Johnson Matthey, and Hal dor - Topsoe ds from copper - based
catal ysts are generally over 99.5% ed CO+tC2 present. Water
is a by-product of the conversion of COB5U®*net hanol and the conversi on of
CO synt hesiwoga9e/017626C2 and C2+ oxygenates. |In the pres@crsRbosamiexcti ve
wat er-gas shift 5 catalyst, such as a pethanol catalyst or-a cobalt.

nol ybdenum cat al yst the water equilibrates with the COto give CO2 and H2.
A paper entitled, "Selection of Technol ogy for Large Methanol Plants,". by
Hel ge HolPRAGESS RORpFHEE EONMERSIONHRF ARCOHM (S] INED ALCOHQ (8)NEike, Nov.
30-Dec. 1, 1994, in GenevdNCREASED CARBON-cCHAINS t he devel opnents in

met hanol production and shows how further reduction in costs of methanol
production will 10 result in the construction of very large plants with

capaci ti es approRehiséd inkentitdQelatepa ;d@c)éss for the céXvasionf alcéti@pinfoor t he
production of C2 and C2+ al coho Iude thegsproc sses desc |bed

her ei naf t efigher alcoml@b@%%ﬁ?@“ﬂ@é’@?‘?ﬁ telatesip g pEagess Qaustipy i's
produced by-ARIIRAYRAIHQDAf Met hanol by reaction with CO in the pr esence
of a carbonyl ation cat al yst to formethanoic 15 acid which is

converted to arneatigHeathe peesens inveetiangelatgs lﬁ’;}hWﬂﬁi‘@{:}%Bﬁ a}‘sail@h@fs) frﬁ’@ %t hanoat e
ester for "gagbc}ngceghélfée {olaf'%eré?ﬁ 2 chbdtadEdis ?Jedﬁ&&qpﬁ}st &Jﬂderﬁeﬁ% Yatheds cohol

whi ch can separat stl ation. Carbonyl ation can be éeffected using
a CO H2ni xga;wéu@ndthhymgmwb yiiykcackonyleteresteris) whidhds thembiydsegsaatedhto he
presence ofrog:Oc,eal %ﬁq{fyg to the possibility of circulating gas between the
car bonyl at POV GAT ogenol ysis zones with synthesis. gas, 20 preferably a
2:1 H21€O nol arInmcxntmeas h&reagadusedldabmmké)r alpolgmuchasmethaysl 4th2awl 10 rel ates
to a process,,f. r.ing al.caoh r I at ed
pri mary aI Ciasﬁ :gla (91 Igﬁtéd oggéaterl % in gfocgssgsrrgfgén toacgﬁcﬁ ro%ﬁ&%éln d 25 MPa
and a temnefaaiawoaolbeta\ymeproﬂﬁ&daslsmlhm&xeﬁtatmmoﬁ, foe exangde negarsoind/ar cat al yst
characterized in that the catal yst contains at |east 4 essential elenents:
(a) copper %‘t‘)‘os’(‘f SI!S(c) at |east one 25 el ement M sel ected from chromi um
i ron, vanadi um AlfghdtiRelyakokds, sadhts ethinolmdyc@rodube] ﬁdrﬁajdthesie‘ga;l - US
4831060 relates. to t? tgrodu tion 031 m'ied al co oIs frﬁ nd H2 gases
usi ng &° catyitlssis gaseters 1951 5‘??‘3}‘ ‘éatrgcrw dpss l’\nﬁ?'él &4t By st

met al s ar eplm el 2 Babon soliidd Sich s AituaNER] petrbleat diqhids, bivnodndlopet nmetal s are
cobal t, ni ckel or iron. 30 The cataly fﬂé f grom)t ed with a Fischer-Tropsch
pronot er | FRROTAFFOYS waqevalbw%zfiwg|°?ﬂef°s‘e‘/& Rlastiss; munigipalyyastss. onany ALEANIS,  anpunt

of thori unyapdall ?‘hlfsuz[l&dl@fmfdra%hﬁ@ehﬁtﬁw dY gtb¥iGe nohRt6RIBGSet r@itesOf the
nm xed al cohol s fraction can be sel ected by sel ecting the extent of WD

2009/ 07772 Ewthr/repbotimy o yahae chemigalsand duelont act: anong the catalytic
conponggts. Genl:{%!ﬂ? NAd pRfiuckieh 8 M&ddls, PS&mplelifleth A1, Rediplacivasifiee 2

mechani sm of ethanol "formation fromsynthesis gas over CuQ zZnQ Al 203. The
formati on BYocess Mapi FyItliesiFeTmrenspticy, resteancksyatiesiyy and methanehpyrificaion Iist i s

studied ingg shat ﬁ?ﬁ’reﬁ&ﬁfoﬂ%&ﬁ%@ddﬁﬁnﬁ@ﬁ%hﬁ& dofffloyed whereby the

feedstock is treated, e.g. the feedstock is purified to remove sulphur and other potential

WO 2009/ 077726PCT/ GB2008/ 004102 2 a EHME’EW m' ﬂg suppl i ers such as BASF,
I
t

catalyst poisons prior to being converted into synthesis gas. This treatment can also be

25  conducted after synthésis gas preparatibn; for example, when coal or biomass is employed.

" The reaction to produce alcohol(s) from syntilesis gas is generally exothermic. The

formation of C, and C,. alcohols is believed to pfoceed via the formation of methanol- for
modified methanol catalysts and cobalt molybdenum sulphide catalysts. However, the
production of methanol is equilibriurh-limitcd and thus requires'high 'pressures in order to

30 achieve viable yields. Hence, pressure can be used to increase the yield, as the 'reabtign

| - which produces methano! exhibits a decrease in volume, as disclosed in US 3326956.

A low-pressure, copper-based methanol synthesis catalyst is commercially
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*ACTION*



5i sotopic distribution of the carbon in the product ethanol when

| sot opi cal |l y-enriched 13C net hanol was added to the feed. As the

| nportance of al cohols is ever increasing in today's world, so is the need
and desire to produce alcohols wth a higher carbon efficiency, a higher
conver si onwWaRd09IAI7R26mpr oved sel ectivity from a car bonacBoUEBogged103CK.
Hence, the present invention provides 20 a process that allows one to
produce al cohols froma carbonaceous feedstock, with inproved carbon
efficiency, a higher selectivity and in particular, wth a nore efficient

conversion to ethanol. - Figure 1 represents an epbodi gﬁg} ‘gf a
process sa@nalbleftonpsuppliegs sushasBASF Jehwspn ¢¥h prshtaldpratapsoe- Methapdt er ences

COT 1 eSPONG;i8) iP5 plSed Gl L SREANy 8728 905W el RGerkBTRADY N cl al ms.

For the purpose o e present invention and appending clains, the term
* honol ogatpresent. Wetensadytmodistefithéxonyérsioppifc@sie methanelnnd dhrcconyEsemf wit h n

carbon at . O, : ' 0| al cohol
cont ai ni nﬁi@%‘c‘%rs %nsﬁglaaﬁggn%b ?&g‘@ﬁ%‘éﬁg}%@%"%g {nhoéeéﬁgivev?tg{j%ﬁg?gcess. 20For
t he pursposaslyst, sichas pretandl catalystutriacobaltraol plonumal catalystithe waereghikiblateast er s

are a class. o enm cal . co nds. and f.unG ' st of a
car boxyl i c“"H’ctF',‘aEl r{o\ﬁﬁfe&%ﬁﬁ?ﬂ??‘gﬁg?apgrn%m@@ %ﬂ%%?%)?y &g}r@ﬁwgﬁé}gil aced by an
-0-al kyl (Mktlkanoy Plags,0 bp Helge dlohh Kyatses praserstedpat diebli®84 Wamrkidviethapl t 0 t he present
i nvention are prefera met h et hanoat.e, et hyl ethanoate, nethyl

pr opanoat eONERrERFE: I‘Eﬂ"ogé‘%’(?&tle}g%r By ne%%%eé%@&ié‘%?%sﬁﬂ (vglopmEn tf)%lnt anoat e.
Thus, the péRSBIrodRYeR bad¥hows hew Afitherreducriowinessts bbmethard podadtion wilbf

al cohol (s), characterised by the follow st.eps: A, oduci ng

al cohol{ s)resufiin theforsthelqnql vary H‘Hﬂe piaRts “’f‘ggiﬂa&&g‘@é’pwaﬁw’g b‘#’ﬁ@;t(p% ‘?ay’ 2.

i ntroduci ng at Jdig@$rocBssBffol theprddisionlofirh amt de aleshol(sy, ablwle @iz procetseget her
with CO and 300£t Ionally H2, into a carbonylation unit, in.the presence of

an aci di c deseribgéhweinaftesy het er ogeneous car bonyl ation catal yst, to produce

al kyl ester(s).yo 8%@3405!&E§c99é§CJﬂ?9ce§stwﬁ tettandlad pro@icell BE cabdplationber (s)
fromstep 2, together with H2, into a 2009/ 077726PCT/ GB2008/ 004102 4

- hydr ogenat inethanghby reactionyithdel@ &n the pisseaegeiaraopyan cafalysyto fomy sthangic) y
[EYcl 29, L8Rk bl B phagpl oRsobne sl s 3. i
ethanoate ester formed to give ethanol or a mixture of ethanol and another alcohol which
can be separated by distillation. Ca.rbonylatibn can be effected using a CO/H, 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,
| 20 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 -
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 éme
25 | element M selected from chromium, iron, vanadium and manganese, and (d) at least one-._
alkali metal. _ '
US 4831060 relates to the pfdduction of mixed alcohols from CO and H; gases
using a éatalyst, with optio‘hally a co-catalyst, wherei_n the catalyst metals are
molybdenum, tungsten or rhenium, and the co-catalyst metals are cobalt, nickel or iron.
.30 The catalyst is promoted with a Fischer-Tropsch promoter like an alkali or alkaline earth -
series metal 61' a smaller amount of thorium and is further tregted by sulphiding. The

composition of the mixed alcohols fraction can be selected by selecting the extent of



5. recovering the targeted al cohol (s) fromthe hydrogenation unit of step:
3. 5Wierein the alcohol (s) introduced into the etherification unit (i.e. in
step 1) may be produced by any appropriate nethod known to those skilled in
the art, e.g. via fernentation (described herei nabove). For the

pur poses ofWep®wIpt7@¥ent i nvention and appendi ng cl ai s PCHEBRUIBIOOMNG t er s
are defined hereinafter: 10- The 'dew point tenperature' is a threshold
tenperature, for exanple, for a given pure conponent or m xture of
conponents, at a given pressure, if the systemtenperature is raised to
above the dew point tenperature, the mxture will exist as a dry gas.

Li kewi se biatimaje coag apopsthg catalyieeampopsnts: t he mixture will exist as a

vapour cont ai NijBg AQF€alalydidi s 104, 908 discRE PhechdRSm RN ol firRatilef | ned as
a pure conmponent, or m xt'ure of conponents, that. are above the dew poi nt

t enper at ur from synthesisigasiovey CoPHa®/ AeDp dhe {prmatigaofpthpeol dom G@andB:2 e¥sEay ol une

of gas fed ' Vs bixdded AR readbr ARG thenperature (0
C and preggﬁ{zgé%&i%%%%%f@%gh{?q,’fﬁrag;eﬁourFrfaspra'%?e vel o%it 3 (LHSV) is
def i neds asisbtopic distribuornd the cpulbanh if e ppasluctiettianolwdien isotopfcabyrerriohed “er hour .
The inventi 0{}11 d scridgg&i Otlﬁggeie&\above has application for the honol ogati on of.
exi sting pg‘f O %m_ I"Omass derived feedstocks, nanely al cohols but
al so can al so has ths tbortandeaifalcolydd is eedr irereasiagivh teddy&r worldT heis theileed y of t he
process can further wi.dened .25 by incl udi a furt.her pr S ep, for
exanpl e ca Ve e pﬁ’giflﬁesal%"}ﬂﬁﬁ’@%ﬁolﬂél°B§aé}f°é’cff€§en§ﬁ’aaﬁﬁ%h QR egr;g%?ia?’fi%gt i on
stage in OfAlR6vel Gel6IVitE Fom I @B onideOusedistiotia Mefices tic@resern ibentix padedes
Simlarly olefins can be honol pgat e this process_by addi a hydration
stage 18 g@RErEs HabloNsoBR P‘P‘g'gﬁl_glf‘g?@./ﬁqlﬁaﬁ%fg‘fqaﬁeiﬁ’?’§fee‘¥5|ﬁ?°g’ ‘Ivﬁgenti on finds
appl i cat i Ofnjrhveliagrboe BicRhéy B hipher seREGAS And inglafticalat] withtarmerh efficizat

f eedst ocks. For exanple, the 30 honol ogati on of nethanol by one pass .

t hr ough t heonyesien et kocess can yi el d ethanol, a val uabl e gasoline

bl endi ng feedst 1A04ideh9 9@ bihWodirerdt Bt 4 PBEesPshemé heielgao e pi@thtanol and
sone et hanol) tlﬁg‘ggagﬁq?hse?gr ocesos-ld%scriﬁigdcsher ei nabove g(E:tan g?,gﬁg{rﬁcgte

n- pr opanol invantionWixgen i zeiersresTougsposdp dae ued in the prspengdesgiirtionaither i or

gasol i bl LiRgcRLRperties (e.g. calorific value and vapour pressure).
The paggi na&%ﬂ 1ng(f)rlopanol t hrough the process descri bed hereinabove yields

but anol (s) whi cForitepurtss pf thp presest imyention aad apperslinglaime. the €MRI ng conponent s
ﬁ.nd as | .nt el'{q[l}}%%ﬁgﬁ&s id 1[}[:(? REIL G neRbkelsUtleteb§ offe alfdtioNwil h ¥hrb&i A6khs Nas a
i gh cet-ane DI ervdi ng val ue. _
(e.g. methanol) enters the overall process and an alcohol containing n+1 carbon atoms (e.g.
ethanol) exits the overall process. |
20 For tﬁe purposes of the present invention and appending claims “alkyl esters” are a
class of chemical conipounds and fun&ional grdups and consist of a carboxylic acid in
which at least one -OH. (hydroxy) group is replaced by an -O-alkyl (alkoxy) group; the
alkyl esters produced according to the present invention are preferably methyl ethanoate,
ethyl ethanoate, methyl propanoate, ethyl propahoate, propyl butanoate and/or butyl .
25  pentanoate. .
._ | Thus, the present invention relates to a process for homologation of alcohol(s),
_characterised by the following stepS:
1. introducing alcohol(s) into an etherification unit to produce alkyl ether(s),
2. introducing at least a part of the alkyl ether(s) from step 1, together with CO and
30 optionally Hy, into a carbonylation unit, in the presence of an acidic homogeneous
or heterogeneous carbonylation catalyst, to produce alkyl ester(s),
3. introducing at least a part of the alkyl ester(s) from step 2, together with Hy, into a



