HYDROGENATI ON OF ETHANO C ACI D TO PRODUCE ETHANOL The present invention
relates to the production of ethanol. In particular, the present invention
concer ns wopooadsssf or the production of ethanol (and optirambéyvosssdhanol )
from synthesis gas and ethanoic acid; ywherein the ethanoic acid is

hydr ogenated to produce ethanol within the sanme al cohol synthesis unit and
in the presence of the sane catalyst(s) that is used to produce nethanol
fromthe synthesis gas. In recent years, increased use and denmand for
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interest in ¥ Fetat gt 0 at conot —Produ OTT. e—arcorol s may be
produced by the fernentation of, for exanple, sugars and/or cellulosic
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nat ural gas, etrof eum |qU|5E, I omass and ot her cafbonaceous materials
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mat eri al.. Thus, al cohol and, al cohol derivatjves na rovi de, .ngn- petrol eum
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process ‘steps: synthesis gas’ preparation, nethanol synthesis, and nethanol
puri fi cati ofn rdcanttyeerssinatensesli use gad dpnapdonticalmls susp as arethaddi, ethamdlandt age

may be | oyed reby the feedstock is treated, e.g. the feedstock is
purifi e§“ rﬁgﬁﬁ&gﬁﬁﬂeéﬁ%? g%‘?ﬁt&r BHES "ﬂ)Blioéﬁststaﬁe?afdglgtgi? &g?hoggf%dglﬁtéonpri or to
bei ng copeiddhdlsihiPbsprotii@aivy tiafermdithtfort o fl BRAhple Aduealssadoe conduct ed
after synthesis gas preparation; for exanple, when coal or bionmass is
enpl oyedellTosicmeaderidlon t o produce al cohol (s) fromsynthesis gas is

generally e herm c. . The forpmation of + : elieved to
proceed vi aﬁ%@nqﬂg?%@gﬂlsﬁucﬁg{% Fltglﬁ%(ﬁ’ ?lb% g%@?ﬁ?eggﬁ %E grlétﬁ%silss%agt al ysts and
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is equilibriumlimted and thus requires high pressures in order to achieve
vi abl e yplantdeom piegrban sqiresssigh as eﬁhrabéa%g%olﬁlan'lﬂe&dé,atg‘émti%%émgp B, as the

i o osc IRSGERS BIEER RMIBEELTRliRd Madich R RERE MRS orBRi oo ¢

cat al ystmatsrialofims,al@hbland alcohol derivatives may provide non-petroleum based routes

for the production of valuable chemicals and fuels.
Generally, the production of alcohqls, for example methanol, takes place via three
process steps: synthesis gas preparation, 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 suppliers such as BASF, Johnson Matthey, and Haldor-Topsoe. Methanol
yields from copper-based catalysts are generally over 99.5% of the converted CO+CO,



avai | abl e from suppliers such as BASF, Johnson Matthey, and Hal dor- Topsoe.
Met hanol yields from copper-based catal ysts are generally over 99.5% of the
convert edvOQe(d@Bprsssent . Water is a by-product of the ceoraRI®Nof39C2 to
met hanol and the conversion of CO synthesis gas to C2 and C2+ oxygenates.
In the presence of an active water-gas shift catal yst, such as a nethanol
catal yst or a cobalt nol ybdenum catal yst the water equilibrates with the CO
to give CO2 and H2. A paper entitled, "Selection of Technol ogy for Large

Met hanol Pl Bt SWate % aﬁ@f}/ 191%%'169 'fnfhleacr ﬁ@%ﬂgﬁ&séént%qe@énél fd 1 (Ejlog

Met hanol ,n érence, neva W tzer revi ews
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herelnafter escribe process whereby ethanof” is produced by
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separate | at1 on. Carbonylation can be effected using a CO H2
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CO, leading to, the possi.bi of . ci r.cul ating et vee he rbonylatlon
and hydrogend! E}%ﬁpéo‘fz)%??é@‘w!’ %QWH%&T?P aaégn ?}ng}oé(ls BIgY d%té Rm %0 nol ar
m xt uge RRkabed hebimfteBke up gas. US 41221 10 rel ates to a process for
manuf acturing al cohols, particularly |inear saturated EI‘I mary aI cohol s, by
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the catalys con a| S At ssential eI e copper ) “cobal t
(c) at | erstwhieR 1seﬂhexliredsﬁve%<$&)| zmodtlmhoﬁtb@stmfmﬂlowedmy hydrogc;nomlmmf thrm and
manganese, and (d) at |east o tﬁ al kali nmetal. US 483106%8r el the
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tungsten or IUIT] and the co-cat al yst netals are cobalt, nickel or iron.
The cat al lwsltogeaolpmsnm sohilaily he gorduset e thEmogssade qf r(lﬁzﬂ@aéirlng tokke possiilkaEl i or
al kaline oef%lir%&aslr?gr !ggssbetween the cargonylatlon and hydrogenolysis zones with synthesis gas,
preferably a 2:1 H,:CO molar mixture being used as make up gas.
US 4122110 relates to a process for manufacturing alcohols, particularly linear
20  saturated primary alcohols, by reacting CO with H, at a pressure between 2 and 25 MPa
and a temperature 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 (c) at least one
element M selected from chromium, iron, vanadium and manganese, and (d) at least one
alkali metal.
25 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 molybdenum,
tungsten or rhenium, 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
smaller amount of thorium and is further treated by sulphiding. The composition of the
30 mixed alcohols fraction can be selected by selecting the extent of intimate contact among
the catalytic components.

