other
processes in the field, is that the purification of the separated H, feed produced during
synthesis gas generation has no requirement for the removal of carbon oxides. Indeed, this
is advantageous when compared to a process with a separate hydrogenation stage for
ethanoic acid where the carbon oxides act as poisons to the hydrogenation catalyst as well

20  as increasing the formation of inert materials, thus necessitating an increased purge step.

The alcohol synthesis unit of the present invention comprises at least one reaction
zone. According to a preferred embodiment of the present invention, the alcohol synthesis
unit may be any reactor that is suitable for producing methanol and ethanol, for example a
fluidised bed reactor or a fixed bed reactor, which can be run with or without external heat

25  exchange equipments e.g. a multi-tubular reactor; or a fluidised bed reactor; or a void
reactor.

Preferably the alcohol synthesis unit is operated at a temperature of more than
180 °C, preferably more than 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

30 less than 250 °C. Preferably the alcohol synthesis unit is operated at préssure of more than
2 MPa and preferably more than S MPa; and less than 10 MPa and preferably less than

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




According to a preferred embodiment of the present invention, the hydrogenation catalyst (which may
be mixed with the methanol synthesis catalyst) is a copper based catalyst, most preferably comprising
copper and zinc. 30All of the aforementioned hydrogenation catalysts may advantageously be '

supported on any suiiablgsssgrport known to those skilled in the art; non-Iimitipgﬁégm@%m@j@uch

supports include carbon, silica, titania, clays, aluminas, zinc oxide, zirconia and mixed WO
2010/055285PCT/G112009/002639 12 oxides. Prefgiably, the palladium based catalyst is supported
on carbon. Preferably, the copper based catalyst is supported on zinc oxide.  According to one
embodiment of the present invention, the catalyst used in the alcohol synthesis unit is a hydrogenation
catalyst as describg@aboves golensid lwaah slayclr of eraticting dltalistexhibisimethabgleynthesis
activity.  Accordin ther.embodi f Invention, th lalyst comprises a
methanol Synthe%\é%séif%% érln%;1 3 v&%ﬁ@@%%%%ﬁ%%ﬁ%%%ﬁé@ v%%%%ﬁno&aé%iy%%%enaﬂon catalyst
mixed with the nieeRariblisynthesethenchiysthisss sugpoeradheopise htase, vathiysesodhicphissefifferent

from the methang) synthesis satalush WRIRRAEMRriSeA AR CoRRELRAT.AL InaskRRgREomOter, such as

cobalt and/or manganese and/or chromium, supported on zinc oxide. According to a’preferred

embodiment of the preSeAHMYdptsRNtRO BCHRBSAIRYDS riftcdanaysREy RO P parefssdivcatalyst,

most preferably goRmprisine GoRRerENehaio prAGasdiRehio 800asPeio tHaR esnbisnesion, at least a
part of the stream exiti$§815the alcohol synthesis unit is passed through a separation unit (e.g. a

separation colurﬁﬁf‘té’ 30898 Rallect a stream comprising ethanol and a stream comprising
methanol. This separatioatistage avidylibe parbotate thbydrydsuitatie sneias s ki taithose skilled in

the art, e.g. a sieve.tray cplumn ked columm, a bubble ¢ olumn or a,combination thereof
20Since methyl g{ﬁfgﬁao e an %@% S%?lhggt&haﬁ A Iée?ﬁfagggﬁ Sisnrt?'ﬁré 5(ral;;:lit %?rré;rélror?tfrom the alcohol
synthesis ulfit, wiefersbiohless thpodds faremsbnn itytivelXtStréamrthe foltovivgisre preferred mode
of operation(s): (A})MQ methyl ethanoate mixture can be recovered and fed directly into the

downstream carbonylation unit, and/or 25(ii) ethanol/ethyl ethanoate mixture can be recovered and
recycled to the alcohé key feature of the present invention is that the synthesis of methanol from

synthesis gas and the hydrogenation of ethanoic acid to ethanol occurs in the same alcohol
synthesis unit. Therefore the catalyst for methanol synthesis from synthesis gas and the
15  catalyst for ethanoic acid hydrogenation may be one and the same catalyst; or,
alternatively, more than one catalyst may be employed in the alcohol synthesis unit. The
catalyst, or catalysts, may be any suitable catalyst known to those skilled in the art to
catalyse the synthesis of methanol from synthesis gas and those which are known to those
skilled in the art to catalyse the hydrogenation of carboxylic acids and/or esters to alcohols.
20 For the avoidance of doubt, when it is hereinafter referred to as a mixture of a
methanol synthesis catalyst and a hydrogenation catalyst, it also covers physical blends of
the two catalysts and/or separate packed zones of the two catalysts in the same reactor(s);
according to a preferred mode of operation, the hydrogenation catalyst is located
downstream of the methanol synthesis catalyst; thus, according to a preferred embodiment
25  of the present invention, the catalyst configuration of the alcohol synthesis unit is such that
the stream(s) comprising CO, H, (or synthesis gas) and ethanoic acid, is first reacted in the
presence of a methanol synthesis catalyst and subsequently reacted in the presence of a
hydrogenation catalyst.
In one embodiment of the present invention, the alcohol synthesis unit catalyst is a
30  methanol synthesis catalyst.
The catalyst for the alcohol synthesis unit can be chosen amongst traditional

methanol synthesis catalysts selected from one of the two following groups:




synthesis unit.  Additionally, by-products such as methane, ethane and other higher alcohols may
also be produced during alcohol synthesis. According to a preferred embodiment of the present
invention, the streams exiting the separation zone are subsequently purified to 30 remove said
by-products fronwgeio%%t %ol and ethanol streams by any methods known to those skilled in the art.
According to an aspect of the present invention, at least a part of the aforeménitioned '15%am
comprising methanol (and optionally methyl ethanoatg) and CO are introduced into a carbonylation
unit. Typically, the methanol and CO are introduced into the earbonylation unit as two separate feed
streams. Preferably, at least part, more preferably all, of the methanol stream emanates from the

aforementioned alcphahsyiihesissuidiziidawangts, saiippaihanghstseIR MaYy Hsacenanate from
another suitable source, such as a bio-fermentation process and/or pyrolysis (e.g. wood pyrolysis).
i e ety S e

