WO 2011/ 140460PCT/ US2011/ 035551 ALCOHOL PRODUCTI ON PROCESS | NTEGRATI NG
ACETI C ACI D FEED STREAM COWPRI SI NG WATER FROM CARBONYLATI ON PROCESS CRGCSS
REFERENCEVOQ0 RAUWMNBED APPLI CATI ONS [ 0001] Thi s applicati ecTalSadmm3ssi ority
to U S. App. No. 13/094,580, filed April 26, 2011, and U. S. Provisional
App. No. 61/332,696, filed on May 7, 2010, the entire contents and

di scl osures of Wm ch is incorporat ed herein by reference. FIELD OF THE

| NVENT] [ _ lel I[ eIr I % I
or oduc bR EIRABD LN BrAGESR NI RA BT SERTE A b el s
that integrate @ORIPRISING'W £PERFROME ARBONY ICATRORPROCESS! ocess. These

acetic acid feéd Streans nmay conprise wat er. BACKGROUND OF THE | NVENTI ON
[ 0003] Ethanol for industrial use is conventionally produced from

petrochem cal feed %@é@@ﬁ I oal, fromfeed
stock internedi at esék?l%ﬁ{ ggsj% BFL%%[? 2{@%@§me rials or cellul ose
mat er if@de,) Sﬂﬁbaﬁﬁlc%ﬁblﬂm ﬁ)@ﬂfy ©ANS. ABPNNE N3/ @A goMRIed sl far 20roguri ng
et hanol from petrochem cal stocks, as well as fromcellul ose

ee

mat er itaBsProviseinadapp-Heo. ééﬁé%éééaﬁﬂy@ ed W,é’loil drthepntie Konterfs angratsplapaes
honol i sis, and Fi scherTropsch synt hesis.
Instag??h?§131ﬁléﬁﬁ%g é%§Q%5/ xﬁ%Q%tock prices contributes to fluctuations
in the cost of conventlonally produced et hanol, naking the need for
alternative sources of ethanol %hoductlon al | the greater when feed stock

prices rise. Starchy materi dIELDQF&IE INEENIIOY| ose mat er| al, are

conver t t ypi cal |y
used f[bm ogrs}% éastaH{rltr)lfj)%ncgj]’;olﬁon o%%éﬁ‘ﬁgh om%%f%mpg&{ssﬁlﬁ{r a eI fl gr’ uel s or
human paditslanab |edmnoll rodudiioh ipooTessee e mtegtrato acaic sstdficedyramsdedh al ose

materi al.s conpetes w f ood.sources and places restraints on the anount of
ot han SR bORYALEL POBRsSpr BEtEiRaN gl g GLERNAIaT SomPHEOYME Et hanol | pr oduct i on
via the reduction of al kanoic acids and/ or other carbonyl group-containing
conpounds has been wi dely studied, and a variety of conbinations of

catal ysts, supports, andBagdf@GROVGNI GHUTHEINY Hiell®Nbeen nentioned in the

liter . ri t.h uction of .a Cld ot her
commol T Tl oy PEREaSS o ROnthuRnt BORO S8 i Bftiehe BRGLfFe Sor e,

For exagisoil, (ﬂmil!raﬂ @ad)yod cogenahifedn steiliffetmadige P saeh gL nbabr frogakdiey W t h
WO 2011/ 140460PCT/ U82011/ 035551 et hanol and/or water form azeot ropes, which
are dinFgrialt er eedulpsp matarials, srthreglé cmpursugar@@nm@oweml@naﬂ methnds derrpdising

2 han QgD el SEH G FBRARAY % A0 SPGB RS LA AR BB O
separate e 1npuritires rom e et anol rogenation of acetic

aci d teypiyzad hydyiied ofsctkylbeg) aletiaind] heh el ogalonndirswi hhomm_kyhthagmtanﬂ Fiwhersi de
reacti_on- generat ed inpurities and/ aor by-products. At maxi mum theoreti cal

converldPRsh arhesd;: elewwlfsym Reffechantiend feadhpid PrisFoeRIBE DB IO HSBIpPISE
appr O@é@&sﬂ)ﬁcoﬁge ﬁ’lﬂ)ﬂ)@lﬁ% of %%I}lﬁjﬂl%%&{ for Laﬂelﬂ%ﬁi\‘faer sohfbelgl Bf éﬂlﬂgﬂ' fied
et han e co-produced water st be renoved fromthe crude

et han@Irochmtmlmslil the(meatd:m]axdxfeed siock putien rrsanSﬂercﬂwcnmtemls ras ewefllastcelluloser eact ed

aci nmainin the &hano roduct % iS t icall Ee5|r ble to
o o il e Comabd B ShIRT nE AR tatBh EOS ke s R it et fer o
puri ficefs@id %P&iuctnﬁr@@pe'f_tﬂlan%@ RBhilK RGAFHS rdrFlelb BE Rehat édiﬁul%?ﬁéﬂ Cin3®lifion

production and hydrogenation have been proposed in literature. General |y,
acet i deraginehtion ofl stetchyror pelbdescaatefliales tehpeiesevitle fead sdutchaandplgedsagsgraitian 1500

and " a R mely oF gl B A LF prodh Sl e MBS 1 om syngas. - The syngas

is denoory fHMMLpHdUL@s Ga ie0BBSSioh @F aRbAGIE 25i@Y AERSD otBdLaEidhyD&oup-
catalytically converted into nmethanol, which in turn can be catalytically

convecPB@IiRE ¢praRasniiy hasdiegn pidely siudicdsanderigihefrrombingsiogs pr GRIEYS. may be
d
g L L L

di sti lof atkiansic atlageg hmmmat:hleoth‘eh@rmpnmﬁ@memﬂen ddrntcdevitt eftiarchl beaetfomned
conposi t| on such as iridiumcatal yst, ruthenium and/ or osm um and/or indium
pr onotlplde FRACHORS. iF98 PP USI S AW HTOgRB2S 8y FRETS AR REPdcEd t%ﬁf%ﬁt%vltb
recycled to the reactor to naintain their concentrations in the liquid
reaction conposition.
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[ 0007] EP2060553 di scl oses a process for the conversion of a carbonaceous
feedstock to ethanol wherein the carbonaceous feedstock is first converted
t o et hanowo 2acl/do46ehi ch i s t hen hydrogenated and conver Pea/usraio/083shanol .
[0008] U.S. Pat. No. 4,497,967 discloses an integrated process for the
preparation of ethanol from nethanol, carbon nonoxi de and hydrogen

feedst ock. The process esterifies an acetic anhydride internediate to form

et hyl acet ate and/ or. et hanol 51,559 di scloses a
proc egghapglrang(cgmqr,f@rrg@@ﬁgpe% WgF‘g‘o@F%SE'QC%WHa&?ﬁeo ?18%’* IBIPEHEHER 1N o

synt hefd Sro@RMERIoF 'eﬁh'aﬁolra%ﬁ‘fﬁatysrehﬁlré“é@énéﬂf@&rgi &InhABOhurii QHYE he t(Y‘&ethrate

concurrent pr oducti on of hi g val ue co- pro ucts. An acetic acid
inter rﬂmfdmaftuemnes fromotiel edidno WA KD e/ HioB0 RO efSRetic 1ad PEcnlly yeatds ethanol
and fernentation

car boh sSuc orn t

iepheg it bRl S AR SR N RN S
ester lrﬁdx@mm&m(ﬁa@bah ysHvegesadndarlec @A), i@NGudd QR pARusUesuld th@paged
remains for inprovenents in the integration of acetic acid production and

et han@ppioxseaielyi/grivt. BINNnRYandR2 8 THET | WaVEN TR order opfiorm nusifigd eihagel. ewsbaf nent
the pr ﬁé@d‘ﬁﬁogﬂé’e%%té’ﬂphﬁ bg'rérﬁ&‘%e% & e &g?eg«fﬁﬁﬁofl pémﬁés?ﬁ%c'lﬂ%dﬁﬂl%ﬂn&hen

corrpr|S|n roma

car boryphadrsiom 1sphaﬁﬁpleteaurneaidtéd mﬂd aagtrdmaiadn thestudeanhamonprodadtndt is pytienl®5S

w . % water. The process further conFrl ses the step of h¥dro enating acetic
aci d desifable @JPWPY%W%\@@QP@ agelicRcdq reme Wﬁéthﬁp@%%@ sryigldpaigiedst  and
under .gppgditions effective to forma crude ethanol product conprising

et hano and water. The ethanol may then be recovered fromthe crude ethanol
pr odud0005] 0®b2je pmcas&efonimtbgeatmgcﬁcamac,id pro;iuctio‘ni ad hydedtgenatanilelve bekadr aw i s

wi thdrawn froma |igh col um car bonyl ati on process to provi de
the parorediganed abedral ase T bngusion revibism Hee i EReaL B Bk
the | qeat 1900 Wpymwakkch the sidedraw is w thdrawn may be based on a desired
wat er content of the sidedraw. BRI EF DESCRI PTI ON OF DRAW NGS [ 0013] The

i nventl0Y]i Fodexsamploed.S. Ratdéltoav B8Habddisqlosds m@h@ds@md@pparamlm falpm@iﬁdy

drawi n wher.ein. Like nuneral s des at e art.s 0014

i agr el S G IR SyReR T Ead el PR Rn blop hebiieey '
accor dagesn vé thalonenl s rodadkirisNhoGhethfiR] priasie it ubh@te camlytd@il ddnveled 2 is a
schemati c diagram of an exenplary integrated carbonylation and

hydr od&iRacetsmct oicissEigsn The ehnaein ceidirediconey Srisuar Yrdritorp fheecigias ent

overt ol AR Bl s Aa ST bR oM A Do PR P one, L,
char t nadre €lasty ardsordracannial siedtidlation sthgesfesu tHetiier eomponeaxeofithatiguifrewess of
the prc((a)rsn?)ggltlz)r? \sll?crllltals ?rqdlum catalyst, ruthenium and/or osmium and/or indium promoter, methyl
iodide, water and unconsumed reactants which may be recycled to the reactor to maintain their
concentrations in the liquid reaction composition.
[0007] EP2060553 discloses a process for the conversion of a carbonaceous feedstock to
ethanol wherein the carbonaceous feedstock is first converted to ethanoic acid, which is then
hydrogenated and converted into ethanol.
[0008] U.S. Pat. No. 4,497,967 discloses an integrated process for the preparation of ethanol
from methanol, carbon monoxide and hydrogen feedstock. The process esterifies an acetic
anhydride intermediate to form ethyl acetate and/or ethanol.
[0009] U.S. Pat. No. 7,351,559 discloses a process for producing ethanol including a
combination of biochemical and synthetic conversions results in high yield ethanol production

with concurrent production of high value co-products. An acetic acid intermediate is produced



WO 2011/ 140460PCT/ US2011/ 035551 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[0018] The present invention relates to processes for recovering ethanol
pr oduced W9 2hyditogenat i ng acetic acid of an acetic aci dpCead2&it08®1i N t he
presence of a catalyst. The acetic acid feed stream may conprise acetic
acid and water. The hydrogenation of the acetic acid forns a crude ethanol
product conprising ethanol and water, generally in equal nolar ratios.

| ncl udi n ter in the acetic acid feed streamwoul d be expected to be

det i D SHOPD R BN PO 85 PEEH<B 58 B P B DR ETOBFS P
react icBhvedfifn bBthRAbetRORYEMtEE Y LBid e BYEFSRIDA L Ry dTOMRYBh redctiohlds now
surprisingly and unexpectedly been found that feeding acetic acid and water
i n co@®tt i Avsuch, the headriogematiooimprevements id dessintagrationied neetici agld grodidt@ot t he
conversi.Q of1 accit it.c acid to ethanol and advant ageously increases the

ef fi citBREPABY FALSYSPi ng et hanol fromthe resulting crude ethanol product.

I n one enbodi nent, feeding acetic acid and water in conbination to the
hydr ogenati on reactor nmay allow for nore efficient ethanol separation

requiring | ess energy. [00YOMMARHF diHoBYWENTIONhe acetic acid feed

strea I [l 2 9 20 W . %
et or TOEATE bR Rh PRty ol B el Shpfodts ol Brokedl, 2

st r eamamyl, conprisisg tHersop d.ptdvitting Yoonoa AbtilMti b ceddrer in £cagbonyfatiom @Poceswd . % t o
20w . % from0O.5 to 15 wt.% or from4 wt.%to 10. wt.% I|In one
embodiPHEHE] 2¢atis agideieam£OnyrisiBe dPde Lo Ath % Materi dheprgrudarthy copRrisesihfol

r Odu i . .1 A .
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r emai nnagngarcondinond effdeavaoefiorm aacudt dtkad] ptodearmoprpefmg@iiapoconipritee s
acetic.acid d hydrogen, preferably i no] ar .;rati o of hydrogen to acetic
2o d G anElno Ben pe o BeggohEhg bridt FHTBbRNd 1750, 17om 2011 to 1:2.
or fromm3: IntQedont enl¥dRmbtef ﬁ[rﬁ@d)’acetfid"@cidi@h@draﬁﬁi& bv?ch@xfaw*ﬂ%rf?gf?i@hi éhd@cﬁt' c

fm
acid is greater than 2:1, e.g., greater than 4:1 or greater than 8:1. |
sone enboti efentaghonykasionpeedess agirevifetd pytified acang\acil ssisamo hp pnasherot her

b l,i ¢. aci d h i.des, | i | ] | dehyd d/
Co o ot R0 A 53l 28 B4 20 by REShb AR e
acet atop sadedir€d wRiepeIat of aristdediiese ot her conpounds may al so be

hydrogenated in the processes of the present invention. [0020] Surprisingly
and unexpectedly, the presence of water in anounts of up to 25 w. % does

not significantly reduceBﬁgﬁg b%S@IETf(ﬂ?;@f]?R%RVﬁ‘EG§e| ectivity to ethanol.

