WD 2012/ 006388PCT/ US2011/ 043126 ALCOHOL RECOVERY PROCESSES USI NG MEMBRANES
CROSS REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clains
priority wo2012806388p. No. 13/094,691, filed on April 26pc2akioriamizd. S.
Provi sional App. No. 61/363,089, filed on July 9 2010 the entireties of

whi ch are incorporated herein by reference. FIELD OF THE | NVENTI ON [ 0002]
The present invention relates generally to processes for producing ethanol
and, in particul ar aib8ud LBV EREr b cPE BGEsSINcOIEdERaRYEr | Ng et hanol usi ng
menbr anes. BACKGROUND OF THE | NVENTI ON [ 0003] Et hanol for industrial use is
conventional |y produced from petrochem cal feed stocks, such as oil,

natural gas, or coal, fromfeed stock internedi ates, such as syngas, or

fromstarchy materi r #Eﬂl (?ﬁ&ﬁri rn or sugar cane.
Convent i onal nethodgk'og pro uciﬁ%ﬁé anéP%??8%§%% rod%ﬁr cal feed stocks,
as welipomg friompgaichidssniygierityydost. Si Agh Ude Br®4amildfikatoal Aradohyalriat i on
of ethyl ene, nethanol honol ogati on, direct alcohol synthesis, and

Fi schépdlbpdinvisipatlni No. P58 filgd piJWedr seHethecatirgtise af whishiigr i ces
contri in the cost of conventionally produced ethanol,
maki ng &%§§ﬁ%ggé%§ﬁ%§%%g%%%tlve sources of ethanol production all the
greater when feed stock prices rise. Starchy materials, as well as

cellulose material, are converted to et hanol é f erment ati on. However,
fermentation is typlcally u§gEL;%@Fggﬂ%Hﬂ¥ENBF Buction of ethanol, mhlch IS

sui t al{btﬁlzf]orTlfeuﬁlje%nQrm@éh%H &%Eb%u%\gt P - o] Prcﬁgg% QN rJdﬁElﬂgrgtﬁatdopréngf in

starchy or cellulose materials co f ood so rces and pl aces
restrawnmsmunomHewanmgmmnuk$d®haﬂDvahaﬁmn@hubegpmu@uaed for industrial
use. [0004] Ethanol production via the reduction of al kanoic acids and/or
ot her carbonyl group-containing conpounds has been wi dely studied, and a

vari ety of conbinations gfa@atROYSNS OFVREANNENRIaEN oper ati ng condltlons
have been nmentioned in the literature. During the reduction of al kanoic

aci d, [80Q5], Esbatol orapdustriabpbreis ceovppoarally pipduded fimatipstiacheraichbived storksar e
for maduch” Sc'nfj 3% u?zﬁ%‘é %?%oal-rth 0 Fed MRS i%%e?m chatré]s tsu he g ﬁlt’ frgn s?araqd/

recovery O ano FOWISUC reactil on an ures. urin

hydr ogenéidl o6 cefisloss matdralspsatue edrit dratigdragsd. hedsnmtldsnaeh{wfwls fangbodicivat er
forn1azeotropes which are difficult to separate. In addition when

convercdiaal frempesrodienyicn 6xdstks asoel s disn odlulese sigieel e indiledhe fad- aci d
ot hanorPobBE SRS ERDRNS BBt fimolb R, FH) aliEnd) STRKES:, () PRERAET b ons

t o et Haomchispivbésvd. rigstalmhv;emtpetrgchdnﬁcdifekrdonmmmss tantebentoi flucaciidnsaind
hydr o enat| t he ethﬁn0|c acjd to et anol Téﬁ hean1fron1the
hydroglé%%ﬁsf cqneettasplly Brogdupec ethangl. tne)a%faﬁ%e?ﬂe fos RSV ssTOPEERPEAB® st r eam

of ac ?Trd)cﬁ 1c86H q1l ﬁ{édqwné‘att&y\lvh&cf%&ﬁ&t&1< meg bisk. Ss{a [qullla%&mtlé) ab %llf&){ %mggg@at Ion
react [ 0006] Ethanol recovery systens for o ypes of et hanol

producmMGmﬂpHocgggesdar@hakébyﬁﬂownwnﬁmrHemawgl&mnunSMHPubwnmbbwmedﬁn
2008/ 0207959 de i be ocess. for t.i ng, water from.et using a
oo sapmum rohefion SrufeRl RSRER s G RATR: PR AP (ARRiR, 09 e
t O I eFBvRnbR lof Eﬂaﬂﬂﬁ}r%r tannsn tlﬂétbt‘i}d]s b5 éie§ Wik fhRSsobrReY arRﬁ?lbée@'réQ{ramts
dewat ered, for exa one or nore of a distillation colum or nol ecul ar

S|evesmihﬁ@ﬁ@WﬁNéﬁﬂ@9§ﬂ@ﬁ§a@hpPGWMﬁ@1ﬁéﬁﬂﬂ$ﬁébhﬁnd distillation colums are

des_cr g?‘iﬁg‘é Or];“rthj%%i 8{: % CthI}PVla the’ reg’uqtl%g alecl Q1c B? an PO otﬁér 7Agb %GF $rouEl

entir are I NCOor pora erence Huang,

et al ,contaDuwdarangyindk Bisi Hebﬁwlmy Maméﬂazmal aSmD@fy%ﬂ @mbRiaeeas st Catdlgs, Eng.
Chem Res., Vol. 40 (2010), pg. 3760-68, the entirety of which is
i ncor ﬁbp%r@daq@@mmgfop@p@pselmyé been mentioned in the literature. During the reduction

of alkanoic acid, e.g., acetic acid, other compounds are formed with ethanol or are formed in side
reactions. These impurities limit the production and recovery of ethanol from such reaction
mixtures. For example, during hydrogenation, esters are produced that together with ethanol

and/or water form azeotropes, which are difficult to separate. In addition when conversion is



[ 0007] The need remains for inproved processes for recovering ethanol from
a crude product obtained by reducing al kanoi ¢ acids, such as acetic acid,
and/ or otwerorAwhkisayl group-contai ni ng conpounds. SUMVARYTOS20iHEA431D8/ENTI ON
[0008] In a first enmbodinent, the present invention is directed to a
process for producing ethanol, conprising the steps of hydrogenating acetic
acid in a reactor in the presence of a catalyst to forma crude et hanol
product conprising ethanol, acetic acid and water; separating at |east a
por ti eicoddplétbBeurédecie a%tdh@malnsnﬁ eduehdd dhahotplduétl @hlcﬁﬁmﬁis@bél Faindvati @ a
dlstlllate conpr|5|ng et hanol and water, and a residue conprising acetic
aci d deedvelagtbenoland passing at |east a portlon of the distillate streamto
one or, b 1 [ 0009]
In a JecoAd]%ﬁggggggﬁF%gmﬁgggggggﬁﬁ}p%@%h % %ﬁﬂhggg%g%%ﬁ%}éug%%& ess for
pr oducbngretdithdlydrocapnd i glighnbReackt zﬁplshﬂfoga:ymtﬁ@gtea athafigic acidttd ethagdld in a
reactar in the presence of a catalyst to forma, crude ethanol product

conpr i dEeffedn ﬁfé’ﬁmhe h&iwpnaé@étfa%%or i PPtk o ObRER g0 etianpd sUedmande SIreust a
porti um into a

distil 3?%w5%§%§95| é%g$ anofle %ﬂ%g%ﬂé Oggg%gﬁgé&§%g9§m§ggldue conpri sing
acetidﬂwMﬂd]ﬁhmmﬂpﬁssmmgyﬂmnkﬁasﬁmwiwﬂmx@emQMQ@ﬁﬁﬂﬁﬁﬁﬁpkﬁ@ﬁ&mﬂeaﬁm26

portion of the dIS re nmenbr anes to.yield an

B handnost; Ereaiiriad S Byt Nec bt & EBSe diac Potr oporn 1o LR e S et
the prasgotusiiveds s@ﬁhrht%djl'nél%ﬁﬁa%g uhR. Phd¥REE58atl A mBHREHE LME nRY Darsdd to
conprising the steps of hydrogenating acetic acid in a reactor in the

pr esenewoof water fipal ayfstmwatmrbmﬁl thatude be@rmmallymwm@d dongrainplenlyy enenemol |

et hyl acet wat er, .and acid; separatin st a portion of the
cr une 'SR Rb s BlLso R a7 R lsafetSs PERRRRLERSR i al pRALHARS