Preferably, at least & pS¥ S HHE COIRRFEEHE R Bh S RBLFroth AP RHdE ST ORREL Aitbh stage. This is

preferably performed hydirsteemoving CO2 and water from the generated synthesis gas followed by a

cryogenic separationdo.isglate th suEst rét'g ure . 10CO from the H2. A particular advantage
according to the pres%ﬁ%%@rﬁ?%ﬁ St Oaﬁt%o}t% %(ﬂ%lﬂ%}?g et%stﬁaepgla%%ﬁg ugfn%}%eag}saﬁgr{ﬁrand the CO fed
to thc carbohylatiegnesivwandier ohteima frodrotidugantiasyertiresizigasd segfaradonethags. Alternative

methods of sepatation; SUeh RS MEMRIGRe SeNRRIARIEEIRARYILS SRR AISA e, PARIAYS:

Alternatively, the" CO stream mag/_ also be obtained from another suitable source, such as another
1

chemical 15procB¥@inagTherappditenth kaserpriphstaety faynd Hiat cad sreshanohsxytbentamalos levels of

inert impurities. denhbi@Yie.REHIPRAYRISERAISS Mothgidarior art which disclose carbonylation processes
that can be suitably used in the present invention. For example, such carbonylation processes can be

made in the presencé*SFIFHRGH 3OEHEIR S EROGIEHISL (P RPIFE R PP ABI ™Y R PR E B2 86326 also
describes tie pregdratite Otshangehskioxylic acitisryhedrbanytationafalcohalasisihe prasanee of

rhodium or iridium catalysts %Io n promote an?w ter or.an alcohol, ether or.ester, UK patents
G 1234641 anfl A5 13386 AR N B R (O oo L s Bh A Ty

carbonylation of@dmmwmgk@ypreaehcgewcwﬁﬁbm ﬁn@fallc‘a?ag;st 25selected from iridium, platinum,
palladium, osmium an%“&hﬁ&k‘f@a?e'adcm%t?%&mofat AL AP AANIRON PAFESSES that may

be used in the present invention are the carbonylation of methanol and/or a reactive derivative thereof,
in the presence of a rhodidfisHsr ARt chtaryst ey stersx Sumaieycaboniite fivaiivascobiethanol

include metkyl acetate anghginnathvi@ihehidlAGrordinentoRdeisHed £rhedinant afdpadresent

invention, the carbonylation process takes place in the ggre ence of an iridium catalyst system. Said
carbonylation process is prefrABN BLGINSA FU0S Bridisaurer i RupuHHN 8 adtiiardtation of water

metal, that is capable of alloying with said Group VIII metal;
(ii) a copper-based catalyst (for example a copper chromite or a mixed copper
metal oxide based catalyst wherein the second metal can be copper, zinc,
20 zirconium or manganese), and
()mixtures thereof.

For the avoidance of doubt, by the term Group VIII of the periodic table (CAS
version) it is meant the groups corresponding to Group 8 to 10 transition metals in the
Periodic Table of Elements proposed by the IUPAC in 1991 and which is found, for

25  example, in “CRC Handbook of Chemistry and Physics”, 76th Edition (1995-1996), by
David R. Lide, published by CRC Press Inc. (USA).

According to a preferred embodiment of the present invention, the hydrogenation
catalyst (which may be mixed with the methanol synthesis catalyst) is a copper based
catalyst, most preferably comprising copper and zinc.

30 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




14 with a catalyst system comprising: (&) an iridium catalyst, (b) methyl iodide and (c) at least one
metal promoter.  Suitable iridium catalyst systems for use in the carbonylation process can be found
in EP 0643034 Al. 5Preferably, the concentration of water in the liquid reaction composition of the

carbonylation unit is.in t ge 0.1 to 15 wt %, more preferably I1to 10 wt % ef é%l Ito 6.5
wt  When iridil}&nbczg g@%ggre used in the carbonyIT ion process, the iridiu%%ﬁa%@tg @K? egyliquid

reaction composition may comprise any iridium contaifiing compound which is 10soluble in the liquid
reaction composition. The iridium catalyst may be added to the liquid reaction composition for the
carbonylation reaction in any suitable form which dissolves in the liquid reaction composition or is

convertible to a sghdleriersratixamnen-afiswisakie dsdiwncapRinatoampouneetsi, may be added
to the liquid reaction composition include IrCAS, Ir13, IrByr3, [Ir(C0)21]2, [1r(C0)2C1]2, [Ir(C0)713r12,
[I(CO)21211 Fr B |§Pé??¥i‘t‘ﬁF(@B?Ei-ij“ﬁlﬁ{c[?&éﬁs)|3(CO)21- H+,1r4(C0)12, IrC13.31120,
IrBr3.3H20, In4(C0)1&:doiditupmtoneialerhba @iz, dn02f hi¢acee{(Goy2ntin@ahc)Atdlidiunedthdnoate,