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



smal | er amount of thoriumand is further treated by sul phiding. The
conposition of the m xed al cohols fraction can be sel ected by selecting the
ext ent ofwonbiomss®mscont act anong the catal yti c conponentsT/GBro09mmbe3of

Catal ysis, 1988, 114, 90-99 discloses g nechani smof ethanol formationfrom
synt hesi s gas over CuQ zZnO Al 20 . The formation of ethanol from CO and H2
over a Cud ZnO net hanol catalyst is studied in a fixed-bed m croreactor by
measuring the isotopic distribution of the carbon in the product ethanol
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wherein t et hanol is._produced from synthesis gas and.t he ethanol is
pr oduced %Qe@%ean%aﬁag@ﬁaﬁ?ﬁﬂvw and{or3 Mafrored %C%@&ﬁl%@éﬂ&&? rised in
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sanme al cohol synthesis unit and in the presence of the sanme catal yst(s)
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feed intro uc?d t.ghthe al cahql s(%nt hesif ‘#Qit conprises synthesis gas and
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conprising the foll ow ng steps: )
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 methanol 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,



1) introducing synthesis gas and ethanoic acid into an al cohol synthesis
unit to produce nethanol and ethanol, wherein the nethanol is produced from
synt hesi swoasioaissksshe et hanol is produced via the hydrogemaiB200/0b63bhe

et hanoic acid feed, and wherein the hydrogenati on of the ethanoic acid feed
is carried out wthin the sanme al cohol synthesis unit and in the presence
of the sane catalyst(s) that is used to produce the nethanol fromthe

synt hesi s gas, 2) separating the nethanol fromthe ethanol of step 1, 3)

i nt roducizrjg;e}gﬁgtﬁ]?%}%meﬁ{aggpﬁs&ggle%thﬁggomﬂ nto a carbonylation unit in the
presence oOf ‘a nethanol carbonylation catalyst, to produce ethanoic acid, 4)
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i ntroduci ng a carbonaceous feedstock into a synthesis gas reactor to
produée synedwysiisg ghgnol Hpm sier dduci ng synthesis gas, fromstep 1, and

et hanoi c acid.into an_al cohol nt hesi.s unif tocproduce hanol and
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wherein the hydrogenation of the ethanoic acid feed is carried out within

t he sane lAleEddicingarapospceoyhfeedgerk intp a Huthesis ganteactar toreducs snthedisal yst (s)
that is usaq to produce the nethanol fromthe synthesis gas, 3) separating
t he net hanol fromthe ethanol of step 2, 4) introducing nmethanol, from step
3, ard CQ) intnbducamgoesgnthesiy bat trom stapi It, and ethheoip pad @rto an afcobol gt thesiohnit
carbonyl ation catal ysgt, to prodyce ethapoic acid, 5), feeding ethanoic acid,
produced i f° ?f@ﬁcﬁfneﬁﬁ{l?} apg) chﬁ‘i“goWB‘FreWH? metagol i P’EC?dB‘Fedsf?@B %2",&%‘?&*’8)
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' dew poi nt wiemge thet hydeogehation of reesthagiodt acedived at ecareed quywithxathpkame f or a
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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 is 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 volume 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.



tenperature is raised to above the dew point tenperature, the mxture wll
exist as a dry gas. Likew se below the dew point tenperature, the m xture
wi || exi swoasismsympour containing sone liquid. - 'Gas heurlgB28@anes39
velocity' (GHSV) is defined as the volume of gas fed per unit vol une of
catal yst per hour, at standard tenperature (0 C) and pressure (0.101325
MPa). - 'Liquid hourly space velocity' (LHSV) is defined as the vol une of
liquid fed per unit volune of catal yst per hour.According to one aspect of
t he present i,nventian, th esi f eedst oc ] f_carbon
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feedstock is preferably a material such as biomass, plastic, naphtha,

ref i nery meferabhsprogyagd drogy merbenaseqpedeqdsioskn under ground coal gasification

or biomass gagi, E:Lrgﬁlgéc%ms’ feédz;.gFACEéggs pr%\%aﬁ"%tﬁ?g mgl@faakgjcﬂ%g bﬁxfatsg g)slfsgal bed

nmet hane, coal, an rnatur co nat u ei ng the

pr ef ersr echaphttis,aefinery botworas, Tkidel sgathedis d3e framt undepoodndratl givifrebtiqoetr ces can
al so be used, for, exang)l e coal _and natural gas to addva t ageouysl y i ncrease
the H2 t PIRBASEAS AgH0) srestter off ega g ma§%q9ﬁkbﬁ rfacthanes f for
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addition to this, natural gas y contaln nitrogen, CO2 and
sul phur compdumdien oPs@fregsatah plsb tre uséd, favgeamplerbdnind ohturdeas edst ock is | ess
than 40 nol % nore.preferahbly |Iess than 10 nol % and nost preferably | ess

than 2 mAdvaRtagseBYy st gie Ly 8 FAPRE Yy nt hesi s gas, in a synthesis gas
pl antyo are WalghurinRWRemERRN SBRtAR0 Rase dIS dAtuARBhAGES @nch dksreyant ages,

and the choice of using a particular reform ng process over another is
gover ned Whicleosent predominalesi lmpddatidretedhis raturmh gae Mell dewadlyiconain gogeel | as
by the desire to,.ebtain the opti H2-.OO%}: atio,n the
resul ti ngé Wﬁ Séﬂl ST ﬁ%nslp(flﬁlaf' |rsefers}%1}frp gelnétr?%r C% r%thoerﬂ%%g?n&é% lgl[i)érsggﬂeagsi ng. A
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provi ded in both Hydrocarbon Processing, 1999, 78:4, 87-90, and 92-93 and
Petrol e et TEEM§P§HEN pradyme synthesiggasym a symthesis gapplapt A Rl k00 sk at ed

by T &fser 6nGRod his i{ssadf’i}lgg?%éé %QM"HisEMBta%&‘? any RS 0 B@3ndRYaiCuigPt ai ned by

catalytic partial oxi
reforming process over another is governed by economic and available 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,



of hydrocarbonaceous material in a mcrostructured reactor as exenplified
in IMRET 3 : Proceedings of the Third International Conference on