di sti lahaUgtinemes dohhmgs At Aaqebed 61 U)W, Pac8lodt B73 8015 iesoarng 1 add 47714 363 the

resi due conprising acetic acid; and separating at | east a portlon of the
first ediigptips @%w@cg Areaneaspoiteddiestin by sefpisace ofedwtsoi Mitangact b c bAY-TNEY | | at e
conpri 6 S S hano,

vat or RSB BRE St P B IRP ST LML BT o B0 BTSSR ror e
nenbrameenﬁawaamdha@n&bhﬁmmbdBMEeﬂnmaﬁﬁmﬁl wat er stream [0011l] In a
fourth enbodiment, the present inpvention is directed to a process for

pr odud ¢y et Hgrised ff‘ewﬁ% ROV HEPIOERSES ToF fwmfa‘@e%%&npﬁ Oa&ew@ e gedecti n a
react t I 9

oI R o B e g e S BT R ot o

t he croopoeddsanol product to a first nenbrane to separate a first perneate
stream conprising acetic acid and a first retentate stream conpri sing

et hanol and water; passing the first retentate streamto a second nenbrane
to separate a second pernme@uensirR§a0F QPNPINSERG @At er and a second
retentate stream conprising ethanol. [0012] In a fifth enbodi nent, the

pr eserd®008}v dnwifost qnﬁ)@dlm@m thel preserd upi\re@be@ss Cflmcteért@d@mqqgs fot hmﬂgcmg

conpr i @1 Hg#%hlg rsftlr? si ? gnéir;[ NG &% f? G 8ackd) i tl{eeacge%r I

preserfc& of ‘3R yst‘°t bdroactaliida ‘tﬁ‘ﬁoP ‘Fao&b{l depa s o1 at | east
a por tch@lysofo fohe aGruietleihbhnodu@rcomiyebink Rildhol @@:$1'E: aoidend vl tephiafiig @0l umMm
to forma derivative stream and passi at |east a portion of the

der i vagdsyepaitips ahthesrede qtaet Pl@ﬁéCtﬁ% ﬁﬁ#sngétl@rbC@@pmra@@ distdlpteccampEisigr i si ng
et han% hangl? Ql:b%l/atéln aid §k3§ dﬁﬁ%%ﬁﬂklﬂg Qletict alafa HESROL allldﬂ'f{a%?ﬁlh%plehﬁ aﬂi trt%:ht ed to
a process for produci ng ethano nprising the steps of Aydrogena

acet i ofda dstillateastreamctb @he lonnioi’@npme%w@ yoéld an@sﬁaabmlteamcanﬂ arwater mreulde

et hanql roduct ssi ast a portion. o crude et hanol, product to
at | ed®? 9<lneln ﬁéﬁ?ﬂ“g btogmé%ég%l?@s%ﬂt IYSREPN {5yfdr e§’te§é%1ﬁxpf%?ﬁ%l3 B‘%S’rda?lfl&g at
| east 1 t e

efhaHof, Eblﬁ@l‘lﬁ{'}%ﬂ{%%t@% of ﬁf?’tﬁ% g va? LERRMLAINn Alred BASH ¢ an@P [0014]

distillation c orma Ive stream conpri si
In a sambmthnbnb@dhnbnﬂxmbhgnpuesemmnmngeﬁmhomeﬂ@ldmnmmme@a&mcamprocess for

pr oduci ng et hanol ste drogenating acetic acid in a
P oar SPP i M SRR Bl Ll BesbiS o B s A ona e e aT Sko § fife: " o
form aompHeRg @iRAAGIINIREIRY HEd tate M ANRGGH N rAridiRAaRkti@ad8f 4idqRs@hg hthasehude
et hanol product to at | east one nenbrane to separate a stream conprising

et hanol .
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[0015] In an eighth enbodi ment, the present invention is directed to a
process for producing ethanol, conprising the steps of providing a crude

et hanol pwocor006338pri si ng et hanol and water, wherein tireTaSP@NOU3IRZE i N an
anount of from15 w.%to 70 wt.% separating at |east a portion of the
crude ethanol product in at |least one distillation colum to forma
derivative stream and passing at |east a portion of the derivative stream
to at |east one nenbrane to separate a stream conprising ethanol. [0016] In
a ni ntphremadhd@isliliaté Beeadt ©S8RLor inthre ehDiares tdlyieRIGaGhdn0] drddhPaRISS i
produci ng et hanol, conprising the steps of providing a crude ethanol
produ@@ﬁ@@ﬁﬁﬁmﬁlng et hanol and water, wherein the ethanol is in an anount
of fr 9 - t] e et hanol
of o AT YhsT b Aottt PRSI Bl TP BB B0 KGN

separ atliangl, abmpedsg tha spps of ﬁytlrogeﬂahﬁg hedtientiltie astdct@lin ki [@tseheast a one
menbrane distillation colum to form.a derivative stream conprjsing

et han&ﬁtaly[swl PIm Ayl cdinnn! RiededicREREISIng KEapele s@it aceifle maff‘énaquaca'ilq ¥ided to
a prog at @Ja@%&rﬂgn oF ﬁl@@ﬁ.’lde e?l%Bf I%HP& it B ?i\ﬁ&td?sﬁﬁaf? n (R{l&)lﬁh %tpg fRstCr ude
et hano pro uct conprising ethanol wat er, erein the ethanol is in an
anpuntdisofllafercompiiSingtet Bnd b eth@ adetdie, aach dvapmszmdmﬁrat refidas torapypong aanc afidt he
crude eahanol product to . at %@gg&none menbr ane t.o parate a retentate

st r eart'd STHIF A WRAG @t akfSTion p 5ltedr averer dustehehesluin g PFELBnt
I nventyi@iMaleSofiprid ?%@1}11 QedatBl SRBSRchHRN reRMHLAMGH %It AANRI an® RAREIHHNT the
steps of hydrogenafing acetic acid in a reactor in the presence of a
cat al 3p9ss1ng)atf1@ﬂsm poitipn ¢é thetshemd| regidetiiocne oo mure giemgraschamokldamctheapkr
separaﬁlq %%Srzﬁprtlon of the crude ethanol product in a
di sti IPI'§tT8 3%Vﬁ Y a distillate conprising ethanol and water, and a
resi dyeo aQMihiagbitgh ¥Wab&dimeRAHRI feseat ink @B iadPettéd @M ®bcdsh ﬁ)rqj@ducidgat e to a
first nmenbrane to separate a first perneate conprising water, and a first
r et entediagok EorEARTI RS FSTSTAPs 96 NedrREeoling ACIGAE N aZPIFIQraB Sieniyesencs et a

porti ir rane t ond
Per mearasy i R Pl A0 A Buo Ry RN IRE BN E BEPAIE B
conpr il&isng pembn of fﬂee:duﬁdtmlol prkloctuc t fir§t G rahetoasepavaleelignroaiesent , t he
present invention is directed to a process for rodUC|ng ethanol
conpr iSYPHY CPHE! 1%‘?%6%“’(9@‘315’@6‘\9' fﬁ‘gfeﬁn&t%ﬁéeaé’t ?P&PRSISID&%%FW@ Wbttef éjiaﬁ%flg
et hanahe AAMHGHAE stdfiPleR RebRFmERBARRo Lol ALAMPUBIAL. dOM o3t L0
70 wt. % separating at |least a portion of WO 2012 6388PCT/U8201 043126
t he cmude aatlhaaoindpreedact stieamaodipsisinkledtanoh col utm into a distillate

conpri si th | and.water, and a residue, .co |S|n a55|ng at
oant 1000, hadtrethsimous e phisen v Siph e srip drhioses: Cepindeiea i st
per meatiRn6P m{lbﬁrélﬂgtﬁé’%k%rs of ﬁwiogeﬁahﬁg Ecé‘cl%ta@ﬂtlﬁta‘%ea%ftéreiﬁ"ﬂﬂecﬁ}@%hbe%ﬂ"cg et hanol
and water, and passing at |east a portion of the first retentate to a

secondatbisbioden @@ng@;ﬁha@pbpr@ds@cm@lrap@g atdlaase a portpni ofithecrude ehamh grastubanol

d h d
e S o

under sho@diviaflvEananteraldagromefmdnigaholol opard@ akeleanl cothpaeingetiphblon of

various enmbodi nents of the invention in connection with the acconpanying

dr awi 18&L31wHapeixih Pmle@dlﬁmb thg l%fe%fé*slﬂgﬁlatcél 1§ idppgted tOpaaPItogess foozefuames "1 is a
sche Vi IR d