5 The starting al cohol, as described need not be solely nethanol but can

i ncl ude ot her al cohols and m xtures such as bi oet hanol or other bioal cohols
(e.g. methanol, ethanol, propanol and butanol). The use of bioal cohols in
this process is advantageous as hoinologation will inprove in general the
bl endi ngpr wpenevogr26f the al cohols in fuels and ._ t herebgBioopeawe t he

bl ended fuel properties and thus allow incorporation of higher l|evels 10 of
renewabl e feedstocks than otherw se possible. This is advantageous in an
envi ronment where reduced greenhouse em ssions and i nproved sustainability
are inportant goals. This process also directly yield val uabl e

derivati ves lyHrogeragingpait, &qpraducs hgmologate alé‘il}‘?kﬁ); et hyl -pentyl ether which
could find phi i i i QAREKYIG) o siéalB Uk e

chem cal s sﬁghhggﬁ%?}g%??ﬁg?gggﬁga aé-ttﬂand eot?r%;/(lfggfeétahanoa )e' (val_gabl e solvents)
and 15i sobut anthe ethepfieation wejt offstap I, aeshut ene. The al cohol feedstocks can

be obtained {r : i ayZ : kbed in this’
docunent herge'i ﬁ%ﬁ%@é%ﬁ%@g&?@g s%(ﬁ@pgﬁégg&rg%éﬁg‘@ 0 tS)Z?fré]gg by hydration of
ol ef i n§ i n whi $Whecirsthe tlehdifspingoduskdintatbe stherifitabecuitdae.yn stepl 1t mayttear y _
al cohol's e.g. npropene vield ] i o) i ne wll
ol d t- oAt Al BeRb RN R IR BRAR N e StehBARMOENE
ca]'E al yti c (Gesartt ; e-Ilrhgrteigrilbdvys{jLocalr b;)ns' iasfi s cogm)nl é practiced on pets;_ol e?gro)
refineries sites, e ne ol -t o, ol ef:m ar % n -t.o-pglefin
processes, andﬁﬁﬁ BEPHBISES %%rﬁf‘a%wg‘?m"?ﬂé%w%’%’e?d%%ﬁ %ﬁ%’gghegfgﬁvﬁﬁ%e on stage
1(:)[1 an gl cgb@%eﬁ@fwﬁe?éme&t age E)i n Wn:cclh case ian e:jherZSII_ﬁedstock is. obt ai ned)
ese by-product streanms can be uysefu e oyed. e process is.
parti @i ar| y‘aﬂbﬁr@&@’@%?“ﬂ&@@ﬁ&%@?&égfﬁﬂ?&ﬁ% fPrtexﬂV‘B](Turr@é% 8VFbr C3 and
B' gher ol efins gu&%éﬂnf)mhﬁor%ﬁ\ﬂ@m oﬂf:{)déﬁ&)’at@'rgﬁ@figfesﬁi@@iﬁé gstegt obt ai nabl e
y direct hydration of the corresponding, ol efin. For exanpl e propene can be
converted to i swneraineis raisrd to @beve hedeny Roin dmpesatyre. the mixtyp Wil exigpga ¢ o

2,2,dimethyl pr “Hix&lise Feifv BE 8SE Bbind YBEhuR) R nfRufealiflle@St 45@ @ Process
for the converéilgg%g'olf a _?:ear onaceoug 30 fgedstock into al cohol (s), wherein
t he car bonaceowspdueeutaimnksime liquidst  converted into synthesis gas, which is

subseqguent 'y copverted .int opml ' » oCRRBLAELEr | sed by the
foll oS#ng st eps{.}as 6@%06%/%#7%%@%@%%8%&@%01‘?% ntroduci ng a

car bonaceous f eefipérenats, thitatembavesthatitwe poist tgmpergioreer ati on unit, in order to
produce a m xtuyre .of carbon oxjd % an 2 (synthesi s 4 ntroduci ng
at least a pért&ﬁh"flﬂés‘%?&ﬂﬁ%ﬁc%x&gz g})lsg?ﬁleﬁ% P’Q&mgf)ggg?%d?gn%k an al cohol
synthesi s unit yolughef elalg® par ek at §taydardi@mpdrattie @0l 6C) and petssuredst01325par t  of

t he al cohol (s) l\}‘ﬁr,ac))m step 2, into an etherification unit to

20 | —  ‘Liquid hourly space velocity’ (LHSV) is defined as the volufne of liquid fed per

unit volume of catalyst per hour. .

The invention described hereinabove has application for th_e homologation of
existing petrochemical and biomass derived feedstocks, namely alcohols but also can also
be used to homologate ethers and esters. The utility of the process can be further widened

25 by including a further process step, for example carboxylic acids can be homologated by
adding an esterification stage in order to convert them into a suitable ester intermediate.
Similarly olefins can be homologated by this process by adding a hydration stage to
generate an alcohol feedstock. In particular this invention finds application in the
generation of improved fuels and petrochemical feedstocks. For example, the

30 homologation of methanol by one pass through the described process can yield ethanol, a
valuable gasoline blending feedstock. Additionally, a further pass (recycle. of methanol and

some ethanol) through the process described hereinabove can generate n-propanol, a



produce al kyl ether(s), 4. introducing at least a part of the alkyl
ether(s) fromstep 3, together with CO and optionally Hz, into a

carbonyl ation unit, in the presence of an acidi c honbgeneous or

het er ogeneous carbonyl ation catalyst, to produce al kyl ester(s), 105.

i ntroduci ngvaooewsie a part of the alkyl ester(s) fromeeregs2dosiooaget her
with H2, into a hydrogenation unit, to5produce honol ogated al cohol (s), 6.
optionally recycling at |east part of the honol ogated al cohol (s) fromstep
5, into the etherification unit of step 3, and 7. recovering the targeted
al cohol (s) fromthe hydrogenation unit of step 5. 15 According to one
aspect of mhterigvetheaperiongasotino¢ndingeprapgrtich éssg- salgrfic valesandyapour a i xt ure of

carbon oxi de(s d He, that i e ] d
o pref or By dH el ostriad RO el ity RErAfRe iR o1 T eam
ﬁ:lrolﬁ?EaceOu?gﬁoﬁeﬂslgackavbﬁeﬁfaalfe@f@bdﬁys:a; gamdilioe bizhdisgicdmmments amless, pl asti c,

a, refiner. ottt ons,, Cr synt.hesi f und d
Gasi 11 oat | BiFrBRIdes Bichrmeds bt Stianiol e v R BRE SIS o .
tCﬁgl p?gge?\fﬁé&mng £66Hol, _?é‘ladséﬁéedg_atltdlﬂogbe @bty meihtuivl bowdan arthdaather al  gas bei ng

-ed sources. To one,s in the t I ngt i f

can al so balceholsand mxtuges § |a§?{95'§§n0§ﬂr00%§>}ﬂa§sﬂﬂa§§-g? %%@h%t%agguslsgur °es
I ncrease tEﬁph%lmwggnnwsé 6F bidWhoHb18 in HRPréceE M vinegRUSANS a range of
hydrocarbons™(e.g.  Cl-C3 al kanes), in 25 which methane predom pates. In
addi ti on t bomelpgation #ill;aproysds goeral ﬁﬁﬂf'&ﬁ‘l“ﬁ PrpRTtiss of the ?F‘gﬁgrﬂ‘_%“gnd
sul phur COFH%&)H?ﬂﬁD;?mPJ t‘g}g IeCr ad%f;x/él Pﬁopgﬂtitesf 2ARus @AW Sitlorpetatibh of higesd sdveisk is | ess

than 40 no ep ess than 10 nol, % and .nost preferably |ess
t han I2161)I oftenewable feqstocksthersotheswisp pessibilel Hbis i advaniagequsgn an eqviroament hesj s
gas plant, _ar I qmﬁ: : S G

di sadvant ag‘;@gﬁ%r%nﬁédt%gc C os’legggso H%%G%gpﬁg@%daéy%tﬁlggtﬁgﬁ%o re?%{ri%palnsgj process
over anot h&hisipsocgatso wenidingetlp gisklomiveble derivativgs| of Bicehdlesugh ag iyt ether,

consi derati on |l1,.as b £.04: Ly i ni
(o ocp) - ( eveespT abftyRed S pHiGhotsl fullst AulidglonfOhinllall,
;(L)I:)E) ;’i g |7 (79 722&1&1&/1!6 éHemicatswach asgiropyt popswvatagnd ¢éhyl\Whanoate (valuable solvents) and

_ 2008/ 004102 .7.di scussi on of the avail abl e synthesi s gas
pr oductllson‘st"ggtﬁrﬁﬁé}bcf'é?ori O 5PNA™&ed i n both Hydrocarbon Pr ocgssi_'ng, 1899,
t7)8; :]1, h87- go, _ anThddedhdl feadbtdeks canlbe obthinddfrbmisypulsis gaobBmethods prédowsly, and are
o] ereby i ref ej

B L L R
E?E, g ; g g! I rhy&fatﬁxﬁdf@fretgnw o whigklcasete higherasefimx giehl sefondaryiand e algohols
! ngsé.gc.)pro})en% yiel<|isrpcle orr]r}ir?age )? }shlg'ggalnolca%gfis% Stere wi r]yieIYId ?-B&Qr‘?o"i‘cfyb%

20  sources of such olefin streams include the catalytic cracking of hydrocarbons as is
commonly practiced on petroleum refineries sites, the methanol-to olefin (MTO) and
oxygenate-to-olefin (OTO) processes, and dismutation reactions. Thus by includinga
hydration stage or an alcohol addition stage (in which case an ether feedstock is obtained)

_ these by-product streams can be usefully employed.

25 The process is particularly advantageous for the.se feedstocks as it produces, for C3
and higher olefins, desirable branched primary alcohol products not obtainable by direct
hydfation of the corresponding olefin. For example propene can be convertéd to '
isobutanol and tertiary butanol (2,methylpropan-2-ol) to i,2,dimethyl propan-1-ol.

~ The present invention also relates to a process for the conversion of a carbonaceous

30 feedstock into alcohol(s), wherein the carbonaceous feedstock is first converted into

synthesis gas; which is subsequently converted into homologated alcohol(s), characterised.

by the following steps:



Technol ogy, ed.. W Ehrfeld, Springer Verlag, 1999, pages 187-196.
Alternatively, the synthesis gas may be obtai ned by short contact tine
catalytic partial oxidation of hydrocarbonaceous feedstocks as described in
EP 0303438. The synthesis gas can also be 10 obtained via a ' conpact
reformer’ wooweE® 76 descri bed in Hydrocarbon Engi neer PAYGB2080041®: 5,

67-69; Hydrocarbon Processing, 2000, 7:9, 34; Today's Refinery, 2000,

15:8, 9; WD 9902254; and WO 0023689. Typically, for comercial synthesis
gas production the pressure at which the synthesis gas is produced froma

steamreforner ranges fromapproximately 0.1 to 10 MPa, 15 iDre erably 2 to
3 MPa and k niatredusingiasaibpraseens fgdstesk, i@ a sxpthens 8issegerationynits IaIQer {0t o iy

ranges frOm%&B&{gcgéinﬂ%ﬁel&fcm&Eﬁd&Q%Qdﬁz(ththié‘é{‘s’;g?@), for comercial synthesis

gas production e pressure at which the Synthesis gas is produced from an
aut o- t her rfal intredusinget lensh a gers of the parberpeadelvhandHy fiomisiepol, ino ppalcohel ef er abl y 2

to 5 MPa and_t he.. irch the synthesis gas exits the reforner
ranges from %pf%i%?@%%gélc%d% 1300 C. Where the high tenperatures are

' necessiar \3.i introduding at leagy a @eu ofthe akcahal(s) fudrh etep@uintoiabethgrifi¢ation yyihtohesi s gas

production, and to,avo d tal lurgy problens associated wth carbon
dusti ng: ThePfgg‘HFﬁﬁ‘gT/%‘%‘égecom ains a nmolar ratio of (H2-0CR): (CO+HCOR)

rangi ng f reninGoducing a8ledst a\phit ohthe alkgibgism@efom etep 8/ tegatimr nithA i@ ands
| e, when nat ur al

f eedst ock(s) and et hod, of  r.efor.m.ng used. For exa

gas is used %‘Wﬂé’%’a%ﬁ%‘é‘?ﬂ?@%%ﬁ‘b@ﬁ p‘feﬁ‘?ncgzgfoa&aééfﬁqg’&qg?%oﬁsqr t he

gy gt hai is gaﬁetévfggeawi@?aﬂb&?ﬂitioh c_ﬁt&@st@to{jﬁdduﬁ?ﬂkjlld&etgm) ; (CO+Cf02) dr ?t i E ?f

. 0. wever, en natural gas . is used Aas e carbonaceo eedst oc or
it o-  Hbr rial totredusin ahlpost apart e} e kS| STpALIORSigp BT SR &,

(H2- 002) : ( CORBRendtfhluRit Qb plodice M- EICbROIE), PT ef er red enbodi ment of the
“present invention, the nolar ratiog, (H2- 30 @2) : iﬁﬁ(io'rCOZq)e of Z{Fe synt hesi s
gas strearﬁ-e%?_ttoi“ﬂb’ repyeling pirlenstpagt o the homglosated grohlist fream ster Sypdier ¢ han
1.6, nore pr@t&&{ i%ﬂﬁﬁﬁkeﬁﬂmn 1.8 and nost preferably greater than 2.0.
Preferably, the nolar ratio, (H2-0Q2):(CO+CO2), of said synthesis gas

st ream exit.i regovening thagregebalcotpiDdmarihahydrogrmaitonuyst o stp it hesi s gas
gener.atd on unit IS td 655as i8R the syh@Ssis t3FRIodSa MO €

oot o by 06 Actarled o 63 a&%@r%%&ﬁ?ﬂ%&%’?@ e sy thfa% 2.2 02 Wi | st

t he obj ectmixgrobf dartonpxids@hand Hpy that is asedite producs dhegneshanobfead 8&A® ¥ t o produce

hi gher al cg it i, ¢ geg skilled in the art that the
present i rgt(r%{alﬁgrﬁré%lﬁé%g‘?&s{ggéﬁ%\%ﬁ%?%grgef further products, such as alkyl
et hers and/ or d&hkgirbestens fadstipakris prafepabkys ingterid isueh astbisgeash elastig, t h sai d

al cohol's, wherein.th sai d (s 36 QOMG r fiBatioh Bf €r medi at es
and/ or pre‘balgsé‘ rrgﬁqeﬁe?%gmﬁ’rc&:‘jeeg%ﬁ tg?srlst%é preélzdr??ér @H@gﬁ?%g%ﬁ@aﬁvﬁen ester

and/ or 2@ci blomas gusificatian)esrheltegeff gab, toneiipalwase-oaD @) metizde 0al, angd/ort he -

synt hesi's gas requi.,ed is . preferahly |lower.than the-af ] val ues.
10Accor di n'ga“f‘rﬁl g&ﬁd‘f‘ﬁeﬁpalear% 8%“?@ ﬁ?s%c?%'gtﬂ?ﬁ K eflerrr\?/cgsr? thgsr‘l T?\A‘(l)gél ﬁgﬁ@ dégdr%%gtn aceous

f eedst ock ae@ebifition 6Fukestah alspde assdefortiamplé @ahaid natwragagthat i ¢ hydr ocar bon
(e.g. coal,, aromati c;-naterti]a.h, Ep%.%nas% ‘the nmolar ratio {H2-0Q2) : (CO+CR)

of the exitdvaytagegudly incrsase theHato ploon FH0. 5 4i usted to the target val ue by
addi tion of H2 1fturbBy#e ¢ethmehly C6#ains a range of hydrocarbons (e.g. Ci-C; alkanes), in