For purposes of the present invention, erm "conversion” refers to the
amuntf0@f3] ackieiinvantionl id destiisedfie ddtatlbatow with Yéde2Oddl 01O 4ifRAd vt/ 035551
converted to a conpound other than acetic acid. Conversion is expressed as

a ol VISESIR HKe AYBCIREalZBMe ARHATPAHE d in the feed. Selectivity is

expr es[ﬁ@ﬂléasﬁlé. e a?%ia AP an §§9a&@aﬁ'@@t}4§ﬁot1%qe el !pfo {iﬁn fokeshpul d be
under stood that eac onpound converted from aceti c acl ag an i1 ndependent
sel ectacewrtdancandtht dnetengeldendtrit i the presehnidegeivdent of conversion. Al t hough
conversi electivity to ethanol may vary depending on the reaction
conat 00 36 25 SRt gttt Bt e HERERRp R R

st gni fh:}rﬁﬁ)%%na\fﬁ)h'[%de@@ﬁ dcBorififecafia! bife ARDAHIROMOR IR BBseRf inSBhRML I Vity to

et hanol. [0021] In recovering ethanol, the crude ethanol product would be
expect8lalo Honpii sechamadc diagem ofhahy diegsndtiiezqnedd aceddadnco withydeogenat i ng
gl aci al 2 et i"‘li g id.r Thtencrng.de et hanol product preferably conprises from5
to 70 WH&H&n ,pees.e%.l,wf 'Oh 30 to 70 wt. % ethanol or from45 to 70 wt. %
et hang001ANdIG! 9 Schat GQowveronan@kele@ivity result® odbart éxciplaty plocest Erthor
from20 to 60 w. % wat er. Advantageously, having nore water initially in

t he cRENENFHAWON: product may reduce the requirenment to boil over water in
the initial distillation colum while recovering ethanol. Generally, the
anmount of water in the distillate fromthe initial distillation colum nmay
be closer to the azeotropic anount of water that forms with the

et hanol /wat er azeotrope, preferably |less than 20 w.% or |ess than 12
Ww.% Further separation of ethanol fromthe distillate may al so be

i nproved because of the reduced anmounts of water. In one enbodi nent, the
wei ght ratio of water in the residue to the water in the distillate is
greater than 2:1, e.g., greater than 4.1 or greater than 6:1. In sone
enbodi ments, particularly at higher conversions, the residue streamfrom
the first distillation colum may have a m nor anount of acetic acid, e.g.,
|l ess than 10 wt.% or less than 5 w.% which allows the residue streamto
be treated in a weak acid recovery systemor sent to a reactive
distillation colum to convert the acid to esters. Carbonylation [0022] In
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[ 0025] The process of the present invention nay be used wth any

hydr ogenati on process for producing ethanol. The materials, catalysts,
reacti on wornditri4o8, and separati on processes that may PeTOSea 1i085565he
hydr ogenati on of acetic acid are described further below. [0026] The raw
materials, acetic acid and hydrogen, used in connection with the process of
this invention may be derived fromany suitable source including natural
gas, petroleum coal, bionmass, and so forth. For purposes of the present
i nvention, acetic acid may be produced via nethanol carbonylation as
described in U.S. PaippNog ErYpReBrIRHON OFLBHE IRVENARN 541; 6, 657, 078;
6, 627, 770; 6,143,930; 5,599,976; 5, 144, 068; 5, 026,908; 5,001, 259; and
4,994 [0088] tTHe peesehtiovelitoolrolaies éxprofesstt fohregpeeringosihqnol producdddryei n by

ref erence. tionall t he producti.o f ethanol ma i ntegrated wth
Coch iR nedPRd i o1 5 RERE AT LG FrufahRreTh SaditiS e thersl "gas
pri cescid feed strdamh MLE 66 PiikcickieicidBiEwater. | BRShRIOEMaiMEof tHEhbtidicidor

produci ng acetic acid and internedi ates such as net hanol and carbon
monoxifersns audoqtianel paslPCIUSBOEYIBE581d aigmeaneredn it wuabinBBhraesr ces
have qranfink DAGIT[RGCEA! £5,EREA P AL BhecBENPALEAIGUTL Snlghat i vel ¥
expensive, tt may becone advantageous to producé aceti ¢ aci rom synt hesi s
gas ('psydigdsn pedabhed watsr darbyvigddiiot ofithenes-tiav and sdioe comvebed desong ces. U. S.

Pat. No. 6,232,352, the entirety of which is incorporated herein_ by

ref er &y @,gelp%}OHEMV@{, lttl@ééﬁ\é(ssuf&’%gﬁb@ddfneﬁ@ffcﬁﬁy P%anf@u%fi that isading pl ant
for the.qop Aft Wier &fco ?ﬁdﬁ%g@&hﬂ%d%%er{a%ﬁ ?éa'c%otr'degs bt Webally RE@Rkne t he

| arge capital costs associated wt generation for a new acetic acid

pl ant canersibgnof idetantidyo edduadedd advdngrggelsty elcramserahe dfficAinty of repavdringf t he

is diverted fromt t thesis | d.suppli ed. t
RO T e S R ad B e e Lo e D T
a si My iTROMBIatbY & BEBPAHEENaEBE ré B RS NAbIWIBr HloRPefR¥nDEnSHHPP! i ed from

syngas. [0028] In sone enbodinents, sone or all of the raw materials for
t he abopasattwsiequibog lessendrgy.aci d hydr ogenati on process nmay be derived

parti or.entirely fr syngas.. kor. exanple, the acetic acjd.m

For red 18 REM Brinith B HERE Rt ST AR p o e i Mk PR R ¢ om
syngasyt.% heg Sy aas0 wase Waef, of 0Bt Dywper Whet. mxbehaf dfahngdes ey efi@adll f&ldeam
reform ng, and the carbon nonoxi de may be separated fromsyngas. Simlarly,
hydr og&ar gy qogpaise Fomr)-1 he/t.t Bp2ovt fywieig egatiTany 02l Adeed ovideifer 8-X or m
the cryde ehanglo,phaduelo MXe APAR!NRSiHEA NS ABARSCIdRE SYDARTnr i
turn, may be 'derived from vari efy of ‘carbon sour ces. e car bon source, for
exanplpeovidalytohke shret padiuttianpiobess gomppsasonsershiangmotinnetat ieakt 1GAS ,wppind, ,
petrol eum coal, biomass, and conbi nations thereof. Syngas or hydrogen may

al 50 BB OrYRIMLGE (281000 SePPR R AEAH AVt €y dhe BRI AeFiPed Bt hane

gas pr, a0t | fcdl : 2 3
enbodiarer%?l&tca%ﬂ% ﬁ%d gc eti lglleg%fl@§ S glglgh?ér% a%ﬁﬁe@%%/dr oglgyrg1 é‘%&gh&% tféé%)blgraﬂga Egﬂafror med
from trimeo didrymteogeatto acetiofacil fosragboutThRE: Ifte im0t agi, tronpi®E &3 &:50r fedre 280l tp

utilizes an ac eni.c .process or honpacet ogenj c m crogrganjsmto fernent
Sugar 60 HEGL 14 detd: PROUBETHEOR: e PRI e Ay m e R ach b AL

by- pr eglict 1, cTfegeaePMan af if dicdr&AEMhAPS: 1T hesohRIMBtdahEME Y KEAS fcilt&ider abl y
is greater than 70% greater than 80% or greater than 90% as conpared to
conventreanalayydsstonprise edei eagboxpthicakids ppd ealhidyidhngs wel as bporaflyi ci ency of
about 67% i onal t he mi_croprgani sm enmnl in the fermentation

or oce SRt M Rr el d P PRE IR hE T AR By b PR G um
Lact obaghlelaud/or Yrpaedit acid.Tmﬁémn@%ﬁ%aﬁﬁ@rmaﬂmb@mdmgdna@dumhe

Pr opi oni spera, Anaerobiospirillum and Bacteriodes, and in particul ar,
speci @éo@éﬂeé@fﬁﬁplf‘?sémlpﬁ@lt@ﬂoup consi sting of Clostridiumformnm coaceticum
C ost rrhgGaem i t t { VUi,
Lot ol R o e B e e B e
ar bor ingt sipmigiesiralyi redyderactdicinid Y v2B1dn drAQRGOREGTIoWRZMDIL/ B3 Pubioses of the

succi ni cproducens, ~Bacteri odes anyl ophilus and Bacteriodes rumnjcol a.
Opt i oWAFSEYL NFERRRShp fERle SENVEEpipN olefigs Bt ABIRUBK Ot AREHG A& BRI thaddt due
fromthe biomss, e.g., lignans, may be gasified to form hydrogen that nmay
be used in the hydrogenation step of the present invention. Exenplary
fermentation processes for formng acetic acid are disclosed in U S. Pat.
Nos. 6,509, 180; 6,927,048; 7,074, 603; 47 507, 562; 7,351,559; 7,601, 865;
7,682,812; and 7,888,082, the entireties of which are incorporated herein
by reference. See also U S. Pub. Nos. 2008/0193989 and 2009/ 0281354, the
entireties of which are incorporated herein by reference. [0030] Exanples
of biomass include, but are not |limted to, agricultural wastes, forest
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WO 2011/ 140460PCT/ US2011/ 035551 conpounds nmay al so be hydrogenated in the
processes of the present invention. In sone enbodi nents, the presence of
car boxyl iwoaeidgp468uch as propanoic acid or its anhydri e¢eT/usag 1085551
beneficial in producing propanol. Water may al so be present in the acetic
acid feed. [0033] Alternatively, acetic acid in vapor formmay be taken
directly as crude product fromthe flash vessel of a nethanol car bonyl ati on
unit of the class desc Eed in U.S. Pa No.. 6,657,078, the entlreté

whi ch SPRYSIISESP BGP@P@&P thalb%FeP‘éF“élFie OBVETFiRR LR Sh G MBIE RSREARLE or

exanplygsedBYachic H&E iifihk 8&dd WelRtileistikPRIQ a%lé%&l@?kl%eﬁﬁ%éd MHechRBER&d Of the
present invention w thout the need for condensing the acetic acid and |ight

ends arceticeavndsi Hﬁghmréxt be undeastoerhtheteach cbmpowksosiverte dofoyn scetjc@Buljasant hough

o L AR TR Gy Baf IRL RIS fehihshahd P E N E IR 2 i RehF oy

carbo TAMH @élb@tﬁqty&@ eﬁﬁ@&ﬂnaw %elqdnfgdfnhﬁ@ ydagtiboeongising Ahd @a&al@ﬁtefhér ably
corrprl ses a reaction zone, i ncludes a reactor, a flasher and

opt i oatseycepf verettdoes n@tcré%trly sigmifican| yarigtiensiorbelneesia ncid capISHORBAOXI de i s
react in a suitable reactor, e.g., a continuous stirred
t ank Sglgctl%g’t?%@?go) or a bubbl e col um reactor. Preferably, the

car borjg02t]i dn rgoveigsethancd, thevrudatianolgrodicy wedld te. egpectehadiouiprsangiry zed,
car bonyl atron of nethapol to acetic acid, as exenplified in U S. Pat. No.

5, 001,V highve dibs prdused fromdbidiraeatiens g}'g‘ﬂltﬂé‘%ﬁ“‘e@%‘e Theoergds ethpeol

car bO%Yécﬁfct @%fér@cﬂ%bﬁgné@fro%‘?s ‘%f%‘%%é’thh@t, %%%8% Vi@ AlhbGor” €act i on
system conprising a reaction sol vent ano /'or reactive derivatives
t her ecﬁfo,m a5 @& tupt. W ¢tharodtaald ysim 5 ab 60 east water ierg tfeomdﬁae 60 vat% entafor ater |

and o II an iodide salt. [0036] Suitabl.e. catal ncl ud 0 VIII
ot o 0§88 e Voo ashaiy i it oudten ubE) SRl ude Ao CogetD) et
is ut 'rﬂtdyzr‘é&'ucettﬂ@réqﬂﬁéthétmté %@b&fé’fwa{f&ymt?ﬁ‘e e ﬁlshﬁatﬁﬁﬁ’cowhﬁ %1?&1@ rédé%?n%‘c h

that the active rhodiumcatalyst is a carbonyl iodide conplex. Exenplary
r hodi @tha@alt a(Ef;lEtaélyaﬁle agwyoy @fowen in the dikalddte GamBe imtialalistillapppEolagin may

By e e T R BT

salts p@ﬁ‘eraelyakésmhmzmwwm o leis@thtahﬂﬂvﬁﬁ%t Fafthdris¥patiesm etian6l PERGRSSES
described herein may be in the formof a soluble salt of an alkali netal or

al kal idiéillaigrndy #eQ b Inro¥edrapeserva e rantRsAiameuBIs O NasPhdhpmeBRedimenty
certai d|de
Tty ol STREBR e el S AR e SRIPAG K Al b T LTS s
may berendelhnas 1 ar peater deindel . skl sonteteaibodirhéntg @aﬂrcataelyammgﬁdn dﬁv@t@iofns The

i odi de catal yst stabilizer be introduced directly into the reaction

syst erie BPI0EE HERaY, EPR the Hest ﬂ@g‘ Hefoncolympay haveye RERQtagPUnpY acetic acid, _
2011/ L Ag?“t@&PfP}H HPaPdllPRRomb 'SQVtS%tHhﬁ%g'aﬁ@wyﬁfégE% RE Bk Rafe@ilh LI ONS
of the Teaction systém a w e range of non-io e salt precursors wl|

r eact wedak hcidetdppery ydiedeoroentipdrreacioe disadadon epltine to eaovtitome amd icuastaro

generej{g thg correspondi ng co-pronoter iodide salt stabilizer. For
addi ti il regarding rhodium catalysis and iodide salt generation,

see Upgo22fatin oo empadidfehi, 2R%icehe 848 nBDe rbdhiced Hdth HEBvoWMh Rb&sher eby
i ncor porated by reference. [0037] When an iridiumcatalyst is utilized, the
i ridi Granyentainpbearbanylasionprocseseanield » ghiciahaectinneidmiredyiceormpinit lakd Ghn i s

sol ubl nthe liquidre t| conpositi e iri l.yst y be
2dded 580 PR P el e - dE S A Do TRBRFb s HER e BETD R Y on 1
any suedquak an badrpy wehedieas@hies stelm td 4Bidve Ghilsel 1 dve datck BVeROMERIdimaNs ef S
convertlble to a soluble form Exanples of suitable |r|d|un}contaln|ng

npotRRIBresRt B ChiESN Bay.dealirially. ?h@ﬂlal'[f‘q‘iliﬁ dehkigtingove s silovdhe i ncl ude:

s bpblt R MR s U L s

1r 4( C@)dkfﬁntagdsdﬁikli tBrHﬁfk,seﬂt iBredtiSiri2éhievks 44 GCaprbRementiin integravdeby allovadd more

I r(acac) ( % I r( acgl iridiumacetate, [Ir30(0Ac)6(H20)3][0Ac], and
hexac RT4¥dP PF Areseicn §eagdlic e€i%] . chi ori de-free conpl exes of iridi um such as
acetates, oxal ates and acetoacetates are usually enployed as starting
materials. The iridiumcatal yst concentration in the liquid reaction
conposition may be in the range of 10Q to 6000 ppm The carbonyl ati on of
met hanol utilizing iridiumcatalyst is well known and is generally
described in U S. Pat. Nos. 5,942, 460; 5,932,764; 5,883,295; 5,877, 348;
5,877,347; and 5, 696, 284, which are hereby incorporated by reference.