M cr or eacwoanofississol ogy, ed. W Ehrfeld, Springer Verl 2gT/GER9®,00pages
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
‘conpact reforner' process as described in Hydrocarbon Engi neering, 2000,
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st eam r ef or mer nges from approximately 0.1 to preferably 2 to 3
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gas production the pressure at |ch the s3 theS|s gas Is produced from an
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to 5 MPa, and t| rat.ures at which the s Sis gas exits t ref or mer
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necessar ¥q ﬁlﬁbﬁ’lﬁlﬂ%r sryﬁtheilygmo&mhaﬂ%aa@ beo@qwtduubgy PObIERE a%@f‘a&@iﬂzﬁu gas
producti on and to avoid netal Iurgy probl ens associated with carbon

dusti ng. cathen dystinge dhe syydkests@as aq)rrtsmaa msllarratiaef (@2&01)1@0@@)@) (A0GRE?)
rangi n fro dent on § aceo
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gas is U$cﬂﬂm’ﬂﬁ ubd. Gar bmmemnfrﬁﬁﬂﬁtgéﬁi@ fsed a§aheamnbbﬁéoedsu§ fagtstdcReéor
synt hesi s gas obt ai ned usual ly has_ a maxi mum ( H2- CO2) rati o of
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aut ot her r t Sikods
(H2- C2) %@C@ I[ﬂr)‘{;'s)&g’le(r) v(b)}% %‘%E’&Q?Acor ?ﬁg%ﬂtg%ﬁgg@#erre{#énﬁ% rlr%%t of the
present ihev@alt rcfonmirghthersphthesis gdsiobtaifddArsuflPhas(@@Br-CR):(COFCOheraty of hesi s

gas strearg exiting the synthesis gas generation unit(s) is greater than
1.6, mor & preferably greater than 1.8 and nost preferably greater than 2.0.

Prefesably, Ab@oramg% a Pﬁffér[%d it of HRERRMt moénu%altqe oM I?ﬁﬁi %Hg;as
streameX|t|n t he syn hesi s as generatlon unit S) is less th an 3.0

pr ef er ablGP1): é(é@Jr‘Eﬂa)nO’chf? synth@rsegap seeam ghitips hesyninhin 3. genemmdomwyi(s) 1 is’
prefer ablgyeal lhéa more preferably greater than 1.8 and most preferably greater than 2.0.

Preferably, the molar ratio, (H,-CO;):(CO+COy), of said synthesis gas stream exiting the
synthesis gas generation unit(s) is less than 3.0, preferably less than 2.75, more preferably

20  less than 2.4 and most preferably less than 2.2.

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 ratio (H,-CO,):(CO+CO,) of the exit synthesis gas is
preferably adjusted to the target value by the addition of H, or the removal of CO,.

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.

Alternatively, CO; may 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).



Accordi ng to another enbodi nent of this invention when the carbonaceous
feedstock used for synthesis gas generation is not an aliphatic hydrocarbon
(e.g. coaWo22aromsaassc material, biomass) the nol ar rati o PCHGEZOR)00RED+CO 2)
of the exit synthesis gas is preferably adjusted to the target value by the
addition of H2 or the renoval of CO2. CO2 may be renobved by the use of a
sinple, yet effective, separation nethod known to those skilled in the art,
for exanple, a "nmenbrane separation method”. Such nenbrane technol ogi es can
be found in [ j : Gasyfilcatdon D J .
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enbodi ment of the present invention, the synthesis gas and the ethanoic

aci d ar earerintrodiseé i the alcpbolslyetbpus uriyar s¢patiate faed stregms a licaneithen seecifice d
stream é&%%iﬁieﬂgoftﬁe %resent invention, the synthesis gas and the ethanoic acid are
introduced to the alcohol synthesis unit as a combined feed stream. According to 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, (Hp-CO,):(CO+
COy), 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, (H,-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



preferred enbodi nent of the present invention at |east a part, preferably
all, of said synthesis gas streamis produced by a synthesis gas generation
process. wodbto@sms! y, by-products such as net hane and kcgleso@madzel s may
al so be produced during al cohol synthegis (i.e. nethanol and ethanol
synthesis). According to a preferred enbodi nent of the present invention,
the streamexiting the al cohol synthesis unit is subsequently purified to
renove sai d by-products by any nethods known to those in the art to obtain
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of f-gas from stbﬁg}r manuf acture or electrolysis). Said H2 strean(s) may
still comfaPYed tYSpuriti es such as nethane, nitrogen, noble gases,

wat ef s and G AhQadfé Qﬁr‘éﬁ‘t’%@@bﬁtbmﬂ?&@ ar e B?eseﬁi’@h&lﬁtléﬁ SviRin®hfipaRiato barpved
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the separ yntﬁgmngas generatilgonolgjauscn%drec?ul{rremegt 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  asincreasing 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 pressure 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



synt hesi s gas generation has no requirenent for the renoval of carbon
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formation of inert materials, thus necessitating an increased purge step.
The al cohol synthesis unit of the present invention conprises at |east one
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productivity). "The ethanol synthesis Is also éxothermc; however, in this
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preferably fpnamyZefd®@ of thelifteBOinkentiodnélthaPhie spithésey lthathdnoPfoR, 000 to
12,000 h 1 . The ethanoic acid |liquid substrate introduced into the al cohol

synt hesi $yrfh¢sts g ané thedivdrapgsation ot gtneie gsiditp ghang ogcurs imie sarpe alicehalbl y

| ess tha . I t . : C I a typical
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preséaft icarbst foesthasoit het hiie genanbh ety be@he ard ti@namhe titelystsynt hesi s gas and

t he hydr ogenati n of ethanoic acid to ethano|. occurs in the sanme al cohol
¢

synt hesi $EARYVEIFRTE fEPODE R bYELTARY RS SRRIPY FetnHAhYIPoRY) AvrHkesisingty dfe
synt hesi £,@R3t, 8Pchtd1P&s, 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:



catal yst for ethanoic acid hydrogenation may be one and the sanme catal yst;
or, alternatively, nore than one catalyst may be enpl oyed in the al cohol
synt hesi swonbto/os3isse catal yst, or catal ysts, may be any euTiGEb@®/mad3al yst
known to those skilled in the art to cgfal yse the synthesis of nethanol
fromsynthesis gas and those which are known to those skilled in the art to
cat al yse the hydrogenation of carboxylic acids and/or esters to al cohols.
For the avoi dance of doubt, when it is hereinafter referred to as a m xture
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hydr ogenati on catal yst can be selected fromthe follow ng:
from rhenium, tungsten and/or molybdenum; and optionally an additional
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
(i11)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
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TR T A T R N TR 1
as cqbal theaeWHl syHINGANRHE s pRdédihrdi3h AreptFhtion 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):