25  which methane predominates. In addition to this, natural gas will usually contain nitrogen,
CO; and sulphur compounds. Preferably the nitrogen content of the feedstock is less than
40 mol %, more preferably less than 10 mol % and most preferably less than 2 mol %.
Processes for producing synthesis gas, in a synthesis gas plant, are well known.
Each method has its advantages and disadvantages, and thé choice of using a particular
30 reforming process over another is governed by economic and available feed stream
" considerations, as well as by the desire to obtéin the optimum (H,-CO,):(CO+CO,) molar
ratio in the resulting synthesis gas that is suitable for further chemical processing. A



CO2 may be renoved by the use of a sinple, yet effective, separation nethod
15 known to those skilled in the art, for exanple, a "nenbrane separation
nmet hod". Such menbrane technol ogi es can be found in ‘Purification and
Recovery Options for Gasification' D. J. Kubek, E. Polla, F. P. WIlcher,
UOP, 1996. wbtewmatizeel y, CO2 may be recovered and renmoaicBryosannosui t abl e
met hod(s) known to those skilled in th& art, for exanple, by reacting with
am nes; performng a, 20 nmethanol wash (i.e. the RECTI SOL process) and/or
by using hot potassium carbonate (e.g. the BENFIELD process). According to
a preferred enbodi nent of the present invention, the exit stream obtained
from t he syiscussion of theavailelle sypfhegie sep profyction tgchaplogies psreyidedin both onpr i ses

vater i 1 Fagmsoah PRIHBE (3o, 980 WHEMEPLD nlRubicy Tl 0lo3g, cgr ' ¢

wat er, nitrogen an unconhverte ocar ons
al kanes) . 415, 86-93candrach both heveby immogioeateddy refq:mm ment of the present

et oyed wher ebl) AR wEun LR SRR o e A Al paha00, (B 00

ot her It09t g@klﬁ&honmhﬁdr?&gbdh@desmatémm ma:rdmhcttuited recactonatelubm;talﬁiegutl mer tcur y%
prior to being_converted i esi.s alter ive is treatnmen
can al so 38MBETSeFroseedings 8?‘5‘%?&4)&4%‘?‘% ?Réfebﬂf‘&“p%ﬂ ﬁr%rﬁa‘%/lS? exanpl e, when
coal or bi qeamslogy,edUseBhrfAE SprifigenVetlay, a99% phed i SR Id6. Aiteﬂhhtezem dsent

i nvention, at least part of

d th h '
i nt r oduced SYHbESISEAS ’&P%B%tha“ﬁ‘n’tyﬁgal ¢ Ptﬂmg?ar@g?%%p?aﬁ IBSl?éte gn VO

2009/ 07772%?&%6%9&%69@%@%@&%&%8&%@ (B0BB s Ry thediSgas ciif Afoieabl y t he
nol ar ratio H2- 0C2 C2), of said synthesis, gas f dstrea%]]lﬂé)ad into

the al d8holobiginad Higsi eow&refosmgr REeS a%fl?éwadelH}‘Pé?cef bop dnginegiing. ter
than 1.8 ag&@? éc‘axfbﬂgwocgsrsﬁx@tﬁootﬂ@ﬂ %da?fsqieﬁhé&blzooo he:8y9] WO rati o,
r

(H2-02) : ( said synthésis gas feed streamfed into the al cohol
synt hesi s 0&022514:5%5%@@023(6&& 3.0, nore preferably less than 2.5 and nost

preferably |essy %@W%&Foré&&? aﬂgyﬁﬁhhélpgé pRIGRERInRp e AL WEih 1Rl L he

present inventio esrs unit may be any reactor that is
sui t abl e f eynthescaas isrpgodabesihon 2 sttam reformeptanges franyarproximately 0.1 to 10 MPa,

15 preferably 2 to 3 MPa and the temperatures at which the synthesis gas exits the reformer
ranges from approximately 700 to 1000 °C. Likewise, for commercial synthesis gas
production the pressure at which the synthesis gas is produced from an auto-thermal
reformer ranges from approximately 0.1 to 10 MPa, preferably 2 to 5 MPa and the
temperaturee at which the synthesis gas exits the reformer ranges from approximately 700

20  to 1300 °C. Where the high temperatures are necessary in order to produce a favourable
equilibrium for synthesis gas production, and to avoid metallurgy problems associated with
carbon dusting. The synthesis gas contains a molar ratio of (H,-CO;):(CO+CO;) ranging
from 0.8 to 3.0, which is dependent on the carbonaceous feedstock(s) and the method of
reforming used. For example, when natural gas is used as the carbonaceous. feedstock for

25  steam reforming, the synthesis gas obtained usually has a maximum (H,-CO,):(CO+COy)
ratio of 3.0. However, when natural gas is used as the carbonaceous feedstock for auto-
thefmal reforming, the synthesis gas obtained usually has a (H>-CO,):(CO+COy) ratio of
LS. _

According to a preferred embodiment of the present invention, the molar ratio, (H,-

30  CO,):(CO+COy), of the synthesis gas stream exiting the synthesis gas generation unit(s) is
greater than 1.6, more preferably greater than 1. 8 and most preferably greater than 2.0.
Preferably, the molar ratio, (H,-CO,):(CO+CQy), of sa1d synthesis gas stream ex1t1ng the



bed reactor, which can be run with or w thout external heat exchange

equi pnents e.g. a nulti-tubular reactor; or a fluidised bed reactor; or a
void reactor. 10Wen, the al cohol synthesis unit is used to produce

met hanol it is preferably operated at a tenperature of greater than 200 C,
nor e pref ewddop/great er t han 220 C and nost pref er abl ypgr/eatmsomimn 240 C;
and preferably less than 310 C, nore p¥eferably | ess than 300 C -and nost
preferably | ess than 290 C. Likewise, it is operated at pressure of
preferably greater than 2 MPa and nost preferably greater than 5 MPa; and
preferably | ess 15 than 10 MPa and nost preferably less than 9 MPa. In
fact, si ncunthesisganetnerayion Heitf)is fess than 2Qproferably dess Biap 2i7g nmotepeeferply en

t enper at ung. ' | a bal ance of pronoting the forward
reaction 8%?3&“%9%%§%“§QW%§§QB§E§?%§€?¥ng,the.equiribriun) and ai ding the
rate of conver 3hilst the objectivieghthe pmsend inyentipntis/ip homiglogatg atephyals o preduee f or

met hanol Slw]{[ep Zondls! 11 cﬁ)';/}o'u(s: wr"a{e i s dﬂfﬁ{é Q‘?ﬂna{ ﬂﬂggretséﬂ\@ i Ontnps: 1. the
hi gh pressute zinc tata yst'S,” conposed of ZzInc OXl and a pronoter; and
ii. | oW praoslloe tcargeefurthat mbdistsssuck amgiiod elers andZomatkyd esters anddapper oxi de

and a pronoter.. Hence ccordin fer i f._the present
i nvent i on, ARORYliEA {&P,égg%f% ﬁ%‘ﬁ%f"ghs"gsng’ hgrgﬁstﬁegsgts z§: _yst C@Bguc%ai ure of

B et e T o T hobe oo A TErt i an can catalyse & he
product i orfSBF 23 AciABrod Fﬁme%gﬁﬁ%&ﬂ?ﬁ‘&ﬁﬁcégﬁgﬁ C@é} ‘éteéﬁ‘TW 515 8fen, the
al cohol  sye§liRa isprefiably 16wetiheh thOafbfen@htimedivatiost ure of al cohol s, such as
met hanol , et hanol, propanagl (s) prth%nQI w.th | ow am)gnt s of

i so- prbanol ), Asprdmg t‘b%ﬂ%F’(@?(‘ﬂ'i‘ﬁl 15ABYentiepWhenthe,6ArDNBPe0US ¢ he oper ati ng

condi t i ONSgeQstobl e TR RthSsiSIHE EEBRFSN Wiot anBiphMR HydfRRess (e e t he _
catal yst- enpl oyed. Suifable catal ysts include nmodified nethanpol gg/nt hesi s

cat al yst s, arpmaticimateriak; biqrass).the mplatatie BP9 SO+HHRAT the SXUFYRIRGSHE2S WO
2009/ 077721@?%@5%%9%1@%%& %@Aymaiﬁo%mﬂéﬁ%bm gficoat al ysts and

nmol ybdenum e ‘base ysts. | ybdenum sul phi de hased

catal ysts are [Qifmayhedemeveddy thearie pla sipplies Yeb efeslive, sprastiop stethodr oot er (s)
can belﬁadgl%%w‘?ﬁo 34 il i 0 abt 16 GALBleY Sim KSR BhAAbn o ! S T o

pr onot er ( are potassiumions an e dertved froma salt of potassium
such as pomesisanatechnologies can be found in ‘Purification and Recovery Options for
Gasification’ D. J. Kubek, E. Polla, F. P. Wilcher, UOP, 1996.

Altemnatively, CO, may be recovered and removed by any suitable method(s)

known to those skilled in the art, for example, By'reacting with amines; performing a
.20  methanol wash (i.e. the RECTISOL process) and/or by using hot potassium carbonate (e.g.
"~ the BENFIELD process).

According to a preferred embodiment of the present invention, the exit stream
obtained from the synthesis gas reactor (e.g. using a steam reformer), comprises essentially
a mixture of carbon oxide(s) a.n_d Ha. It can slso comprise water, nitrogen and traces of
25  unconverted hydrocarbons (e.g. C-C; alkanes). . ' "_ | -

According to a preferred embodiment of the present invention, during synthesis gas
generation, an additional stage may be employed whereby the feedstock is first purified to
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
30 be performed after synthesis gas preparation for example, when coal or biomass are used.
According to an embodiment of the present invention, at least part of the said

synthesis gas stream is then introduced into an alcohol synthesis unit, in order to produce a



5 carbonate or ethanoate. The preferred | oadi ngs of potassiumions per

nol ybdenum i s conprised between 0.7 and 1.5, nost preferably between 1.0
and 1. 4. - The preferred catal yst for al cohol synthesis, according to
the present invention, is a nolybdenum sul phi de based catal ysts cont ai ni ng
cobal t, thevaodaht77t60 nol ybdenum nol ar rati o bei ng pr efreraisgosoomm i sed
between 0.5 and 3.0, nore preferably b8t ween 0.5 and 1.0 10 and nost
preferably between 0.5 to 0.9. When nol ybdenum sul phi de based

catal ysts are enployed the al cohol synthesis unit is preferably operated at
a tenperature of greater than 150 C, preferably greater than 250 C and nost
pr ef er abl ystpamsomprisingalcat@t(<; Prefarablydbasmelrematio §:-E0HCHHEOsh ofsadss t han

350 C and f ated at

pressure o 3“‘9%& f8 t%‘g &jﬁtﬁ/}s 0ggloslygtfher alg"lﬁ% %ﬁaetgl![de]?d fﬂgﬁ&% MPa; and

I ﬁ; sdt hant pofchdbly gastexphz&ft '3 ?x’mlt most gs&rabﬂuagreﬂﬁr th@aZ 0. Reafornbly :i'g rnejargratisy, ef er [ ﬁd

enbodi nen ct. 0 res r 8am. i ng e
g;?zﬁ(éé{} ééﬁ@ gf sg.uibsg tlﬁesli) geeﬁ str%%n& in?cgl'h 51@810? %i't Es

al cohol que pur od known to
those ip t kess thd 3. Otrﬁoré@mtﬂ)lﬁhys than 5 entimos p&fmiblyakssathkem&s al dehydes,

oroduced 1 ¢ heNGPELP ayETRLPDoert S FRER PP Sh e o an
et herifi cakyresiy ﬂhf& nﬁgb@mdum:aﬂak;sl suitdibiefot ﬁr);ducﬁgralce,mmlr exaniplerefiked et her
i's commonl i/mPr oduced aci ca sed etherification

y the Lewi s or Bronstggf
of met hanobed feagtery Whish ean by rya with prpithqyt exterpa) beat gxe E‘r‘?mrsg Bofted e. g
Houben- V\éyhulﬁ/ﬁlboulMegc’%or 0 fiuidisedBRA khctbh o€ ARoil edatef St uttgart 1965 pp.
17, 18. . 25 Al exandef Wacker, Gesellschaft far el ektrochermische
Industrlpe GrbH, When, gigoobol synthesiy ymit ispsed teprodnce msthapdlpzBreferay | Br own,
W W Odel |, V; fReteaadr, Ralet @l 20 dbals chappi j
FR 701335, ﬁedﬁ%@atészqg%t%rgw%ﬁtﬁ%eﬁn %,0503&0 R G 403402, 1932. Furt her
exanpl es ofnost mefplabi)'cgaftaieo thag éﬁ%lTCil ands prefesablydess thang 0 &G mepre gesferabbploes
sulphate: GaRREH cﬁﬁ{ﬂﬁ&&ﬁ RASE 2010 LLifGvise lt W pRaE of PleQiub ST
al um ni um pha m su ate; aluns; thorium conpounds;
al uni ni um q)rafmi;ly piettentham? Mﬂa(;md mlgatmrafmabix igeater i § dFPagand: preferahiy destim
phosph an dj al yst may
e ol t s Mg Bkihe risbliErlab L fren VNP ERPBED %%%%%Bﬁ?’*&%%%%%%omz 1
Accor di ng tegothdrmiqresdion;tthe dwsemttcmppr@th!@ of ppefration dcBovetned by 2 balance af catal ysts