[ 0038] A hal ogen co-catal yst/pronoter is generally used in conbination with
the (}oup VIII netal catalyst conponent N@thyl |od|de |s a preferred
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WO 2011/ 140460PCT/ US2011/ 035551 [0041] A pronoter may be present in an
effective anount up to the limt of its solubility in the liquid reaction
conposi t iwo 2andi4oteoany | i qui d process streans recycl ed PoTiUse01aaBI®oNY| at i on
reactor fromthe acetic acid recovery stage. Wen used, the pronoter is
suitably present in the liquid reaction conposition at a nolar ratio of
pronoter to nmetal catalyst of 0.5:1 to 15:1, preferably 2:1 to 10:1, nore

P TGRS, T3 & el i SRR Ruh Bheay 0 IAas s Y Bsryrsats on_ oo
react lifniibn  PRERAGY ipisAIcBhRhIRLiYn by At 1696d By @5rGrioPsdiom f60m 150C

to 225 C, or from 150C to 200C 2e pressure of the carbonylati on reaction
is pr étaelvtmylayloﬁrswmrm 108 r@@lWPmettpmet f?ercdtbt)@/arld tagbarompexidariged 108.eTee ably 1.5

to 5 acid is typica ufa in a u hase reaction
at o capEBEuF el Ebde Bt Scte RO A Bloh dafe | ER AP EREEE R e 5t ' Prom
about podiuet @diptisiry Adeae adid@ddlvated. ANBasBENALY PENed t6 RARGVGBsidhat ChthF st

corrprl ses a reaction solvent or mxture of solvents. The solvent is

pr ef ed BN {hecswdsarpiice (hfbanylaeon sitstany $02, 4y sqradreraberimaytsi etheieonmyises a

al coh t f r r I ylic
et d St QtaF Sofori e i @ HRbre FEARHAE o AR ubE 1 BRL {15 RARBRY o
and | iceudecbrodme trit@m m&:umdfmoddchardahowwmqur)smgaﬂrdﬁmmmt @nopPbREBS i S
preferably acetic acid. [0044] Water may be forned in situ in the reaction
medi u{2§or exanpl e, by the esterification reaction between methanol

react n noduced
o T e R T B S R T g BTty el

r eact ispstemd @ u W At ie nlrevaly fresesepacediceatid poduttheeaniéd acdppendhtisisafot

reaction rodu wthdrawmn fraomr actor a ber c cIe in controlled
amount’§® ec ﬁtf%‘ﬁ%a‘?‘ﬂ%a%&ﬁ 18§01 8%‘8%?? nﬂ?ué I}Y%fq‘?@n?eoé’cti on
nedi u @‘yﬁéﬁﬁ@ﬂ @@ﬂ)ﬁéferziﬂi? pﬁﬁ/ﬂfé@ﬁ}yra%éﬁ@ﬁbl rdﬁﬁ&tes'tre%' lrlb aHiz% eﬁati&ﬂesyﬁt@ﬁ‘tcfmo n

Po
medi um ranges fromO.1 w.%to /b e.g., from1l Og to 14°wt.% or
from Blsatrecives hydingendest! 1t feIn bychbgqnenghsystﬂm 10k tlneamtw @cndpm agttictacid] 0045]

The desi reaction rat e ar obt ai ne wat er ratlons by
i nt RGBSRz R B o s R e Prglr kMK E bRl BE IR . “hci o
and aroalpe @il suctt&s wagd] athfiheedlec MDInreed dcbtid Aad.C BN bRgihaih@pste@nd4an
additional iodide ion that is over and above the iodide ion that is pr esent
as hyciw@lgeéﬁom@emémemﬁ MK PAPREALION URItH et érstllcl@rl@gctoermn% foreeenpering ethard. The
addi t i e |od|de
(L1 1 TRt SR Bforo Byt Ut @ik ¥ na T s lec ety
5, 001h2z51€h ehdimh systel@riOdow wat er concentrations, nmethyl WO
2011/ 140460PCT/ US2011/ 035551 acetate and lithiumiodide act. as rate
pr omotl 89% 1 ol RipReHS PleihaPrereltyn YHngAN BB derpehY B ABY BY Iragutig Prasewsdor
conpone r t hese
conpo eﬁ@lgregla%?gggﬁm%?ﬂal%t]%%ae%%sglr&.rca&ﬁ%&% ﬁu@ﬁggﬁggﬁf& :gtg %tg% tg%' i odi de
i on comtyertused imidit hadiogenatiahiod acavie actieareidefcribexbfsthof bdltne. present i nventi on.
[ 0046] wat er carbonyl at i addi tional iodide. over and above the
or gan 1803kt TR Gl gt e Stibiifodth bt T enarefiter Sl fE msRCSon S o
r angl riﬁJvefnﬁ@th%g/‘Me A%il & #0mUhy sthatfe urce inOMIAg Wael1lo@s, betr¥leuld cofl, from 3
.%to 10 wt.% the nethyl acetate may be present in anounts ranging from
0 5 wbiemass 3o dp forgh. Eorgpurpdseond the wresegttiovengonacosic anid fayrpe praduced vie 20

o 20 Bl bt g o U el NSt B s T8 it "oh e

cat al 65857708 6.62P72GeN143,980t BS99 V&l 3 544,G68); 51026/908:5,00M2EY; and a/9giBgs.f r om
200 wppmto 2000 p e. from 200 wopmto 1500 pm or from 500 wppm
to 15608 ﬁ%ﬁlsetpwre@&‘&tmgﬁredﬂcmetate@l hgggig by mf@?pcer%tmaﬁbrt ¢ BoidBeficgy st em
may b rlﬂ%f‘& cess to produce

et hane%F {IE\AEI?(% Mﬁ%gavh@d]nWﬁﬁggdrhomgtﬁgﬁlgﬁl%P gggﬁ fr)tl(?)?:(?)slr%%isot| ons and catal ysts.
[ 0048][0027¢ arepdtolam ahd lﬁitlﬁl'aggaM[frlheS/\ﬂlﬁ@ﬂate begonting viapomictedr BEs éxpengiedct i on
tenperature, follow ng which the vaporized acetic acid can be fed along

wi th ORGSR PIRYEIEARFF At Bnd TP oshaeh b StAERO LA GREROR FepXidier
carrier gas, such as nitrogen, argon, helium carbon dioxide and the |iKke.
For reactions run in the vapor phase, the tenperature should be controlled
in the systemsuch that it does not fagll below the dew point of acetic
acid. In one enbodinent, the acetic acid may be vaporized at the boiling
point of acetic acid at the particular pressure, and then the vapori zed
acetic acid nmay be further heated to the reactor inlet tenperature. In
anot her enbodi nent, the acetic acid is mxed with other gases before
vapor| zZi ng foll ovved by heat| ng the mxed vapors up to the react or |nI et
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WO 2011/ 140460PCT/ US2011/ 035551 reaction zone to add or renove heat. In

ot her enbodi nents, a radial flow reactor or reactors may be enployed, or a
seri es ofwpeattw@osomy be enpl oyed with or wi thout heat Pexalsangm3sssi
guenching, or introduction of additional feed material. Alternatively, a
shell and tube reactor provided with a heat transfer nedium my be used. In
many cases, the reaction zone nay be housed in a single vessel or in a
series of vessels with heat exchangers .t herebetyween.. &005 I n &Teferred
embodi TASH LTI SAIRGR Spureqs haxe dis{ioflegating Riqreste df BEHCH R MsR PEROlgUM 3§ 't he

shape (@i f1PeRRnGve litRBy bWEREEadvARbERS k@ Piodtucd ¥RiiE ﬁéihlfr&nﬂsﬁﬂﬂ?esiéa%ﬂﬁ” form
are passed over or through the catalyst. her reactors, such as Tluid or

ebul | i(&ayngeséithaeiacieored frommndye agarpsibteyeadhon sougerelUihHaamoe §,2321382, the

o r oot Aot R PP ARl O PalE P A R st bt hOT e Cat ol vt
bed a@é’trdﬁ‘[ﬁn%@ Me@fanof pIAE: fOF the MeaneREIra bf a@ROINGBY rdirbfittih B @ ngahaloy plant,

particles. [0051] The hydrogenation reaction may be carried out in either
t he | iteiaeReslansal copts pespeitedegeCOmeasatanfof a nefeacedaasif phnt aresignifiedgtiput i n

the v . f i it e i ure
my 1 angsef SR TARRihER o U O ROl Bl PAE LD ERH S o
f rom 2&66CiridosudpIidd to irepqrn®s snir & meyver &Y evHictointidh UsPd td proddddckiRaacié. h ,
fromb50 kPa to 2300 kPa, or from 100 kPa to 1500 kPa. The reactants may be
fed t@ SHBABHEWEDMydtogsn §YdhBYHPgenapar ser B1ay detsyPRIGASiM 8¥nggh-eat er t han
500 hipg h ) = en
ar eat 4003 o 2 R e & N o R B e e e - 1
t o 50,a00@Myldrogknatenngprocess oray DOAehived pardal BOgr@ddrdhy frdm fyngas. FOOOxdmple, the
10,000 hr-1, or fram 1000 hi'' to 6500 hr-1. [005 The hydrogenati o

opt | ot ey bF Fabieg torh mespapfladdsrieniginciiir bl QAR RS TREPC Bk eEhe

Pr essyfdn idRs aChO$hechdBaf 88 Aritlel by DadiadbxiihgofFRYnES) Sk@th redbhifsIGRqt her e
is no bar t0 the use of higher preSsures, it being understood that

consi deg esben poewdde may be peparateligbmtstingase acmdarly digtdrpgyn daat sxped ingthe eidp at
hi gh space vel acities, .e.d. 000, hi'' or 6,500 hr-1. .[0053 ntact or

reat o R BETotBE N SReaC oo o GadnOtrode Shadl TS bt bE AR P EBPEE s
amountsy®fasaqae kengds,iifl turaihay Y6 terivedFed® K aridtg 6PELrBéMERradd TRE esBUh Sourdd/pi cal

contact tinmes range froma fraction of a second to nore than several hours
when doiceagiples Mmagbstselerige miom thegrowp gonsisdndHelonaty akgas doil. wetrplepme¢ealr ed

contagt fi ) . ea. a i 1.1
cecondiomisTa B REShs fegh"BesPHERRILAATAGNS pObuRh T b U e
hydr ogeniine@as,cliclaashibalesieedmethah®pam ppddaneo by iamdfitle beagidujtucdndstet ed i n the
presenée of a hydrogenation catal yst, Suitable hydrogenation catal ysts

i ncl ud@0224; dpypapler qRebosingnty e aeeisceriUsse 10 sy gBeerdiog i gy Be orisd net al
and optd I - Qr, f . i ] nunber
o aqaio? IR Mmoo BRAEse e REGLATISIPE Do Brofblub MHRE ablecRPnICY

opt i opadcesearamitbnaradetopenrid mebatganiveyto beneal aghesdo facaim dcidppdidyg Ui, ifl | | B,
IVB, VB, VIB, VII. VIJI transition netals, a lanthanide netal, an actinide
met al 2BY C&f‘%?&dé?mg%ﬂée%{%afqd%n SgpneTaitpf Re TonGyRT PEESVI A

Pr ef ey &8raBRt idlorca @ anat0on Reealt @ th S OSFe 8X BRRIR thin ©8YAd YinpgaridResi ti ons

i nclude platinunmtin, platinumruthenium platinun rheni um

pal | adionyantiond el ryocpesing eihaeh ty pisallyihgs acasivlan gfpelcheydefiabpuicolyal t / pl at i num

cobal t{ chr om cobal t /.ruthenium. gohalt/tin, silver/palladiu

copper IRt R e el T B Rt Ao s R ek AR iffeeed from

r ut henhdigiotp e sikiing @ dldseidiemi Undtbbaenius EMebRIia) Phee@badagsdbacer,e furt her
described in U S Pat. No. 7,608,744 and U.S. Pub. No. 2010/0029995, the
ent i r d¥PRIgNIBACOIRHPIaPIONISAY B HoFca e DA ANg\Backridesn aed in prtiGidarher

enbodi ) o [ - f:ype descri bed
in U.§H§%%BFE%%Q%%§@B%g%%§g§g§k?ﬁ%O@%%?é@?9§gﬁﬂ&ﬂ#%ﬁkygiﬁ%@g?%ﬁﬁhted herein
by r efbaryeicam, Md0d k)] thémmoat&icanbiogmorimierotabier kiaualLystobaodpy defeakia, fir st

nmetal selected fromthe group _consisting of copper, iron, cobalt, nickel

r ut he FIrRRP NP HIBH UACTH TP RIORIGPTRRIGRIERFTA FPPIT uYHACTODIASP titanium zinc,
chrom um rhenium nolybdenum and tungsten. Preferably, the first netal is
selected fromthe group consisting of platinum palladium cobalt, nickel,
and ruthenium More preferably, the fi%st nmetal is selected fromplatinum
and pal l adium In enbodi nents of the i‘nvention where the first netal
conprises platinum it is preferred that the catal yst conprises platinumin
an amount less than 5 w.% e.g., less than 3 w.%or less than 1 w.% due
to the high commercial demand for platinum|[0056] As indicated above, in
sone enbodi nents, the catalyst further conprises a second netal, which

o o, o " o - .




WO 2011/ 140460PCT/ US2011/ 035551 an anobunt fromO0.1 to 20 wt.% e.g., from
0.1 to 10 wt.% or fromO0.1 to 5 wm.% For catalysts conprising two or nore
netal s, twe 2pwa4ot60nore netals nay be alloyed with one &o®iUserL1/083551may
conprise a non-alloyed netal solution or mxture. [0058] The preferred
nmetal ratios may vary depending on the nmetals used in the catalyst. In sone
exenpl ary enbodi nents, the nole ratio of the first metal to the second
metal is.from 10: 1]% 1;](10, e.lg.,.fro 1:4, from?2: 1??2 from
1. 5: 1 SPEFIRICAroguGsNs (BasiAripdgs amylgphilup ajc 362%19 eSTHRINGIA] {PRHoRAllY lalﬂ%lé
CONPr ip$&eeds, hitiof d Pﬂﬁfﬁ'ofﬁlﬁ‘é atetntdanianyreh ddsomRiaks highednahewe in
connection wth the first or second netal, so long as thé third metal is
di f f ergeﬁﬁedl tauﬁmbdltyﬂrqghe tfait sy banidedsiegbnblydregeniagon pap pf de@resent ismndidnnent s,
the t ted f the gr up consistin pal | adi um
Fut herraihe e fisale o 85l {of ity AR R IR IR Y SPeR b s, ¢ he
t hi rd geoalsol 6,938 begtEeh 46030 sohake;, 7 ml 3337601, 88507, 681 EN LT YR 0SPr esent ,
the total wei ght of the third netal is preferably fromO0.05 to 4 wt. %

the esriresies of ovhirhre apcomorgtedhgroinbytrefepenge.. Sgc {lo0EdY- Puk- Mewition to one

1 Lr?ﬁgﬁog@ﬁé‘@éé‘h@ R e A T B U AL A

" modi f[O%D]SLH)rpﬁfpﬂes dfet(ﬁne&s irelalesbiped hottlmaited tocdguidaBural Sap@0fdresrat eri al and
a support nodifier, which adjusts the acidity of the support material.