i st Tane b R e o B Bl Bl B SRR A R REPLAE
enbodicamhist ffotiha cpudesininol lmbdmcttj esing Q024 afpo@ion2ofitee erude b@mllpcodiica@r am
of an efhanol producti on systeglhavin% a conbined. distillatiaon agﬂlnenbrane
separ &f (83 Wy GRS 19 SERBAGiAE 1SR ORE SEFATR GINE AFRAFHZAE (P PRIECHPT Heghe
emocj'léﬁ%ﬂ&neosftregllﬂ% Rf R3&he ﬁl{é\ﬁﬁ)@ﬁde%stll[aggg %l)lul: %o fg‘Al hﬁet‘?va%&@ S¥@d) ¢ di agram
of an ethanol production system having a conbined distillation and nenbrane
separ abinpnsigystlenowi t h t hr ee dlstlllatlon colums in accordance with one

enbodi f the i nvention. FIG 3 S a schemati c. di agram
o an TR gh el ER By 8t B meH e b e Cogon RS gy el Gisit hi n
a thr enadbBtbhpadih@heGad 'd'@SFﬁydrB aRaAL daticaci ih R reeoraredireRite 6fa t he
present invention. [002£ % is a schematic diagram of an et hanol
production system having a conblned distillation and nenbrane separation

systemwith two distillation colums |n accordance with one enbodi nent of
the present invention.



[0026] FIG 5 is a schematic diagram of an ethanol production system having
a conbined distillation and nenbrane separation systemw th a weak acid
recovery worelzaemscor dance with one enbodi ment of the pCceasatitionsseanti on.
[0027] FIG 6 is a nmenbrane for separating the crude ethanol product in
accordance with one enbodi nent of the present invention. WO

2012/ 006388PCT/ US2011/ 043126 [0028] FIG 7 is a schematic diagram of an

et hanol production system having a conbined distillation and nmenbrane

separ ahiaBRt ®YHEE M deltime] slodtidt] At ja00n€ & 16450 2 ipBriRGHCATERGRGE Whidblone

enbodi mrent of the present invention. [0029] FIG 8 is a schematic di agram
of an Peedgh®! at pragidenet MRbIsye tesePHale myreamcompiiseg eghagel | | ati on and menbr ane

separ gha i i st j . - 0 i e
rboatiehy SHpREHG LaRfeR, Btk ROy SE e RSO, Brt i beBiE a
of an eétanan obmpii Galgl tHel seps ®Y proeidifay cide athansipirodidt dbgpiidih@tthavl and waestor ane
separation systemw th two distjllation colums in accordance with one
enbodi'RSHRID §ie qthropsdi anampHYeHiiosm 15 podat 74, separaling ag kR feRardotpfagr am
of an I-0; | I ol in
accor dng D T R TR PR REN AL EOSI™HIE ' 11 1
a scheasingatdéaaga pontioh ofitheatchaatole spreaduc hi loast Sy rembhanei tngemrate atstreane
separati on systemin accordance with another enbodi ment of the present

i nventPBRISIBEFRAR®D DESCRI PTI ON OF THE | NVENTI ON | ntroduction [0033] The

presenboie]Vantiih reﬁi_b@&li%%enﬂ,‘%ﬂ@?@kén}( ih@ndi AV QNBEQY 185 PRREIs fEERBEALAON
processes for producing ethanol. The processes of the present invention may

be apptliasd], comprisviag thetsjepeof pravahied a prudd edridmpredust epspasies gbmafliand alatey, may

be used in |lications for the recovery 0 urification of .ethanol on
o 1o et BRhERLI R Ry SERubeT 76 B Rty RLA RLo R BhisIeri s &S HEMRY | o
rel at @ride diA6PSBascttOht [EREONEeRBraRdd MpaRHE b Fatbmigte8irbanaindREQEMGRG DY a

process conpr|5|n8phydrogenat|ng acetic acid in the presence of a catal yst.

The hyesbyperapn ohtheagieniabnstispadi eelsay oae wabstieahgillapppdelemntthdernednpri ses
Etha”%%ﬁv%@%%ﬂe1%%@%%n§ﬁ§%ﬁﬁﬁolaCEtiC acid, and other inpurities. [0034]
Ut 'StTea Cco '

Crude pro tarning nultiple different species typically are
puri f i[e@l AJsilng tentk embedineht, dhespietdnainvemiaok dirasted Reppirvde dooprotiinegng
operati ng paraneters, however, distillation colums can _consune a

si gni FtlaAk campiring Bre stane rghrovidings paide shgaelaspdust C@lﬁ@l%&%@mol A ¥dteon

rel at 5.t Gn G 1381 Rfin AN EmB[int T 11???%%‘?3576 Rt €094 Q@s%iing% W £chy a&ﬂfo bt nor e
I S no

separation colums, e.g., distillation colums, to separate eth rom a
cr ude thd tradobthprad gustuct torat faseonaspeclirsne foaepax@mpletentatherermndongpnesg
beneficially may elimnate the necessity for one or nore separation
colunﬁgmnﬁkpending on the type of nenbrane and the separation perfornmed by

WO 201%@@@%1?%&1%@%%%%1@% Bl%séflﬁmeﬁﬁ%histdfﬁ%ct@&'@é 9f&fe§§§rxér Bawine | ess

energy than a simlar distillation colum. us, the use o ranes may

advantedgeolisdtpppsiny ihgsteps ohhndregenatihgagntictahig iepeeapjorfio thespsened iy vari ous
m xt urcgtsalyvs\,@teonfoﬁ'g gpc%c?edetﬁa%op Ii)r%'%:liulztlc%}nipplglng %Jth%r%ﬁ'lsdnd water, separating at least a
portion of the crude ethanol product in a distillation column into a distillate comprising ethanol
and water, and a residue comprising water, passing at least a portion of the distillate to a first
membrane to separate a first permeate comprising water, and a first retentate stream comprising
ethanol and water, and passing at least a portion of the first retentate to a second membrane to
separate a second permeate comprising water and ethanol, and a second retentate stream
comprising a finished ethanol product.
[0019] In a twelve embodiment, the present invention is directed to a process for producing
ethanol, comprising the steps of providing a crude ethanol product comprising ethanol and water,

wherein the ethanol is in an amount of from 15 wt.% to 70 wt.%, separating at least a portion of



[ 0035] The nenbranes of the present invention nmay be used in pervaporation
process or in a vapor perneation processes. Suitable nmenbranes include
shel | andwOube/oe3sBr ane nodul es havi ng one or nore por oRSTRBL@Nad12€] enent s
t herein. Non-porous material elements may al so be included. The materi al

el ements may include polyneric elenent such as polyvinyl al cohol, cellulose
esters, and perfluoropol yners. Menbranes that nmay be enpl oyed in

enbodi ments of the present invention include those described in Baker, et

al ., %ﬁ@ahﬂ@aﬁm&ﬂ?aﬂﬁktﬁ@mﬁ%ﬁhﬁ@ﬁcomﬁﬁﬂﬁ&nﬂ&Mﬂh@@&ﬁﬂ@%mﬁ?&h&uﬂuﬁ@wmmr

di rections (1991) pages 151-169, Perry et al Perry's Chem cal

Engi n@ef agesiguedionukising pydiere gassngao fepst auapsaen obthg istiflate2o g dirstipranbspng toet i es
of whi f ment s,
R R L e e A G S TR S S L R

menbr angerOfindyphsang ayleas‘t alperiumedtele filderdianddte Wea sdcoedMehdileSo s€padaly ast r eam
havi ng conponents that originated in the crude ethanol product. For
exanplECond REgs GpPINSVREhAhehaok aH@ SAriFieatals BieamEoNPISingtt ai ned
from Pﬁ%@%ﬁh@ﬂolﬁﬁ?ﬁdtﬁf ude et hanol product in a distillation colum. [0037]
Ethano and wate orm an azeotrope that limts the recoverable ethanol in
distillation colums to an ethanol product conprising about 92-96 w. %

et hanol . The use of one r.di to the invention may
advant ageousl y provide tﬁgﬂggbﬁﬁ?@ﬁpiﬁﬁﬁiggﬁﬁgégg@gﬁopes wi t hout the use of
ent r aijpelog- TWEQHQﬁQGE%ﬁﬁ%eQ&M%Q@n@ﬂ%ﬁﬁhh&ﬁﬁ@é&uﬂkﬁ@@E@Qbﬂoﬁﬂk?&ﬂn%ﬁg