2T cat . RERRE AR SRR O RN A A e ARl 4 R,

catal ysts alﬁuiaqaroﬁcmsrsmpenrahighgpmﬂudu\tltyams that may be advant ageously used

?:8?82?;? ?o%o th%%fg%em ent h‘%] S%‘Sq’?sﬂiﬁé‘%?g@c%m Bé‘{“‘g[%’ 0S 3201155,

1982 (o K.grddigh! c Chang) Du Pont | EP-A 99676, 1983 (D. L. Brake):
M t subi shi Chem c | ndustr] esétalEP A 1240 8f 1(:9084de Al Ky Nakam chi ,
M Otake, T. ‘usHt gssure zinc catalystsy coipesgd of 2 xidsand o g |on "eXChange

resins, suppogt Qmﬂegs&reqapﬁeyaamﬁﬁs (:Grupd”secasle:& cs:ide; @ppetgrieemida aci d) and
m xtures thereof, can al so advantageously be used as etherification

catal ysts; and §{?H}9éﬁ't ed heteropol yaci ds catal ysts are preferably used
accordi ng to theeRdC5RbBdingty saidf@ﬁd eﬁaubdlmgnttohexe@kesahmveﬁtdmea pifefeerali on

process to produce al kyl ether(s) tg nmet hano)
25  methanol synthesis catalyst is a mixture of copper, zinc oxide, and a promoter such as,

chromia or alumina. Under the aforementioned operating conditions, these said mixtures
can catalyse the production of methanol from CO and H; with a high selectivity.
When, the alcohol synthesis unit is used to produce a mixture of alcohols, such as
methanol, ethanol, propanol(s) (n-propanol with low amounts of iso-propanol), and
30 butandl(s) (n-butanol and iso-butanol), the operating conditions of the alcohols synthesis
unit may vary depending on thé_ catalyst employed. Suitable catalysts include modified
methanol synthesis catalysts., modified Fischer-Tropsch catalysts, metal mixed oxide



di met hyl ether (DME) and/or nethanol and ethanol to dinethyl ether and

net hyl et hyl 15et her and diethyl ether, water is also produced. It is
preferred accoiding to the present invention to proceed with the renoval of
said water prior to the introduction of the alkyl ether(s) to the next
stage of twios2009mrenzsi on. Ot her ethers can al so be prodecedBelwsooag?t he
etherification process depending on tH® conposition of the al cohol
feedstock introduced into the etherification unit, e.g. dipropyl ether,

di butyl ether, dipentyl ether and ethyl pentyl 20 ether can al so be produced
and sonme of the said ethers can advantageously be separated, isolated and
used as dicataystsadiddinimhased catalysts apd melybdrpumcs eppederfplysthvent i on, at | east
a part of the i ' ot hodifild optionally
H2, are int rod%@g@gﬁ%kga@g‘? %ﬁ%%&ﬁ%ﬁ& %éﬁ)efeh?%’q%%g%nﬂgs@once gd?qan acidic
honogeneougombteh Etoaticder&sh e is: addedrsisylisaturiogthe utalystprepaition; 28 mgfpirédcant s have

found a prefery enbodi.nent ere itelS_€ cially ad t (e.q.
i ncr eased H&?&ﬁeggﬁf‘? Ii’(gaéfmﬁlé?ﬂst%’ Eﬁrﬁigﬁ%etdff e? éagfopgﬁy Sé‘ﬁ"&ﬁ&ga;l@?%%g‘%?n t he
presencse odariddate BF @h@ioats] Theddreftregidlbadingys of porasiunrpived it afolypdaluim isof t he said

al kyl ether(s), emanate fr he af qr tioned etherification unit.
However ; at “Yet?nﬁr?aé@g]eslt'ﬂ‘gftil\rl_ ergﬂggﬁﬁwﬁﬁrhﬁog?cpﬁﬂ'e present invention,
at | east a par tThehreféiredahtidykt fof A16dhol syhthedls) acsdrding 1 thdyeresear invsnyibgtis on uni t
30 may al so originate froma direct: synt%ﬁe@i s gas, to al @j/l et her  process
(e:g. syntmelpdenuymsulphidgbased Fafplysts spafapming-eabalttiic cobalt tomlyhdenyrp molary

produce di gRb Bathg Sbfafibly nfpKeddWivkes 03MEld SQY nbtdPréfeiablyWetween D.5dnd 8O i s t he
met hanol synthesis reaction; however the reaction to WO .

2009/ 0¥ 7 28WaRstBelsrBhosmen 0920 §% duce di nethyl ether is nore -
t her modynami CalWenfxﬂéflgweﬂmguli)fﬁa@bésg@cdﬁ%MQkmﬁ%?édhﬁ@hl@oho}‘@qﬁksimt hanol
d h has 1Tead to clo

synthesis reaction cohditions. This ,9se-coupling of these
reactions umitiaprsfenapilonesaied a5 p tempezatyre ahgreder thackS836i pigferah esfhapal yiel d

per pass. ﬂb‘o&asamo%ragﬁyakrﬁ]vg%&té%aﬁbhm;_aamgmmafdodbz Yrefefubfy 18R uhanol

synt hesi s cat al yst, Xxing an 5 acidic catalyst wWth a nethanol .
synt hesi s 3%°8apd mostSuefbraplydese than $2¢:7G Likerass, it istoperated at preggure9if greater

275770 - 18992 PRV RANEy e R0 e rFar R e IO RE g B O

Manar a) . Tthen $SINPacAesptdingto e preferresientbediaept afdhis aspeetiof the pzdsens inyentippnt hesi s,

for exanple the inclusio f. a post 1d ] ] synt hesi s
unit can bﬁle ﬂ@eeaal TS ﬁ%%%%o ogﬁylggllwsek“ﬁ{e:l? f %@?ﬂfb@ﬁ{%ﬁ,}gﬁ g‘%ﬁ% ation

cat al ysts kisewh tb thosdiin th &t entemiony arytliyeproducts sadi atiatkahesnaldehydesuletanes aci di ¢
het er ogenemi g%ifal ysts. For exanple, the catal yst can be selected from
homogeneou®S¥MBHG aci d cat al ysts, e.g. phosphoric acid; and, heterogeneous
anal ogges such g&ofdipo tieatespitdayehtion, theaiolola prbdGRRG: the aledlad] yuttlesis Ot her

het er ogeneous cat al yst.s i.nclude, zeol .t es. stragn cid, i 0oni.C resins '

cat al yst s; "aih¥e feg fritroduced pntp é’bft.her%ﬂfé% iR T fﬂ(yéﬁ%grgﬁr}'r%ﬁfxagfpl% he
present | num&}yﬁalhérhec&ﬁ?wiﬁoaﬁdelaby nreqsela@sscﬁfmpnswa@digehua?;ai pr pguct .
conprising a a ester(s) of a |ower i phati ¢ carboxylic acid conprises
reacting ae‘QPrkﬁﬂag‘é’c?féﬁﬂ%af‘°\)}\H“ﬁe’8‘é‘r% Sﬁ%?ﬁ%sd%acﬁ?fb@r"e gf?é&p(fﬁtﬁ?&gl y
anhydrous  g@Rgtnl Wey)Svdl. 'VIi3) BarP8 SRRAE Bhibthe WY d0 SRkgANID6SS pp2 1 TaBADY ST
conprising a zeolite havi gjgs at | east one 8-nmenber channel . said

R . rn (
8- menb@$ r lrraedenMaekersfasselschaft Bir eleltrashemaisehgladysigie GmbH, DE 680328, 1934
(P. Halbig, O. Moldenhauer). R. L. Brown, W. W. Odells, US 1873537, 1927.N. V. de

Bataafsche Petroleum Maatschappij, FR 701335, 1930; GB 332756, 1929;GB 350010, -
1931;GB 403402, 1932. Further examples of etherification catalysts include: iron chloride;

copper sulphate; copper chloride; manganese chioride; aluminium chloride; aluminium
30  sulphate; chromium sulphate; alums; thorium compouqu; aluminium oxide; titanium
oxide; barium oxide; silica gel; aluminium phosphate; and acidic ionic liquids. The chosen

etherification catalyst may be either homogeneous or heterogeneous.



20 channel defined by a ring with greater than or equal to 8 nenbers, said
8-nmenber ring having a wi ndow size of at least 2.5 Angstrons x at |least 3.6
Angstronms and at |east one Bronsted acid site and wherein the zeolite has a
silica: X203 ratio of at least 5 wherein X is selected from al um nium
boron, irorWwWOgPRITaIe and m xtures thereof, such as nor REAIGRR008/00£162 rierite.
250ne conponent of the feed to the carbonyl ati on process conprises
(primarily) alkyl ether(s), which according to the present invention are
produced during the aforenmentioned etherification process. Said alkyl

ether(s) are conpounds having the formila R1- O-R2. 1IN h RL and R2 are
i ndependent | y Chccopling R yhe pipssiiaventippthe preferred gihgraficatipn @éﬁSW‘BO atoms in
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etherification process depending on the composition of the alcohol feedstock introduced
into the ethériﬁcation unit, e.g. dipropyl ether, dibutyl ether, dipentyl ether and ethylpentyl
20 ether can also be produced and some of the said ethers can advantageously be separated,
isolated and used as diesel additives.
According to the present invention, at least a part of the aforementioned alkyl
ether(s) togetﬁer with CO and optionally Hy, are introduced into a carbonylation unit in the
‘presence of an acidic homogeneous or heterogeneous carbonylation catalyst. The
25 . applicants have found a preferred embodiment, whereby it is especially advantageous (e.g.
increased catalyst lifetime) to conduct the carbonylation process in the presence of Ha. )
Preferably at least part, most preferably all, of the said alkyl ether(s), emanate from the
~ aforementioned etherification unit. However, according to an alternative embodiment of
the present invention, at least a part of the alkyl ether introduced into the carbonylation unit
30 may also originate from a direct synthesis gas to alkyl ether process (e:g. synthesis gas to
‘dimethy! ether). For example, the reaction to produce dimethyl ether is exotﬁemﬁc and

: eQuilibrium controlled, as is the methanol synthesis reaction; however the reaction to
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generation stage), via_ a _cryogenic separation and/or use of a menbrane.

In fact, awedveeidimgthybetheris wpesrthermodyraeate frvowpble fian fiedngthanol nyenti on, the
car bon We}géﬂags%l,tugd mte&aﬁ(p%yﬁ?{]mg%egl o trhﬁfﬂag RAJYS chsbebipithi 8 anmounts

of hydrog exanpl e I nt ro In the carbonylation unit
may ‘be whahese seactimmsima single cartonas asymhefsm@e@m theamﬂentlsl yield perrpab Yhiger i ved

2000/ 0777 I8P TESbOR DU BUE eI R PERRA s bty orymivinean o

t akes M acaeidiocatahyst wities amdmnoifsyﬂnbd;sts oaakylso Rudhgmasessdeara nfietnetineg emas

preferably,. the ratio f carb e 1:3 to
51 on o disPavmhal e Sonmirogdi ST {3620l 000G Gdeaid), BERTITRES |
synthetic EWE(GIMmmBONStaﬁIYSEaubM) rmﬁmommm (GcMmafé)rﬂ‘hesanwl s having a
definite crystalll dlffractlon The

t d
cheni cal H@lcﬁ?gW E? gpl‘,:" {°te"é‘g°%ajﬂ’tt\9g%&g§‘% rfxﬂﬂi’ fbﬁé'ﬁldlfw %% 1y consist

of Si02 I%Mcmmeamnmedtanehﬁlsyﬂmm Baust@pl prede flkylteter@val ent -at oms
such as Ti trival ent atonsﬁ(fwﬁgqas A, B,. Ga, Fe or by bival ent

at ons Xich as @m%c%vné{la&%%%‘& rgtent iaveptigh pre@cidic conpri sed of a

system of haparbes WMALRIL HERYodRBeduB ERAIGRN FEESARAPNY the cablyfichete witaracl
systenms or_cavities such as side-pockets or cages. The channel systems are

uni f or m i niteyn hemogenequs sEongAsid atalysts o8- iPhesPhPFP 4cidy and heterogenedsensi onal  but
are not ne‘cﬁﬁﬁ)ggés stléﬁ égg}gﬁﬁeﬁrﬁ%sﬂﬁm@ﬁﬂd dhd'EAPOQRAL1YSHs. GRE-HdicrtBadoanal . The
z

channel syste I'ite are typically accesséd via 12-nenber rings,

10- nenber ~ ¢atalysts inglude zaelitess ptrorigagid ionfpresigpeatalysis; andmixtyres thergef oned
“her ei npbove co @bﬂgﬁxtg ?j'l‘ &85 du‘Hé]ft' of (R8 PRSdnt WL V\rﬁf&n'&% égﬂ;oh?%nléoéws fap

8-menber ring. Pref zeolites are those do not have side-pockets
or cages V\Pm&ucmgtalmommmpelsmg rabylester(svfe Inweratiphatizeabprdicaeidnewor k Types

(C. Baerl ogher anlﬁf@ rdam

2001) in con J i Flec#\léag{r\l&%\ng%ﬁt%h%‘g&%ase qr\}oe[rg;sdae Gfder 54 bﬁﬁ}{ﬁﬁry ba

(http: //mumndmanshﬂwqteﬂememfgydiag@baé of4 gatilyst comprisingracieelite bivingol ogi cal

and struct ta| 0] es of
ring str ucfté?f?g'ée P‘g er rm CH%U' f%&ggﬁ#@%ﬁ%ﬁi‘%el bégﬁér@%g@gﬁéﬁgf&]t

channebs detatuiet defingd bﬁa hng il gte;m:ethaﬂor equhldo ﬁmthssssaof 8-membenrage nt

i nvention, theter zeo c ude rlas olite-type
structure 2AYD® a“él ?Fjﬁt‘@as‘%oé%?ﬁs 3?y§?afﬂsl 12 48R trd)msaén?gtgfa% éneesuch as

| TQ 6 and Btdnbtedmhélamd edicrei thezeaotitechns atmcasmm; ram deQe%S mmemxls

car bonyl at i Eroce s of the present .inv *1 s a zeolite
25 havi ng ected fom alyainpm, haron, ‘6‘&’???1‘8‘&“89‘? ﬁbmS e Y ahedr al | y
co- ordi nat %e@ﬁ@rrs (tetrahedra) WI th a WI ndow 5| ze haV| ng a mni mum

di mension of 2.5 Angstrons_Xx 3.6 Angst . The 8-nenber

i nt er céhnect ed YReoqmpenqnpgkthe E?ﬁ%t‘bth%l?ﬂ’i y sipn W@‘CFSB?’%P"}SF%@“#?WT%EQ to or
greater t h@tﬂer% 'miﬁhedcéordﬁl %"th@ reséht Vet ale’promitbdiring Titcaforemertiaehect ed

8-, 10, and nber ri 2& C annel S provide access to Bronsted acid 30
sites cont ahmf@atnqnnrbs@sgs ket ether(s) are eempeunds hayingdhgioantlde car bonyl ati on
of the alkyl ether(s), such as di metQylp.gf her to proceed at acceptable
rates. '

- in which R; and R, are independently C;-Cg alkyl groups. The total number of carbon
30 atomsin groups Rjand R,, if R; and R; are alkyl groups, is from 2 to 12, preferably from 2
to 8, most preferably from 2 to 6. Preferably, R; and. R; are straight-chain alkyl groups,
most prefefably straight-chain alkyl groups having from 1 to 3 carbon atoms each.