[ 00671 [Prodists: Sfaates v ger gilylpc g@tﬁﬁ@t ingher H%‘HF?tlnédeséﬂttFﬁosrqﬁWO@Qé?@H’Son t he

total t | € 75l

from 7 87& > é"?/ge L?lr? %ﬁt} 9%%\%%%1 écr?rwﬁrglﬁﬁetf gfrfr gd@ }ZarPt%r 1(51\6 lﬁeenotnz t hat
utili z:errestmnd; \fzhfetdstsamrrmetstratthgatqap@bagamdsxletcélgrass mrse&rﬂnts ammahmamoant
fromO.1.to 50 wt e.g., from0.2 ta 25 w.% fromO. % or

f r om 10Yicigalgartyee Bﬁ%@%&?%"ﬁ%@ €amgergial Wie- éfaPFrPé‘md%Ft alngend %Pﬁ%%lal s of

the cahaly ééo%nﬂps)heﬁ@ c@ff§@§ﬂoﬁ§&’s gﬁ%%&f&@@hﬁ P&y %@Htpellé@)é%fc%@aﬁdhﬁ@ég,hom
the support, coated on thé outer surface of the support (i.e., egg shell),

or deptastic.andstothhSes argt. aléé Bit. Nhe/.884pB% the nOoBP pt wblormt; tncwom@fpﬂwelat ed
by th skill in the re.se cteg such

Dhat " Dy deRondy RS Rttt ol ARG oL e MR Bafh AR BT er s he

pr oceske ReMdprotadn Sorarmby@thefwsod i Fudp,PHitIPR tHén @ﬁd@l&@@lﬁ&ke [ap&3]B1&iK t abl e
support materials may include, for exanple, stable netal oxide-based

supponidgoiis ae@ﬂ@ﬁﬁués@age@lO%Ie@p@rﬁtsgiuepﬁlémeqeﬂle@swﬁéequrgam%@mmealg| | i caceous
suppor, S I I t

cal o (OEALE TS, PR S REDs 3 PP PR BOSERERERIES o

t her eaffie protitne@ionsof ppediidn®] byorveslidnde, caﬂmtlaczeroes nmtenlalsmlbleais 6if),cohly omueX pake,

WO 2011/140460PCT/ US2011/ 035551 al umi na, titania, zircopia, nagnesium

oxi de 2nd Riogess mafeaiaf £ Be Procgts 1a¢lndes dwydegeasificgioninfsphdandionlisgid ~act i vat ed
car bong,,opAd ol fﬁ%%h?l% td Bﬁtraﬁloaf oE&Q%J TR 1&&Eﬁhﬁgfoh%tp%%tad&ﬁg%?g%aﬁﬁ’&i' fied
with a support no ler. In di'ment s support no Ier may be
an acigds o foodisfngas. fThasyngas rseameertetdrte nagshahiol whoh miyebeatainystted tSwrcetabe e

acidic su ort fiers elected fromthe gro onsi stin

ot dedots TR ah TRk gty S nadRedr ERbuOURs et B SRR hING oub vi 8
net al Snve‘ﬁtﬁbﬁ'%n&éd EBREP UVE I med. & s1, o Q/ﬂﬁhQﬁscﬁs@éJ@pMcéds@ofT&in%ﬁmga| um num
oxi des, and m xtures thereof. Acidic support nodifiers include thosSe

sel ectveedterm@tmtshbrogglmg@ﬁlh@m@nslttp Wpnges, Midd2.5. RatoNo. Np¥0BY4, Fakdslischp203,
B203, P 5 far]}crl 5O )3 P@ ﬁerrred a(():r dlrnc SUPRQrt r{ttladrf%%rés i ncl t,lrrclrlgl1 cE)hlose
sel ectne 9%) RN 1% 0B CEBRLSETHGUBH M REGD COPBY TR S *PAdE MARYTA 203,
The atiydiogemed E4rBén ABMoES rd NGO ReiVDY Jefefc@dOh thek 2RFetidé205, M02,
CuO Co203, and Bi 203. [0065] In another enbodi nent, the support nodifier
may bd0032adihe aepin acidFeditn Aie hyalsosenpiing Kpagtin mast 3lsqeompyispSItharicpiboyylicsych
basic , d of :
0ry! SRR SR oG oF YRR e RMRE LGRS SRS S HEIGIPALE LD
net al strearasoﬂnpneetseme of moye afl thkakompeimls sete¢tad frbmcthe gﬁ)up(c‘rb)mﬁ”nglrﬁ adétie et al
oxi des, . (vi), Gr netarlrcates (vii) 11 B netal oxides,
(viii )ac@ BRFHC waﬂi1 “rﬁjét %ﬁe{%@a@r Iefhé/ pesdate. e WW%%@“’/?@L:&}%? otheh, addition to
oxi des and netasilicates, other types of nodifiers including nitrates,
nitrites, acetates, and | act at es may be used. The basi c support modi f i er
may be selected fromthe group consistjng of oxides and netasilicates of
any of sodium potassium magnesium calcium scandium yttrium and zinc,
as well as mxtures of any of the foregoing. Mire preferably, the basic
support nodifier is a calciumsilicate, and even nore preferably cal cium
nmetasilicate (CaSi3). If the basic support nodifier conprises calcium
rretasrlrcate it |s preferred that at | east a portron of the cal cr um
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WO 2011/ 140460PCT/ US2011/ 035551 about 0.583 g H20/g support, a surface area
of about 160 to 175 nR/g, and a pore volune of about 0.68 m/g. [0068] The
cat al yst worgpugi4b46ons suitable for use with the present PCIUSR11085551
preferably are forned through netal inpregnation of the nodified support,
al t hough ot her processes such as chem cal vapor deposition may al so be

enpl oyed. Such irrpregnati on techni ques are described in U S. Pat. Nos.
7,608, 744 an 3 489 and U.S. Pub. No. 2 é]0/0197485 refer ed t o above,
the efPfPaYR én%% %P%W‘E%enﬁt‘? %H@rpé?“éfaseﬁé SPIBYIE BV e PB’69] In
parti GHlpRHimdiAe tﬁ&’ﬁéé&ﬁ@é‘é‘f‘ da%bx?hc a&i8s,isGerpsd ﬁo i@l ViR Jrﬁh‘;’/@ﬁ@é’ 'n?ay be
conversion of acetic acid and favorabl e selec ivity and productivity to

et handknefitha 11tr,pm¢lec19g@mma91 P¥atgr mapaksp be P%sert.ig the ageti¢ ecaétfeem% at | east
40% as 50% ast. 60% east % or 80%, Al.t hoygh
N S e T S e T T L,
at | eamkh 98%e1 dfna rﬁamo@amsmﬂam@m@oﬂtmmme@me@anm e e saptalige at
hi gh selectivity for ethanol. is, of course, well understood that in

many digseirety of Whighgs mcml;@rtt@d b‘@fﬂt@éﬁsfﬁfeéeffcét Tho arnde ypRaT D59dugh peioprample
recy ol EaMReAl ©36; Ahad §LARR RGLMNSonRE b phSerPRE@AH] LGl nd ©
conpensdt e tor poor se RV IVI i'S expressed as a nol e
per cenmkeedasedndunsiog mh/eeadeed acidahd hglacﬁnds ot tenﬁ)hmgl \datble sMﬁn‘lgb@dralodrot:mmge ach
conpound converted fromacetic acid has an i ndependent selectivity and that
sel ect®P¥Pty is i ndependent from conversion. For exanple, if 60 nole % of

the c fte et hanol
ol ety R B i P B BB e R e ol b St o s
at | easitatﬁ@%eﬂmdgmay@t: eh@kzyted?ﬂl% pra:rfereﬂ:d drﬂwtimaﬁ%at,émpmdaﬂbenelanon take term

"eth | at i ficall d th |
and eeHgND oEiChile erBpETE oot o' BefeBEA IR ot SaRAMbrotes DA e Steea00
e.dg., a%adt&agfﬂaﬁ&/%@d oﬁﬁonbﬁﬁﬁtrea%ﬁ){ored?ﬁ@ﬁyq{nﬁteqn shabedbomRHeft, QItrbBﬁ'?nonomde

hydr ogenati on process al so have |ow sel éctivity to undesirable products,
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TABLE 1 CRUDE ETHANOL PRODUCT Conponent Conc. (wt.% Conc. (wt.% Conc.
(wt.9% Conc. (m.% Ethanol 5 to 70 30 to 70 45 to 70 25 to 50 Acetic Acid
0 to 90 IWOQ0B(140460 PCT/US2011/035551

in-situ since under the operating conditions of the reaction system, a wide range of non-iodide
salt precursors will react with methyl iodide or hydroiodic acid in the reaction medium to
generate the corresponding co-promoter iodide salt stabilizer. For additional detail regarding
rhodium catalysis and iodide salt generation, see U.S. Pat. Nos. 5,001,259; 5,026,908; and
5,144,068, which are hereby incorporated by reference.

[0037] When an iridium catalyst is utilized, the iridium catalyst may comprise any iridium-
containing compound which is soluble in the liquid reaction composition. The iridium catalyst
may be added to the liquid reaction composition for the carbonylation reaction in any suitable
form which dissolves in the liquid reaction composition or is convertible to a soluble form.
Examples of suitable iridium-containing compounds which may be added to the liquid reaction
composition include: IrCls, Irls, IrBrs, [Ir(CO).1],, [Ir(CO),Cl],, [Ir(CO),Brl,, [Ir(CO),L1 H,
[Ir(CO),Br, ] H", [Ir(CO),L, ] H', [Ir(CH3)I5(CO,] HY, Ir4(CO),5, IrCl;3-3H,0, IrBrs-3H,0,
Ir4(CO) 3, iridium metal, Ir,Os, Ir(acac)(CO),, Ir(acac)s, iridium acetate,
[Ir;0(0OAC)s(H20)3][OAc], and hexachloroiridic acid [H,IrCls]. Chloride-free complexes of
iridium such as acetates, oxalates and acetoacetates are usually employed as starting materials.
The iridium catalyst concentration in the liquid reaction composition may be in the range of 100
to 6000 ppm. The carbonylation of methanol utilizing iridium catalyst is well known and is
generally described in U.S. Pat. Nos. 5,942,460; 5,932,764; 5,883,295; 5,877,348; 5,877,347,
and 5,696,284, which are hereby incorporated by reference.

[0038] A halogen co-catalyst/promoter is generally used in combination with the Group VIII
metal catalyst component. Methyl iodide is a preferred halogen promoter. Preferably, the
concentration of halogen promoter in the reaction medium ranges from 1 wt.% to 50 wt.%, and
preferably from 2 wt.% to 30 wt.%.

[0039] The halogen promoter may be combined with the salt stabilizer/co-promoter compound.
Particularly preferred are iodide or acetate salts, e.g., lithium iodide or lithium acetate.

[0040] Other promoters and co-promoters may be used as part of the catalytic system of the
present invention as described in U.S. Pat. No. 5,877,348, which is hereby incorporated by
reference. Suitable promoters are selected from ruthenium, osmium, tungsten, rhenium, zinc,
cadmium, indium, gallium, mercury, nickel, platinum, vanadium, titanium, copper, aluminum,
tin, antimony, and are more preferably selected from ruthenium and osmium. Specific co-

promoters are described in U.S. Pat. No. 6,627,770, which is incorporated herein by reference.
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2to 70 5to 70 Water 5 to 60 15 to 60 20 to 60 20 to 40 Ethyl Acetate O to
35 0to 151 to 12 3 to 10 Acetal dehyde 0 to 10 O to 3
WO 2011/140460 PCT/US2011/035551

[0041] A promoter may be present in an effective amount up to the limit of its solubility in the
liquid reaction composition and/or any liquid process streams recycled to the carbonylation
reactor from the acetic acid recovery stage. When used, the promoter is suitably present in the
liquid reaction composition at a molar ratio of promoter to metal catalyst of 0.5:1 to 15:1,
preferably 2:1 to 10:1, more preferably 2:1 to 7.5:1. A suitable promoter concentration is 400 to
5000 ppm.

[0042] In one embodiment, the temperature of the carbonylation reaction in the reactor is
preferably from 150°C to 250 °C, e.g., from 150°C to 225 °C, or from 150°C to 200°C. The
pressure of the carbonylation reaction is preferably from 1 to 20 MPa, preferably 1 to 10 MPa,
most preferably 1.5 to 5 MPa Acetic acid is typically manufactured in a liquid phase reaction at
a temperature from about 150°C to about 200°C and a total pressure of from about 2 to about 5
MPa.

[0043] In one embodiment, reaction mixture comprises a reaction solvent or mixture of
solvents. The solvent is preferably compatible with the catalyst system and may include pure
alcohols, mixtures of an alcohol feedstock, and/or the desired carboxylic acid and/or esters of
these two compounds. In one embodiment, the solvent and liquid reaction medium for the (low
water) carbonylation process is preferably acetic acid.

[0044] Water may be formed in situ in the reaction medium, for example, by the esterification
reaction between methanol reactant and acetic acid product. In some embodiments, water is
introduced to reactor together with or separately from other components of the reaction medium.
Water may be separated from the other components of reaction product withdrawn from reactor
and may be recycled in controlled amounts to maintain the required concentration of water in the
reaction medium. Preferably, the concentration of water maintained in the reaction medium
ranges from 0.1 wt.% to 16 wt.%, e.g., from 1 wt.% to 14 wt.%, or from 1 wt.% to 3 wt.% of the
total weight of the reaction product.

[0045] The desired reaction rates are obtained even at low water concentrations by maintaining
in the reaction medium an ester of the desired carboxylic acid and an alcohol, desirably the
alcohol used in the carbonylation, and an additional iodide ion that is over and above the iodide
ion that is present as hydrogen iodide. An example of a preferred ester is methyl acetate. The
additional iodide ion is desirably an iodide salt, with lithium iodide (Lil) being preferred. It has

been found, as described in U.S. Pat. No. 5,001,259, that under low water concentrations, methyl
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enbodi nent, the crude ethanol product conprises acetic acid in an anpunt
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vapor iPFQInoten @ag kel Prajetae Sieanatadyst palldebi pppintsHpaging &ieat 7 vt %s wpdt Wt i%on zone
206 C%g?fﬁ&%g \{,J.f%%‘% W42 O?E%m Y01 i‘ol{olév%G%%éﬁéz%ﬁafteO&?g%& Pe?érlw!'i’ﬁ‘ 224,
al so réferre 0 as an "aci separaflon col um is a eQenp ary

hydr ogemahiseangdonro20s witehto 3070 ggndtono h waESpar 28 wa ko, 20 fren?Devt. ianei 209

mul tiple columms [0077] In carbonylation system 202, nethangl feed stream
226 chﬁVPi WWsheHtiER M didgarn Pe peeagitiy amgehts (AEiNgdE0m ReY b0 aR vt dartbn

nonoxi r o of [ :

Sui € by o P et LG G B ol PR b T TR ) kPPt fle ATt ny1
et her ,soleibhyi athoummtaaginarfcorm2f® wippm tb REOE@ 8fppmie. gl, dasit 2@dwepafto 1hed net hanol
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pr essuwraporized acetic acid may be further heated to the reactor inlet temperature. In another

embodiment, the acetic acid is mixed with other gases before vaporizing followed by heating the
mixed vapors up to the reactor inlet temperature. Preferably, the acetic acid is transferred to the
vapor state by passing hydrogen and/or recycle gas through the acetic acid at a temperature at or
below 125°C, followed by heating of the combined gaseous stream to the reactor inlet
temperature.