(Lr30(0AC)S(HAQHIFluR0 Bexachidipuidi AGiLIRICIoU RIS, siRddssiteg complexes of

. a €S1S ena
iridium such as et%anoa?”tes, oxéll%ltes and a e?oacetate ‘ le'in one or more of the
carbonylaticn reactiogesatmpoaiahts subibisssnwetiaglstoshetisadivitz0carboxylic acid. Particularly

preferred is green iridium gthanoatebishimay de 4ised in-ancihenels asid.anRAHERNS tbgnoic acid

solution.  Preferably, the iridium carbonylation catalyst concentration in the liquid reaction
composition is ifgfarahyethenscBDs Bprry eyt eesAriomcaiabre. prasesiahe 700 to 3000 ppm by
weight of iridiun,3a3eiaRle eigbiakeatars alemiaiaiainariastachiions thagpeHcpsisting of

ruthenium, osmium, rhenium, cadmium, mercury, zinc, gallium, indium and tungsten, and are more
preferably selech@ffeHikGtn arhihis AR L AherRs BHYSIARIY retAlvRke Pﬁﬁ’ﬁ&‘ Prapradly, the
promoter is @resepbén a1d effeativenaptomiotadstiot he ditittahis solahilitgsn dkdighidreaation
composition and/or an% liquid process streams recycled to 30the carbonylation unit from the ethanoic

acid recovery stzsallajé)f) i deopr(%lrlﬁco?é(} IS"suitably present in the liquid reaction composition at a molar ratio

of promoter : iridium &£{0rBite 16} prersuitethbe divetal pir theptescobinventticati dire isl 00! teyBOEOsppm by
weight. WO 201}9{95&%?5’1@9&/ Q@BQQ%Q&E@@*@W, most preferably comprising copper and zinc.

According to an aspect of the present invention, at least a part of the stream exiting

15  the alcohol synthesis unit is passed through a separation unit (e.g. a separation column) to
recover and collect a stream comprising ethanol and a stream comprising methanol.

This separation stage may be performed by any suitable means known to those
skilled in the art, e.g. a sieve tray column, a packed column, a bubble cap column or a
combination thereof.

20 Since methyl ethanoate and ethyl ethanoate can also be present in the exit stream
from the alcohol synthesis unit, when such compounds are present in the exit stream, the
following are preferred mode of operation(s):

(i) methanol/methyl ethanoate mixture can be recovered and fed directly into the
downstream Carbonylation unit, and/or

25 (ii) ethanol/ethyl ethanoate mixture can be recovered and recycled to the alcohol

synthesis unit.

Additionally, by-products such as methane, ethane and other higher alcohols may
also be produced during alcohol synthesis. According to a preferred embodiment of the
present invention, the streams exiting the separation zone are subsequently puriﬁed to

30  remove said by-products from the methanol and ethanol streams by any methods known to
those skilled in the art. ‘

According to an aspect of the present invention, at least a part of the aforementioned




IS The promoter may be added to the liquid reaction composition for the carbonylation reaction in any
suitable form which dissolves in the liquid reaction composition or is convertible to soluble form.
Examples of suitable ruthenium-containing compounds and osmium-containing 5 compounds which

may be used as‘%l%rﬁcﬁﬁié%d%?e metal promoter can be found in EP 0643034 @E%d%r@fﬁ I%bthe

concentration of me e in the liquid reaction composition is in the range 0, preferably
5to 16 wt %. The partial pressure of CO in the carbonylation unit is suitably in the range 0.1 to 7
10MPa preferably 0.1 to 3.5 MPa and most preferably 0.1 to 1.5 MPa.  The pressure of the
carbonylation reaction is suitably in the range 0.9 to 19.9 MPa, preferably 0.9 to 9.9 MPa, most

preferably 1.4 teiébshMRapidiestermpeatalusdapheneryhaayiatitmieaeclianicoutaiidadba rarge 100 to
300 C, preferably in the range 150.to 220 C, 15Ethanojc acid may.advantageously bc used as a

solvent for said & Sw{gﬁ%%u%gcﬁg%fcaﬂyl’ﬁléeé%?g’gﬂ%ﬁﬂagntd i o‘f’fﬁoé?‘bcrés@ﬁ? f?\%/ention comprises at
least one reactiomizonéatidiersithe tear bpaydatiftadaweess doetuably, at Tdast parh anylagielfcpitdgess of the

present inventiofy i bs BRRTIREL A ARAED AL AMReTHRouS Bresshs elsiabl ag e coninuous

process and may be performed in any sultable reactor. O‘f‘%néegs%hanom acl ct may be recovered
from the cafbonkiiatieveligaid methetiohstisapositichbynuonieitionaicbehsigelds ssuch, asdchyaslash and

fractional distiIlagigqm%o'g%(j&gg%g@%%gg@@ngt{g)&g‘%x&%gybjected to a flash separation

stage where a crude 25 ethanoic acid is separated from a liquid fraction which contains the majority of

the catalyst. The crubecimbioft isestiaceamtiod the e gtierre meba iRt diomemphietsddsand methyl
acetate by one ggfnarR distlation stagrferablf refataRba theipuriiasvathanpigRcicoRaingless than

0.1 ppm wt of carbonxlation catalyst, more preferably less than 0.05 ppm wt, most preferably less than