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

25 (i) 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



supported on zinc oxide. According to a preferred enbodi nent of the present
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al cohol synthesis unit is passed through a separation unit (e.g. a
separation colum) to recover and collect a stream conprising ethanol and a
strean1conprising met hanol . This separation stage may be perfornmed by any

sui tabl e H’&f’ﬂ" ﬁl@th‘éxm dst?tlohﬁgl fn@thglh& n%{otclte angcoaarél grpﬁuéerd%ftocm um,

a packed colum,” a bubble cap colum "or a’co na Ion there Since net hyI
et hanoat ecarrbdnﬁatlngd uret hh{mtlg, tbamegtianol e QO esantroduced hto thei t st ream from

t he al coho nt hesi.s unit, ? uch co y F ﬁresent in g % exit
T cam ERBoR oo 1Pe e foed st TReteaiy: & ol pay, mproprefetioly

net hanol /alTPdthé methBR81QaLEn @?n%ﬁé%éﬁfr&ﬁ@h@ﬁofe%%ﬁ@ﬁe%%&y‘ﬂgl Jyﬁ%egﬂs negtly into
t he downstream carbonylation unit, and/or (ii) ethanol/éthyl ethanoate

m xt ub e thweber, sad oedranol mmmu&namtet fhnem ahetbériuitalyla sdired, suahnista
hane eth ne .and ot her hi gher al cohols

Addi t duct
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and 0D a0® fromrthelHeed paﬁt(ﬁlla&a@‘éﬁhbigﬁ)&bﬁirdmg talthietpresdytineemtiby is thiilﬁ)olﬂh?thlaanol
and CO are introduced into the carbonylation unit as two separate feed

st r eans. Tpied torthpplgohol synthesisunitand thegPded fathe canipyylafrqn urﬁtrcap R& net hanol
streame 6@1@%{69 ?rotr{ ﬁl@s&rﬁ@ sﬁ{t}%%fg‘%@ Eégﬁgﬁfé)n% a%@ h theﬁlﬁm&ﬁéﬂhg?y& steﬂarla_l(?cma ver,

sai d net han stream nay al so eman fromanot her suitable source, such as
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Preferabl at art of t CO stream i s obtaine om a synthesis
gas generitmomaxangas SRt O e SPGB, A By PPibu! ng G
and &t ebrdcb e LhSff-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



generated synthesis gas followed by a cryogenic separation to isolate the
substantially pure COfromthe H2. A particul ar advantage according to the
present iW0OaAtl/©OmsSs that both the H2 fed to the al coholPCEGR2EH0263aNi t and
the COfed to the carbonylation unit can be obtained fromthe sane

synt hesi s gas separation stage. Alternative nmethods of separation, such as
menbr ane separation technol ogies can al so be enployed. Alternatively, the
CO stream may al so be obtai ned from another suitable source, such as

anot her GhH@MNd GddlyRsPE&sH Sofpridng:0f f -gas from steel manufacture). Said CO
streamnmay contain low levels of inert inpurities. There are many exanpl es
in the pfdeniadumpgataystdibsaedybiodilesod (¢)at least que oratd peemetemt can be
suitably used.in the present invention.. Eor exanpl.e, such carbanyl.ation
orocesses catialeiuRl R syTRERE B p TR o AL sFYERSRLRH  bed 1 n
US 3772380.004B0ppaent GB 1276326 al so descri bes the preparation of
nmono- car boxyli¢c aci ds by carbonyl ation of alcohols in the presence of

rhodi Um or i Predtratty cthe spipseisationaf sigtas ipthe bk reacting campesition ofthe al cohol |
ether or .&8bfliati &@1%%‘&%.&3%&0?1%@%%@%%%%r%{%f‘a%ﬁ?} E’oeﬁ%v} e %F,PFOCGSS for

t he production of an organic ~acid by carbo on-of an al cohol in the
pr esence pofferablydbtbé. 5@t &d. cat al yst selected fromiridium platinum

pal I adi um ogmi um.and rut heni um and their conpounds. Suitable carbonylation
processes t hi\{ﬂeﬁé 1P alabts age picd 1 hecarhonylRiiem progessathe indiemcatabshl at i on

of net happl|jRAtabtich aoﬁ%fsiiﬁxﬁnpé?rcbmhéé% iﬂ@fuﬁpéontéiﬂinkggrp?f)mﬁ@h ff a

rhodi umor iridiumcatalyst system Suitable reactive vatives of
met h&dol sélpbleud éhertupui teactmatcatmposinoh. dTimetrididm edthlest. maAcloaddied p the liguid

preferred epbodi nment. of . the esent invention, the, carbonyl atjon process
Pakes. pl Seghoihcormessyi-Bdeh 8 BbSTim o Gt s by JUaoEerem B SO

car bony! aid IQjuidFeas@sisconipobitieh 6F AkbivarEHIE &3 ABSlublB f6hE PRSRACH sofatdd | east a
finite concentration of waterwith a catal yst system conprising: (a) an

i ndi um catdirpseontaiing prrmpgands whichanayrhy addyd tatthe Bawitl reasdomeemposgiraanot er .
e 1 ound I EEALGIE, RGO ETR EP O P O R laler “Fh e
i quisl r flaEt0)eBr, ¢ dNpPAKICO)sy] H , [IE€H QR GORY I LT, tralS3H40, 18, 3@pge 0. 1
to 15wt Ir%CO |2r, ?ri urlnelfrr?ertg?}r%/Og,}IrtO?, I%(%ce\ll\c't)(é){%)zﬁlr)(z}:ac)L iridium ethanoate,
[Ir;0(OAc)s(H,0)3][OAc], and hexachloroiridic acid [H,IrClg], 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.



preferably 1 to 6.5 wt % Wen indiumcatalysts are used in the

carbonyl ati on process, the indiumcatalyst in the liquid reaction

conposi t iwo 200y058338Pr i se any i ridi um contai ni ng conpoun@cnéBbod®2639! ubl e
in the liquid reaction conposition. Thg iridiumcatal yst nmay be added to
the liquid reaction conposition for the carbonylation reaction in any
suitable formwhich dissolves in the |iquid reaction conposition or is
convertible to a soluble form Exanples of suitable iridiumcontaining

ds which ded t 1iquid.. tion. it i ncl ud
compaunds, £yt B RAEGk 1) 0E LI SRS SBBIR OO S U5,
Ht, [ ( @€cl8i B anltsuitdble (620 whidh didsolvésl in (eHgui Bleatiot] cortipositiof0EXd 12 , 1rd 3