The zeolite for use in the carbonylation process of the present invention:
may WO 2009/ 077726PCT/ GB2008/ 004102 15. consi st of interconnected channels
defined solely by 8-menber rings, such as zeolites of framework type CHA,
for exanple, chabazite and franmework type ITE, for exanple | T@B.

Pref erabl y, whomeosrzs the zeolite has at | east one chanmelr/dmoosmaiiny an
‘8-nmenber ring and at | east one intercodnecting channel defined by a ring
with greater than 8 nenbers, 5 such as a 10, and/or 12 nenber ring.
Non-1imting exanples of zeolites having 8- nenber ring channels and
interconnecting larger ring channel systens include zeolites of framework
type MOR for eRwrepibenylationdenstiencoveratiean beidapicied errierite and 1 TQ6, OFF,
for exanple, offretite, GVE, for exanple Grelinite, MS, such as ZSM 57,
EON such as ECR-1 and ETR suctRig@-Re€R-@4> Ri¢@PBr abl y, the zeolites for use
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V0 200970 et7h%r6 i?gs-l;'/m%%%r?co ,/ﬂ10e0p4rc}c81%t v%n?l clb)/tgl;rié\éb Jn%%%&ﬁ of the two possible carboxylic

acid esters, depending on which of the two C-O bonds is cleaved in the reaction. For
.example, if the feed is methyl ethyl ether (R; = methyl; R, = ethyl), then the product will
20  comprise ethyl ethanoate and/or methyl propanoate.

The feed to the carbonyllation'lmit may comprise substantially pure carbon
monoxide (CO), for exa'.mplle,. carbon monoxide typically provided by suppliers of
industrial gases, or it may contain ifnpurities that do not interfere with the conversion of

~ the alkyl ether to the desired ester, such as nitrogen, helium, argon, methane and/or carbon
25  dioxide. For example, the feed may comprise CO that is typically made commercially by
removing hydrogen from the synthesis gas (produced during the aforementioned synthésis
gas generation stage), via a cryogenic separation and/or use of a membrane.

In fact, according to é preferred embodiment of the present invention, the carbon
monoxide feed to the carbonylation unit contains substantial a;noﬁnts of hydrogen. For .

30 example, the feed introduced in the carbonyl_atio_ﬁ unit may be what is commonly known as
synthesis gas, and is preferably derived from the aforementioned synthesis gas generation

unit.
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- As indicated, the carbonylation process takes place in the presence of both carbon
monoxide and hydrogen; preferably, the ratio of carbon monoxide: hydrogen is in the
range 1:3 to 15:1 on a molar basis, such as 1:1 to 10:1.

~ Zeolites, both natural and synthetic are microporous crystalline aluminosilicate
5  materials having a definite crystalline structure as determined by X-ray diffraction. The
chemical composition of zeolites can vary widely but they typically consist of SiO; in
which some of the Si atoms may be replaced by tet:avalént atoms such as Ti or Ge, by
trivalent atoms such as Al, B, Ga, Fe or by bivalent atoms such as Be, or by a combination
thereof. A zeolite is comprised of a system of channels which may be interconnected with
10  other channel systems or cavities such as side-pockets or cages. The channel systems are
uniform in size within a specific zeblite and may be three-dimensional but are not
necessarily so and may be two-dimensional or one-dimensional. The channel systems of a
zeolite are typically accessed via 12-member rings, 10-member rings or 8 member rings.
The specific zeolite mentioned hereinabove contains at least one channel which is defined
15 by an 8-member ring. Preferred zeolites are those which do not have side-pockets or cages
within the zeolite structure. The Atlas of Zeolite Framework Types (C. Baerlocher, W. M.
Meier, D. H. Olson, 5 ed. Elsevier, Amste;dain, 2001) in conjunction with the web-based
version (http://www.iza-structure.org/databases/) is a compendium of topological and

structural details about zeolite frameworks, including the types of ring structures present in
20 the zeolite and the dimensions of the channels defined by each ring type. For the purposes
of the present invention, the term ‘zeolite’ also includes materials having a zeolite-type
structure such as delaminated porous crystalline oxide materials such as ITQ-6 and pillared
layered oxide materials such as ITQ-36.
The carbonylation process of the present invention ;.)referably. employs a zeolite
25  having at least one channel defined by an 8-member ring of tetrahedrally co-ordinated
atoms (tetrahedra) with a window size having a minimum dimension of 2.5 Angstroms X
3.6 Angstroms. The 8-member ring channel is mterconnected with at least one channel
defined by a ring with equal to or greater than 8 members, such as 10 and/or 12 members.
The interconnected 8-, 10, and 12- member ring channels provide access to Brensted acid
30 sites contained in the 8-member ring channels to enable the carbonylation of the alkyl
ether(s), such as dimethy] ether to proceed at acceptable rates.

The zeolite for use in the carbonylation process of the present invention may
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consist of interconnected channels deﬁngd solely by 8-member rings, such as zeolites of
framework type CHA, for example, chabazite and framework type ITE, for example ITQ-
3. Preferably, however, the zeolite has at least one channel formed by an 8-member ring
and at least one interconnecting channel defined by a ring with greater than 8 members,
such as a 10, and/or 12 member ring. Non-limiting examples of zeolites having 8- member
ring channels and interconnecting larger ring channel systems include zeolites of
framework type MOR, for example, mbfdem'te, F ER, such as ferrierite and ITQ6, OFF, for
exainple, offretite, GME, for example Gmelinite, MFS, such as ZSM-57, EON such as
ECR-1 and ETR such as ECR-34. Preferably, the zeolites for use in the proéess of the
present inventioﬂ have at least one 8-member ring channel interconnected with at least one
12-member ring channel, such as those of framework type MOR, OFF and GME, for
example, mordenite, offretite and gmelinite.

The aperture (pore width) of an 8-member ring channel of the zeolite has a
minimum dimension of 2.5 x 3.6 Angstroms. Channel dimensions of zeolite framework
types may be found, for example, in the Atlas of Zeolite Framework Types. In addition,
M.D.- Foster, I. Rivin, M.M.J. Treacy and O. Delgado Friedrichs in “A geometric solution

to the largest-ﬁée-sphere problem in zeolite frameworks” Microporous and Mesoporous

" Materials 90 (2006) 32-38, have used Delaunay triangulation methods applied to known

zeolite frameworks and have tabulated the largest free-sphere diameters for diffusion along
the three principal crystallographic directions for the 165 zeolite frameworks that are
currently listed in the Atlas of Zeolite Framework'T}pes. Ring window sizes may be
modified by suitable atomic substitutions that change bond lengths and bond angles of the
tetrahedrally co-ordinated atoms and the bridging oxygens.

" A partial listing of zeolite framework types having at least one interconnected 8
member ring channel of minimum dimension of 2.5 x 3.6 Angstroms taken from The Atlas

of Zeolite Framework Types is given below:
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a calcination treatment at high temperature. The synthesis of'zeolites is described i in
numerous references. For example, zeolite Y and its synthesis is described in US
3,130,007, zeolite ZSM-23 is described in US.4 076,842 and J.Phys. Chem. B, 109, 652-
661 (2005), Zones, S.1. Darton, R.J., Morris, R and Hwany, S-J; ECR-18 is described in
-Mlcroporous Mesoporous Mat., 28, 233-239. (1999) Vaughan D.E.W. & Strohmaier, K.G.;
Theta-1 is described in Nature, 312, 533-534 (1984). Barri, S.A.L, Smith W.G., White, D

~ and Young, D.; Mazzite is described in Microporous Mesoporous Mat., 63, 33-42 (2003),
Martucci, A, Alberti, A, Guzmar-Castillo, M.D., Di Renzo, F and Fajula, F.; Zeolite L is
described in Microporous Mesoporous Mat., 76; 81-99 (2004), Bhat, S.D. , Niphadkair,
P.S., Gaydharker, T.R., Awate, S.V., Belhekar, A.A. and Joshi, P.N and also in J. Ind. Eng.
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channel and the carbonylation rate whek’eas no such correl ati on has been
observed for 12-nenber 20 ring channels. It has been found that

car bonyl ati on rates increase in parallel with the nunber of 1-14- sites

within 8 nmber g, cha a el.at.i [,S.evident with
t he nunbep&b?“ Iyr01 g “/&Pﬁ‘{)@%zﬁqﬂeﬁ%g Zﬁ]ﬂav gﬁﬂ‘gﬂéqegte ‘sr‘%écqhﬁﬂﬁer of f1+
sites wt hngh&-sljggﬂgg‘{ Vil 19873 Rlef Me@N be control |l ed by replacenent of the
J{4 with nmetal cations such as Nal - or Co2+ using known ion-exchange

t echni ques. 25THe zepliserratalyst fsnpoisithq earpopylationpsegess of the prasentipyentien ised t o
catalyse 1 [2q fHORNY Fithl Qb0 Sl (fRYND 41 TR GRE Lo, FoR KRk )gy. L he ol ar
relatlonshlp : ereln I's a trivalent el énent, such as

al umi ni $im mbulewite, H-fewieriten Other foga$ of therzeopitecsuch asthg NHa formi oan berconpReds| 02
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Si 02 ' X20@ngWal tadhniqatd such s infs-Sedtdnd MR s;eqm@dcom@temﬁquepaqnmﬂbaibn 6f 02 :
X203 ratios can_be obtained for many zeolites by aI um atl o where X 5

is Al), byBunsadasdittydiiRsod MR sasEreseeRy it FE"@’(P VRent or

aci d washi pga., Wisenes BhadiieRny.J. tMetee@tahe/Mmersmm lelf&ﬂlsc@lﬂb@ﬂél'oﬁtl on
unit is conposed of nordenite or ferrierite, or.mxtures or conbinations of

the two, efatalypis 47,422, (1), 0, Thwweaefﬂlavfeﬁlw HyMoedenits (detineddyldd to as

Hor dggi t geRABE rh&gz gid § Bbinb&)ring®'givaRisk R lIdaMt tivo Bandd %608BEE itRkhel 0Oaded wi th
one or nore netals such as copper, nickel, iridium_  rhodium 10 platinum

pal | adi um hysiroxy eegion of Fhmersemiteeore-corPspendingyigyibratipniptaiths laiger roresiand con and

al um num ahanRg.e, %Pﬁ'fo@depg%gfeﬁé}e%bfaln FEB the kxﬂalfepﬁoréﬁ?tl Hab Bech sREVRYYRANK -

particul ar ygalluman I'ron err i_lerlte catal ysts may, . in

addi ti on- t thergii$ a eerrelation batween the punbes 9! é@ﬁﬂ%ﬁdm%@ﬁﬂﬂéﬂé%ﬁb@nﬂn t he

zeolite fr %ﬁﬂ@%ﬁbor%ﬁ%l Edlllé Rhdr¥as lﬁ? rsﬁyﬁ’coﬁahﬁdn% g&ﬂ/ oBEertddtr 125hahspor -k
enen 1

nodi fier e ypes of catalysts may be Introduced to the
- 20  ring channels. It has been found that carbonylation rates increase in parallel with the

number of H' sites within 8 member ring channels. In contrast, no correlation is evident
with the number of H* sites within 12 member ring channels. The number of H" sites
within 8-member ring channels can be controlled by replacement of the H" with metal
cations such as Na* or Co?* using known ion-exchange techniques.
25 ' The chemical composition of a zeolite (that may be used to catalyse the
carbonylation process) may be expressed as involving the molar relationship: .
| SiO; : X203 ' _
wherein X is a trivalent element, such as aluminium, boron, iron and/or gallium, preferably .
aluminium. The SiO, : X,0; ratio of a given zeolite is often variable. For example, it is
30 known that mordenite can be synthesized with SiO, : Al,O; ratios of 6 to 90 or greater,
zeolite Y, from about 1 to about 6, chabazite from about 2 to 2000 and gmelinite may be
synthesised with SiO; : Al;Oj ratios of greater than 4. In general, the upper limit of the



15 framewor k by any conventional neans. \Were a framework nodifier el enent
is used in either a nordenite or ferrierite catalyst, the catalyst suitably
has a ratio of silica to the oxide of the framework nodifier elenment woul d
be from about 10:1 to about 100:1. T-atomincorporation where T is B, G or
Fe into zeVIO20e075M26t he ferrierite structure is discl oBetGBmosAd+41@n- Cabrera
et al., Catalysis Today 110 (2005) 25398263; Shawki et al., EP (Application)
234,766 (1987), Sulikowski et al., J. Chem Soc., Chem Conm, 1289 (1989);
Borade et al., J Chem Soc., Chem Conm, 2267 (1996); Jacob et al.,
Zeolites 430 (1993) Vol. 13. T-atomincorporation into.zeolites of the

nor deni t e 07 ¥1Quratioip anboupded, for gxampls, theagolye ZM-3. Jhespecifiszedlitt n Spith, WO
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H- mor deni t menber o alumnosilicate zeolite class of
m neral s. Tied0f suchad 1) to BO.rfiwitdlelp the:SiOa : K@ mplaf retigrisiless thapar pgualiol8d: as

Na( ALSI 501 )y R Qi) )éb‘a?atiS?ca!ﬁ%L%L%ﬁ%& R fithny Fé%ﬂtes bk/g'eagmﬁfﬁaﬁé hErefy OM a
nunber of ‘cormer ¢ al’ “dources of such naterials. H Wrdenite has elliptical
6.5 x 5.0 idAbhensmidard(tdchniypedesingrhiighgempirathre\sieani dxeatopehénragil washingng in t he
crystal |l ographical c-directi.on It alksq, h f channel s
runni ng 30 peré’éﬂ’b"’leﬂhogﬂmff% ﬂfeh%taiyfhhsﬁé ere‘?a?%ogy%ﬁ%éme lgc?rgﬁ%urgifmi ng in the
b- di rect i ofigrdenkie®s et lor fivanebiscombimtiats of the 3wd, eithet.pér & (Chamried s havi ng 8

menber ring, W ndows t hese. di nensi ons. nordeni te .structure al so
possesses & B‘J’ZEﬁﬁerglIyHFgHEﬁfOﬁr{g'me‘ﬁ@%paﬁggﬁ f%rgs’ or optionally fon-" =