[0049] Some embodiments of the process of hydrogenating acetic acid to form ethanol
according to one embodiment of the invention may include a variety of configurations using a
fixed bed reactor or a fluidized bed reactor. In many embodiments of the present invention, an

“adiabatic” reactor can be used; that is, there is little or no need for internal plumbing through the
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[ 0079] The gaseous carbon nonoxi de feed is preferably thoroughly dispersed
t hrough the reaction nmedium by agitator 230. A gaseous purge is desirably
vent ed viwoOanliafb46gas | i ne (not shown) from reactor 210PCo/yse@vmddssbui |l dup
of gaseous by-products, such as nethane, carbon dioxide, and hydrogen, and
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acid f % ° . etic acid residue exiting
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removed fromthe purified acetic acid %trean1 [ 0087] Returning to col umm
214, low boiling overhead vapor stream 238 is preferably condensed and
directed to an overhead phase separation unit, as shown by overhead

recei ver decanter 216. Conditions are desirably maintained in the process
such that | ow boiling overhead vapor stream 238, once in decanter 216, wll
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WO 2011/ 140460PCT/ US2011/ 035551 [0089] Acetic acid sidedraw 240 from
distillation colum 214 of carbonylation process 202 is preferably directed
t o hydr ogeoavilonrosyst em 204. I n one enbodi nent, the puriPCiras2@essiss1 aci d
stream may be sidestream 240 froma |light ends colum 214. [0090] In

hydr ogenati on system 204, hydrogen feed |ine 250 and si dedraw 240
conprising acetic acid and vvater is fed to vaporizer 218. Vapor feed stream
252 is withdrawn and fe ﬁ, enation_react 2%0. lla one enbodi nent,
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£t om JoEBIPEHE SRo BRIt B gk e phwbichiSner o rHE 355y be
from 5&ckBasto 2000 kPa, e.g., from75 kPa to 1500 kPa or from 100 kPa to
1000 kPa. [0093] The vapor streamexiting flasher 222 may conprise hydrogen
and h)[ﬁlﬂiidarlbensenmdlmnhﬂw @@lwpg@anmdﬁ/fa‘st metplivelestedifoom dcgroom zone 204
via line e.ret on of .the. vapor stream
basseSoRIBEH Dot by 5o ekl SubRReE B RE ApubBoitPEeq”ang
co- f egldtRupR Beniderzi] 8hroh3384fherling, gy @nimomd hagdhar. Brérdbsy, whd fid awn
and punped as a feed conposition via line 262 to the side of colum 224,
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fromthe reactor 220, and may, in fact, also be characterized as a crude

et han BN AMgyRklpss thap R vifedne. c](?ﬁsp@él? P %170 Phleps han 2¢ut-Br BedP & y has
subst g E'Q}L@‘JW lgylgglgﬂ%géglaﬁﬁ jon di oxi de, nethane or ethane, which are

renove . enplary conpositions of |line 262 are provided in
Tabl e [QOSGI]t A;dmdicgjtebebcwadm siwoem bduiments,gbé dathly stdu@d coepriseset gicondt her
EEEBO %@h}ﬁﬁ@g}!lc% oulé\‘ﬁfn%;}ﬁ a(sa g%}(}rﬁé)tgrallf pren(?n(% ntﬁg tsescoln(ril rrgert]ei pr(%er%bly-q'sA‘BLE 2

selected from the group consisting of copper, molybdenum, tin, chromium, iron, cobalt,

vanadium, tungsten, palladium, platinum, lanthanum, cerium, manganese, ruthenium, rhenium,

gold, and nickel. More preferably, the second metal is selected from the group consisting of

copper, tin, cobalt, rhenium, and nickel. Most preferably, the second metal is selected from tin

and rhenium.

[0057] In certain embodiments where the catalyst includes two or more metals, e.g., a first

metal and a second metal, the first metal is present in the catalyst in an amount from 0.1 to 10

wt.%, e.g., from 0.1 to 5 wt.%, or from 0.1 to 3 wt.%. The second metal preferably is present in
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Conc. (wt.%9 Conc. (w.% Ethanol 5 to 70 30 to 70 25 to 50 Acetic Acid <90
1to80 2to 70 Water 5 to 60 15 to 60 20 to 60 Ethyl Acetate
WO 2011/140460 PCT/US2011/035551

an amount from 0.1 to 20 wt.%, e.g., from 0.1 to 10 wt.%, or from 0.1 to 5 wt.%. For catalysts
comprising two or more metals, the two or more metals may be alloyed with one another, or may
comprise a non-alloyed metal solution or mixture.

[0058] The preferred metal ratios may vary depending on the metals used in the catalyst. In
some exemplary embodiments, the mole ratio of the first metal to the second metal is from 10:1
to 1:10, e.g., from 4:1 to 1:4, from 2:1 to 1:2, from 1.5:1 to 1:1.5 or from 1.1:1 to 1:1.1.

[0059] The catalyst may also comprise a third metal selected from any of the metals listed
above in connection with the first or second metal, so long as the third metal is different from
both the first and second metals. In preferred embodiments, the third metal is selected from the
group consisting of cobalt, palladium, ruthenium, copper, zinc, platinum, tin, and rhenium. More
preferably, the third metal is selected from cobalt, palladium, and ruthenium. When present, the
total weight of the third metal is preferably from 0.05 to 4 wt.%, e.g., from 0.1 to 3 wt.%, or
from 0.1 to 2 wt.%.

[0060] In addition to one or more metals, in some embodiments of the present invention, the
catalysts further comprise a support or a modified support. As used herein, the term “modified
support” refers to a support that includes a support material and a support modifier, which
adjusts the acidity of the support material.

[0061] The total weight of the support or modified support, based on the total weight of the
catalyst, preferably is from 75 t0 99.9 wt.%, e.g., from 78 to 97 wt.%, or from 80 to 95 wt.%. In
preferred embodiments that utilize a modified support, the support modifier is present in an
amount from 0.1 to 50 wt.%, e.g., from 0.2 to 25 wt.%, from 0.5 to 15 wt.%, or from 1 to 8 wt.%,
based on the total weight of the catalyst. The metals of the catalysts may be dispersed
throughout the support, layered throughout the support, coated on the outer surface of the support
(i.e., egg shell), or decorated on the surface of the support.

[0062] As will be appreciated by those of ordinary skill in the art, support materials are
selected such that the catalyst system is suitably active, selective and robust under the process
conditions employed for the formation of ethanol.

[0063] Suitable support materials may include, for example, stable metal oxide-based supports
or ceramic-based supports. Preferred supports include silicaceous supports, such as silica,
silica/alumina, a Group IIA silicate such as calcium metasilicate, pyrogenic silica, high purity

silica, and mixtures thereof. Other supports may include, but are not limited to, iron oxide,
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alumina, titania, zirconia, magnesium oxide, carbon, graphite, high surface area graphitized
carbon, activated carbons, and mixtures thereof.

[0064] The catalyst support may be modified with a support modifier. In some embodiments,
the support modifier may be an acidic modifier that increases the acidity of the catalyst. Suitable
acidic support modifiers may be selected from the group consisting of: oxides of Group IVB
metals, oxides of Group VB metals, oxides of Group VIB metals, oxides of Group VIIB metals,
oxides of Group VIIIB metals, aluminum oxides, and mixtures thereof. Acidic support modifiers
include those selected from the group consisting of TiO,, ZrO,, Nb,Os, Ta,0s, Al,Os, B,0s,
P»0s, and Sb,0s. Preferred acidic support modifiers include those selected from the group
consisting of TiO,, ZrO,, Nb,Os, Ta,0s, and Al,Os. The acidic modifier may also include WOs;,
MoQO;, Fe, 05, Cr;05, V205, MnO,, CuO, Co,05, and Bi,Os.

[0065] In another embodiment, the support modifier may be a basic modifier that has a low
volatility or no volatility. Such basic modifiers, for example, may be selected from the group
consisting of: (i) alkaline earth oxides, (i1) alkali metal oxides, (iii) alkaline earth metal
metasilicates, (iv) alkali metal metasilicates, (v) Group IIB metal oxides, (vi) Group 1IB metal
metasilicates, (vii) Group IIIB metal oxides, (viii) Group IIIB metal metasilicates, and mixtures
thereof. In addition to oxides and metasilicates, other types of modifiers including nitrates,
nitrites, acetates, and lactates may be used. The basic support modifier may be selected from the
group consisting of oxides and metasilicates of any of sodium, potassium, magnesium, calcium,
scandium, yttrium, and zinc, as well as mixtures of any of the foregoing. More preferably, the
basic support modifier is a calcium silicate, and even more preferably calcium metasilicate
(CaSi0Os). If the basic support modifier comprises calcium metasilicate, it is preferred that at
least a portion of the calcium metasilicate is in crystalline form.

[0066] A preferred silica support material is SS61138 High Surface Area (HSA) Silica Catalyst
Carrier from Saint Gobain NorPro. The Saint-Gobain NorPro SS61138 silica exhibits the
following properties: contains approximately 95 wt.% high surface area silica; surface area of
about 250 m*/g; median pore diameter of about 12 nm; average pore volume of about 1.0 cm*/g
as measured by mercury intrusion porosimetry; and packing density of about 0.352 g/cm’ (22
Ib/ft).

[0067] Another preferred silica support material is KA-160 silica spheres from Siid-Chemie

having a nominal diameter of about 5 mm, a density of about 0.562 g/ml, an absorptivity of
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[ 0096] The "other esters" in Table 2 may include, but are not limted to,
et hyl propionate, nethyl acetate, isopropyl acetate, n-propyl acetate,

n-butyl acetate or mxtures thereof._ The "other _ethers” in Tahle 2_may
ol uto A PO e S BF AR LGSy atge e Of
| sobutyybyet.dwi/gt her or mxtures thereof. The "other alcohols" in Table 3

may include, but are not |limted to, nethanol, isopropanol, n-propanol,
n- but 46@A8] orTheicatalysesompesitennfs suitablofos uegriysitlitheepresent heefittandprefengbbsivei on,

®1 9 R e TR SR G Rl b PR AR RO 8 B0,
to 0. QRetcallapbt dgitRitlod ey ey &hPeged. Plch ipRensidhetcHhdiee AR ety be
carried througf\? in any of the distillate or residue streans described
her ei A U.S. Pat. Nos. 7,608,744 and 7,863,489 and U.S. Pub. No. 2010/0197485 referred to above,
the entireties of which are incorporated herein by reference.
[0069] In particular, the hydrogenation of acetic acid may achieve favorable conversion of
acetic acid and favorable selectivity and productivity to ethanol. The conversion may be at least
10%, e.g., at least 20%, at least 40%, at least 50%, at least 60%, at least 70% or at least 80%.
Although catalysts that have high conversions are desirable, such as at least 80% or at least 90%,
in some embodiments, a low conversion may be acceptable at high selectivity for ethanol. It is,
of course, well understood that in many cases, it is possible to compensate for conversion by
appropriate recycle streams or use of larger reactors, but it is more difficult to compensate for
poor selectivity.
[0070] Selectivity is expressed as a mole percent based on converted acetic acid. It should be
understood that each compound converted from acetic acid has an independent selectivity and
that selectivity is independent from conversion. For example, if 60 mole % of the converted
acetic acid is converted to ethanol, we refer to the ethanol selectivity as 60%. Preferably, the
catalyst selectivity to ethoxylates is at least 60%, e.g., at least 70%, or at least 80%. As used
herein, the term “ethoxylates” refers specifically to the compounds ethanol, acetaldehyde, and
ethyl acetate. Preferably, the selectivity to ethanol is at least 80%, e.g., at least 85% or at least
88%. Preferred embodiments of the hydrogenation process also have low selectivity to
undesirable products, such as methane, ethane, and carbon dioxide. The selectivity to these
undesirable products preferably is less than 4%, e.g., less than 2% or less than 1%. More
preferably, these undesirable products are present in undetectable amounts. Formation of
alkanes may be low, and ideally less than 2%, less than 1%, or less than 0.5% of the acetic acid
passed over the catalyst is converted to alkanes, which have little value other than as fuel.
[0071] The term “productivity,” as used herein, refers to the grams of a specified product, e.g.,
ethanol, formed during the hydrogenation based on the kilograms of catalyst used per hour. A

productivity of at least 100 grams of ethanol per kilogram of catalyst per hour, e.g., at least 400
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TABLE 3 FIRST COLUMW Conc. (Wm.% Conc. (m.% Conc. (m.% Distillate
Et hanol 20 to 90 30 to 85 50 to 85 Water
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or through side reactions and may be present, for example, in amounts ranging from 0 to 20
wt.%, e.g., from 0 to 15 wt.%, from 1 to 12 wt.% or from 3 to 10 wt.%. In addition,
acetaldehyde may be produced through side reactions, and may be present, for example, in
amounts ranging from 0 to 10 wt.%, e.g., from 0 to 3 wt.%, from 0.1 to 3 wt.% or from 0.2 to 2
wt.%. Other components, such as, for example, alcohols, esters, ethers, aldehydes, ketones,
alkanes, and carbon dioxide, if detectable, collectively may be present in amounts less than 10
wt.%, e.g., less than 6 wt.% or less than 4 wt.%. In terms of ranges, these other components may
be collectively present in an amount from 0.1 to 10 wt.%, e.g., from 0.1 to 6 wt.%, or from 0.1 to

4 wt.%. Exemplary component ranges for the crude ethanol product are provided in Table 1.

TABLE 1
CRUDE ETHANOL PRODUCT
Conc.
Component (wt.%) Conc. (wt.%) Conc. (wt.%) Conc. (wt.%)
Ethanol 5t0 70 30to0 70 451070 251t0 50
Acetic Acid 0to 90 1 to 80 2t070 5t070
Water 5 to 60 15 to 60 20 to 60 20 t0 40
Ethyl Acetate 0to 35 0to15 l1tol12 3t010
Acetaldehyde 0to 10 0to3 0.1t03 0.2t02
Others 0.1to0 10 0.1to06 0.1to4 --

[0075] In one embodiment, the crude ethanol product comprises acetic acid in an amount less
than 20 wt.%, e.g., less than 15 wt. %, less than 10 wt.% or less than 5 wt.%. In embodiments
having lower amounts of acetic acid, the conversion of acetic acid is preferably greater than
75%, e.g., greater than 85% or greater than 90%. In addition, the selectivity to ethanol may also
be preferably high, and is preferably greater than 75%, e.g., greater than 85% or greater than
90%.

Integration Carbonvlation and Hydrogenation

[0076] FIG. 2 shows exemplary integrated carbonylation and hydrogenation process 200,
which comprises carbonylation system 202, hydrogenation zone 204, and hydrogenation
separation zone 206. Carbonylation system 202 comprises 1) reaction zone 208, which
comprises carbonylation reactor 210 and flasher 212, and 2) carbonylation separation zone 209,
which comprises at least one distillation column, e.g., a light ends column or a drying column,
214, and phase separator, e.g., decanter, 216. Hydrogenation zone 204 comprises vaporizer 218

and hydrogenation reactor 220. Hydrogenation separation zone 206 comprises flasher 222 and
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column 224, also referred to as an “acid separation column.” FIG. 3 is an exemplary
hydrogenation zone 204 with a hydrogenation separation zone 206 having multiple columns.
[0077] In carbonylation system 202, methanol feed stream 226 comprises methanol and/or
reactive derivatives thereof and carbon monoxide 228 are fed to a lower portion of carbonylation
reactor 210. Suitable reactive derivatives of methanol include methyl acetate, dimethyl ether,
methyl formate, and mixtures thereof. At least some of the methanol and/or reactive derivative
thereof will be converted to, and hence present as, methyl acetate in the liquid reaction
composition by reaction with acetic acid product or solvent. The concentration in the liquid
reaction composition of methyl acetate is suitably in the range of from 0.5 wt.% to 70 wt.%, e.g.,
from 0.5 wt.% to 50 wt.%, from 1 wt.% to 35 wt.%, or from 1 wt.% to 20 wt.%.