0.005 ppm wt. FSATEHUMGHEE SASrETeY Sl SARSFRoT IR BILSER MIAA sk rtially P,
preferably i, olthdrethanrois; asigierd sirebmisgpraductaehy dcprbenyiaivndeactianbbwiever, it

may also be prg%“ % & 0%168 19EesSuaHEN AR MORdIMOlYSIS ANdIoN 88 8 WO, 1o
2010/055285P Ié% %’5/%6 gég’f%ﬁ%y-produc(fg\pa IBermenta?{lon process to pro uc}:)e alcohol(s).
In one embodinmétinédiopriseatinvertions te sivaroio seid.is\tdngitrermibolobSsertmesimunit in the
presence of an L’@l@ﬁta%q]rye%grane separation technologies can also be employed. Alternatively, the CO
stream may also be obtained from another suitable source, such as another chemical
15  process (e.g. off-gas from steel manufacture). Said CO stream may contain low levels of
inert impurities.
There are many examples in the prior art which disclose carbonylation processes that
can be suitably used in the present invention.
For example, such carbonylation processes can be made in the presence of iridium
20  catalysts as described in US 3772380. UK patent GB 1276326 also describes the
preparation of mono-carboxylic acids by carbonylation of alcohols in the presence of
rhodium or iridium catalysts, halogen promoters and water or an alcohol, ether or ester.
UK patents GB 1234641 and GB 1234642 describe a process for the production of an
organic acid by carbonylation of an alcohol in the presence of a noble metal catalyst
25  selected from iridium, platinum, palladium, osmium and ruthenium and their compounds.
Suitable carbonylation processes that may be used in the present invention are the
carbonylation of methanol and/or a reactive derivative thereof, in the presence of a
rhodium or iridium catalyst system. Suitable reactive derivatives of methanol include
methyl acetate and dimethyl ether.
30 According to a preferred embodiment of the present invention, the carbonylation
process takes place in the presence of an iridium catalyst system. Said carbonylation

process is preferably performed in the presence of at least a finite concentration of water




According to a preferred embodiment of the present invention, the ethanoic acid 5 stream contains
less than 20 moi % of water. More preferably; water represents between 0.5 and 20 mot %, preferably
between 0.5 and 15 mol % and most preferably between 1 and 5 mot 3/0 of the total liquid feed

(ethanoic acid a e alcohol synthesis unit. ~ Where necessary, i id fed into
004G r%?@%@ﬂ%b‘g&%

the alcohol synthesis unit Is preferably purified of sulphur and halide compou anoic acid
feed is preferably vapourised prior to contacting the ajgohol synthesis catalyst The feed mixture,
including any recycle streams, entering the alcohol synthesis unit (e.g. the synthesis gas, together with
the ethanoic acid) is preferably more than 10C, preferably more than 20C above its dew point
temperature. It shioulddhaipateghidiaicupssial: of the aforementioned temperature and pressure

150perating conditions.form preferred.emhodiments of the present invention, they are not, by any
means, intende Iﬁsoagér’lf{r)ﬁll mél,t%yt ch’t(rlguénﬁ?eggﬁ dﬁ]%eaﬁéo@ﬁg{%ﬁﬁﬂ%m% RV Ofher pressure and
temperature operatirfipicgridiicinsithatbchsgverthdsanswe effectronglemchqdinwntaf tedamuemntion will
now be iIIustrateng@gSQg@;gr[gpce to Figure 1. In Figure 1, a carbonaceous feedstock is fed to the
synthesis gas generation unit 20wherein it is converted to a product stream which comprises synthesis
gas (carborPoxide(s) Bisteraptiroe aynTmeraiimtiné sistefds hrobuddderttive eymtivsitisrgefstgeneration unit,

ethanoic acid, apghadditingaliudigen (eaires) aia PRIRGY R HREAICPROh BYABESIR 4it wherein it

is converted to a product stream coomprismg methanol and ethanol. The methanol and ethanol
containing prod REEEERRA 4P 5a%5¥d to a separation unit wherein the ethanol is 25removed as

product. At least a powtigs @fdhgnBatimaokeerRtaininBeAaRRY AR theiseparatianumt and
carbon monoxid a([J{eg lP‘gssed. to a carbora/lation unit, wherein, f%we methanol is carbonylated to produce

ethanoic acid. At1é FETEH SPTRLIAR AN BT St [BrodD SRR APiAE PRSIt RIt is then
used as atleastsparblefithcliharioicaeind fepgsticam fretheimieohel gynthedis atitBR kheliesent

invention will now be illustrated. by the following Example,.Example A sample of commercially available
Katalco 51-8 peﬁee:zat(é‘131 e”fﬂgﬁ’ﬁég%ﬁﬁ‘gﬁ%%@@%ﬁg‘ ﬁ%“fB?d’éBé’g%ﬁ‘&‘%%éo%’é‘b&)%ﬁg]gﬁé"iv sv;\;?th a
composition of dppiiskirmatey GuopaighittDnHiCDIOlbINeiglso bbIsIROS), Xxavailtst FsdinBland 2
weight % MgO, wias HseshinithesamnlfssTaaslsisvamdaishesand siayed andRatisles in the

size range 212 - 335 microns were used as the catalyst. The reactor used for the examples was a

pressure flow reXElBAe i bohbistiRg J6EBrllan et Bsfdie [ 6&iREBak B5( St ibular reactors, as
described ir5 foriaxampi®y,]” H', [I(CO),1s) H, [Ir(CH3)I3(CO),) HY, Iry(CO)1,, IrCls.3H,0, IrBr;.3H20,

Ir4(CO)y2, iridium metal, Ir, O3, IrO,, Ir(acac)(CO),, Ir(acac)s, iridium ethanoate,
[Ir;0(OACc)s(H20)3][OAc], and hexachloroiridic acid [HoIrClg], preferably, chloride-free
complexes of iridium such as ethanoates, oxalates and acetoacetates which are soluble in
one or more of the carbonylation reaction components such as water, alcohol and/or

20 carboxylic acid. Particularly preferred is green iridium ethanoate which may be used in an
ethanoic acid or aqueous ethanoic acid solution.

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.