recovering an ethanol product, such as an anhydrous et hanol product, having
an et ligrndkd dessoipheor @;E‘ra@@ugﬁ@h@@menﬂsaﬁ theheventiootin gcpmleemcvmwﬁh thieoncent rati on,

prefera rQvi an ethan congc Ieast 96 wt. % et hanol
br © or aaraloey M A D88 VB IR B pF GBS i Glu arbod ment, "t he. or ude
et hanqpopoduct 11 deh@waﬁ@mgﬂaﬂ@ﬁa@tH@fol pRA0ctRInNgBe RRthwaéibinahi ch
allows nore efficient ethanol recovery using nenbranes. Any other organic
conponksitlgtion andhmembrane senaratiod systarRldn BEIPABICE BidAE Ibagindna gt tieReseRie
ethanq$Jna§ﬁead of passing through the nenbranes with the water. For

en ethyl acetate is present in the crude ethanol product in
add| t i[o022] 0 FAGhamod schashathatapgranmnat @ et aret pn'oabd:t)bnwsumﬂta@mgea doynebrioghi | i c

menbr ane mhlle t he et hanol and et hyl cetate re separated fromthe water

t oget Kestillagon el m@@léwaﬁ@?aw@@m@w 90 LR GUS 1D 8C 8¢ WIth
addltkﬂge&B gihap th@?% entlgFrrbranes also may be used to renove other
conmponent s ron1t e C 3 e anol product. In one enbodi nent, for exanple,
a hydd@@éﬂ dﬁﬁ%ﬁ&neamﬁmnmﬁcdsgdnmofmeﬂhm&ﬂpyﬁmo@@ngﬁﬁmnmbh@gmcmﬂbnaihano
product ... In her . enbodi nent, a derlv ﬁ%aean1pf t he cr(Fe eth noI

pr odudls 1@8%?%? Hgmbtans Agharaliod Séftﬁ‘y‘lw% SUlBHen by e dbf§roraes 81 f any
wat er ,Ong@},hb[g@m%p@fﬁg?gasgmtlgv@nggnbr ane to recover ethanol either as the
pernmeate or the retentate stream dependi on the nenbrane that is used. In
addi t i[8024] wdiler 3Bend s@qe@thﬂsagwlnsof abeeth@@g ptqﬁustecplasryateel lmu@a fiemhranke crude
et hanal roduct and ns. of

cepar StRPRT Sre VP adhls® U B R R B AR PR IRF A ol

[ 0039]prdestinldm@iohon col ums may al so be used in conbination w th nenbranes
to renove sone of the conponents, such as acetic acid, ethyl acetate and
acet alld@ dd 16ef i eschemane dingrasel aethane] prgdurtanrystgary hayuig acomktinghm of t he
crude d?stu[ﬁ@{?é) ﬁ‘ﬂgﬁ{&tan% Eéep%&’aﬂi?:m sgﬁel‘ﬂ%tﬁ){ M%t%{a%ﬁ’%%ﬂ‘n% in &Péo'rc?a@@é LYy the
conponent's In perneat e or entate, may be renoved In one or
nor e ains imbbditiednoLibk prasentafitedtiopassi ng through the nenbranes.

Fwdro%enatlon of .Acetic Acid [0040] The separation steps of the present

i nventl?®Pl ey Obe 114 ewmlﬁdlaavnh%@rnoﬁ%@! PORUFBcR s M s VEiEsHeRiRbRshanol |
but  preek@nabl ¥nd fetbde ‘é\él)tapatn%cégfﬁgﬁ%ﬂﬂ PR 138 ?éc'ogerg%'oﬁie indeeol @b &M@ S

catal ysts, reaction conditions, and separation processes that nay be used
in themhydmogmnmtDbme@ﬁmanenwmnauld are described further bel ow [0041] The

raw i al cetic acid_.and hydrogen, upsed ip c ection

b ocoq00% s B kBt i epe s e Sianahy SO0 Ea A &Mt Bkt uai ng
nat ur ainteasne®8f elpRsteht iGO&kionbi omass, and so forth. As exanples, acetic
acid may be produced via nethanol carbonyl ation, acetal dehyde oxi dati on,

et hyl ene oxi dation, oxidative fermentation, and anaerobic fernmentation.

Met hanol carbonylatlon processes SU|tque for production of acetic acid are
described in U S. Pat. Nos. 7,208,624;" 7,115,772; 7,005, 541; 6,657, 078;

6, 627, 770; 6,143,930; 5, 599, 976 5, 144, 068 5, 026 908 5,001, 259 and
4,994,608, the entire disclosures of which are incorporated herein by
reference. Optionally, the production of ethanol nmay be integrated with
such nethanol carbonylatlon processes. [0042] As petroleun1and nat ural gas

o r 1 .

o T r



Optionally, the m croorgani smenployed in the fernentation process is of a
genus selected fromthe group consisting of Clostridium Lactobacillus,
Moor el | a,wOherxmessaer obact er, Propi oni bacterium Propi oRCTASRE,1/043126
Anaerobi ospirillum and Bacteriodes, and in particul ar, species selected
fromthe group consisting of Costridiumformcoaceticum C ostridium
butyricum Mborella thernoacetica, Thernoanaerobacter kivui, Lactobacillus
del brukii, Propionibacterium acidipropionici, Propionispera arboris,

Anaer qum} PIFIG 7w sdheiafié @i@gﬁdﬂ@ﬁﬁﬁethﬁ@@bﬂdh@t sl 1R d Mdondifled
Bacteriodes rumnicola. Optionally in this WO 2012/ 006388PCT/ US2011/ 043126
pr oceskstillation gid mepbrang sepasftionsestamivathenn Esfillasion goluntrig gredidanse ovidisane
e.g., to form hydrogen that may be used in the
hydroé@%%p?%%ng eprg% %ﬁgb%#ﬁgent i nvention. Exenplary fermentation

pr ocege@d]f AGf 81igA sidhemant d@g@m 6ff aar @hahio$ plods&tbn sy stemShaviata cdﬁﬁlﬁned

6, 509, 180; .6,927,048; 7,074,603; 7,507,562; 7,351,559; 7,601,

7,682 d@ilﬂzlaﬂ%}haldwne@éfa@e sepapgiionahistemeyitloaneatistylftion calugin lﬁéeﬁr-qsé%% é?YithI'Fé}em n
by r efeSle0GSent ﬁﬁé@m9n§mt Byb. Nos. 2008/0193989 and 2009/0281354, the
entiretles 0 are |ncorporated herein by reference. [0045] Exanples
of bi q0@¥H3 iHGl Dadeg sdhamane diapain bfi am dteahot pl;odaqrqncxybtlemrlaalwngaesd:ce]sbinécbr est
products,1 rasses, and other. cel |l ul osic na%er al , tjnber harv stin

Peor adedodor TREBHm Bline SerraiotBmoRl el S wlsth shbAEs in friobfat iy

| eavegne RADKIinRANILBE prbdi-igR@6oRaper pul p, corn, corn stover, wheat straw,
rice straw, sugarcane bagasse sw t chgrass, m scanthus, aninal manur e,

mml m[%ﬁllgd:rlﬁag@ls armhm@atpiadhagr@m@?@n etlowmrbprodadtionas stem lgramge pembes al nond