[0078] Reactor 210 is preferably either a stirred vessel, e.g., CSTR, or bubble-column type
vessel, with agitator 230 or without an agitator, within which the reaction medium is maintained,
preferably automatically, at a predetermined level. This predetermined level may remain
substantially constant during normal operation. Into reactor 210, methanol, carbon monoxide,
and sufficient water may be continuously introduced as needed to maintain at least a finite
concentration of water in the reaction medium. In one embodiment, carbon monoxide, e.g., in
the gaseous state, is continuously introduced into reactor 210, desirably below agitator 230,
which is used to stir the contents. The temperature of reactor 210 may be controlled, as indicated
above. Carbon monoxide feed 228 is introduced at a rate sufficient to maintain the desired total
reactor pressure.

[0079] The gaseous carbon monoxide feed is preferably thoroughly dispersed through the
reaction medium by agitator 230. A gaseous purge is desirably vented via an off-gas line (not
shown) from reactor 210 to prevent buildup of gaseous by-products, such as methane, carbon
dioxide, and hydrogen, and to maintain a carbon monoxide partial pressure at a given total
reactor pressure.

[0080] The crude acetic acid product is drawn off from the reactor 210 at a rate sufficient to
maintain a constant level therein and is provided to flasher 212 via stream 232.

[0081] In flasher 212, the crude acetic acid product is separated in a flash separation step to
obtain a volatile (“vapor”) overhead stream 234 comprising acetic acid and a less volatile stream
236 comprising a catalyst-containing solution. The catalyst-containing solution comprises acetic

acid containing the rhodium and the iodide salt along with lesser quantities of methyl acetate,
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methyl iodide, and water. The less volatile stream 236 preferably is recycled to reactor 210.
Vapor overhead stream 234 also comprises methyl iodide, methyl acetate, water, and
permanganate reducing compounds (“PRCs”).

[0082] Overhead stream 234 from flasher 212 is directed to separation zone 209. Separation
zone 209 comprises light ends column 214 and decanter 216. Separation zone 209 may also
comprise additional units, e.g., a drying column, one or more columns for removing PRCs, heavy
ends columns, extractors, etc.

[0083] In light ends column 214, stream 234 yields a low-boiling overhead vapor stream 238,
a purified acetic acid stream that preferably is removed via a sidestream 240, and a high boiling
residue stream 242. Purified acetic acid that is removed via sidestream 240 preferably is
conveyed, e.g., directly, without removing substantially any water therefrom, to hydrogenation
system 204. Thus, the present invention provides for production efficiencies by using an acetic
acid stream having a higher water content than glacial acetic acid, which beneficially reduces or
eliminates the need for water removal downstream from light ends column 214 in carbonylation
system 202,

[0084] In one embodiment, column 214 may comprise trays having different concentrations of
water. In these cases, the composition of a withdrawn sidedraw may vary throughout the
column. As such, the withdrawal tray may be selected based on the amount of water that is
desired, e.g., more than 0.5 wt%. In another embodiment, the configuration of the column may
be varied to achieve a desired amount or concentration of water in a sidedraw. Thus, an acetic
acid feed may be produced, e.g., withdrawn from a column, based on a desired water content.
Accordingly, in one embodiment, the invention is to a process for producing ethanol comprising
the step of withdrawing a purified acetic acid sidedraw from a light ends column in a
carbonylation process, wherein a location from which the sidedraw is withdrawn is based on a
water content of the sidedraw. The water content of the sidedraw may be from 0.15 wt.% to 25
wt.% water. The process further comprises the steps of hydrogenating acetic acid of the purified
acetic acid stream in the presence of a catalyst under conditions effective to form a crude ethanol
product comprising ethanol and water; and recovering ethanol from the crude ethanol product.
[0085] In another embodiment, the separation zone 209 comprises a second column , such as a
drying column (not shown). A portion of the crude acetic acid stream 240 may be directed to the

second column to separate some of the water from sidedraw 240 as well as other components
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2.5 to 40 Water 30 to 100 45 to 90 60 to 90 Ethanol <1 <0.9 <0.5 [0105] As
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[0087] Returning to column 214, low-boiling overhead vapor stream 238 is preferably
condensed and directed to an overhead phase separation unit, as shown by overhead receiver
decanter 216. Conditions are desirably maintained in the process such that low-boiling overhead
vapor stream 238, once in decanter 216, will separate into a light phase and a heavy phase.
Generally, low-boiling overhead vapor stream 238 is cooled to a temperature sufficient to
condense and separate the condensable methyl iodide, methyl acetate, acetaldehyde and other
carbonyl components, and water into two phases. A gaseous portion of stream 238 may include
carbon monoxide, and other noncondensable gases such as methyl iodide, carbon dioxide,
hydrogen, and the like and is vented from the decanter 216 via stream 244.

[0088] Condensed light phase 246 from decanter 216 preferably comprises water, acetic acid,
and permanganate reducing compounds (“PRCs”), as well as quantities of methyl iodide and
methyl acetate. Condensed heavy phase 248 from decanter 216 will generally comprise methyl
iodide, methyl acetate, and PRCs. The condensed heavy liquid phase 248, in some
embodiments, be recirculated, either directly or indirectly, to reactor 210. For example, a portion
of condensed heavy liquid phase 248 can be recycled to reactor 210, with a slip stream (not
shown), generally a small amount, e.g., from 5 to 40 vol.%, or from 5 to 20 vol. %, of the heavy
liquid phase being directed to a PRC removal system. This slip stream of heavy liquid phase 248
may be treated individually or may be combined with condensed light liquid phase 246 for
further distillation and extraction of carbonyl impurities in accordance with one embodiment of

the present invention.
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[0108] In sone enbodi nents, depending on acetic conversion and the anount
of water withdrawn fromcolum 244, distillate in |line 266 may conprise a
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enbodi nent, as shown in FIG 3, the first distillate in line 266 is further
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[0093] The vapor stream exiting flasher 222 may comprise hydrogen and hydrocarbons, which
may be purged and/or returned to reaction zone 204 via line 258. As shown in FIG. 2, the
returned portion of the vapor stream passes through compressor 260 and is combined with the
hydrogen feed and co-fed to vaporizer 218.

[0094] The liquid from flasher 222 is withdrawn and pumped as a feed composition via line
262 to the side of column 224, which may be referred to as the first column when multiple
columns are used as shown in FIG. 3. Column 224 may also be referred to as an “acid separation

column.” The contents of line 262 typically will be substantially similar to the product obtained
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Residue Water5 to 7030 to 6030 to 50 Ethanol 20 to 9530 to 7040 to 70 Et hyl
Acet at e<30. 001 to 20.001 to 0.5 Acetic Acid<0.50.001 to 0.30.001 to 0.2
[0113] Thwoweilghot46pati o of ethanol in the second residueCrwsethasssslin the
second distillate preferably is at least 3:1, e.g., at least 6:1, at |east
8:1, at least 10:1 or at least 15:1. The weight ratio of ethyl acetate in
the second residue to ethyl acetate in the second distillate preferably is
| ess than O ss than. O | ess tha i ments
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Conc. (wt.%Conc. (WM.%9Conc. (WM.% Distillate Ethanol 75 to 9680 to 9685
to 96 Water< 121 to 93 to 8 Acetic Acid<10.001 to 0.10.005 to 0.01 Ethyl
Acet at e<580Q0/404640. 01 to 3 Residue Water75 to 10080 POTABO@A/085355100
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reactive distillation column to convert the acid to esters.

[0100] First column 224 also forms an overhead distillate, which is withdrawn via stream 266,
and which may be condensed and refluxed, for example, at a ratio of from 10:1 to 1:10, e.g.,
from 3:1 to 1:3 or from 1:2 to 2:1. As indicated above, a majority of the water is withdrawn in
residue via line 264 as opposed to distillate via line 266 such that the weight ratio of water in line
264 to line 266 is greater than 2:1.

[0101] The columns shown in the FIGS. may comprise any distillation column capable of
performing the desired separation and/or purification. Each column preferably comprises a tray
column having from 1 to 150 trays, e.g., from 10 to 100 trays, from 20 to 95 trays or from 30 to
75 trays. The trays may be sieve trays, fixed valve trays, movable valve trays, or any other
suitable design known in the art. In other embodiments, a packed column may be used. For
packed columns, structured packing or random packing may be employed. The trays or packing
may be arranged in one continuous column or they may be arranged in two or more columns
such that the vapor from the first section enters the second section while the liquid from the

second section enters the first section and so on.
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shown). Wthout being bound by theory, since acetal dehyde nay be
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[0103] The temperatures and pressures employed in the columns may vary. As a practical
matter, pressures from 10 kPa to 3000 kPa will generally be employed in these zones although in
some embodiments subatmospheric pressures or superatomic pressures may be employed.
Temperatures within the various zones will normally range between the boiling points of the
composition removed as the distillate and the composition removed as the residue. As will be
recognized by those skilled in the art, the temperature at a given location in an operating
distillation column is dependent on the composition of the material at that location and the
pressure of column. In addition, feed rates may vary depending on the size of the production
process and, if described, may be generically referred to in terms of feed weight ratios.
[0104] When column 224 is operated under about 170 kPa, the temperature of the residue
exiting in line 264 from column 224 preferably is from 90°C to 130°C, e.g., from 95°C to 120°C
or from 100°C to 115°C. The temperature of the distillate exiting in line 266 from column 224
preferably is from 60°C to 90°C, e.g., from 65°C to 85°C or from 70°C to 80°C. In some
embodiments, the pressure of first column 224 may range from 0.1 kPa to 510 kPa, e.g., from 1
kPa to 475 kPa or from 1 kPa to 375 kPa. Distillate and residue compositions for first column
224 for one exemplary embodiment of the present invention are provided in Table 3. In addition,
for convenience, the distillate and residue of the first column may also be referred to as the “first

distillate” or “first residue.” The distillates or residues of the other columns may also be referred
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Acet al dehyde 2 to 80 2 to 50 5 to 40 Ethyl Acetate <90 30 to 80 40 to 75
Et hanol <30 0.001 to 25 0.01 to 20 Water <25
WO 2011/140460 PCT/US2011/035551

to with similar numeric modifiers (second, third, etc.) in order to distinguish them from one

another, but such modifiers should not be construed as requiring any particular separation order.

TABLE 3
FIRST COLUMN

Conc. (wt.%) Conc. (wt.%) Conc. (wt.%)
Distillate
Ethanol 20t0 90 30 to 85 50 to 85
Water 4 to 38 7to 32 7t025
Acetic Acid <1 0.001to1 0.01t0 0.5
Ethyl Acetate <60 5t040 8to45
Acetaldehyde <10 0.001to 5 001to4
Acetal <4.0 <30 <20
Acetone <0.05 0.001 t0 0.03 0.01 to 0.025
Residue
Acetic Acid <90 1to 50 2.5t040
Water 30 to 100 45 to0 90 60 to 90
Ethanol <1 <0.9 <0.5

[0105] As indicated in Table 3, embodiments of the present invention allow a majority of the
water to be withdrawn in residue line 264. In addition, the increased amount of water reduces
the amount of acetic acid that may be carried over in distillate line 266. Preferably there is
substantially no or very low amounts of acetic acid in distillate line 266. Reducing acetic acid in
distillate line 266 may advantageously reduce the amount of acetic acid in the final ethanol
product.

[0106] Some species, such as acetals, may decompose in column 224 such that very low
amounts, or even no detectable amounts, of acetals remain in the distillate or residue. In
addition, there may be an equilibrium reaction after the crude ethanol product exits reactor 220 in
liquid feed 256. Depending on the concentration of acetic acid in the crude ethanol product,
equilibrium may be driven toward formation of ethyl acetate. The reaction may be regulated
using the residence time and/or temperature of liquid feed 256.

[0107] The distillate, e.g., overhead stream, of column 224 optionally is condensed and
refluxed as shown in FIG. 2, preferably, at a reflux ratio of 1:5 to 10:1. The distillate in line 266
preferably comprises ethanol, ethyl acetate, and lower amounts of water. The separation of these

species may be difficult, in some cases, due to the formation of binary and tertiary azeotropes.
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0.001 to 20 0.01 to 15 Residue Et hyl Acetate 40 to 100 50 to 100 60 to
100 Et hanol <40 0.001 to 30 O to 15 Water
WO 2011/140460 PCT/US2011/035551

[0108] In some embodiments, depending on acetic conversion and the amount of water
withdrawn from column 244, distillate in line 266 may comprise a suitable ethanol product that
requires no further processing.

[0109] In one embodiment, as shown in FIG. 3, the first distillate in line 266 is further
processed to remove byproducts. First distillate in line 266 is directed to the second column 268,
also referred to as a “light ends column,” preferably in the top part of column 268, e.g., top half
or top third. Second column 268 may be a tray column or packed column. In one embodiment,
second column 268 is a tray column having from 5 to 70 trays, e.g., from 15 to 50 trays, or from
20 to 45 trays. As one example, when a 30 tray column is used in a column without water
extraction, line 266 is introduced at tray 2.

[0110] In another embodiment, second column 268 may be an extractive distillation column.
In such an embodiment, an extraction agent, such as water, may be added to second column 268.
If the extraction agent comprises water, it may be obtained from an external source or from an
internal return/recycle line from one or more of the other columns. Other suitable extractive
agents that may be used include dimethylsulfoxide, glycerine, diethylene glycol, 1-naphthol,
hydroquinone, N,N’-dimethylformamide, 1,4-butanediol; ethylene glycol-1,5-pentanediol;
propylene glycol-tetracthylene glycol-polyethylene glycol; glycerine-propylene glycol-
tetraethylene glycol-1,4-butanediol, ethyl ether, methyl formate, cyclohexane, N,N'-dimethyl-
1,3-propanediamine, N,N'-dimethylethylenediamine, diethylene triamine, hexamethylene
diamine and 1,3-diaminopentane, an alkylated thiopene, dodecane, tridecane, tetradecane,
chlorinated paraffins, or combinations thereof.

[0111] In some embodiments, a portion of the water in first distillate 266 may be removed
prior to second column 268, using one or more membranes, and/or adsorptions units.