H2O, 1rBr3.3H20, Ir (COI12, iridiumnetal, 1r2Q3, IrO, Ir(acac)(CO 2,

| r (acac) Zonyertikle tnsoddtlafat e, [1r30(0Ac) (H20) 3] [ OAc], and hexachloroiridic
acid [H2IrdC oride-fr Jridi ym.-such as

et hanE)at es, g%‘(%ql}g% iéiesg%glg %glét%:l g&gg%t%ﬁ teagsrhl\?\ﬁlcogﬁ@lrngg(% %%rflgﬁli %hgbn%éﬁ r nore of
t he cér beombpairide whidahy belusdrp eoanéssofshchet@bpromioed carmbe fdval iand/ or

car boxylic aci 8I Particularly preferred is green iridium ethanoate which
may be uSe PR3 ALt hanoi ¢ acid or aqueous et hanoic acid sol ution.

o o bl i ey praativtlyl S bonin rhe: 1 qui d
referably, phe amy,qhyearﬁ%ﬁt?ﬁmﬁ by G Msh ﬁ@ﬁ&?&%{y&; &(?gmsﬁoo%a%d | qui

reaction conposition Is In e range 100 to 6000 ppm we I ridium
nmor e pr eflerabge/] 00 wo%3paGerpdmShy 1omitdht of iridium Suitable netal

pronoters ar referably selected fromthe group consisting of ruthenium

e um T hent BT RFTHE Sherg Ut e PR RN A A SAEEE Argecen. and

are 1or e NppLhefetddly 0.38b 8%t Mifa fah® Mok UirBRALIND. asl1 9WIP4im and nost preferably

is ruthenium Pref erabl%, the pronoter is present in an effective anount up
bic

to the IimitThe piesssiresof thpcarbenylatipntigection eusudtablya thegangedhP &s12-9 dP2and/ or
any || Qui,Leonpo9%S 0 6 SATP HSAYELeA] Patls 033pROMYL ALLaDHBLE akr om t he
ec ge. e pr y pr

et hanoi c *aci oVEry stafe onoter”i's suita esent in the
l'iquid rea®bhdntichopaidntis Sitadly ia thdtadge G oG00PCPprefpitey in the fangeusved [0. 5
to 15] @ 1. A suitable nmetal pronoter concentration is 400 to 5000 ppm by
wei ght.TFf@Opgom)ter may be added to the liquid reaction conposition for the

oD L BARIE A S ST A
sui t abl ereagtibrleni um cont ai ni ng conpounds and osni um cont ai ni ng
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 ﬁpm 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



conpounds whi ch may be used as sources of the netal pronoter can be found
in EP 0643034 Al. Preferably, the concentration of nethyl iodide in the

| i qui d r emot2ommssmssposition is in the range 1 to 20 w ¥cTmRievesy 5 to
16 wt % The partial pressure of CO in4he carbonylation unit is suitably
inthe range 0.1 to 7 MPa preferably 0.1 to 3.5 MPa and nost 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, nost preferably 1.4 to

4.9 MPa. i eaction is suitably in the
range 103;{}%0%1%39 g%%?@?ﬁna%%eslg%;é}gglyéregatrl\égog&f@o to 220 C. Et hano?/c acid

may advant agéoos] gmbepdimes df e paessot ivedttioh pthe sthiagbic acith il &0 thenlookalct | on.
The car bonléhati on unjt of the 2s)){.esent i nvention conprises at |east one

reacti onS¥ %SIWEF%‘JP%@C%%‘F%% 9t SN VBocess occurs. The carbonyl ation

process of thQ.HHRSRHY BRI drib ¥t RE (RESE QN erf®n 2hD 8thGHbihcigONt | Nuous
process, preferably as a continuous process and nmay be perforned in any

sui t abl e stresa containT tees thiah 30 oiot Yaci watpr. odoot pra&yablbe waer ospeesedts beorenhe

carbonyl ation Jjquid reaction co iti by ,conventional . t echni ques, such
oo by 1 B A AP, PRI EPp TS b 73 o) L€ SRE b enl R
conmposi t iafi 5HBRN %0 8f HeRdttRel feed Fethdr@diachERRT R4tk o ARBhINShBeds Ghide
ethanoic acid is separated froma liquid fraction which confains the

maj ority of MWhereracgsspss thepHaneicudid fed i dieclenbiobsynthesibanipisireieeably o r enpve
wat er, n%hﬁﬁ%%ép%ﬁﬁlﬁl{gr?&jhaﬁ%@{rln agefate by one or nore distillation stages.

Pr ef er abFy, F'ed et Ranorc acid contains less than 0.1 ppm wt of

car boayl at i oThe athahaisheid fiaed és prefk b1 abhpoukiesspridias céhtibing B aléohohDSt
preferably | ess than 0.005 ppmw . According to a preferred enbodi nent of
t he presékithesiseilytn Thefeed augiure, ifshrding yrererdpiticams) entesmethialeehpdnoi ¢