ecan shel | coffe ass pellets, hay
el | ectr RGBSR e RSP DS lisat s PR BB Poeer o o
U.S. Ran32]NEIG | B84 Khématid@a@ahi ¢feikt@inorogiction sy fe@aomatadetibhage n by
ref erence. Anot her bi onass source is black liquor, a thick, dark liquid
t hat iSsPagatisyipEIgICn agfordanse Kyibf anopiep embadimspt @ﬂtaﬁﬁfeéermmn@nu@@d into pul p,
which is then dried to make paper. Black liquor is an aqueous sol ution of
| ignin residues, hem cellul ose, and inorganic chemcals. [0046] U S . Pat.
No. RE 35, 377, al so DERKDpGHRDESCREPEION OF THEANSHMNIION ovi des a net hod for
t he production of methanol by conversion of carbonaceous materials such as
oi |, cBEPIUCHER yral gas and bi omass materials. The process i ncl udes
hydr o {3l C i tain a
o oced s e B o R A e sl PoRe E ¥ orm
synt h@s@cmcggsathaﬁhb Blyngasesss of dimvjgesaad inventivet ianbé appiied o amyridsg of ethanol
car bon ted to aceti d. The d li kewi.se prgduces h d en mhlch
. baorlistion i eSnheBE bR e biveapr SHias R M SBs0ats. pat - No.
5, 821 pliliflicati¥M &Qtlﬁhé%&aﬁﬂ%dé’stﬂ&l%ﬁ@SFBPéxa%%'IB/%ﬂdnﬁgas}S‘@ﬁé@fthé 9@&{% thr ough
gasification into synthesis gas, 754, which
di scl oseestian peath gelpfogessesier rﬁcemmgl amd/cxnfpuafm@@ﬂbgmi pewhiced by mgrcga@
conposji tion inclu dr
ronoxgeP ape b fies P Pe BN LR A frepdRe s R AR R FERE opooary
The ageddceastddé emaﬁcq pirdichids ageptaks oaiid achteQRITRYcetdt8 qce@guid, sad ot her
carboxylic acids and anhydrides, as well as acetaldehyde and acet one.
Prefeﬁﬂﬁﬁynmﬁﬁ§ﬁltable acetic acid feed stream conprises one or nore of the
conpo S th f
annya i ® 3188 FRd b bile i AR TTb Rl o BEEL iR e BERELSip, wo
2012/ Q06383WItIUSHAOA &.05104&12Bep&ﬂp@nﬂd&eﬁ@pe@hﬁ@ph&m@ﬁfﬁ hgenadredistilatiohe
processes of the present hnventlon In sonme enbodi nents, the presence of

car boX{1EIS e é]%nsugl‘}c?‘rﬁl%lg 6 PERBRLOTSBSIEY ol SPRE e&ma??fﬂ%t RIFSpE
benef i;gialioh fblzﬁ@ Utﬁé 0% BR3P Hore M%Bl%Fan@?Ml & RBRGASEM o ot he aceti c
acid feed. [0048] Alternatively, acetic acid in vapor tormmy be taken
d|recmbyuaannmmden$B@nuhﬁHMM@m¢Mhmn$nasﬂmmﬂs@bmxﬂﬁhmnwmwhanﬁhn@qnomnylation
f the class.descri in U S Pat. . 6,657,078, the entire
whi ch 1 SO &S OY L EX TR éﬁﬁmsg}l%ffaé%E@W@Mw%ayc%aemsé‘b%?ecs%ser){a6%&03%0&
exanplygyre R8arfRnf @hnshst esdpbidih® oh AR ©phaNBEmEMAL AES HIR sepachdOferRPnes LR the
present invention without the need for condensing the acetic acid and |ight
ends or renoving water, saving overall processing costs. [0049] The acetic
acid may be vaporized at the reaction tenperature, follow ng which the
vapori zed acetic acid may be fed along with hydrogen in an undiluted state
or diluted with a relatively inert carrier gas, such as nitrogen, argon,
hel i um carbon dioxide and the |ike. For reactions run in the vapor phase,
the tenperature should be controlled in the systemsuch that it does not
faII beIOM/the dem1p0|nt of acetlc aC|d In one enbodlnent the acetic acid

o, - Y o,



WD 2012/ 006388PCT/ US2011/ 043126 t hrough the catal yst. Qther reactors, such
as fluid or ebullient bed reactors, can be enployed. In sone instances, the
hydr ogenawOan120mb3Byst s may be used in conjunction w t hpam/tsaeni4imas eri al
to regul ate the pressure drop of the reactant stream through the catal yst
bed and the contact tinme of the reactant conpounds with the catal yst
particles. [0052] The hydrogenation reaction nmay be carried out in either
the liquid phase or vapor phase. Preferably, the reaction is carried out in
the vapomheRBase, HedRmbrR hel lequwird Bs¢ondi 1hans sinlite diRdatibOEolt@APENha ur e
may range from 125C to 350C, e.g., from 200C to 325C, from 225C to 300C, or
f r om 2BOGetd NBOITANCFHRAYpIde 8-fageo AP udy e chaneptalowentheengmydociepaatins , fr om
50 Ca 3 . . The reactants may be fed to

t he réé@?%%ggwsgs8@%1%%ﬁ&%é9gﬁ§%gh@8ﬁggﬁp§'(GHSV) of greater than 500 hr-|
e. d., [003t erhetrhaibri@Db ke presegk @pkatiod Mayn b b ihpelvapsragveprogéRak @ra t han
5000 hr-I. In terns of ranges, the GHSV nay range from50 hr-I to 50,000
hr-1, VéPgy. Permpaiipngueresies| Sikabip mephrafies ln,Chdeéh?lg@‘EwaH? membganeoneeshr - 1, or
from 100Q.Rhe br Bl%f@%&gushﬁl'ﬁ riall @9ndks Eﬁéﬁei@yﬁfﬂ—%@ﬂﬁs '119&'?&9&@%!6&9%1"}!5'113{21 fsgarried
out at a %ressure ] ust SuTficient 1o overcome the pressure drop across the
cat al yeiugclinded. dthetnieer@H8Mneatseutencludb phiyughicteleareat sichrae pobvityb akcheoluse of

hi gher pressures, it bein nder st ood t hat consi derabl e pressure dro
i ouGHTHIRE PSS PN POy BB e BRPEHE b oh G R ObaEE Ty BnBel el e, g.
5000 Rfe pre@int rveibinclude [RQS 4 scAbENRUSHR e REalr EREMRANCRPIMNES sfsdindTol es of

hydrogen per nole of acetic acid to produce one nole of ethanol’, the actual
nol ar recent devefopmedisogd dutuee divsstipes, aci Wl pagdsd S eéd, Serrpanalmialewasy from

b 00.. 1:10 PN : : ” . : 2 . f
2901 i Efgbpa S pfiipr, TOEL oy e 7R57 10 SN dhd el Bedesp el LT |

gr eat @fe inbédporited heeifl by r@feeat@r than 4:1 or greater than 8:1. [0055]
Contact or residence tinme can al so var{ wi del y, dependi ng upon such

var i abP@3$] adnspesmbedimeats; the caedectthangt plogyet or pelgavaive strem dreaeafriefeddad
pressur i I F f i nd to nore
Phan dufemthiRe GFln SON GRS, TRIGEL QU LERCK B0 Abaf nafaeT, L0 1oL
wi t h poephendredihaonidcdted innas crudt ethaasitprbéarct. vB@oIxappis eherdeaichtivernssreafmdyr om
0.1 to 100 seconds, e.g., fromO0.3 to 80 seconds or fromQ.4 to 30 seconds.
[ 0056]P¢ Thediny/ %@%Wé}fiv%ﬁbtémeiér@m epagtiae ths areterrtBinehAGdustdn gdastidlatipn y
condu in the presence of a hydrogenati on catal yst. Suitable

ChRGhd p ydr og y
hydr ogenat i on catal ysts include catalysts conprising a first netal and
opti o603 dibarot ambweteoform aezentdopesha!limiss thhrgcdverablalettmanolanyistliaber of

additiopal netals, agptionally on a ca t pport. -The first and opti onal
cecondobs 0 20 BBty oAb J5 56T RERGN e (AP QS5 S5 AR Eet eq
from GaMadd acddBinglth lR int &BoNBraydBaMhsBuslYIpkdvilid BRIbIIPH MREAPS, a

| ant hani de netal, an actinide netal or a netal selected fromany of G oups
|11 A, azsonoperwithewt the wse dbreatrainered The pedcessonbi thativensor v psgamablyxarpd &ry
catal yst conposi tions includ | at i nund ti | at i nunt rut heni

o ot | Mo R BIPrE APR RRR BPobtrafh B PRI SEBRY pat 1 adi um
cobal tcbpdedtratioiigresebeah /tlfe}Hz@@ﬂrcﬁm etig@bBbdnEnttAiRnl pHeterily ﬁﬁMc@@g hragthyiml
copper/palIadiuq&ﬁnickel/palla ium gol d/ palladi um rutheniunlrhenium

r ut he PRGN Ofcad fgsst I Whee cthig! ebgrgnter o1 # leask ¥t dr §F Eeatell Y88 ar e

furth [ ' P ~

20101 6055858 FREcrule ol gBbdel ety p bR sFBl M warer, which oo
| n anatlbes nendefficrantthaidieccoat@lugsic manpuhse Ay @béMrtgicadmpyreitspit t he