2009/ 0777 26065 RR 103 MA 07 dnért renlssueh aboeppes, iokiel irirthuf, adityey i ngs (i n
t he cr?/stal | ographic. c-direction), This results, :ﬂa a distorted, w ndow to
each s/le BMptinufe PaHagiugy, ehHg @lt-oMO?.eB‘t"xca?.iy?tsR?ayF’@ fiipn fosiliconandyt her nenper

of the al WiiRRemladtdnel SontRfurther Hdradnss ift theFeslRE Bhrfiewdtk SPartisaiirlygalliemi n t he
Na-, NH4- and H forns., In the Na-formits fornul g] generally is given as
NaO. 81( 0. 2amgr irgm Bnierite ssaly b may, in addition'to silicon and aluminum atoms, contal

5(My, Naz, I%nﬁa)eﬁgﬂ%m[iﬁaﬂié-zc?oﬁt@gaxﬁev%]fgjpgjﬁcglwQo'rox_ll,tgallihﬁpandjo‘i iraiai | abl e from
| .

various commerc sources. Additional information on these and other
mat eri al s Bramewerkfandifier elaments tofasia types of ratelies may by ingfedussd o heol it e

ASSOCI & | O, mdWitk L%Qﬁyoéahi'éﬁﬁo&{l Cheatd R@herd @fr&g&r&ﬁﬁgoﬂiﬁ%f GeRedt gsl&emﬁ{mer ring

channel’s running In the crystallographic c-direction and 3.5 x 4.8 8-nenber
ring channether 2 mordenity dr ferrierite batalystetbe ratalyst 30tphly hane Fbiaf silirale theeact i on i s

to be cond exg{léle& ﬁeﬁ%@m}l& %Ioélﬁlie}- é]erh%ﬁ wWoRape %mojboﬂﬁb,qrbto‘ﬁgﬁﬁ 18¢1.ng- t he

specific I one erel nabove, for exanple’ rying the zeolite
cat al yst batbmriscotpegition wheretThie Bo GaonF¢ ity zeplites efithgisirieritesrugfuesigat i ng t o 400-
500C. " neral . - eplite 9’?2?' b$ + Ve P .

car bonyl at ?lgﬁqo%gglg{élglédni (\é%r?eg?]gta ? ?lé)r‘%g"rg atu é}é@éﬁqb@rﬁg%gwﬁg%‘%‘t%{%%’o%q t hat

i s, at20 enpephtation)s23d{766 (1987 Solikowskikt tlg JaBGham. Sas, Gamm. Compr.dR289 ably from

about 250 bout 400, C. e feature af the,nr Sl to surprisingly,
t he carbo n{)lgﬁ@r g’r‘?’a&? et @‘T”" ésfe’ ﬁe&?’b@/ﬁ’ i gz%? ??;6? éi{cﬁ%%\tc?gt %“’E’g’f ng

nor deni t e 3001993 Vo 18d Teatdra inestpsraomlinionzedlites sfithsmardeiitd stabtuenderef wat er
can be perforyred with very high. selectiviti < Aypi cal total operating
pressures Wﬁéjr‘}ﬁ%bﬁ P & ed%lglsﬂafpbﬂ/%’ﬂﬁ?’rw{)hgﬁg%lr%bnyI ation 20 process are
from1l MPa to aleideni®coiitonlpaediRblielab Nanopdenad NNH,-rokiBidteton Hatnordtnitth MPa

75 is a member of the aluminosilicate zeolite class of minerals. The formula of mordenite in
its Na-form is usually given as Na(AlSis0,3).3H,0 or (Na;,Ca,K2)Al;8i;0024.7TH,0. Itis

available from a number of commercial sources of such materials. H-Mordenite has

elliptical 6.5 x 7.0 A channels (12 member rings with window openings running in the
crystallographical c-direction). It also has a system of smaller channels running

30 perpendicular to the 12 member ring channels (and running in the 5-direction). These small
channels consist of 3.4 x 4.8 A channels having 8 member ring windows of these

dimensions. The mordenite structure also possesses a zig-zag Y-branching of the pore



and nost preferably fromabout 2.5 MPa to about 10 MPa; preferably with
carbon nonoxi de pressures greater than 1 MPa and di net hyl ether pressures
bel ow 0.5 MPa. The zeolite carbonylation process is carried out under
substantially anhydrous conditions, i.e. in the substantial absence of

wat er. The wart@onyl7at i on of dimethyl ether to 25 net hylecatdmosavaordoes not
generate water in-situ. Water has beenl%ound to inhibit the carbonylation
of dinmethyl ether to form nmethyl ethanoate. This is in conparison to prior
art processes, in which dinmethyl ether was a co-feed, and in which water
was al so fed to the reaction. Water s thus kept, as Iom1as fea5|ble in

order to alWesire A tabuisted § Resber TiRgs ’(“dhep“r%%%@&r aghic c-dirgefion) TRisgesvlisHn ¢ hi s,

the alkyl gﬁ&fm@%&@we&hmwh@e{ -biaRdhiRIr2 6308l KhFerﬁg-ltGi’stﬁbﬂﬁ% are
preferably dried prior to introduction into the process.

car bony! at imsmber ofdkesatumingsilicateragplitg slags of inerals, absaavailgblg dn He Na-, @Hﬁcﬁldpr ocess,

het er ogeneadii b HAE RaTEt Ml erBlyll STiB8 e RARAIB AL BP0 o
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may subseq ense erogeneous catal yst may be
used as comheavebentetqf tlnerinatﬂahemal Zedllte(ﬁstohembm 1fz¢-mﬂd1em I-bE&inerimhasper ating

t he process, ted startin terial 5 r.ecqver.ed a cled to
the unit. r?e"fb%g Hl?fnbﬁﬁ'R'iﬂChé‘gtegarrgmél[?gem?tﬁeﬁ%ﬁilag?gmfﬁgu?ﬁ;’a?glbenaf‘l o%yn unit;
however, s@yReribokYihg EfhfdSrunfing in tHEbittctiéhhanoat ) nmay al so be recovered
and sold as such y .be forwarded to ot oces units as
desi redY Pref ergb?‘iﬁfb&t‘%‘h’ief“‘r“@“l‘séﬁ £f “ﬁ?‘gﬂlﬁiﬁtﬁmﬁ% th @?Fﬂcet‘) WelRE
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correspondi ng esters. 10The al kyl ester produc be rempved fromthe
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distillation stages fromthe other ‘conponents The al k ester pr oduct may

al so be r erempremturss # oy bglow ebgut é@ﬁ°@h@at§§’raé¥§mpé‘ﬁﬁ‘lquﬁ§ﬁ9ﬁé‘ eut 150 iabaYt on unit .
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above séparati 0 ge, water is selectivel { removed fromthe
car bony! at isorpripinglydbscarpenylatien of ety lrether (PYERtopeshyd sbARGalHSMEoper at i ng
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arate ester estreameX|t|ngt e
car bonyl at |mﬁ1\wruhlglase®cnwgcﬁ purified to renove carboxylic acids (e.qg.
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hydr ogenat i on un |ca ron an ore Introduction into
t he hydi0ogamedessane fior tl, MP41e ahd)tkﬂD l\&at prefegablycfzom eovt HMPa tpakoubt2MPy | ess

R 0 i Bt kNt
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conditions, i.e. in the substantial absence of water. The carbonylation of dimethyl ether to
25  methyl ethanoaté does not genérate water in-situ. Water has been found to inhii)it the
carbonylation of dimethy! ether to form methyl e_thénoate. This is in comparison to prior
art processes, in which dimethy! ether was a co-feed, and in which water was also fed to
the reaction. Water is thus kept as low as feasible, in ordef to allow the desired reaction to
proceed best. To accorhplish this, the alkyl ether and carbon monoxide reactants and the
30 catalyst are preferably dried prior to introduction into the process.

The carbonylation process may be run as either a continuous or a batch process,

with continuous processes typically preferred. Essentially, the heterogeneous processisa



% nore preferably less than 0.2 nol % and nost preferably the

hydr ogenation unit is operated in the absence of water. According to an
alternative enbodi mrent of the present invention, water represents 30
between 0.5 and 20 nmol % nore preferably between 0.5 and 15 nol % and nopst
pr ef er abl yweetoosgm2d and 5 nol % of the total |iquid feedcgaokyisieest er,

al cohol and water) to the hydrogenati @ unit. WO

2009/ 077726PCT/ GB2008/ 004102 21 These said purification treatnments are
especj al |y advant ageous when a copper-based catalyst is enployed in the
hydr ogenation unit. - Furthernmore, the al kyl ester feed is preferably

vapour i sedapphase opqsatmwa%tqaﬁgm% P@n&%?%%‘&t@!‘h‘?f ligyidgr gaseoushase; e

heating t r.at I kavi ng cont act
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than 13 C rataeered hh&redmledpoﬂmtunite’ﬂwq:r@duutr&kyl esters amrthenfedfoshabl y at greater
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trace anmugghdersibn SBhOARE, est@ishﬂﬂﬂw coptpondinglestdrlehydes, together with
unreacted starti ng mat eri a

15unr eact ed al k esters, (e.g. from
recycl ¥ and =rldgatkxtester E'?d“‘}f&aygﬁé‘??bqvé‘gg %w*a‘%‘fmh‘gate is used as a

feed for t{gndWAnS BGNE taOondinbositidn ﬁh%éba%xﬁ?ﬂﬁ%&yﬁ&éféf'prﬂh&&ﬂ@ﬁé@r by
trans-esterificatron. The proportion of alk ester(s) prese in the exit

st ream wi | notsdlasheand/onifiaetipnhdistillationestagesfom tl!q%heé&?‘&l’%’c‘ts ankf 2{'{]I‘Pél Y&gr ee of

CONVer si 0Ny, L‘E ngcpﬁé teRR3val as%lvgﬁ!clur?r%ﬁﬁﬁé SheafheXitig tHelatbdfylatichfunfd, i f
desired, |nt oducing an acidic function into.the cata yst bed to

promot e i nAerording toarpeefersedeambiodisment efithe prpsentinksptiop Supg the abeyy sepsratig oy er ed
fromt 0, h as 't he
et her i 15 catfisnER iy SRl ‘%ﬁ%PQ@%‘%%%%?{BWS*?%?S%’%S&;Z‘i‘?@‘?ﬁ“‘s‘“@e to the

hydr ogenat aforementidned dperaingicedditions] y the quantities of these fluxes are
m ni m sed. ACCO/{ccor%gng t8 a%re%r?e]:i%&%g&n%m%?%crﬁggntqavehﬁ&l Iﬁ{eeséﬁa%ted eﬁlYﬁnt ion, in

order to mnimz
ester(s) from the stream exiting the carbonylation unit are then purified to remove

carboxylic acids (e.g. ethanoic acid) and water, before being introduced into the
20  hydrogenation unit. _
| After purification and before introduction into the hydrogenatioﬁ unit, the alkyl
ester stream contains preferably less than 5 wt% of carboxylic acids, more preferably less
than 1 wt%, even more preferably less than 0.1wt% and most ;;refgrably less than 100ppm
by weight of carboxylic acids. '
25 After purification and before introduction into the hydrogenation unit, the alkyl
ester stream contains preferably less than 20 mol % of water, preferably less than 2 mol
%, more preferably less than 0.2 mol % and most preferably the hydrogenatlon unit is
operated in the absence of water.
According to an alternative embodiment of the present iriverition, water represents
30 between 0.5 and 20 mol %, more preferably between 0.5 and 15 mol % and most
preferably between 1 and 5 mol % of the total liquid feed (alkyl ester, alcohol and water) to

. the hydrogenation unit.



25 the cost of separation and recycle of alkyl ester(s) within the process
the hydrogenation unit is operated at high conversion of al kyl ester(s)
feed to al cohol (s), such as greater than 50% nore preferably greater than
75% nore preferably still greater than 90% and nost. preferably greater
than 95% WO RMWIBER6al so been found to be an advant age POT/GBAS/OpH@CeSS,
that the selectivity of 30 the al kyl e8kter(s).hydrogenation to al cohol (s)
process can -be further increased, at the expense of undesirable

by- products, such as the aforenentioned allcanes (e.g. ethane and methane).
WO 2009/ 077726PCT/ GB2008/ 004102 22 Preferably, at |east a part,
preferably all, These aidpymification tregtnpentsiaee %WF%@Q%N‘%BFP‘EMW“@M&T% fromthe
synt hesi s %‘s%dG%O%t%érﬂﬂoﬁﬁ(ﬁ?ﬁn@H&&m%éna&ndnit i s obtained during the

af orenenti oned H2 separation) ere, If need be, the H2 content can be
further |ncreasﬁwlbyn@gtjp@dkylngfextﬂq@l lsane&rwmanemssdga@rtoeoraaq&mﬁw gas shift
reaction an | H2 stream
may ‘ori gi na?drgge?%%&g&\%% ?g y of ﬁ%"?ﬁ%ﬁ‘géﬁ‘gﬁs‘% p@h%—g%gﬁédﬂ@& PBQSng et hene
CII:] ackeL $, shu\;mgmtammﬁdlcﬁhroe barhdatinatﬁalajl@l @stﬂr@dggﬁmwghﬂieldhévgre,lthmml s known
that the main c roce 0se n H2 are
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ee sto cost i eedst ock avail abj iii. capital,.cost iv. |ocal
energy Mnd oper Af5ordjng iodhepresehnyention, fhe; ﬁ?répeé?fﬁ)ﬁfl&"élrﬁ s

The catal ytﬁ&&ﬁgerﬁfml wtqsgemrwmmy&mmearsﬁ&m dbpkising a&emsmeshditroam any of
t he 20fol | ow ng: preci ous netal based catalys npri si.ng of at

| east one OB é“ﬁﬂ?té’ln Ofﬁlé?h"@ g pydroggnatign RTPFéssf?é‘foi RS%E-‘@esc %{-Befréeae@)-’\‘s version,

for exanpl ‘f)rdd‘h&@ such'4 Qlﬁ?l' éém's aﬁ§ﬁ%H‘Eﬂnt&ﬂ@&lténﬁcitfbﬁdﬂrdé@]ambﬁﬂtﬁjbﬁﬁéthﬁbcke'
pal | adi um “pl ati nun) and | east one of the metals chosen from rhenium

t ungst en aﬁéﬁm wiatsr @Mﬂhwesdnaemmlummw%wwam%m metal, that is
capabl §50f @b Q¥d 41y Wit @2 FordFrye)dnlt LinfRRpl et @l © or