25 Suitable metal promoters are preferably selected from the group consisting of
ruthenium, osmium, rhenium, cadmium, mercury, zinc, gallium, indium and 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
solubility in the liquid reaction composition and/or any liquid process streams recycled to

30  the carbonylation unit from the ethanoic acid recovery stage. The promoter is suitably
present in the liquid reaction composition at a molar ratio of promoter : iridium of [0.5 to

15] : 1. A suitable metal promoter concentration is 400 to 5000 ppm by weight.



W02006107187. The reactors were arranged in 4 blocks of 15 reactors, each block having an
independent temperature control.  Into ten reactor tubes (two reactors tubes in Block 1, 3 reactor
tubes in Block 2, 2 reactor tubes in Block 3, and 3 reactor tubes in Block 4), 50 micro litres of catalyst

10 (designed tog}ggp(gd(g@s\égsunder reaction conditions of 10,000 Ill) was Ioaqﬁdr%%@m?@ sinter
[ 0

having a pore size 0 micrometers. The catalyst se}@ples were heated at a ramp rate C/ min. to
240C under 74.5 mole % H2, 8.5 mole % CO2, 7.5 mole % CO, 9.0 mole % N2 and 0.5 mole % He at
atmospheric pressure at a flow rate of 8.3 mL/ hour per reactor tube, and held at 240 C for 1 hour. The
reactors were then pressurised to 85 barg 15and the system held at this condition for approximately

28.2 hours. At this stageyRE6iema) I aeatdayajati e exnesinpaisverereasriash auiinshich the
temperature of the reactors in each ?f the four glocks, designated as blocks 1 to 4, were altered as

described in TaBACHONERANY FUERRLK 198 PR SIS TRPRIBH 1 FEF 308 3ME #9752 BooC 18.5
240C 275C 3006200512 20Qavbie 36aC 200C

Examples of suitable ruthenium-containing compounds and osmium-containing
5  compounds which may be used as sources of the metal promoter can be found in
EP 0643034 Al.

Preferably, the concentration of methyl iodide in the liquid reaction composition is in
the range 1 to 20 wt %, preferably 5 to 16 wt %.

The partial pressure of CO in the carbonylation unit is suitably in the range 0.1 to 7

10 MPa preferably 0.1 to 3.5 MPa and most preferably 0.1 to 1.5 MPa.

The pressure of the carbonylation reaction is suitably in the range 0.9 to 19.9 MPa,
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.

15 Ethanoic acid may advantageously be used as a solvent for said carbonylation
reaction.

The carbonylation unit of the present invention comprises at least one reaction zone
where the carbonylation process occurs.

The carbonylation process of the present invention may be performed as a batch or

20 continuous process, preferably as a continuous process and may be performed in any
suitable reactor.

The ethanoic acid product may be recovered from the carbonylation liquid reaction
composition by conventional techniques, such as by flash and fractional distillation stages.
The liquid reaction composition may be subjected to a flash separation stage where a crude

25  ethanoic acid is separated from a liquid fraction which contains the majority of the catalyst.
The crude ethanoic acid can be purified to remove water, methyl iodide and methyl acetate
by one or more distillation stages.

Preferably, the purified ethanoic acid contains less than 0.1 ppm wt of carbonylation
catalyst, more preferably less than 0.05 ppm wt, most preferably less than 0.005 bpm wt.

30 According to a preferred embodiment of the present invention, at least a part,
preferably all, of the ethanoic acid feed stream is produced by a carbonylation reaction;

however, it may also be produced by another process, such as wood pyrolysis and/or as a




240C 12.2 300C 200C 240C, 275 C 12.0 Table 1. 20 After the temperature variation described in
Table 1 was complete, the temperature of all four blocks was adjusted to 240C and a liquid feed
comprising 74.1g of ethanoic acid (ethanoic acid used every else ) dissolved in 350.9g of eyclohexane
was fed to the re tors Iocks 1to 3 at a rate deS|gned to give approximat f
ethanoic acid in ZB!&? gas feed. To compensate r the volume of ethan%%é;ggé& é%/(gz)lohexane
the flow of nitrogen was reduced in the gas feed decr sing the concentration of nitrogen in the total
gas feed from 9.0 mole % to approximately 4.6 mole %. Pure cyclohexane was fed to the 18 reactors
in block 4 at a third of the total rate of liquid feed to the reactors in blocks 1 to 3, and the flow of

nitrogen was ac&ysﬁgﬁa&wgmg{%n&heﬁw véasdirict dndaslisese conditions for 18.3 hours (from
ca. 82.91t0 101.2 ho rs on stre and tg n the liquid feeds, were turned off Iltf’ n flow was
increased to return the ei’i.’§ % ?ﬂf?&%h‘?ﬁ%’gﬁ&th’fﬁg‘%%f’e?ﬁlwgl e?ol n%% ese

conditions for 1@}Indw’§s(ﬁiﬁnilndﬁe peEbeAdOE bR, ﬁléTOBD’B/Qn stream). The exit streams from the reactors

were passed in turn t two 0.9a chro at% {}5’ varian g'%gger@ﬁ%(foen?on\/\{h f}llréeglcolu
(Molecular sieve 5A, orapa ? llgée) each quipped wi K% therma conductlvny

detector, arfd arsthaterscigncs Esa@&@@@lmnﬁwetmlhmw& lySveatel CPras¢ass 5y esach

equipped with aflamg m&twn&&%@mbet@@ﬁ%fsogxatberﬁswmﬁa@mﬁeaeﬁiméw&é100nta'nmg
the catalyst were averaged for the time periods 82.9 to 101.2 hours and 101.2 to 117.2 hours, along
with data from tgead 5 mol % of the total liquid feed (ethanoic acid and water) to the alcohol synthesis unit.

Where necessary, the ethanoic acid fed into the alcohol synthesis unit is preferably
purified of sulphur and halide compounds.