type described in U S. Pub. No. 2009/0069609, the entirety of which is
i ncor poFsaRied! tﬂ% Fidg egvn?leﬁf@%ﬁew spyosH] the sthghel 185p @ﬁ@ﬁ%ﬂ}g thieughdha yst
conpriﬁgﬁb i f b Stq r, iron,
cobalf, nﬁgﬁ%P%ﬁéﬁﬁﬁ%%%u%?}%%%ﬁ?ﬁQ?Q%§¥$g§?%%¥@%@%gﬁﬁﬁh%??Q?Eﬁ?%gﬁgtinun]
t i t anippoduczinralditonrtorihangl anHevitermyvatep pyebotariy ppnmad?stadrygmmﬂic iReebnabl y,

the firs tal iis selected fromthe oup, consi st of platinum

b | adiibls PEsBaal Snd FREtcElass o agar BT e et ueladl YR AR ot et a
is selected fromplatinumand palladium |In enbodinents of the invention
where the first nmetal conprises platinum it is preferred that the catal yst
conprises platinumin an anmount less than 5 wt.% e.g., less than 3 w. % or
|l ess than 1 w.% due to the high conqprcial demand for platinum [0058] As
i ndi cated above, in some enbodi nents, the catalyst further conprises a
second netal, which typically would function as a pronoter. If present, the
second netal preferably is selected fromthe group consisting of copper,

nmol ybdenum tin, chromum iron, cobalt, vanadium tungsten, palladi um

pl ati num | anthanum cerium nmanganese, ruthenium rhenium gold, and

Y o o o o, o - o,



WD 2012/ 006388PCT/ US2011/ 043126 [ 0060] The preferred netal ratios may vary
depending on the netals used in the catalyst. In sone exenplary

enbodi nerwe,2014we3s8l e rati o of the first netal to the secons$2omeaiizés from
10:1 to 1:10, e.g., from4:1 to 1:4, from2:1 to 1:2, from1l.5:1to 1:1.5
or from1.1:1 to 1:1.1. [0061] The catalyst may al so conprise a third netal
selected fromany of the netals |isted above in connection with the first
or second netal, so long as the third netal is different fromthe first and
seconqooss] alis addnﬂo@rceétﬁaﬂcﬁedmasv@e@tlﬁemﬁﬁaﬁestamcrldaﬁsé adedits rapbRCHRe from the
group consi sting of cobalt, palladium ruthenium copper, zinc, platinum
tin, &AEPPRRS ipm thoeadsedper ppoduct.t eonerenbedimesns for exaswlle @thedragenm cobal t

I t third metal
bt oy fofiat B ERGH Ry YRR T letfud ol ol Wabdfiert ool to
2 W . %mbooRstk, d deri@ddvd dt@ant o teheudé ethitice pﬂ@iuat Sontdifling @ffnedpddiignt s of

the present invention, the exenplary catalysts. further conprise a support
or a meeRiE B Pseipiabbtlitiag any svtefemay he senasite ey A RINIPRYOSGESF ?thalrceéf ers
to a o f whi ch
adj ust% gﬂ%%hé@éﬁ%@o at{éﬁgégﬁ‘ﬁbg%ﬁa& %ﬁdgbnﬁﬁ b d.(i,ﬁ{mtt)ltsg‘g gd\Ae]; ght of the
supponrtldionneaef mnedbsmnppoay alsbas esledom sblbreatleMaaér fw&n g’re:tcrmfe dthenot ptodbigtst |
prefera)?/i. from7(§0to 999:£/t from78 ‘%@B@ % or fbrom80to
95 wt .29° ﬁ“arsté?aé?sre BB f%es‘? FP&P Eﬂ“ieF foEgagt fre%%}feéﬁﬁ&@?ryt € the
SUPPOIatra 'tf)'uﬁhnételyl}lé&%f‘&thhﬁbla” amount fromO0.1 to 50 wt.% e.g., from
0.2 to25w.% from0.5to 15 w.% or froml to 8 w.% based on the

tot al [0&3% htDletﬂllatt@e cehltnalsylsfty alsthlee wretl a somlﬁm@tlrrm wih aiepévr@lemrdmvmssmer sed

t hrou ut the su ere hout coat on.the outer
of ¢ he ClhssoeniHeBREN uy RS A6g, & R0 oS oRERER e OB R e Nul B

[ 0064 resdfin ddrw@@veae@féé@ﬁdf%@@}u@é’ ethﬁﬁb‘l ﬁ)r&ﬂrc@tﬂlﬂdt@ﬂ ltie Sikel drlmadrd nidhebrauds,

support materials are selected such that the catal yst systemis suitably
act i véptwaplde theonpmentsphiidier wrilie pernsatepy geterigtes Byt be Fheved ip OBy edmpes t he
f or mat j. rf materials may include, for
exanp dls(maﬁ&b? lpl%ﬂ%ﬁtgrg)g%z‘leg @Pé) %é?m%h% segor ceram c- based supports.

Pr ef er}heldo;&ummf(bfsActdmclAw@ sili caceous supports such as silica,
silicalalumna, a G.ooup Il A silicate such as calcium rretgsr l'icate,

pyr ogéﬂwls.%ec%?par%rlg% SH—‘rE?rCt fythginreseRt InyRBIGH Qi esUiede VBB rangy rréiroeeab%r ts
may i I n

zirco ?g&g@ﬁ%%ﬁqtﬁﬁr%g%ﬂgle Huwft[ ﬁ%ratogﬂgrga% tgﬁhﬂﬁﬂgd @ése Hr de}llggf rglr:éet% %‘?%pmﬂ%? zed
car bomaterctls, vatt dust arcbans), cambltiorisx taud e&ep&rhmreq»focem that may be used in the

2012/ 006388PCT/ US2011/ 04312 006 As indicated, the catal yst support may
be m)g“iy?‘ioéﬂn ot A5l atreﬁﬁ%f‘g?gh‘”h?ﬁf"g%% embodi ments, the support

modi fi ermu]myrﬂaeaml@&wr GedRdicld &ld ﬁyfa%gehmesre@%«se&m%&%mitmﬁeypreées& Bethis

cat al yst Sui tabl e acidic support nodifiers may be selected fromthe group
consi sm\rqngommay@mddesect)ﬁromawpulraltE frmrreel lgclumgeﬁe@raﬂfgam@trple\m pestlal s,

oxi de tas oxi d Grop
U116 tibasr o SR o SR e BErR b RlePiandr i Phio

nodi f la@ét&ldblﬁgfdettﬁkﬁiahb@s&h;ﬂeiee@ilmlohr emiithe femamtion nﬁidsdnbél@bﬁffefﬁhe@?atloﬁr 02,

Nb205, Ta205, Al 203, B203, P205, and 5b203. Preferred acidic support
modi f iMethanahspibegey lptirssrrosespescugable famredistign shipeetio Asidar rh@celredrlrldés Pat02,

Nb205, f I 03,
Fo205 N 2070505 Koz T B TR B 20T BOESt ST g o
en}aodrS;;ﬂ%t%St h@o s,aﬁm@md 4 9%!'6(138 elie ¢raiye bedasrgafbmmm hifel 1ﬁdforpdilafedhﬂﬁenabjtf) ow
volatiljty or no v i.fiers anpl e, may be
sel ect8grdFonPpPHY r/o lgrler ?ﬂﬁa m(d%eértﬁ%rmeﬁém o Sk o des,
(ii) %Lnlf)%hyla{fgﬁ chggésdes (iii) alkaline earth metal rret asilicates, (i v)

al kali metal netasilicates, (v) Goup JIB netal oxides, (vi) Goup JIB
met al [0@424siAs m:tom,m {nd ma)ura gmgorilcéd mrqthabemiidgsLthe@midré pr Bsoeypehdivdd et al

nmet asi | i m xt ures. t hereo ion to i des .and .

ot a e EdaRt il ket ut e Heh ao e nidEa i anorides

acet atfesm altdtfatk 36k €Surb@NaRE dHS8OnciRAShEhb, 11 PAHSURD Whn FBEHIEG RS | S
sel ected fromthe group consisting of oxides and netasilicates of any of
sodi um potassi um magnesium cal cium scandium yttrium and zinc, as well
as m xtures of any of the foregoing. re preferably, the basic support
nodifier is a calciumsilicate, and even nore preferably cal cium
netasilicate (CaSi3). If the basic support nodifier conprises calcium
netasilicate, it is preferred that at |east a portion of the cal cium
netasilicate is in crystalline form [0068] A preferred silica support
rraterral IS 8861138 Hi gh Surface Area (HSA) Silica Catal yst Carrrer from