<60 oS BUEEETIL 5 USRS Pypen o0 a0 A i e L
aby- pr odtizin 16f°G pfeferablytnaire Gran2065Cedove 0s pewgometealpeninot(s) . I n one
:rggﬂlolrmnt Oit Sil(l;llﬁd %E: %cs)t%(q tthalt wﬁﬁgttallloor}”thé Qf%re?rtxerrll 1Qr?édcter%gérgtulres arIdeerstsgret he
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 is
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.),



synthesis unit in the presence of an inert solvent. According to a
preferred enbodi nent of the present invention, the ethanoic acid stream
cont ai ns wes10dssa3520 nol % of water. More preferably, watrarB20@pnesent s
between 0.5 and 20 nol % preferably bggween 0.5 and 15 nol % and nost
preferably between 1 and 5 nol %of the total liquid feed (ethanoic acid
and water) to the al cohol synthesis unit. Where necessary, the ethanoic
acid fed into the al cohol synthesis unit is preferably purified of sul phur
and hal i i e i §a ksed prior
to cont agﬁtﬁg%ﬁﬁgﬁj&%ﬁmﬁ(%ggﬁg% é@g?o 'Fi%g’% egé) %29 ,‘UQ?E?& iéﬂr%c)lgudi ng
any recydm®d sid Zweizht BvigOi wgs tded imtheerRahplsy Thhesilgs weid crished and fieved

synthesis gas,. together with the ethanoic acid) is preferably nore than 10
o or of erBRickS o ToRE G ap VA FIOES i At UBGHBERA e, 1t Shoul d
be noted thatrpuhidgl usdd foPfheteaQmﬁlfeQ%ﬁﬁﬁekﬁ?@ﬁo%@f@%r%wc%nﬁﬂglgmf ggsure

operating conditions formpreferred enbodi nents of the present i nvention,
t hey ar e idetticalparale)isnthamsal cormuenatdubular rbesctdrs,rmstdesgibednd fortrexamples ent

inventio i pcludes any ot her press nd. te ratur at.i ng
condi t i ok@hgé%giﬁfe erteﬁczo%a‘ﬂ’fée %‘F‘T'%S‘?fn ‘&@Cgﬁ{%&& rggcﬁ?rsb?acﬁhg)ggh%‘gﬁ%i on
wi |1 now Jfaqnddpenddnt RhfRrathreRofefler ence to Figure 1. In Figure 1, a

car bonaceous fpeedstock is fed to the synthesis ig-;‘as generation unit wherein

it is conver frid teroreactor wberctwe rqasiarm twbgsdh Béestps P geactayyipedsar Blockds2 (car bon
oxi de(s) .an I.Q TN | i n: esi s gas
generati gﬁacg%!}ﬁl?esﬁﬁg%cgiiﬁc alg%?@%@g@bg%%ﬁp%%@ﬁ&ﬂgﬂg&lg}r‘e@?ﬁ %Qggc}ui red) are
passdg t qdedignedlic @RhelGIEYVE it Seattiirt conbigioas of 1(,000sh hameasdded oho aangaioduct
stream conpri si ng nmet hanol and. et hanol . The met hanol and, et hanol contai ning
product sYHERRVEEES Roa etiot o micwperyt iTHA CHADS! AP YF'e Rer'et Harenpi s
removed géte%av@dwﬁ}mn/f\g 243 tinderPASLHAR o0f, L8 niBRE hane), TRbRIACRY o) F eam
separated i n the separation unit and carbdn nonoxi de are passed to a

car bonyl ahole ¥aiahd 0\dhesle i¥h Heheatmespigniolprdassure ar boyrate od 83onpt lovio per

et hanoic acid. At | ortion.of the ethanoic acid strea duced in
the- car bRt kA0 B2 0PI d digur, e S e D Brtr Ll P RE “aci o
f eedgtsr eamufigd sykies @€ ahals C%M&Eibﬁﬁir%p?k@kﬁnatafpQ89r}%%@smAt,i A @0k Qfketibd | now

be illustrated by the foll ow ng Exanpl e. Exanple
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 350.9g of cyclohexane was fed to the reactors
in blocks 1 to 3 at a rate 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



A sanple of commercially available Katalco 51-8 pellets (ex Johnson Mtthey
pic),with a conposition of approximtely 64 weight % CuO 10 wei ght %

Al 203, 24woenghiss2sZnO and 2 wei ght % MgO, was used i n the/cseamulogs3s The
pell ets were crushed and sieved and particles in the size range 212 - 335
m crons were used as the catalyst. The reactor used for the exanples was a
pressure flow reactor unit consisting of 60 identical parallel isothernal
co-current tubular reactors, as described in, for exanple, WQX006107187.

The reactQLR R Hod 4 ANARAd bflthé t&hmi&sof@lhmh&eé@@%@feﬁ@to@aﬁ Bikko¢ko Bavi ng an
i ndependent tenperature control. Into ten reactor tubes (two reactors tubes

i n Bl ock and thg ﬂoe\a@ﬁmtroganbw adluSBki@cWergB' ridgsysem twas dsldiundpt these 3, and 3

react or tub B 50 m I S C des,i gned ive
Grisvs undtitiiensdet US el st 6ol Bty iy B Bictinie kRed)
sinter haxkd¥nied R shdshé Rit@ker?BoWiveds HERERES to rmeh gdlpad sl tGRPli@galvner e
heated at a ranp rate of 5 0C mn. to 240 OC under 74.5 nole % H2, 8.5

mol e 9% Copmpdsitionydhe sygaOwag heldwpiler theskzorditions. for pheurs4fren go. 1;9t1 Rdepher i ¢
pressure z%oflons&@éxg of 8.3 nL/ hour per reactor tube, and held at 240
0C for 1 hoGr "THe reac)t ors were then pressurised to 85 barg and the system

hel d at thi sTEoadi sticams o hppéaRrsabel pissed i U tir tsvo ghk chidhitcprage; a a
series of tenperature variation experinents were carried out in which the

t enper at a8 A9Q0migre 5 Witk three edemnoMelgenlarsifve plo EREPARQ: gRAEEd as
bl ocks 1ya ¢ %ﬁ%gﬁbg&f &t g%lap%ﬁf’éffagﬁ&n)i@ dLRPLE a?l al %%%% itnce b8 the

t enperature v Frati escri was corrp ete e tenperature of
al I flour ¢l wik swovasluaal (SP-Sd 3 md22D VWK ENkash bquipped Wiedfleompmisiting 74. 1g
of ethanqgic acid (ethanoic acid used every else ) dissolved in 350.9g of
cyclohexgﬁ ct®as fed to the reactors in blocks 1 to 3 at a rate designed to

gi ve appr oxi pRfa&tom theel® Rad®Rfin BIROPkE3 36htHInINR tﬁ@@atﬁl?it@i’er&%ri?@d To
conpensate for the volune of ethanoic acid and cycl ohexane ow of

ni t r ogen fovdhe fimd pevedsi §2.9 tvel O shduseahddidd retadilng htOh@s, dong withdatai form dfe

nitrogen in the oXli V,4.6 nole %
Pur e cyclﬁgﬁ Sgﬁﬁtgrs‘v{ﬁ?l?%a;?ver%glgugrﬁggc grrng peno‘g?zo/%ko h@lp?flour n&} %t({ he total
rate1ef higoihduiseerévadddia TaBRX ors in blocks 1 to 3, and the fl ow of
nitrogen was adjusted accordingly. The system was hel d under these

condi ti ons f@EpeI@cEr Hﬁ’ﬁﬁ%ef(@r%?ﬁkc‘ﬁas ISfQCQPEYdOPMV“ie hisdirencsind theediy and t hen

the |1 AUt ERARNGE Sy E DR QESeciod &0 dikh BRGRE BB LRIORRAH: t©

return the gas Its orli
were cyclohexane and ethanoic acxd 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,Hg), 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.