10 The ethanoic acid feed is preferably vapourised prior to contacting the alcohol
synthesis catalyst. The feed mixture, including any recycle streams, entering the alcohol
synthesis unit (e.g. the synthesis gas, together with the ethanoic acid) is preferably more
than 10 °C, preferably more than 20 °C above its dew point temperature.

It should be noted that whilst all of the aforementioned temperature and pressure

15  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
pressure and temperature operating conditions that achieve the same effect.

One embodiment of the invention will now be illustrated with reference to Figure 1.
In Figure 1, a carbonaceous feedstock is fed to the synthesis gas generation unit

20 wherein it is converted to a product stream which comprises synthesis gas (carbon oxide(s)
and hydrogen). The synthesis gas produced in the synthesis gas generation unit, ethanoic
acid, and additional hydrogen (if required) are passed to the alcohol synthesis unit wherein
it is converted to a product stream comprising methanol and ethanol. The methanol and
ethanol containing product stream are passed to a separation unit wherein the ethanol 1s

25  removed as product. At least a portion of the methanol containing stream separated in the
separation unit and carbon monoxide are passed to a carbonylation unit, wherein the
methanol is carbonylated to produce ethanoic acid. At least a portion of the ethanoic acid
stream produced in the carbonylation unit is then used as at least part of the ethanoic acid
feedstream for the alcohol synthesis unit.

30 The present invention will now be illustrated by the following Example.

Example
A sample of commercially available Katalco 51-8 pellets (ex Johnson Matthey plc.),




_three reactors in Block 4 averaged for the time period 82.9 to 101.2 hours and 101.2 to 15117.2 hours,
is provided in Table 2.  One reactor tube in each block was left empty to provide a reference and the
only materials detected by the Interscience Trace GC during the period from 82.9 to 101.2 hours were

cyclohexane a i id. The data from the three blank reactors in bl averaged
over this time Sgﬁ(% ?g/ ?:éaglzc:@l%ate that an ethanoic aci%(AcOH) space time 2%?3(513(5@%3\%8%;%06 g/(g.l)
would be observed if all of the ethanoic acid passed unreacted through 50 microlitres of catalyst.
Taking ethanol (EtOH), ethane (C2146), methyl acetate (MeOAc), ethyl acetate (fttOAc) and
acetaldehyde (Me0C(0)11) as being the products derived from ethanoic acid; for the averaged data,

theI etha_moic aciﬂimgsﬁ@pbanm W@@ﬁ%ﬁ%ﬂt&%@mg}sm’mﬁé_tha@id/aeilj@ya%%'&ﬁ%&and the
seleciviy of einoic 404 o shanplaae 98106, b ledale provded i Tatled dempnsiges tt

methanol is still perio ethanoic acid is ed to the reactor. A comparison
of the data fromahiogisi de8 ifoth82i8e 1DEe2 hdu RS Svitlrtine datafsodhrpibekatafpt.101.2- 117.2, shows

that the products derived f thanai i imalri , ac hyl
T | slang et Lumarveltaneh. shane el agridiesethy

30acetate and acetalde . Comparison of the data from block 4 for 82.9 - 101.2 hours, with the data
from block 4 foridegical paraile! frstrsraticRrs UantHOUAUIHBHOGT Ay dotraRkah & nis sHaBRifect. 19

IVIeC(O)H (STY gidohd) 014 P Ghe reactors were arranged in 4 blocks of 15 reactors, each block having
an independent temperature control.
Into ten reactor tubes (two reactors tubes in Block 1, 3 reactor tubes in Block 2, 2

reactor tubes in Block 3, and 3 reactor tubes in Block 4), 50 micro litres of catalyst

10 (designed to give GHSVs under reaction conditions of 10,000 h'') was loaded onto a metal
sinter having a pore size of 20 micrometers. The catalyst samples were heated at a ramp
rate of 5 °C/ min. to 240 °C under 74.5 mole % Hj, 8.5 mole % CO,, 7.5 mole % CO, 9.0
mole % N, and 0.5 mole % He at atmospheric pressure at a flow rate of 8.3 mL/ hour per
reactor tube, and held at 240 °C for 1 hour. The reactors were then pressurised to 85 barg

15  and the system held at this condition for approximately 28.2 hours. At this stage, a series
of temperature variation experiments were carried out in which the temperature of the

reactors in each of the four blocks, designated as blocks 1 to 4, were altered as described in

Table 1.

Block 1 Block 2 Block 3 Block 4 Duration (hrs)
200 °C 240 °C 275°C 300 °C 18.5

240 °C 275°C 300 °C 200 °C 12.0

275 °C 300 °C 200 °C 240 °C 12.2

300 °C 200 °C 240 °C 275°C 12.0

Table 1. '

20
After the temperature variation described in Table 1 was complete, the temperature of
all four blocks was adjusted to 240 °C and a liquid feed comprising 74.1g of ethanoic acid
(ethanoic acid used every else ) dissolved in 350.9¢ of cyclohexane was fed to the reactors
inblocks 1 to 3 at arate designed to give approximately 1.5 mole % of ethanoic acid in the
25  total gas feed. To compensate for the volume of ethanoic acid and cyclohexane, the flow
of nitrogen was reduced in the gas feed decreasing the concentration of nitrogen in the total

gas feed from 9.0 mole % to approximately 4.6 mole %. Pure cyclohexane was fed to the
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reactors in block 4 at a third df the total rate of liquid feed to the reactors in blocks 1 to 3,
and the flow of nitrogen was adjusted accordingly. The system was held under these
conditions for 18.3 hours (from ca. 82.9 to 101.2 hours on stream) and then the liquid feeds
were turned off and the nitrogen flow was increased to return the gas feed to its original

5  composition. The system was held under these conditions for 16 hours (from ca. 101.2 to
117.2 hours on stream).