For example, when methyl ethanoate is used as a feed for the hydrogenation

unit, it also produces ethyl ethanoate by trans-esterification. The proportion of alkyl
ester(s) present in the exit stream will be determined by the nature of the catalyét and the
degree of conversion. The proportion of alkyl ester(s) may be fﬁrther varied, if desired, by
20  introducing an acidic function into the catalyst bed to promote in situ trans-esterification.
The alky! ester(s) may be recovered from the hydrogenation unit for recycle to other
process stages such as the etherification unit, the carbonylation unit and/pr as a recycle to
the hydrogenation unit. More preferably the quantities of these fluxes are minimised.
According to a preferred embodiment of the present invention, in order to minimize
25  the cost of separation and recycle of alkyl ester(s) within the process the hydrogenation
unit is operated at high conversion of alkyl.ester(s) feed to alcohol(s), such as greater than
50%, more preferably greater than 75%, more preferably still greater thén 90% and most
preferably greater than 95%. '
It is has also been found to be an advantage of this process, that the selectivity of
30 the alkyl ester(s) hydrogenation to alcohol(s) procéss can be further increased, at the
expense of undesirable by-products, such as the aforementioned alkanes (e.g. ethane and
methane). |



(i1") a copper-based catal yst (for exanple a copper chromte or a m xed
copper netal oxide-based catal yst wherein the second netal can be copper,
zinc, zirconiumor manganese). 30According to a preferred enbodi nent of the
present invention, the catal yst(s) enployed in the hydrogenation unit is a
copper - basw® 0evEiR6t , nost preferably conprising coppRE€T/&B2Dg/NMEL02 The
copper - based catal yst conprising coppé2 and zinc has a conposition WO
2009/ 077726PCT/ GB2008/ 004102 23 of copper oxide plus zinc oxide preferably
greater than 75 wt % nore preferably greater than 90 wt % and nost
preferably greater than 95 wt % Al'l of the afaor ntioned catal ysts
may advant ageo®&iSrape a {ggsterha PrefarablyllsefitheH: fed dyip B‘Gﬁ‘?’ngfl?ﬁ?ﬂﬂ;ﬂo‘l Wit hose

skilled i npfdifledfrdm tHRAYnthedN o BenePABRProREIRS (i 8 UER oBiae@blrtng the! Ude carbon,
silica, titania, clays,.alumnas, zinc oxide, zirconia and m xed oxi des.

Pr ef er abl yaforementioasd G@IHarrepraasion), ot if seedibs, the blp eonitent casrbedutesn.

Pr ef er abl vy -cal-al i ) oA xi de and

pr ef er abl ymg%%gdr?g%@ﬁ %%‘%tgg%@%glﬁ?g%s u\?\f %&gg%%g})%??%h%dg Accordi ng
to a pref ewbeduenhlpstpamtion.of t he present invention, the catalyst(s) 10
enpl oyed i s het g ) } yrhe. gperated in a
gas phase, or éﬁ%&g@ﬁ%@gﬂzﬁggﬁﬂg%gﬁg‘g%%g%é ggﬁ%’ﬁ%c‘fhgg‘é% i qui d phase
regi me i s pbeesses,tinvbudirgpathena crackers, styeene atandfheture and tapalyteoafbihingns, is bel ow

the dew paint te rature. .. The hydrogenation_.can be.co cted in
bat ch or " SUevEG e ST e i BTG S BT of SBOR 0 HReT st B

oper at i on drsaitétRerfitabiefdpmitigg stéadtireforming ahll arkiglchxoyeoddf lydroc&bed | on can be
conducted jin, adi abatic or .isotherml .node; ere adiabatic node of .
oo G sl aspatiplieps s hs dEppaiet MtoRs Shmay sRp a8 L ol 1y,
of adi abatgi@ngg_qizrlﬁgcd]w@ pibuiucéd odleckBlybis 6flwhter. Ser i es or par allel. For
reactors utilised in series, heat exfchané;ers nd/ or jntercqolers, and/ or

I

addi ti onal readbaaveralhehoise oftechaalosy)for Ripducing &2 iz grngrelly deteringd by e oyed in

bet ween sUpASRIRE ¥@nbRR doRSi8erhtibons &t fagtbrst he reaction tenperature. The.
preferred adi abatic tenperature rise is less than 50 C, preferably |ess

than 25 C and nost br desdstagk $ost ess than 10 C. The preferred use of

adi abaj4 c reactors |;s fidas¥ hvaflabilllpe adi abatic reactors may be operated at
di fferent tenperatures d_;gendi ng oh conposition of the individual reactor
f eeds. 25The hydr ogbh&epinceshn al so be conducted in nulti-tubular reactors

in which case a coolj Rglh&athEd SedhthPcbsts:Ghg cul ated around the tubes to
l gcl %%réyélﬁ%ot oty

control the tenperature. ermc reactions, as such, there will be a
radi al  tenperature ¥ zdvieconmental ednsideratiensor, the preferred gradient is |ess

than 50 C pref &bl s SmbRod 8 ety B R LA QUlNerdin LA O C, | The

preferred flow'reqi pe eactor 1s tur ent “rather than
| am na2Q tfollswiB@ corresponds to a .Reynol ds nunber greater than 2100 (where

e veloct AR AR RS BRI el Ly o
Group VIII of the periodic table (CAS version, for example iron, ruthenium,
‘osmium, cobalt, rhodium, iridium, nickel,_pa.lladium, platinum) and at least one
of the metals chosen from rhenium, tungsten and/or molybdenum, and -
25 optionally an additional metal, that is capable of élloyihg with said Group VIII
- noble inetal; or
(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,
~ zirconium or manganese).
30 "~ According to a preferred embodiment of the present invention, the catalyst(s)
employed in the hydrbgenation unit is a copper-based catalyst, most preferably comprising

copper and zinc. The copper-based catalyst comprising copper and zinc has a composition



WD 2009/ 077726PCT/ GB2008/ 004102 24 f| ui di sed bed, spinning basket and buss
| oop, heat exchanger reactors. A m xed |iquid/gas phase hydrogenation
reaction can be conducted with co-flow or counterflow of the H2 and gas to
the liquid (e.g. a bubble reactor). The preferred node of operation of
gas/ |i qui d weaewer7326 s co-fl ow, al so known as trickl e lped/GRaem8804101; this
Can be conducted in at |east one tubul2¥ and/or nulti-tubular reactor in
series. The hydrogenation reaction may change froma ni xed gas/!|iquid phase
to a fully gas phase reaction, as the reaction proceeds down the reactor.

The m xed phase hydrogenatl on can al so be%qc]onduct ed in ot her tgéges of
reactors, BOFcappengxide plus 31sioxe Py SieftPAdih{> WVIeACheF oreferahly giealihi e in a

slurry or %{ah%%ﬁ%zﬁ{a‘fﬁs?ﬁr@fe%dﬂtr&ﬂer%w&tmm external circulation and
optional Iy operated as a casca 10stirred tanks, a |l oop reactor or a

Sul zer mi xer - r eABpbthe aforementiqned Chﬁ?ﬂﬁ@g@haﬂ‘f?’@ﬁ@%‘é}a’tbeﬁ‘(@?“ @¥a@yabl y operate
at a t ewpegﬁ{agre% n@iogrﬂﬁ&%n EJ}?&e%ﬁge&n tﬁé'ﬁrt lngﬁ ﬁmﬁtﬂ%@x%ﬁﬂe&f such supportsAccor di ng

to a preferre i ment the present “invention the reaction tenperature
i s nore5t haweluds ©arbyn, pilied, ¢itaatal glayspalaminas zint pRidE zienizrarsk mixedexadesbl y nor e

coerated afreieild depRadiabaeAdatayet is syppoddio WAL SR0GRDOTHE EAREL O TRV De

oper at ed atP eg m)re g5 preterabl a pr ure of nore
than 5 I\/Pa,bamddatalystm sgupmdloe zimt okide and prefierably cbﬁ.ansqsrbctweprwmddbl\«y at a
pressure | ¢ than 13 MPa and nost preferably at a pressure |ess than 9
MPa. 20Acco/S ¥ BP0 an enbodi ment of the present invention, when the

hydr ogénat i on uRnkdording fo% peeferréd edbodinidat 6f thoppent inaceion, dat @tapst(s) t he feed
m xture i ntroduced |nto the reactor(s) is always above its dew point '
t enper aP ur mployed is hetgeeeews:  or conti nuous operation may be in the range 50

to 50,000 h. % predigid i{atif)ﬁgf&éssﬁﬁg’ bt Ope¥itedBQ: B PhaB St a piisddgastiquid f rom
2,000 to 9,000 W. 25The ester. |iquid substrate introduced intqQ the

hydrogenat iPB#se fegime. dme mixedigas/ligpid phase regiie i where thefrrclshBIXMEAL Mg, ab| y .I €ss

than 5 h4 aéh@m?e&h@msesmﬂsehaﬁ?o&mﬁp&atwa for exanple, a typical LHSV
for normal operation i's approxi mately 1 .. For the purposes of calculating

the GHSV and/ or Thtveydrogenation cammke Gopductsdrin batch orjSaiantiBpUS QIRORUBYOES r eact or s

are ar rlang%d'erboﬁﬁhﬁ&ﬁmoa@bﬂopefa%@isxﬁémw HiBred ef er's tOthe 30 conbi ned
voI ume of the catalyst in all of the reactors in serie According to

a preferred enbdhs hiseesgendtiop ﬁ@c‘mﬂé‘@é ke condyeted ingdiabatiger FPB?hﬁ'Fnarl 0% of H2 to
al kyl ester, I{S:F}:aatdldb&lc' Hode Qe Uﬁéf'ﬁm‘n@g ﬁefepr@d RYHSHORARSE BRIUdP sihgleSordr €at er than

2:1, prefer plurahty, of adiabatic bed reactors which can be used i in series or parallel. For reactors
utilised in series, heat exchangers and/or intercoolers and/or additional reactant and/or

20  recycle of intermediates can be employed in between successive reactors to control the
reaction temperature. The preferred adiabatic temperature rise is less than 50 °C, preferably
less than 25 °C and most preferably less than 10 °C. The preferred use of adiabatic reactors
is in series. The adiabatic reactors may be operated at different temperamres'depénding on
composition of the individual reactor feeds.

25 The hydrogenation can also be conducted in multi-tubular reactors in which case a
cooling/heating medium is circulated around the tubes to control the temperature. For
exothermic reactions, as such, there will be a radial temperature gradient in the reactor, the
preferred gradient is less than 50 °C preferably less than 25 °C most preferably less than 10
°C. The preferred flow regime in this type of reactor is turbulent rather than laminar, this

30  corresponds to a Reynolds number greater than 2100 (where the velocity is approximated
by velocity in an unpacked tube).

The hydrogenation reaction can also be conducted in other reactor types such as



WD 2009/ 077726PCT/ GB2008/ 004102 25 the nolar ratio is greater than 4:1 and
nost preferably the nolar ratio is greater than 5:1; and is |less than

100: 1, preferably less than 50:1 and nost preferably |ess than 15: 1.
According to a preferred enbodi nent of the present invention, the effluent
exi ting thwoevagenati on reactor, (or the last in a tPei/GBW0sME@ERt Ors), IS
subj ected to a separation 5stage, e.g.24cooling the effluent and then
feeding the cooled effluent to a flash vessel (wherein the said effluent
can be both cooled and/or flashed several tinmes). After this treatnment, a
vapour stream containing the majority of the H2 and inert gases (including
li ght al kafHidisedbed,spipaing begket and pussdpap, heat exchanger reaetons. A guixeddigyid/eas f or
recycl e t Qb yi%gERUER RhbRA i bd éotlucteB\GitE QISR bf &ubRMdW ofifd K, drger t gases
can be controllled”by diverting 10 a proportion of the gas recycﬁe streamto
pur ge. Accsss tii thgliquid (e apubje reactppvihetpraferredimadeof ppesationof gisiguidhe

hydr ogenat J It o ﬁ”i)aji 0 - at

distillat iﬂgn??ry%érﬂggvymggﬁl act %@%%?F%ﬁﬁ%%%?fﬁﬁ%d {sn:a[g%?se{t ed and

r ecoversed. onSaitulas emldorandt-tatmthr reactoviarsenksalledtydtogemation raastéontrhay charigeowi ng:

met h |, eth I - | W

| So- gpgpan%frﬁl Q%}%ﬁ%ﬁ%ﬁ?%&%%agfﬁ[lg%%ﬁ)ﬁ%%éea:é\%%rb S%J&'gﬁ%fg?é@%gmg%n 2ol (s) and

t oget her rthpreactemThé hixet phaye hpdlogenativhahs alkabe condudtahiadtieetypesufbove) of the
resent invention... . Lt sh b ted that whilst all of the -

gf o? enent | IS?Fé‘Hé’ 0% W‘&%@"ﬁﬁ@g%]fig@?%? ge%@[%&sr éﬁ' ?’f‘f’é“p&%)‘r’i’% Sf‘?’é’rfg g‘l‘rB‘f'dme preferred

enbodi ment@niokadidivith; eswitiiout, @@l difdulafidteahddptorally opdistediiiya diBrabdSor | Nt ended

to be |imtin nd.the presenj .invention hereby i.ncludes any other 20
pr essutoe e @ﬁ%‘e?éﬁ%r’ C%QF%%‘FIFF@“&WT}'FW%M t hat achi eve the same effect.

25 WD 2009/ 07 e Gierd BRI ] réfedddlydpiatbit a toknprddire 6EMSrelthdn 150

honol ogation of al cohol (s), characterised by the follow ng steps: 1.
i nt roduci n& BdeRERP Y0t 0 an etherification unit to produce al kyl

ether(s), According to a preferred embodiment of the present invention the reaction

temperature is-more than 150 °C, preferably more than 170 °C and rﬂoSt preferably more

15  than 190 °C; and less than 250 °C.

“The hydrogenation reaction may be operated at a pressure of more than 3 MPa,
preferably at a pressure of more than 5 MPa; and at a pressure of less than 15 MPa, more
preferably at a pressure less than 13 MPa and most preferably at a pressure less than 9 -
MPa. '

20 According to an embodiment of the present invention, when the hydrogenation
unit(s) is operéted with a éopper-based catal);st, the feed mixture introduced into the
reactor(s) is always above its dew point temperature.

The GHSV for continuous operation may be in the range 50 to 50,000 h',
preferably from 1,000 to 30,000 h™! and most preferably from 2,000 to 9,000 h.
25 The ester liquid substrate introduced into the hydro'genatibn unit preferably has an
* LHSV less than 10 h™', more preferably less than 5 h™” and most preferably less than 3 hl;
for example, a typical LHSV for normal operation is approximately 1 h'. |
For the purpOsés of calculating the GHSV and/or the LHSV of the present
invention, when the reactors are arranged in series, said “catalyst volume” refers to the |

30 combined volume of the catalyst in all of the reactors in series.