[0112] Although the temperature and pressure of second column 268 may vary, when at about
20 kPa to 70 kPa, the temperature of the second residue exiting in line 270 from second column
268 preferably is from 30°C to 75°C, e.g., from 35°C to 70°C or from 40°C to 65°C. The
temperature of the second distillate exiting in line 272 from second column 268 preferably is
from 20°C to 55°C, e.g., from 25°C to 50°C or from 30°C to 45°C. Second column 268 may
operate at a reduced pressure, near or at vacuum conditions, to further favor separation of ethyl
acetate and ethanol. In other embodiments, the pressure of second column 268 may range from
0.1 kPa to 510 kPa, e.g., from 1 kPa to 475 kPa or from 1 kPa to 375 kPa. Exemplary distillate
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<25 0.001 to 20 2 to 15 Acetal dehyde <1 0.001 to 0.5 Not detectable Acetal
<3 0.001 to 2 0.01 to 1 [0124] The final ethanol product produced by the
process oVotha/goesent invention nmay be taken fromthe wPhirru$2aii®siski at e.

The et hanol product may be an industrial grade ethanol conprising from75
to 96 wt.% ethanol, e.g., from80 to 96 wt.%or from85 to 96 w. % et hanol
based on the total weight of the ethanol product. Exenplary finished

et hanol .conpositional ranges are provided below.in Tahle 7. TABL
El NI Sﬁ%f@%ﬁ@p@%‘f@@%ﬁ- e@qgg colugm 268 are provlded in Jilable 9 below. Its oullz'd lZe
understood that the distillate and residue may also contain other components, not listed, such as

additional components in the feed.

TABLE 4
SECOND COLUMN

Conc. (wt.%) Conc. (wt.%) Conc. (wt.%)
Distillate
Ethyl Acetate 5t0 90 10 to 80 15t075
Acetaldehyde <60 1t0 40 1to 35
Water <45 0.001 to 40 0.01to 35
Ethanol <20 0.01to 10 0.1t05
Residue
Water 5t070 30 to 60 30 to 50
Ethanol 20 to 95 30to 70 40 to 70
Ethyl Acetate <3 0.001to 2 0.001 t0 0.5
Acetic Acid <0.5 0.001 to 0.3 0.001 t0 0.2

[0113] The weight ratio of ethanol in the second residue to ethanol in the second distillate
preferably is at least 3:1, e.g., at least 6:1, at least 8:1, at least 10:1 or at least 15:1. The weight
ratio of ethyl acetate in the second residue to ethyl acetate in the second distillate preferably is
less than 0.4:1, e.g., less than 0.2:1 or less than 0.1:1. In embodiments that use an extractive
column with water as an extraction agent as the second column 268, the weight ratio of ethyl
acetate in the second residue to ethyl acetate in the second distillate is less than 0.1:1.

[0114] Returning to the second distillate, which comprises ethyl acetate and/or acetaldehyde,
the second distillate preferably is refluxed as shown in FIG. 3, for example, at a reflux ratio of
from 1:30 to 30:1, e.g., from 1:5 to 5:1 or from 1:3 to 3:1. In some embodiments, the second
distillate in line 272 or portion thereof may be returned reactor 220. For example, it may be
advantageous to return a portion of second distillate 272 to reactor 220. In certain embodiments
and as shown in FIG. 3, the second distillate may be fed to “acetaldehyde removal column™ 274
to recover aldehyde, which may be recycled to the reactor 220. Acetaldehyde removal column
274 may also separate the second distillate 272 to yield a residue, which comprises ethyl acetate.
In other embodiments, the second distillate may be hydrolyzed or fed to a hydrogenolysis reactor
(not shown) to produce ethanol from ethyl acetate. In still other embodiments, the second

distillate may be purged from system.
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Conmponent Conc. (wm.% Conc. (Wm.% Conc. (w.% Ethanol 75 to 96 80 to 96
85 to 96 Water < 12 1 to 9 3 to 8 Acetic Acid <1 <0.1
WO 2011/140460 PCT/US2011/035551

[0115] Optionally, when second distillate 272 comprises water, the water may be removed
using one or more membranes, and/or adsorptions units. The removed water may be purged or
retained in the system by adding the acetic acid feed stream.

[0116] The second residue 270 from the bottom of second column 268, which may comprise
ethanol and water, may be further separated depending on the concentration of water. As shown
in FIG. 1, second residue 270 is directed to a third column 276 to remove the water and thus
yield an ethanol product. In some embodiments, the amount of water in second residue 270 may
be sufficient for the particular use of the ethanol product, such as for industrial uses. For uses
that require lower amounts of water, in particular fuels, the water may be removed using a
distillation column, membrane, adsorption unit, or combination thereof.

[0117] As shown in FIG. 3, the second residue is fed via line 270 to third column 276, also
referred to as a “product column.” The second residue in line 270 is introduced in the lower part
of third column 276, e.g., lower half or lower third. Third column 276 recovers ethanol, which
preferably is substantially pure other than the azeotropic water content, as the distillate in line
278. The distillate of third column 276 preferably is refluxed as shown in FIG. 3, for example, at
a reflux ratio of from 1:10 to 10:1, e.g., from 1:3 to 3:1 or from 1:2 to 2:1. The third residue in
line 280, which preferably comprises primarily water, may be returned to reaction zone 204. In
some embodiments, the third residue may be used an extractive agent or to hydrolyze an ethyl
acetate stream. Third column 276 is preferably a tray column as described above and preferably
operates at atmospheric pressure. The temperature of the third distillate exiting in line 280 from
third column 276 preferably is from 60°C to 110°C, e.g., from 70°C to 100°C or from 75°C to
95°C. The temperature of the third residue exiting from third column 276 preferably is from
70°C to 115°C, e.g., from 80°C to 110°C or from 85°C to 105°C, when the column is operated at
atmospheric pressure. Exemplary components of the distillate and residue compositions for third
column 276 are provided in Table 5 below. It should be understood that the distillate and residue

may also contain other components, not listed, such as components in the feed.
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<0.01 Ethyl Acetate <2 <0.5 <0.05 Acetal <0.05 <0.01 <0.005 Acetone <0.05
<0. 01 <0. 005 Isopropanol <0.5

WO 2011/140460 PCT/US2011/035551
TABLE 5
THIRD COLUMN

Conc. (wt.%) Conc. (wt.%) Conc. (wt.%)
Distillate
Ethanol 751096 80 to 96 85t0 96
Water <12 1t09 3t08
Acetic Acid <1 0.001 to 0.1 0.005 to0 0.01
Ethyl Acetate <5 0.001 to 4 0.01to3
Residue
Water 75 to0 100 80 to 100 90 to 100
Ethanol <0.8 0.001t0 0.5 0.005 to 0.05
Ethyl Acetate <1 0.001t0 0.5 0.005t0 0.2
Acetic Acid <2 0.001 t0 0.5 0.005t0 0.2

[0118] Any of the compounds that are carried through the distillation process from the feed or
crude reaction product generally remain in the third distillate in amounts of less 0.1 wt.%, based
on the total weight of the third distillate composition, €.g., less than 0.05 wt.% or less than 0.02
wt.%. In one embodiment, one or more side streams may remove impurities from any of the
columns 224, 268, 274, and/or 276 in the system. Preferably at least one side stream is used to
remove impurities from the third column 276. The impurities may be purged and/or retained
within the system.

[0119] The ethanol product is taken from the third distillate 278. Third distillate 278 may be
further purified to form an anhydrous ethanol product stream, i.e., “finished anhydrous ethanol,”
using one or more additional separation systems, such as, for example, distillation columns (e.g.,
a finishing column), membranes, adsorption units, or molecular sieves. Anhydrous ethanol may
be suitable for fuel applications.

[0120] Returning to second column 268, in another embodiment, as shown in FIG. 3, the
second distillate is fed via line 272 to fourth column 274, also referred to as the “acetaldehyde
removal column.” In fourth column 274 the second distillate is separated into a fourth distillate,
which comprises acetaldehyde, in line 282. The fourth distillate preferably is refluxed at a reflux
ratio of from 1:20 to 20:1, e.g., from 1:15 to 15:1 or from 1:10 to 10:1, and a portion of the
fourth distillate is returned to reaction zone 204. For example, the fourth distillate may be
combined with the acetic acid feed, added to the vaporizer 218, or added directly to the reactor

220. In one embodiment, the fourth distillate is co-fed with the acetic acid to vaporizer 218 (not
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<0.1 <0.05 n-propanol <0.5 <0.1 <0.05 [0125] The finished ethanol
conposition of the present invention preferably contains very | ow anounts,
e.g., |eswotham4ed W . % of other al cohols, such as nerhanskoiiosisanol

i sobut anol , isoanyl alcohol and other C4-C20 al cohols. In one enbodi nent,

t he amount of isopropanol in the finished ethanol conpositionis from80 to
1,000 wopm e.g., from95 to 1,000 wpopm from 100 to 700 wppm or from 150
to 500 m__ |l n one. enbodi t, the fini d et hanol, conposition WO

2011/ PHOYBO P MISTo e GISEEY el At AFAITE PR <dh CGEBTAT LI,

opt i oR@ah¥l, ARITBEYHP ST h 88&ink AP hiRPBALRIFHEIRIWE BeacBofzonel ifSSakehaR S Wopm
or less than 1 vippmi [0126] In sone enbodi ménts, when further water

separ atdldnf ethaned @dd dedreases bgpoducp nadtiweste generggwnwiln huethewrenamdimertt(eetm f r om
the water separation. unit such as an adsorption.unit, .nmenbrane | ecul ar
Si ove hgyn BRBRER) DL eiiictRi il dRn s BilRCH bl Bt di sl R R A0S HERGS hanal
concenpfiitatn, &f mhkeusef pRiucRifdidihg BBy Enllie8 e h-Hubhabl, i1 Mdb@atesbli n Tabl e

7, an preferabhé is greater than 97 wt.% ethanol, e.g., greater than 98
wt . % @nd/gr etealdeRyde 09 &wBriKgtivgs. The et hanol product in this aspect

Phan: 40L%), Hp3ES R e RIAh chulthn HLBERE 283 Funa E85mbaR sty Mot ' o
enbodiane mtaserahd idtdgipy esieatile fomuenid aneseyediestigamd Th bn@piétariedteynbotliment,

applications including applications as fuels, solvents, chem cal

f eeds thcacstaldahyds iscenpy ehiron thrssepad distilin efogrth salymn Zidrsich fiplR®genat i on
trans i |4 i i ni d et hanol
corrpogii% {elhgﬁferfaay Eggﬁdg% gg&@me {Sﬁ)%gsggtgﬁiﬂlrllée:é%lg?@rér%ftot(l)ﬂr:tﬁ&te) ulﬂzz %g' such as

aut om61224 s, Fduodhtcslvamd2 shiaIprefpiablyontrangilmen as descebed alowe nod pfefihbly

applications. the finished ethanol conposition may be . used sol t for
ol | ety aiALRYSHEOSICHE SERsrUt: Jhane CRbehyeny e DS fEp el khadarhys,

i nks, 1@ad PhabABERBWP)GaklS00 ke, driffins 166 kB RANGOO ERITRASI fréeReMBMbdiaRnPE
used as a processing solvent in manufacturing processes for nedicinal

pr odudhstoufthedlupmepirmay opsate dyepresphiothativénghea lsndheipicstuexofphe odssi ng.
[0128] The finished ethanol conposition may al so be used as a chem cal
feedstc8](]f]l?lqso make ot her chem cal s such as vinegar, ethyl acrylate, ethyl

acet aff@123t hpteap@pei@tire of thetfrhratisdis@idiy aihHeslinedd sdefytsl @surtheddturhih gher
al cohol's, especially butanol. In the production of ethyl acetate, the

fini stefeablyadpdontehbosillPdn egyfrea 793¢ & LG Edoniiam 7adetd ®°&eilde | n anot her

appl i i . » i 14 . d, to~pr oduce
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et hanelg., fsam808S td hiS€ wtesai Biettol 1M 060 pEReinpRrsttdmpdiehts oNdg. di0hey 430002
and 2010/ 0030001,. the entire contents and disclosures of which are hereby

i ncor PRYAHESPIPsItians s feEth golyap i ¢ arepipwigdin Tadds 6 belawp leshoplalibeanpl oyed
as th | > . I | .} i ter of
L S N S D A e S ek Rl
sel ectcethpbnams inhbe pedup consi sting of nordenites, ZSM5, a zeolite X and a
zeolite Y. Zeolite X is described, for exanple, in US. Pat. No. 2,882,244
and zeolite Y in U S. Pat. No. 3,130,007, the entireties of which are

her eby incorporated herein by reference. WO 2011/ 140460PCT/ US2011/ 035551
[0129] In order that the invention disclosed herein may be nore efficiently
under stood, an exanple is provided bel ow The follow ng exanpl es descri be
the various distillation processes of the present invention. Exanples
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[0130] Three acetic acid feed streans were prepared conprising 0 w.%
water, 5 w.% water and 15 wt.% water. Each feed stream was vaporized al ong
wi t h hydrwgentizmmoseéhed to a reactor. The reactor was nai RCAUSed 1485581
tenperature of 250C and a constant pressure of about 1,820 kPa. The

catal yst conprised 1.6 wt.%platinumand 1 w.%tin supported on 1/8 inch
calciumsilicate nodified silica extrudates. The conversion and selectivity
t o et-harel—and—ethyl—acetate—are—showr—+nrHG—4—FhesH-ght—eharges—n
conver si on and sel ect|V|ty shown i TABI® ¢4 are too small to be
statistically significant. As pOORTHTGHLGMMN, the error bar represents one
standard devi atlon Thus, the presence of vvater (otl/oes not af f ect converS|on
and A H sV

descr iledlditey det all nodi fications within the Spl rit and scope of the

I nventAcetaldahlytle be readi | y appa8®nt to those2ab58kill in the Jrt40 I n view of
t he f @egoideguai scussion, reteyant know edgsoio8(t he art and40ed @ ences

di scugsethofbove in connectionzgi th the Backgnpiwyh and Det aid gdioDgscri pti on,

the digghpsures of which arecakl incorporagegh feiei n by refegepcs In
addition, it should be understood that aspects of the invention and

porti W3 % various embodi ments and various features recited bel ow and/or

inth dclalms may QE i ned or ter anged eith rbvvhole or
in pa ee f or egoi ng a g tions of SE i ous enbo n]!téé) t hose
enbodl whi ch refer to andther enbodi be appr op y conbi ned
wth enbodi ments as wif Pk be appr eci at- bne of skildtil® the art.