The exit streams from the reactors were passed in turn to two gas chromatographs; a
Varian 4900 micro GC with three columns (Molecular sieve 5A, Porapak® Q, and CP-
Wax-52), each equipped with a thermal conductivity detector, and an Interscience Trace

10 GC with two columns (CP-Sil 5 and CP-Wax 52), each equipped with a flame ionisation
detector.

Data from the seven reactors in Blocks 1 to 3 containing the catalyst were averaged
for the time periods 82.9 to 101.2 hours and 101.2 to 117.2 hours, along with data from the
three reactors in Block 4 averaged for the time period 82.9 to 101.2 hours and 101.2 to

15  117.2 hours, is provided in Table 2.

One reactor tube in each block was left empty to provide a reference and the only
materials detected by the Interscience Trace GC during the period from 82.9 to 101.2 hours
were cyclohexane and ethanoic acid. The data from the three blank reactors in blocks 1 to
3 were averaged over this time period to calculate that an ethanoic acid (AcOH) space time

20  yield (STY) of 406 g/(1.h) would be observed if all of the ethanoic acid passed unreacted
through 50 microlitres of catalyst.

Taking ethanol (EtOH), ethane (C,Hs), methyl acetate (MeOAc), ethyl acetate
(EtOAc) and acetaldehyde (MeOC(O)H) as being the products derived from ethanoic acid,
for the averaged data, the ethanoic acid mass balance was 99.6%, the conversion of

25  ethanoic acid was 99.99% and the selectivity of ethanoic acid to ethanol was 98.7%.

The data provided in Table 2 demonstrates that methanol is still produced during the
period that ethanoic acid is being fed to the reactor. A comparison of the data from blocks
1-3 for 82.9 — 101.2 hours, with the data from block 4 for 101.2 ~ 117.2, shows that the
products derived from ethanoic acid are primarily ethanol, ethane, methyl acetate, ethyl

30  acetate and acetaldehyde. Comparison of the data from block 4 for 82.9 — 101.2 hours,
with the data from block 4 for 101.2 — 117.2 hours, shows that the addition of cyclohexane
has little effect.
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Meal STY (2/(1.h)) 905 91711 EMI g601 U4-.1-"1.1:1. Sill14 riot - 678 82.9 - 101.2 hours nlftrte 101.2
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Claims: |.A process for producing methanol and ethanol, wherein the methanol is produced from

synthesis gas arﬁ h2 %%%0804 is produced via the hydrogenation of an ethanqi id 5feed;
characterised in ét?ﬁe} yQ rogenation of the ethanoic acid feed is carried om%%vjﬁﬁ%%gégggr:ﬁe alcohol

synthesis unit and in the presence of the same catalyst(s) that is used to produce the methanol from

the synthesis gas and wherein the feed introduced to the alcohol synthesis unit comprises synthesis
gas and ethanoic acid.

Claims:

1. A process for producing methanol and ethanol, wherein the methanol is produced
from synthesis gas and the ethanol is produced via the hydrogenation of an ethanoic acid

5  feed; characterised in that the hydrogenation of the ethanoic acid feed is carried out within
the same alcohol synthesis unit and in the presence of the same catalyst(s) that is used to
produce the methanol from the synthesis gas and wherein the feed introduced to the
alcohol synthesis unit comprises synthesis gas and ethanoic acid.

2. Aprocess for the conversion of synthesis gas to ethanol, wherein the process

10 comprises the following steps:

1) introducing synthesis gas and ethanoic acid into an alcohol synthesis unit to produce
methanol and ethanol, wherein the methanol is produced from synthesis gas and the
ethanol is produced via the hydrogenation of the ethanoic acid feed, and wherein the
hydrogenation of the ethanoic acid feed is carried out within the same alcohol synthesis

15 unit and‘ in the presence of the same catalyst(s) that is used to produce the methanol
from the synthesis gas,

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

3) introducing methanol, from step 2, and CO into a carbonylation unit in the presence of
a methanol carbonylation catalyst, to produce ethanoic acid,

20 4) feeding ethanoic acid, produced in step 3, into the alcohol synthesis unit of step 1, and

5) recovering ethanol from step 2.

3. A process for the conversion of a carbonaceous feedstock(s) into ethanol, wherein

the process comprises the following steps:

1) introducing a carbonaceous feedstock into a synthesis gas reactor to produce a

25 synthesis gas,

2) introducing synthesis gas, from step 1, and ethanoic acid into an alcohol synthesis unit
to produce methanol and ethanol, wherein the methanol is produced from synthesis gas
and the ethanol is produced via the hydrogenation of the ethanoic acid feed, and
wherein the hydrogenation of the ethanoic acid feed is carried out within the same

30 alcohol synthesis unit and in the presence of the same catalyst(s) that is used to produce
the methanol from the synthesis gas,

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



2.A process for the conversion of synthesis gas to ethanol, wherein the process 10comprises the
following steps: 1) introducing synthesis gas and ethanoic acid into an alcohol synthesis unit to
produce methanol and ethanol, wherein the methanol is produced from synthesis gas and ¢ Ethanol
is produced via the hydrogenation of the ethanoic acid feed, and wherein the hydrogenation of the
ethanoic acid feed is carried out within the same alcdhol synthesis 15unit and in the presence of the
same catalyst(s) that is used to produce the methanol from the synthesis gas, 2) separating the

methanol from the eﬁ anol of sOtglE) 118%? g%r%(%&lc}p%{g%é@’n%df ir?ttg‘%hgar%%y a%ﬁi%f %arbonylation

unit in the presence of a méthanof onylation ¢ t, t0 produce ethanoic aci ) feeding