conposition. The system was hel d under these conditions for 16 hours (from
ca. 101.2 to 117.2 hours on stream. The exit streans fromthe reactors
wer e passwo 20tv/dsszss t o two gas chromat ggraphs; a Vari anp¢9@B2000000636C Wi t h
three col umms (Ml ecul ar si eve 5A, Porlgpak(r) Q and CPWax- 52), each
equi pped with a thermal conductivity detector, and an Interscience Trace GC
wth two colums (CP-Sil 5 and CP-Wax 52), each equi pped with a flane

ioni sation detector. Data fromthe seven reactors in Blocks 1 to 3

cont ai ni ng fhe cgtalyst Werelavetaged for the tinme periods 82.9 to 101.2
hours and 10d.2 tjo 117. 2 lhours, &l ong with data fromthe three reactors in
Bl ock 4 avef@gedyf oxi|thg(tige pg i0dg82.9 to 101.2 hours and 101.2 to 117.2
hours, is prgg\;sL@d M Tahle 2. Ohe r-'gactor;*tube in each block was |eft
enpty to prpyiziéna rdfergnce|and|thegonly Braterials detected by the
| nt er sci ence—Frage—Sd—duringtthe] per fod frl"?.)m 82.9 to 101 .2 hours were
cycl ohexane| and Z&t harjoi c lacid. The dgta fromthe three blank reactors in
bl ocks 1 togw\@ge fler aged=gver|thi g ti period to cal culate that an
et hanoi ¢ ac|® &% AOH) |spade Tilne yield (ST of 406 g/(l.h) would be
observed i f —al-—agf—tHe—etthangie—aci d%’pass ] unreacted through 50
mcrolitres|of cgtal yst. |Takijng et ha‘gol (BEOH), ethane (C2H ), nethyl
acetate (Me %,ﬁ et Ryl agdet&e &t OAR) ands acet al dehyde (MeOC(O H) as being
t he product R2dergived |f rom eFhanoilc ati d; f&r the averaged data, the
et hanoi ¢ ac% “ucls bal ande was 9. 6% the gonversion of ethanoic acid was
99.99% and t he s ectli vitly of| ethanaisc aci® to ethanol was 98.7% The data
provi ded in%‘ bl 2 lenmyst At eg |t hay met hanol is still produced during the
period that |gtthagoi ejlacid is |being f&d toXhe reactor. A conparison of the
data from b|SRs1-3 for [82.9 - 101.%€ hourd, with the data from bl ock 4 for
101.2 - 1172, shpbws [t hat| t he pr gducts derfved from ethanoic acid are
primarily et I%wojﬁ, ethapg, &gt hy acet ate,"get hyl. acetate and acetal dehyde.
Conpari son ﬂmig datla frion 4l ock 4 for 8289 - 10 1.2 hours, with the data
from bl ock £18r-101.2 - 1172 hour s, shows that the addition of
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CH6 is actually for C2H and C H4 conbi ned. MeOH = net hanol, Me O =

di met hyl et her, HCO2Me = methyl formate, EtOH = ethanol, AcOH = ethanoic

acid, MeGmo2w10mebieyl acetate, EtOAc = ethyl acetate, MeECO)ds2msAnedsal dehyde

10C aims: 1. A process for produci ng ngthanol and ethanol, wherein the

nmet hanol is produced fromsynthesis gas and the ethanol is produced via the

hydr ogenati on of an ethanoic acid feed; characterised in that the

hydrogenation of the ethanoic acid feed is carried out within the sane

al cohol gyfihfiesis unit and in the presence of the sane catalyst(s) that is

used to produce the nethanol fromthe synthesis gas and wherein the feed

|?Lrodyced to tge al cohol synthesis unit conprises synthesis gas and

et hanoic ,acid. 2. A.process for.the conversi t IS et hanol
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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 I,

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,



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 wi t hiwotpw/5a8%8 al cohol synthesis unit and in the pPET&R2W09902G3He sane
catal yst(s) that is used to produce tH® nethanol fromthe synthesis gas, 3)
separating the nethanol fromthe ethanol of step 2,4) introducing nethanol,
fromstep 3, and COinto a carbonylation unit in the presence of a nethanol
carbonyl ation catal yst, to produce ethanoic acid, 5) feeding ethanoic acid,
pr oduced4) rintsddaping, métharol t fiem atep Shadd EPnvtoesiasbonpiatiowfinis irefhe Presemd oF)
recovering et hanol ;rgjom step 3. 4. Progess according to Claim2 or Caim3,
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conposi t bpmewoaqng sthanol f@m geadnoi ¢ acid, (b) an iridiumcatal yst, (c)

methyl i1odide, (d) water and .(e) at, least,one tal pr ter.. 5. Process
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reacti oneGMMORId bPRaBbnyiRGor&f RORXAARLHBPrisRichbnth&tingmétAgndl 3NGeCO, th& 0 15%
by weight. 6. Process according to claim4 or claimb5, wherein the iridium

car bony| Hquid reactiemtqmpositios éha eabomation unievhergjuihe ligidreaetiorconposi tion is
in the range %0 ctoo 61090 ppm by weight of iridium 7. Process according to
any one ST RPHIBSONHISS, wherein the metal promoter is selected fromthe

group CcoQyiefhhhdle aéitl, (bYah eidiu cawdyﬁ,tw) méthgnbdide, (@poaierand (@ acleast onZi Nc,
gallium indiumand tungsten, and is present in the liquid reaction
conpb@i t metel prometerol ar ratio of promoter : iridiumof [0.5 to 15] : 1. 8.
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met hyl iodide 1n eacdtion conposition i1s in the rahge 1 to 20%
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et hanoic acid streamis purified to . re e carbonyl ati on catal yst, and wat er
before ifs i REQCEHASEPIHS tRChIPHEOT ?%6‘}%}3’%@%‘3 e dridiuggar .Oni’ga.tw?’%t@g@