~ 1 - o ~ —— ~ ~ o 1 o~ PNONIN A A PN -, T




[0069] A preferred silical/alumna support material is KA-160 silica spheres
from Sud Chem e having a nom nal dianmeter of about 5 nm a density of about
0.562 g/ mvp 2are/mbsser ptivity of about 0.583 g H20/ g suppect/usaoigusiiace area
of about 160 to 175 nR/g, and a pore volune of about 0.68 m/g. WO

2012/ 006388PCT/ US2011/ 043126 [0070] The catal yst conpositions suitable for
use with the present invention preferably are forned through netal

i npregnation of the nodified support, although other processes such as
chen GalhtiVaPetpAsiPOSt iaPBedtiye /hvaMtabeuMIPhRYIAEL actHE Acill TRMEYhakdsRtas

techni ques are described in U S Pat. Nos. 7,608,744 and 7,863,489 and U.S.
Pub. NGngoibihebRdegsed pmrmed avelablssmebontsoercent LrePaest p. @RISR Al

I ncor %ﬁ{l%ttfgf\Dﬁcﬁ'isrﬁnp%rp&%{e%rh%%igb %Qg%ﬁle g e‘?c%‘ﬁl%lec’cga%es aL&n0Y g ogenati on

of ac eve favorabl e conver si on etic acid and
f avor abirefitang @Qidthalnbyplaﬂithopﬂle dhueaifactury of freeit héido IBy rEmsﬁtnug Rasekanof plahe
present inventjon, the term"conversion" refers to .the anount of acetic

aci d ithe farae ey cerrarassroglateawér ¢ Qcengragor BigdisHrcstihagd Pnehafeéanrflcaaer/ d.
Conver, S t he
oo, 28 bELER BRANAD 40 e IE LRSS dRRREH Ao A Al BB A M ooe
at | edsdp H0%ypplied teasepB09y uait td easter T@ovdnclarts thepastd 80ptodwdet dvotugicid. In

cat al ysts..t hat have hi gh_.copversions . are desirable, ch as at | east 80% or
o et SSa e sSahe BR LS Shsted Aoeero sy e bt abr e at

hi gh 9604t iMisbie bRLoGILRAROLomd br diBof BE rHPHakBialsWBH the WD S0k @fic 1|
many cases, it is possible to conpensate for conversion by appropriate

recyc |aeld§rydem9atmn mgeesefnaly &e denvedepretialysor antitely froinssyngase tdir ekangpletthe o
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process, all or a portion of the unfermented residue from the biomass, e.g., lignans, may be
gasified to form hydrogen that may be used in the hydrogenation step of the present invention.
Exemplary fermentation processes for forming acetic acid are disclosed in U.S. Pat. Nos.
6,509,180: 6,927,048: 7,074,603; 7,507,562; 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.
[0045] Examples of biomass include, but are not limited to, agricultural wastes, forest
products, grasses, and other cellulosic material, timber harvesting residues, softwood chips,
hardwood chips, tree branches, tree stumps, leaves, bark, sawdust, off-spec paper pulp, corn,
corn stover, wheat straw, rice straw, sugarcane bagasse, switchgrass, miscanthus, animal manure,
municipal garbage, municipal sewage, commercial waste, grape pumice, almond shells, pecan
shells, coconut shells, coffee grounds, grass pellets, hay pellets, wood pellets, cardboard, paper,
plastic, and cloth. See, e.g., U.S. Pat. No. 7,884,253, the entirety of which is incorporated herein
by reference. Another biomass source is black liquor, a thick, dark liquid that is a byproduct of
the Kraft process for transforming wood into pulp, which is then dried to make paper. Black
liquor 1s an aqueous solution of lignin residues, hemicellulose, and inorganic chemicals.

[0046] U.S. Pat. No. RE 35,377, also incorporated herein by reference, provides a method for
the production of methanol by conversion of carbonaceous materials such as oil, coal, natural gas
and biomass materials. The process includes hydrogasification of solid and/or liquid
carbonaceous materials to obtain a process gas which is steam pyrolized with additional natural
gas to form synthesis gas. The syngas is converted to methanol which may be carbonylated to
acetic acid. The method likewise produces hydrogen which may be used in connection with this
invention as noted above. U.S. Pat. No. 5,821,111, which discloses a process for converting
waste biomass through gasification into synthesis gas, and U.S. Pat. No. 6,685,754, which
discloses a method for the production of a hydrogen-containing gas composition, such as a
synthesis gas including hydrogen and carbon monoxide, are incorporated herein by reference in
their entireties.

[0047] The acetic acid fed to the hydrogenation reaction may also comprise other carboxylic
acids and anhydrides, as well as acetaldehyde and acetone. Preferably, a suitable acetic acid feed
stream comprises one or more of the compounds selected from the group consisting of acetic

acid, acetic anhydride, acetaldehyde, ethyl acetate, and mixtures thereof. These other
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compounds may also be hydrogenated in the processes of the present invention. In some
embodiments, the presence of carboxylic acids, such as propanoic acid or its anhydride, may be
beneficial in producing propanol. Water may also be present in the acetic acid feed.

[0048] Alternatively, acetic acid in vapor form may be taken directly as crude product from the
flash vessel of a methanol carbonylation unit of the class described in U.S. Pat. No. 6,657,078,
the entirety of which is incorporated herein by reference. The crude vapor product, for example,
may be fed directly to the ethanol synthesis reaction zones of the present invention without the
need for condensing the acetic acid and light ends or removing water, saving overall processing
costs.

[0049] The acetic acid may be vaporized at the reaction temperature, following which the
vaporized acetic acid may be fed along with hydrogen in an undiluted state or diluted with a
relatively inert carrier gas, such as nitrogen, argon, helium, carbon dioxide and the like. For
reactions run in the vapor phase, the temperature should be controlled in the system such that it
does not fall below the dew point of acetic acid. In one embodiment, the acetic acid may be
vaporized at the boiling point of acetic acid at the particular pressure, and then the vaporized
acetic acid may be further heated to the reactor inlet temperature. In another embodiment, the
acetic acid 1s 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,
tollowed by heating of the combined gaseous stream to the reactor inlet temperature.

[0050] Some embodiments of the process of hydrogenating acetic acid to form ethanol 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 reaction zone to add or remove heat. In other
embodiments, a radial flow reactor or reactors may be employed, or a series of reactors may be
employed with or without heat exchange, quenching, or introduction of additional feed material.
Alternatively, a shell and tube reactor provided with a heat transfer medium may be used. In
many cases, the reaction zone may be housed in a single vessel or in a series of vessels with heat
exchangers therebetween.

[0051] In preferred embodiments, the catalyst is employed in a fixed bed reactor, e.g., in the

shape of a pipe or tube, where the reactants, typically in the vapor form, are passed over or
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t he crudewethemob3spr oduct conprises acetic acid in an amouniS201em$312han 20
w.% e.g., less than 15 wt. % less than 10 wt.%or less than 5 wt.% In
enbodi nents having | ower anounts 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 al so be preferably high,

and i shigugRttRrcatahdh BH% rc@rs, s@hedtiRid bNenlRRVo&r regéteat &in Heh@iplHA In
some instances, the hydrogenation catalysts may be used in conjunction with an inert material to
regulate the pressure drop of the reactant stream through the catalyst bed and the contact time of
the reactant compounds with the catalyst particles.
[0052] The hydrogenation reaction may be carried out in either the liquid phase or vapor phase.
Preferably, the reaction is carried out in the vapor phase under the following conditions. The
reaction temperature may range from 125°C to 350°C, e.g., from 200°C to 325°C, from 225°C to
300°C, or from 250°C to 300°C. The pressure may range from 10 kPa to 3000 kPa, e.g., from 50
kPa to 2300 kPa, or from 100 kPa to 1500 kPa. The reactants may be fed to the reactor at a gas
hourly space velocity (GHSV) of greater than 500 hr™', e.g., greater than 1000 hr', greater than
2500 hr™! or even greater than 5000 hr''. In terms of ranges, the GHSV may range from 50 hr' to
50,000 hr, e.g., from 500 hr! to 30,000 hr', from 1000 hr™' to 10,000 hr™', or from 1000 hr' to
6500 hr'.
[0053] The hydrogenation optionally is carried out at a pressure just sufficient to overcome the
pressure drop across the catalytic bed at the GHSV selected, although there is no bar to the use of
higher pressures, it being understood that considerable pressure drop through the reactor bed may
be experienced at high space velocities, e.g., 5000 hr or 6,500 hr™",
[0054] Although the reaction consumes two moles of hydrogen per mole of acetic acid to
produce one mole of ethanol, the actual molar ratio of hydrogen to acetic acid in the feed stream
may vary from about 100:1 to 1:100, e.g., from 50:1 to 1:50, from 20:1 to 1:2, or from 12:1 to
1:1. Most preferably, the molar ratio of hydrogen to acetic acid is greater than 2:1, e.g., greater
than 4:1 or greater than 8:1.
[0055] Contact or residence time can also vary widely, depending upon such variables as
amount of acetic acid, catalyst, reactor, temperature, and pressure. Typical contact times range
from a fraction of a second to more than several hours when a catalyst system other than a fixed
bed is used, with preferred contact times, at least for vapor phase reactions, of from 0.1 to 100
seconds, e.g., from 0.3 to 80 seconds or from 0.4 to 30 seconds.
[0056] The hydrogenation of acetic acid to form ethanol is preferably conducted in the
presence of a hydrogenation catalyst. Suitable hydrogenation catalysts include catalysts
comprising a first metal and optionally one or more of a second metal, a third metal or any