ethanoic acid, produggd,jtsstep & inte theslcahalsyatbasisuii obsteriteand foieaornering ethanol
from step 2, 3.A process for the conversion of a carbonaceous feedstock(s) into ethanol, wherein the

process comprises thie folldwddpstshanoic atidrprodusidgres sarbormsedouslfebastveiiasty Wynthesis
gas reactor to produce a 25synthesis gas, 2) introducing synthesis gas, from step 1, and ethanoic acid
into an alcohol syntﬁéesﬁ@&ait produce methanol and ethanol, wherein the methanol is produced

from synthesis gas and the gthanol is.pradyged,viathe hydrogenation of the ethanoic acid feed, and
wherein the hydroggér?ationlogthe et gnodpirgé;cid feed is carried out within the same 30alcohol synthesis

unit and in the presemer«f thesame catalist(3bitEkimukachtediiats ectwsietiianplddoniche
synthesis gas, 3) separating the methanol from the ethanol of step 2, .10 S LI.P 21 4) introducing
methanol, fronf stbpngicarsidd® dartboaiatisoryfimpshanalapnpessicsunediag anstBirahvliberSonylation
catalyst, to produce ethanoic acid, 5) feeding ethanoig acid, produced in,step 4..into the alcohol
synthesis unit®df SIEPSIEHHOB Y PENERRY E?Wa%ﬁ’ ?Wﬁr&?@ﬁ%? ‘2(% reé%%}é%?é%%grr |%C§1?8 Claim 2 or
Claim 3, whergin, gi%g%ﬁﬁ%e@e production of ethanoic acid by carbonylation of methanol
comprises contacting methanol with CO, in a liquid reaction composition, in a carbonylation unit
wherein the liguidtheastioriconpeasitiddivanptises; (c) methyl iodide, (d) water and (e) at least one

metal promoter.

5. Process according to claim 4, wherein the metal promoter is selected from the
group consisting of ruthenium, osmium, rhenium, cadmium, mercury, zine, gallium,
indium and tungsten, and is present in the liquid reaction composition at a molar ratio of
promoter : iridium of [0.5 to 15] : 1.

0. Process according to any of the preceding claims, wherein the alcohol synthesis
unit is operated at a temperature of more than 180 °C.

7. Process according to any of the preceding claims, wherein the alcohol synthesis
unit is operated at a temperature of less than 290 °C.

8. Process according to any of the preceding claims, wherein the alcohol synthesis
unit is operated at a pressure of more than 2 MPa.

9. Process according to any of the preceding claims, wherein the alcohol synthesis
unit is operated at a pressure of less than 10 MPa.

10.  Process according to any of the preceding claims, wherein the alcohol synthesis
unit catalyst(s) is a methanol synthesis catalyst.

11.  Process according to any of the preceding claims, wherein the alcohol synthesis

unit catalyst(s) is a copper based catalyst.



(a) ethanoic acid, (b) an iridium catalyst, (c) methyl iodide, (d) water and (e) at least one metal
promoter. 5. Process according to claim 4, wherein the metal promoter is selected from the group
consisting of ruthenium, osmium, rhenium, cadmium, mercury, zinc, gallium, indium and gungsten, and
is present in the liquid reaction composition at a molar ratio of promoter : iridium of [0.5to 15] : I. 6.
Process according to any of the preceding claims, wh&rein the alcohol synthesis unit is operated at a
temperature of more than 180 C. 7. Process according to any of the preceding claims, wherein the
alconol synthesis Unj s operated &t empeaius oLleR AN 30,6l PlaRess ASsAriNg to any of
the preceding Claims, wiherdin the &ccho syntHesis unit Is operate a% a pressure of mare than 2 MPa.
9. Process aceqydingdany ofiiitespiererting:saims, wherein the alcohol synthesis unit is operated at
a pressure of less than 10 tviPa. 10. Process according to any of the preceding claims, wherein the
alcohol synthesis unit)catalysoghidasedetiialyst. spnthdsisgafalylsast onProcies&awcordimgMblany of the

preceding claims, wherein the alcohol synthesis unit catal %{é(sé% IS copé%er,based catalyst. 22
12.Process accordirfyf Bchsiv a6, Hiter8mhahisasickdrsift IS UM pHEES E hy drogenation

catalyst selected frogyy., i metalRaRed IR SH:AOTPHSIRGAL PhiEARkANG Msfabliam Group VIl o

the periodic table and at least 'one metal chosen from rhenium, tungsten and/or molybdenum., and
optionally an additiopabyngiakithatis Gapablellifradeying with said Group VIII metal, (ii) a
copper-based catalyst which is dilTerent from the methanol synthesis catalyst, and (iii) mixtures

thereof 13.Process dii¢ordingapperahasad coitlapeimhicd isydifbrenation caeanebmpleyRiesithe methanol

synthesis catalyst is a supported copper based catalyst, which is different from the methanol synthesis
catalyst, which comﬁﬁ?&%{g er and at least one promoter supported on zinc oxide. 14.Process
according to any of t@ﬁ)preﬁﬁqm%glﬁigp&wherein water represents between 0.5 and 20 mol % of the
total liquid feed to the alcohol synthesis unit. 15.Process according to any of the preceding claims,
wherein the efanoi®agicsstreamlisgapdased hriohdeits hethyduetiontiotoditel pdcativntynthesis unit.

the methanol synthesis catalyst is a supported copper based catalyst, which is different
from the methanol synthesis catalyst, which comprises copper and at least one promoter
supported on zinc oxide.

14.  Process according to any of the preceding claims, wherein water represents
between 0.5 and 20 mol % of the total liquid feed to the alcohol synthesis unit.

15.  Process according to any of the preceding claims, wherein the ethanoic acid

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