Furt hé‘rC}ﬁﬁﬂ@hYﬂ%ose of ordinayl skill in tHeO(hlrlloQ/ﬁl | appr &t é@‘téCttﬂﬂat t he
f oregdiastpldescription is by wady of exanpl eOdilyo2and i s not Oi0httehded t o
l[imt the invention. WD 2011/140460PCT/ US2011/ 035551 W cl ai m 1. A

process for 'ﬁ}ﬁ oduci ng et hanol, conprising the steps of: %

provi d ]f?tj‘]f B [l pdanol psequshprog ety the Hfoé’ésrsb%r‘i@q E??%hl%%t&%ls@% purified
acet i Gyaqif Iﬁ%ﬂfqul% ﬁﬁffﬁ%tlas'l“ﬁgeﬂﬁﬁnél%r Yo¥ah ‘ﬁ{dustrlal rade é@Andlydr ogenati ng
acetic acid of the purified acetic aC| eamin the presence of a

cat al ysmpasidg tirde? S coddwt. Veortbanel,feeg 1 firome 81000 D6 Mm% oc froohed Setb Yanvel % pthadale t

conprisi et hanol a ter: and ) _recaverin thanol.fromthe
cr uge tatohe BRgauden of BernyP Biadueto Prah i S e A S ionf ec
acet i gah dreSirbGasd BABWIA I86levat er in an amount fromO0.5 w.%to 25 w. %
3.The process of claim1 wherein purified acetic acid stream conprises
water in an anount from1l wt.%to Yo\pf % 4. The process of claiml,

wherein the crude ethanol product conprises from5 w%to 70 wt % et hanol
and from5 w%to 60 wEMNISIEID EIIHANOIy COMBOSITEONSM 1, wherein step (b)

I's performed in g [egetiion 08 A% WNESIIW2)  Cone. (wi%)

Ethanol 75 to 96 80 to 96 85to 96
Water <12 1t09 3to8
Acetic Acid <1 <0.1 <0.01
Ethyl Acetate <2 <0.5 <0.05
Acetal <0.05 <0.01 < 0.005
Acetone < 0.05 <0.01 < 0.005
Isopropanol <0.5 <0.1 <0.05
n-propanol <0.5 <0.1 <0.05

[0125] The finished ethanol composition of the present invention preferably contains very low
amounts, e.g., less than 0.5 wt.%, of other alcohols, such as methanol, butanol, isobutanol,
isoamyl alcohol and other C4-Cy alcohols. In one embodiment, the amount of isopropanol in the
finished ethanol composition is from 80 to 1,000 wppm, e.g., from 95 to 1,000 wppm, from 100

to 700 wppm, or from 150 to 500 wppm. In one embodiment, the finished ethanol composition
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purified acetic acid streamis fed directly to the reaction zone w thout
renovi ng substantially any water fromthe purified acetic acid stream

6. The prowvesstioitowbai m 1, wherein the purified acetic aecu/ustoieassssurt her
conpri ses hal ogens. 7.The process of claim11, further conprising renoving
hal ogens fromthe purified acetic acid stream 8.The process of claiml,
wherein the purified acetic acid streamconprises fromO0.01 to 10 wt. %

met hyl. a et at 011/ 460PCT/ US2011/ Q35551 The roce s, of claim 8,
furthéts éWBPfil 5’ %\g’ %@&E@f%gy %gpwﬁy COReBAE iw 13p G '#g?hydﬁn"dg &

et hangdg thajﬂ%w ﬁgopqégggﬁg 19§ lﬁhal m 1, wherein the distill at I on colum
conprises a t ends colunn of the carbonylation process. 11. The

procei@lzﬁ] dlrlapﬁnelembovlimarm wheh éurgher wateedem@tqnos asiddthstethman predyatovdyded as
ocess of. claim 1

Furt e SRR LEideafy e SRR SRR und Suen e RERTERSh Mt ST ano)

pr oduGholé@latisedve, ¢ edtirfidtivel BStRIa6OMBEILHINNIn @&dhamiodlmait@ rthe @nghoet hyl acetate,
and a residue conpri si n acetic acid and water. 13. The process of claim

12, weepesngatipneoly gﬁ@a@o dPEeIct Bax bp digher thap irglicajgd I%Te@@m and predierablyl i¥ r om 30
to 10%ré’2{[tero{ﬁé'f@§7e\';vt.% ethanol, e.g., greater than 98 wt.% or greater than 99.5 wt.%. The ethanol

product in this aspect preferably comprises less than 3 wt.% water, e.g., less than 2 wt.% or less
than 0.5 wt.%.

[0127] The finished ethanol composition produced by the embodiments of the present
invention may be used in a variety of applications including applications as fuels, solvents,
chemical feedstocks, pharmaceutical products, cleansers, sanitizers, hydrogenation transport or
consumption. In fuel applications, the finished ethanol composition may be blended with
gasoline for motor vehicles such as automobiles, boats and small piston engine aircraft. In non-
fuel applications, the finished ethanol composition may be used as a solvent for toiletry and
cosmetic preparations, detergents, disinfectants, coatings, inks, and pharmaceuticals. The
finished ethanol composition may also be used as a processing solvent in manufacturing
processes for medicinal products, food preparations, dyes, photochemicals and latex processing.
[0128] The finished ethanol composition may also be used as a chemical feedstock to make
other chemicals such as vinegar, ethyl acrylate, ethyl acetate, ethylene, glycol ethers,
ethylamines, aldehydes, and higher alcohols, especially butanol. In the production of ethyl
acetate, the finished ethanol composition may be esterified with acetic acid. In another
application, the finished ethanol composition may be dehydrated to produce ethylene. Any
known dehydration catalyst can be employed to dehydrate ethanol, such as those described in
copending U.S. Pub. Nos. 2010/0030002 and 2010/0030001, the entire contents and disclosures
of which are hereby incorporated by reference. A zeolite catalyst, for example, may be
employed as the dehydration catalyst. Preferably, the zeolite has a pore diameter of at least
about 0.6 nm, and preferred zeolites include dehydration catalysts selected from the group
consisting of mordenites, ZSM-35, a zeolite X and a zeolite Y. Zeolite X is described, for
example, in U.S. Pat. No. 2,882,244 and zeolite Y in U.S. Pat. No. 3,130,007, the entireties of

which are hereby incorporated herein by reference.
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14. The process of claim 12, wherein the distillate conprises substantially
no acetic acid. 15. The process of claim 12, wherein a weight ratio of

wat er i n wbeoremgigoe to water in the distillate is grearem/ush@n/023551 16.
The process of claim 12, wherein step (b) is conducted in a reaction zone
and wherein at |least a portion of the residue is recycled to the reaction
zone. 17. The process of claiml, wherein the acetic acid of the purified

aceti id streamis forned fro hanol d car ban. nonoxi de, erein
cach opflc Thordid it e aEionishis hen e Bane R e BGRLY Bhderyipod: a0

hydr ogeRapiendpoh RIRd ibdloRe T THES W IR SUMIRS de &PiBe YREFBi00s HRBUMOAIRScdsSes
derived froma carbon source seleCted fromthe group consisting of natural

gas, of the presenbingemtioncoal , bi onass, and conbi nations thereof. WO

2011/ 140460PCT/ US2011/ 035551 18. A process for produci ng ethanol, conprising
the steps of: (a) wwthdrawing a purified acetic acid sidedraw froma
| i ght ends columm of a carbonyl ati ExapigleLss; (b) hydrogenating
acetic acid of the purified acetic acid sidedraw in the presence of a

cat al y8130)ndErree ansir afigdecdesifeams iweee PiePired RomMPETing 8 vt/ aneir. produwater

> : ' . | h
cr ude 08 a7 AR, 27 180 Shearf R vanorizpo b MEGERLGOH oFh NG s igth 7
per f orfededcroravdasaadihiadied 20M engreechtvleaif 260°Q el pevrsfanepressuied dftabaai U830 dedr aw

is fed directly to the reaction zone w thout renovi ng% substantially any
wat er ¥PRofhe ﬁ@alpfatrqomrwe%étwtc% datnugy Hulgl wive tipsupRer ‘if?%é@@‘é? CalqiBinm 18,

o 8 L gl The SAMLERTPILSERAHLED BB gT  5

aci d sia gawndomdGi $.eThewslight changeninawpuersioh modscleattvityoshowd i RIG. % anatoer .
small to be statistically significant. As shown in FIG. 4, the error bar represents one standard
deviation. Thus, the presence of water does not affect conversion and selectivity in the reactor.
[0131] While the invention has been described in detail, modifications within the spirit and
scope of the invention will be readily apparent to those of skill in the art. In view of the
foregoing discussion, relevant knowledge in the art and references discussed above in connection
with the Background and Detailed Description, the disclosures of which are all incorporated
herein by reference. In addition, it should be understood that aspects of the invention and
portions of various embodiments and various features recited below and/or in the appended
claims may be combined or interchanged either in whole or in part. In the foregoing descriptions
of the various embodiments, those embodiments which refer to another embodiment may be
appropriately combined with other embodiments as will be appreciated by one of skill in the art.

Furthermore, those of ordinary skill in the art will appreciate that the foregoing description is by

way of example only, and is not intended to limit the invention.
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22. The process of claim 18, wherein the crude ethanol product conprises
from5 ww%to 70 wt % et hanol and from5 w%to 60 wt% water. 23. The process
of clai mwe,2omowbn the purified acetic acid sidedraw POTIUSRO11085F5T | Ses
hal ogens. 24. The process of claim 23, further conprising renoving hal ogens
fromthe purified acetic acid stream 25.The process of claim 18, wherein
the purified acetic acid stream conprises from0.01 to 10 wt. % net hyl
acetate. WO 2011/ 140460PCT/ US2011/ 035551 26. The process of claim 25,
furthé&—é@nﬁ%ﬂ sing reducing the nethyl acetate to form methanol, and

et hanol . 27. The process of claim 18, further conprising: (d)
separating at |east a portion of the crude ethanol product to yield a

di sti Il at ePcDlmpeSiszblrl@méltldi@gl@ihanq}mompﬁsmgdh@Slhpfl ofacetate, and a residue

esdue f ureriar Qufire Bl REST safecT R RORETT Lhro T Puifiea MRBLRLA 1€
stream comprising up to 25 wt.% water;
(b) hydrogenating acetic acid of the purified acetic acid stream in the presence of a
catalyst and under conditions effective to form a crude ethanol product comprising ethanol and
water; and

(¢) recovering ethanol from the crude ethanol product.

2. The process of claim 1, wherein the purified acetic acid stream comprises water in an

amount from 0.5 wt.% to 25 wt.%.

3. The process of claim 1, wherein purified acetic acid stream comprises water in an amount

from 1 wt.% to 15 wt.%.

4, The process of claim 1, wherein the crude ethanol product comprises from 5 wt% to 70

wt% ethanol and from 5 wt% to 60 wt% water.

5. The process of claim 1, wherein step (b) is performed in a reaction zone and wherein the
purified acetic acid stream is fed directly to the reaction zone without removing substantially any

water from the purified acetic acid stream.

6. The process of claim 1, wherein the purified acetic acid stream further comprises
halogens.
7. The process of claim 1, further comprising removing halogens from the purified acetic

acid stream.

8. The process of claim 1, wherein the purified acetic acid stream comprises from 0.01 to 10

wt.% methyl acetate.
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acid and from30 to 100 wt. % water. 29. The process of claim 27, wherein the
distillate conprises substantially no acetic acid. 30.The process of claim
27, wher evoaivedght ratio of water in the residue to WRCEUS2M10BESS1
distillate is greater than 2:1. 31. A process for producing ethanol,
conprising the steps of: (a) wwthdrawing a purified acetic acid
sidedraw froma |light ends colum in a carbonyl ation process, wher ei n
a location fromwhich the sidedraw is withdrawn is based on a water content
of the sidedraw, (b) hydrogenating acetic acid of the purified

aceti @ aci aygt 3#&%5@, bit14iREs RESRERE6MpALing r&RL A thtﬁé e hceEAD Fohﬁ@ﬁetﬁafﬁo?(?t lve
to forma cru et hanol product conprising ethanol and water; and

(c) reodedanelg et hanol fromthe crude ethanol product. 32. The process of
claim 31, wherein the water content of the sidedraw ranges from0.5 W% to
25 wt %

10.  The process of claim 1, wherein the distillation column comprises a light ends column of

the carbonylation process.

1. The process of claim 10, wherein the purified acetic acid stream is provided as a

sidestream from the light ends column.

12. The process of claim 1, further comprising:
(d) separating at least a portion of the crude ethanol product to yield a distillate

comprising ethanol, water, and ethyl acetate, and a residue comprising acetic acid and water.

13.  The process of claim 12, wherein the residue comprises less than 90 wt.% acetic acid and

from 30 to 100 wt.% water.
14. The process of claim 12, wherein the distillate comprises substantially no acetic acid.

15.  The process of claim 12, wherein a weight ratio of water in the residue to water in the

distillate is greater than 2:1.

16. The process of claim 12, wherein step (b) is conducted in a reaction zone and wherein at

least a portion of the residue is recycled to the reaction zone.

17.  The process of claim 1, wherein the acetic acid of the purified acetic acid stream is
formed from methanol and carbon monoxide, wherein each of the methanol, the carbon
monoxide, and hydrogen for the hydrogenating step is derived from syngas, and wherein the
syngas is derived from a carbon source selected from the group consisting of natural gas, oil,

petroleum, coal, biomass, and combinations thereof.
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18. A process for producing ethanol, comprising the steps of:

(a) withdrawing a purified acetic acid sidedraw from a light ends column of a
carbonylation process;

(b) hydrogenating acetic acid of the purified acetic acid sidedraw in the presence of a
catalyst under conditions effective to form a crude ethanol product comprising ethanol and
water; and

(¢) recovering ethanol from the crude ethanol product.
19. The process of claim 18, wherein step (b) is performed in a reaction zone and wherein the
purified acetic acid sidedraw is fed directly to the reaction zone without removing substantially

any water from the purified acetic acid sidedraw.

20. The process of claim 18, wherein purified acetic acid stream comprises water in an

amount from 0.5 wt.% to 25 wt.% water.

21. The process of claim 18, wherein purified acetic acid stream comprises water in an

amount from 1 wt.% to 15 wt.% water.

22. The process of claim 18, wherein the crude ethanol product comprises from 5 wt% to 70

wt% ethanol and from 5 wt% to 60 wt% water.

23. The process of claim 18, wherein the purified acetic acid sidedraw further comprises

halogens.

24. The process of claim 23, further comprising removing halogens from the purified acetic

acid stream.

25. The process of claim 18, wherein the purified acetic acid stream comprises from 0.01 to

10 wt.% methyl acetate.
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26. The process of claim 25, further comprising reducing the methyl acetate to form

methanol, and ethanol.

27. The process of claim 18, further comprising:
(d) separating at least a portion of the crude ethanol product to yield a distillate

comprising ethanol, water, and ethyl acetate, and a residue comprising acetic acid and water.

28.  The process of claim 27, wherein the residue further comprises less than 90 wt.% acetic

acid and from 30 to 100 wt.% water.

29. The process of claim 27, wherein the distillate comprises substantially no acetic acid.

30. The process of claim 27, wherein a weight ratio of water in the residue to water in the

distillate is greater than 2:1.

31. A process for producing ethanol, comprising the steps of:

(a) withdrawing a purified acetic acid sidedraw from a light ends column in a
carbonylation process,

wherein a location from which the sidedraw is withdrawn is based on a water content of
the sidedraw;

(b) hydrogenating acetic acid of the purified acetic acid stream in the presence of a
catalyst under conditions effective to form a crude ethanol product comprising ethanol and
water; and

(¢) recovering ethanol from the crude ethanol product.

32. The process of claim 31, wherein the water content of the sidedraw ranges from 0.5 wt%
to 25 wt%.
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