According to a preferred embodiment of the present invention, the molar ratio of Hz

to alkyl ester that is introduced into the hydrogenation unit is greater than 2:1, preferably



52. introducing at least a part of the alkyl ether(s) fromstep 1, together
with CO and optionally H2, into a carbonylation unit, in the presence of an
aci di ¢ honogeneous or heterogeneous carbonyl ation catal yst, to produce

al kyl ester(s), 3. introducing at |least a part of the al kyl ester(s) from
step 2, togeobwsomrich H2, into a hydrogenation unit, tecpGedessosreerol ogat ed
al cohol (s), 104. optionally recycling 2% |east a part of the honol ogated

al cohol (s) fromstep 3, into the etherification-unit of step 1, and 5.
recovering the targeted al cohol (s) fromthe hydrogenation unit of step 3.

2. A process for the conversion of a carhonaceous f eedstock into Zl cohol (s),

wher ei n t hthe mplas stiede gigater handd aadmpsy prefaradly the madarratip 15 greglechent Kibsi s gas,
whi ch i's Sgﬁ%ﬁ %A Yoolf lpFe?&Xtﬁ{r ie@éjﬂuhd‘ﬁd)l mrﬂ?és?ﬂﬁ?&%lﬁiegﬁﬂﬁl 130,

characteri OW ng- st eps: i ntroduci ng "a car bonaceous
f eedst ock, int oﬂfazosiyrﬁth@ﬂéerg@ign@ed@eamfdw ruesent, invention, thereflusnigxdingce a

2‘22?[%? B EeRnSttE A, B thellle [P TR sufeciddth B OAHERY At | cast
f%nt hlesiS?] rtlgetefgtaoohnglﬂcleg’luax_htca?dhﬂiexj ﬁ:):(tinrrnlgﬂu@fcoolcda:fﬂdumtmﬂah vm@lst a pialrk t I of
e al coho rom , n e it uceay
et her (s), ﬁ"g ‘%er]ﬂ P"Safﬂi ﬁ@"*‘é&“? B‘é&tﬁ&oogegrafld/(gf h?s & ] rg]Iq e?s f% @ﬁjsf romstep 3,

t oget her Wirtdimé® aawﬂomtrbm abityinin theinmj@itpofthe Hpand iatrt gasesuﬂmciudmgn t he

Do ot e o igh R HEpeg) COSRE Lot REIDRT) Speav Ead FOr PR B T he-a kot
ester(s) . fhpipghninitlspade B&Eceﬁﬁdﬂbn bPsaid iRdrOgaRedtadl bo gertdlledby divdrting t O
produce honol ogat ed al cohol (s) . optionally recycling at | east part of

t he horiBl o@af@mlapeﬁ%swcwkoﬁ‘?m@pp%ge into the etherification unit of
step 3, and Accordu?g tortﬁ‘ecﬁwé:eﬁ! 1Hﬁenh&? tiedfreRh Bltind ®e hpdrogehadionaimittihe

hydr ogenation unit of step 5. 30-3. A process according to any, of the

precedi ng ieasyhicctagtie Pé@llﬁfa@lﬁé stagh (ﬁ{gy@ﬁ(l@?oq)nwheﬁ@yél feastion campsdgsi s unit is
sel ected fLQmJiEfis Pttt A0 rec@vé}&g ishill §&harRlaad Rlcoverdd A1EhbB comprise the

following: methanol, ethanol, propanol(s) (n-propanol with low amounts of iso-propanol),
15  butanol(s) (n-butan_ol and iso-butanol) and pentanol(s) and together represent the targeted
alcohols (as mentioned hereinabove) of the present invention.
It should be noted that whilst all of the aforementioned temperature and pressure
operating conditions form preferred embodiments of the present invention, they are not, by
any means, intended to be limiting, and the present invention hereby includes any other

20 pressure and temperaturé operating conditions that achieve the same effect.

25

30



catal yst; a nodified Fisher-Tropsch catalyst; a netal m xed oxi de catal yst;
a rhodi um WO 2009/ 077726PCT/ GB2008/ 004102 27 based catal yst; and a

nol ybdenum sul phi de based catalyst. 4. A process according to any of the
preceding clains, wherein the catalyst(s) in the alcohol synthesis unit is
a nodi f i edWM0YHIER6M sul phi de based cat.al yst. 5. A pPEUEB2008eBY2dI ng to
any of the preceding clains, wherein t2e cat al yst(s) 5enployed in the
etherification unit is selected fromthe follow ng: zeolites; strong acid

i on exchange resins; supported heteropolyacids; or m xtures thereof. 6. A
process according to any of the preceding clains, wherein during the

al cohol et i cation process water is also produced; this said water is
selectively renoved prior to.the introduction of the alkyl ether into the
carbonylation unit. 10 7. A process according to any of the preceding

clai ms, whkr ei i PReess for Bomgiogation of pleehol(8s chagactensrd Rytthe follawing step¥esence of
HZ. 8. A prgc eﬁéoda&ﬁgm@m@{s);iﬁtoaaméufeﬁﬁ&éﬁen RhiEEFdSe AkAleiRr(s)her ei n the

carbonyl ati on process is perforned in the presence of ‘an acidi c honbgeneous

or aci di ¢ helerinftpdneing st least apaysaef thealkyl ethex® fion sep ¥ tagsthaovitlyERe8ds strong
acid catal yst(S),: o idi s -
such- as suppor%ﬁoﬁﬂggﬁ’ﬁg@?ﬁ}g@%@aﬁ%ﬁ St,’A%% %:Sg%cg%%?gé;ﬁgggﬁb ,e%{gl?ogeneous
cat al yst's i ncl wdheterogensbustcasbongatianrpgtalyst, to prodhice alkpleisie(skat al yst's; or

m xt ures thekeof.. . r.di ' f nraceding cl ai ns,
whor o1 n-the. daniiyriafstiQsb BRERTAEET LY fofh ) MBS AT, 87

cat al yst conpr ihyidtogematiaentii, tocprbduce hgmealbgdtaladdohal(®, 20 8- menber ring channel .

10. A : : N . |
the caftbony: &t fariotss ieythedt falla B S RE BBl foRlpSid T Vo0 11

accordi ng to eithd@herificatiomuditof stéP], anier ei n the carbonyl ation catalyst is
conposed of rdenite or ferri m.xt.ures .or cgrﬁoi nati ons of the
3 %

two. 2512. A pr JE@¥wingthefargeisd Céf“f%lﬁ}ffg#‘ thefdoeenaugn vy , wherein the
carbonyl at3.0n K PoEdS fdr SheBhVesibR6f 4 vacdhackbildFeaisiotiinto/al&hol(s)| whsein
T TN N R LI RN M
C, prefer alinertdd ot BéHolbLatédIcdhol(s), characterised by the following steps: '
. 1. introducing a carbonaceous feedstock, into a synthesis gas generation unit, in order
to produce a mixture of carbon oxide(s) and H; (synthesis gas),
2.. introducing at least a part of the carbon oxide(s) and Hj, from step 1, into an
alcohol synthesis unit, to produce alcohol(s), | .
20 3. introducing at least a part of the alcohol(s) from step 2, into an etherification unit to
produce alkyl ether(s), _ _
4. introducing at least a part of the alkyl ether(s) from step 3, together with CO and
| optionally H,, into a carbonylation unit, in the presence of an acidic homogeneous
or heterogeneous cérbonylation catalyst, to produce alkyl ester(s),
25 5. introdtlcing. at least a part of the alkyl ester(s) from step 4, together with H,, into a
hydrégenation unit, to produce homologated alcohol(s), | . |
6. optionally recycling at least part of theé homologated alcohol(s) from stép 5, into the
etherification unit of step 3, and '
7. rtecovering the targeted alcohol(s) from the hydrogenation unit of step 5.
30 3. A process according to ény of the preceding claims, wherein the catalyst(s) in the
alcohol synthesis unit is selected from the following: a modified methanol synthesis

catalyst; a modified Fisher-Tropsch catalyst; a metal mixed oxide catalyst; a rhodium



14. A process according to any of the preceding clains, wherein the

hydr ogenation unit 30 is operated at greater than 50% nore preferably
greater than 75% nore preferably still greater than 90% and nost
preferably greater than 95% conversion of alkyl esters to ethanol. WD
2009/ 077726PE200p/682308/ 004102 28 15. A process accor diPeg/GB3oagg41e% t he
precedi ng cl ai ms, wherein the catal yst¥s) enployed in the hydrogenation
unit is a copper-based catal yst, nost preferably conprising copper and

zi nc. 16. A process according to claim15 wherein the copper-based
‘catal yst has nore than 5 75 wt % preferably nore than 90 wt % and nost

pr ef er abl yb??ﬁ‘?%atﬁlﬁé?r?“@S‘leb%W%%}ﬁ’b&ﬁ’afﬁgica Y&hd zinc oxide. 17. A.process

according o any p@ce&Q&oHiﬁ%ﬁ@BQGfﬁé e BRling MME G whekditetha il st@F indke St T eam
entering into the hydrogenation reactor contains |ess than 5 w%

pr ef er abl yalcehod synthepis wnifisgymodified malidenugm pylphidashased@talxst- 1wt % and nost
ferabl ycl ' : J: | 18. A
preferanys €SS iRk %Q&Pcﬂfei%@?{lﬁgf %F'gre%dlmg,%l‘élﬁth@&}(ﬂ?st(s) process

according fo any of the pr Jl I'ms, Wwherein the alkyl ester stream
ent eri n§ i employdddn thectherifipation anit srselectedimom ithefolleing:tzpeliies? Siramg [aciggon

preferably ’l(cg‘?éegfté%%%i%l e d Lt @?‘ﬁaﬁqﬁsggﬁ%&%&d‘&?& than 0.2 nol % of water;

and is nos P pera & sence of water. 1519. A process
accordi ng 60 ank pafcesshecopdieg @dinp gf the piepsling raims,wheedireduringpreslehdls bet ween
0.5 and 20 pol..%. preferably. between Q.5 and 15 nol, % and st, preferably
between 1 SHREFECAHY Progesy W tﬁ'gls P@? Bﬁﬁ?‘iegm}}?‘a S?lgév&?c( &l SF%‘f}fve@er BPVed PRt and
wat er) ent efeiiftgpduétion of e alkytléthgaimna tie@arbonyltion unit20. A process according to
any of the precgdi ng cl ai s, vvherfi n the.h r.oge ati.o un'ét iq? i s operated
at a t dfperat ure PRITETS 2FOgPRinany © W&ﬂmi‘?ndé‘écﬂ?"f LB §e G °fhan 170C

and nost pbg,fc@ggmond@[@aﬁmeptdgaﬁewﬁg and | ess than 250C, 21. A process
according to any of the preceding_clains, wherein the hydgg!% nation unit is
operated a# a pXé’é‘?G?sé‘CQPFdlgii@e?P@Pf?‘ﬁaWc@"Pﬂfé?‘mﬁn‘?’ rein the gar ?f"t‘QP a pressure

of greater pfdeas isspe%ﬁnéﬂrlﬂ tﬂégﬁése&@%fﬁ{&hﬂiyh@ﬁog%n&fuﬁfﬁﬁéé[&c hergdegeduer than 7
MPa; and atp a pressure of 25 less than 15 MPa, nore preferably at a

pressure | eaalystiand isselegiod figmchomogenepustrang aid catalyst(sh £ 8sRhesRONE 8ddit han 9
VPa 33 APloRas ALReL- Skna0 sipinlphblifioRé RN SLamysnlRs el n at
part of The honol ogat ed al cohol s exiting the hydrogenation unit are
i sol at ed amerteromensovsraradistrdeduding 250ktrs sEngSeidripnia resigncaiplysts; or mixtures
thereof. _ : .
9. A brocess according to any of the preceding claims, wherein the carbonylation
process is performed in the presence of a catalyst comprising a zeolite having at least one
20  8-member ring channel. '
10. A process according to Claim 9, wherein the zeolite catalyst for use in the
carbonylation process is used in the acidic form.
11. A process according to either Claim 9 or 10, wherein the carbonylation catalyst is
composed of mordenite or ferrierite, or mixtures or combinations of the two.
25 12. A process according to any of the preceding claims, wherein the carbonylation
process is performed under substantially anhydrous conditions.
13. A process according to any of the preceding claims, wherein the éarbonylation
process is run at temperatures of from 150 to 600 °C, préferably from 250 to 400 °C.
14. A process according to any of the preceding claims, wherein the hydrogenation unit
30  is operated at greater than 50%, more preferably greater than 75%, more preferably still
greater than 90% and most preferably greater than 95% conversion of alkyl esters to

ethan_ol.
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15. A process according to any of the preceding claims, wherein the catalyst(s)
employed in the hydrogenation unit is a copper-based catalyst, most preferably comprising
copper and zinc.

16. A process according to-claim 15 wherein the copper-based catalyst has more than |
75 wt %, preferably more than 90 wt % and most preferably more than 95 wt % of |

copper oxide and zinc oxide. | .

17. A process according to any ef the preceding claims, wherein the alkyl ester stream
entering into the hydrogenation reactor contains less than 5 wt%, preferably less than 1
Wt%, more preferably less than 0.1wt% and most preferably less than 100ppm by weight of
carboxylic acids.

18. A process according to any of the preceding claims, wherein the alkyl ester stream

entering into the hydrogenation unit contains less than 20 mol %, preferably less than 2

mol %, more preferably less than 0.2 mol % of water; and is most preferably operated in |
the absence of water. | | |

19. A process according to any of the preceding claims wherein water represents
between 0.5 and 20 mol %, preferably b‘ejcweé'n 0.5 and 15 mol % and most preferably
between 1 and 5 mol- % of the total liquid feed (alkyl ester, alcohol and water) entering into
the hydrogenation unit. '

20. A process according to any of the precedihg claims, wherein the hydrogenation unit
is operated at a temperature that is greater than 150°C, preferably greater than 170°C and
most preferably greater than 190°C; and less than 250°C, .

21. A process according to any of the preceding claims, wherein the hydrogenation unit
is operated at a pressure of greater than 1 MPa, _niore preferably at a pressure.of greater -
than 5 MPa and most preferably at a pressure of greater than 7 MPa; and at a pressure of
less than 15 MPa, more preferably at a pressure less than 13 MPa and most preferably at a
pressure less than 9 MPa. |

22. A process according to any of the precedmg claims, wherein at least part of the
homologated alcohols exiting the hydrogenation unit are isolated and then introduced into

the etherification unit.