Scior di NgodcOntfdidhTh the A Rlabtidd GonodRBAISinARE ngé 16RH GRDIHBLISy Weight t han

15  ofiridium.
7. Process according to any one of claims 4 to 6, wherein the metal promoter is selected
from the group consisting of ruthenium, osmium, rhenium, cadmium, mercury,.zinc,
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.

20 8.  Process according to any one of claims 4 to 7, wherein the concentration of methyl
iodide in the liquid reaction composition is in the range 1 to 20% by weight.
9.  Process according to any one of claims 2 to 8, wherein the ethanoic acid stream is
purified to remove carbonylation catalyst and water before its introduction into the alcohol
synthesis unit.

25 10. Process according to claim 9, wherein the ethanoic acid stream contains less than 0.1
ppm wt of carbonylation catalyst.
11. Process according to claim 9 or claim 10, wherein the ethanoic acid stream contains
less than 20 wt % of water.
12.  Process according to any of the preceding claims, wherein the molar ratio, (H2-

30 CO,):(CO+ COy), of the fresh synthesis gas feed stream fed into the alcohol synthesis unit
is greater than 3.0.

13.  Process according to any of the preceding claims, wherein the molar ratio, (H,-



ppm wt of carbonylation catalyst. 11. Process according to claim9 or claim
10, wherein the ethanoic acid streamcontains |ess than 20 wt % of water.
12. Procewe2anmssmsng to any of the preceding clains, wreraBroddne26l ar
ratio, (H2- C2): (CO+ C2), of the frexh synthesis gas feed streamfed into
the al cohol synthesis unit is greater than 3.0. 13. Process according to
any of the preceding clains, wherein the nolar ratio, (H2-CQ2):(CO+CQ2), of
the fresh synthesis gas feed streamfed into the al cohol synthesis unit is

| ess t hae@):fcoie0,Poptesesiasanliaisngs fedanyanied e fhe aleboingnthesds omsif
wherein the al cohol synthesis unit is operated at a tenperature of nore
t han 180iess than 8.pr ocess according to any of the preceding clainms, wherein
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0C. 16. Process accor precedi ng cl ai ns erein the
al cohol $sy(5}iek’(ﬁ8daaﬂmpeﬂaﬁlr@@hhalte&ﬂala18(b?(br essure of rmre than 2 MPa. 17.
Process according to any of th preceal ng.cl ai cohol

synt hesi 4unifrogess 't‘fﬁ@’fdé@?etﬂ agy o rt?rpé lAmS ¥ er?lﬁé]ﬁe ’iﬁo éynt B1S Wihcess

accordin é}%%&yatojte&ggra @gﬂggﬁga@@gd@s wherein the al cohol synthesis
uni t catal yst i's a nethanol synthesis catalyst. 19. Process according to

any of the. pgmmgs my,ordlnm tosny offi regirecetiing cddimshehersipibhalsolol aynthesssainal yst (s)
is a copper bas catal yst. 20., Pr ss according to claim 18, wherein the
al cohol é%/‘?ﬁeﬁaég‘f%t JpPse @@‘H‘B%‘Pl@gg a hydrogenation catalyst selected

from (i) 1g mgigl P@&%Qngg%adn DF theGRE0RMInE JMImRf whdrein@BS lcoiie symhéds driom
G oup VIl of theg perio : e thI ee;pri:d atn?g: east Vgntarelnet al cchossgig frsom1

rEenﬂQm it opregaedat aprysore afdésybereni@Pand optional Iy an additional netal,
o BP0 Seel b ok heRictaffet Rt iborlBUAL atcbhdi by AnERARRY based

catal yst synthesis catalyst, and (iii)
m xt ur es chfaBiRSfis a methanol synthesis catalyst.
19. Process according to any of the preceding claims, wherein the alcohol synthesis unit
catalyst(s) is a copper based catalyst.
15 20. Process according to claim 18, wherein the alcohol synthesis unit also comprises a
hydrogenation catalyst selected from
(i) ametal based catalyst, comprising of at least one metal from Group VIII of the
periodic table and at least one metal chosen from rhenium, tungsten and/or
molybdenum; and optionally an additional metal, that is capable of alloying with
20 said Group VIII metal,
(ii) acopper-based catalyst which is different from the methanol synthesis catalyst,
and
(iii) mixtures thereof.
21.  Process according to claim 20, wherein the hydrogenation catalyst mixed with the
25  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.
22.  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.
30 23. Process according to any of the preceding claims, wherein the ethanoic acid stream
is vaporised prior to its introduction into the alcohol synthesis unit.

24. Process according to any of the preceding claims, wherein the feed mixture,



21. Process according to claim20, wherein the hydrogenation catal yst m xed
with the nethanol synthesis catalyst is a supported copper based catal yst,
whi ch i s wofRbaveseissf rom t he nmet hanol synt hesi s cat al yst pcrigBbosopgpi ses
copper and at | east one pronoter supp@2ted on zinc oxide. 22. Process
according to any of the preceding clains, wherein water represents between
0.5 and 20 nol % of the total liquid feed to the al cohol synthesis unit.
23. Process according to any of the preceding clains, wherein the ethanoic
aci d str apmdink éﬁgﬁ@é}jcﬁeeﬁreﬁﬁﬂspé’ntérﬁl ith&altdtol ¢HiEdsisQmit i8ntort finalbcchbbve
synthesis unit. 24. Process according to any of the preceding clains,

wher ei n tthdew peiat temperaterei ncl udi ng any recycl e streanms, entering the

al cohol synthesis unit is nore than 10 C above its dew point tenperature.
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