number of additional metals, optionally on a catalyst support. The first and optional second and
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[0060] 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 1.5:1to 1:1.5 or from 1.1:1to 1:1.1.

[0061] 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 the
first and second metals. In preferred aspects, 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 preferably is from 0.05 to 4 wt.%, e.g., from 0.1 to 3 wt.%, or
from 0.1 to 2 wt.%.

[0062] In addition to one or more metals, in some embodiments of the present invention, the
exemplary catalysts further comprise a support or a modified support. As used herein, the term
“modified support” refers to a support material and a support material and a support modifier,
which adjusts the acidity of the support material.

[0063] The total weight of the support or modified support, based on the total weight of the
catalyst, preferably is from 75 to 99.9 wt.%, e.g., from 78 to 97 wt.%, or from 80 to 95 wt.%. In
preferred embodiments that utilized 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 of the support (i.e.,
egg shell), or decorated on the surface of the support.

[0064] 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

[0065] 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,
alumina, titania, zirconia, magnesium oxide, carbon, graphite, high surface area graphitized

carbon, activated carbons, and mixtures thereof.
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[0066] As indicated, 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 O3, B2Os, P20s, and Sb,O;. Preferred acidic support modifiers include those selected from
the group consisting of TiO,, ZrO,, Nb,Os, Ta,0s, and Al,O3;. The acidic modifier may also
include WQO;, MoQ;, Fe; 05, Cr;,05, V205, MnO,, CuO, Co,03, and Bi,0s.

[0067] 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: (1) alkaline earth metal oxides, (i1) alkali metal oxides, (ii1) alkaline earth metal
metasilicates, (iv) alkali metal metasilicates, (v) Group IIB metal oxides, (vi) Group IIB 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. Preferably, the support modifier is 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
(CaSi0;). If the basic support modifier comprises calcium metasilicate, it is preferred that at
least a portion of the calcium metasilicate is in crystalline form.

[0068] 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
tollowing properties: contains approximately 95 wt.% high surface area silica; surface area of
about 250 m*/g; a median pore diameter of about 12 nm; average pore volume of about 1.0
cm3/g as measured by mercury intrusion porosimetry and a packing density of about 0.352 g/cm’
(22 Ib/ft).

[0069] A preferred silica/alumina support material is KA-160 silica spheres from Sud Chemie
having a nominal diameter of about 5 mm, a density of about 0.562 g/ml, an absorptivity of
about 0.583 g H,O/g support, a surface area of about 160 to 175 m*/g, and a pore volume of
about 0.68 ml/g.
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[0070] The catalyst compositions suitable for use with the present invention preferably are
formed through metal impregnation of the modified support, although other processes such as
chemical vapor deposition may also be employed. Such impregnation techniques are described
in U.S. Pat. Nos. 7,608,744 and 7,863,489 and U.S. Pub. No. 2010/0029995 referred to above,
the entireties of which are incorporated herein by reference.

[0071] In particular, the hydrogenation of acetic acid may achieve favorable conversion of
acetic acid and favorable selectivity and productivity to ethanol. For purposes of the present
invention, the term “conversion” refers to the amount of acetic acid in the feed that is converted
to a compound other than acetic acid. Conversion is expressed as a mole percentage based on
acetic acid in the feed. 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.

[0072] 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 1s 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 not detectable. 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.

[0073] 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 catalyst per hour, e.g., at least 400
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<0.001 O her Al cohols <5 <0.005 <0.001 [0084] The anmounts indicated as
less than () in the tables throughout present application are preferably
not presewo 2ardosds8pr esent may be present in trace anmoumlC3/useolilf4ap®UNt S
greater than 0.0001 w.% [0085] The "other esters” in Table 2 may include,
but are not limted to, ethyl propionate, nmethyl acetate, isopropyl
acetate, n-propyl acetate, n-butyl acetate or m xtures thereof The "other
ethers" in Table 2 may include, but are not limted to, diethyl ether,

met hy lorghdiyt etleetdaeper Hipehut ¥dtal@sthiel helMie at RastHoB lopdiRSoft iR Pper KB gradt her
al cohol s" in Table may include, but are not limted to, nethanol,

i sopr ¢pahist perdwopr. eblalfﬁfﬂffednllbtﬂf@ﬁ of raggesailer ipdustiy e peedtrably iniemedBdai ment |

n pr opaasyering SETh A ERIERIR B BB 1S RERT iz Tl 10 RPES GBI RO BRE "Me o6 or
from Qa@ﬁﬁt pe& Houb3r findm %00 k2 hoybickiberann danistond hviat these ot her

corrponents may be carried through in any of the distillate or residue

st r eat®07d s PRosaewdey the aﬂ‘éF“WItSI of b pf@%eﬂf UPERaen laété Esplbabethardi n. unl ess

i ndi C? @d%cﬂ]@nﬁ‘SﬁYH Scﬁder[o%?@hst'ml ?B?é E%QJI M@ 1e§st1? Mde?ha%hﬁé}o'
product or IC]UI stream 114 fe |st| ati 7 conpri ses

acet i doaciatlenst Satnnsmﬁmlnmlobperllmss otrlatalnaQOOMrls%f edlagol, peotlotueslsargdtanal&S w. %

| ess th n 1 % or |ess n . enbodi e nount s
of aciakE] g ohsivied tarndintgabe oS Rty HooiCBa dfhsh D o

pr ef ereﬁﬁthb{l 1 @8h:ek o haRada %ol & eth@rb?ﬁ’érq{ouﬁ bed 18308 Plongbeah&lol hharbup0% In
addition, the selectivity to ethanol preferably high, and is greater

than #6%rme of ranggy, dait lergetshaln LBIBYG iof prgdeatoerofteﬁanolgﬂ%prom of the pfesent

2012/ 006388PCT/ US2 /.043 di | | |
oot IR e RE RS R CORR o et LA 4 PP B SR 01 ¢ o

separ atiaasl FRUber ofFttrh B0 €@B0 &hs oEathancq@letmasmp EelRbPMoyu&RNErdSes a tray
colum having from1 to 150 trays, e. from10 to 100, from20 to 95

t r ays foimentasignadretthe y@nppugpf StrEHe typigdlly dasy npepasminibe sipalpdacifiyyesnghl ve
trays, L n the art.
In ot H)é(?& nglll g‘nat/ﬁll ¥ Be tclélﬁeY\Za(l:)}(eolgdy & 10%2%511)%%&&&}?4 (%' tﬂggfeg lﬁ{n}%ﬁﬂc% | urms,
structjee®] dackiing @mbordandasmf)tare Ipren;gntrrﬁvenhen ehp bmyledthaffdst@rbdttﬁty prcmlncepia@kr ng
may be arranged.in one continuous colum or they my be arranged in two or
mor e Al Hydseseaaten pregesst hfdOrs ABH PUTSEBHANE REOCEISHEL S%é@tSIPBH igfogr8dt he second
secti i C R f section,
ro OB gy e B Ao IR e S B e B ol tim
may al“smdbethasblgroddt’t efas ta dng cohipositiodicemptisiag ﬁ’bn*oi td' T4 wsto erteasnodiane;l " The
distil]l at resi dues_of the other. col.ums al s fer to wth
i i 1 ST et ah et ToHAT QPSS SRS KO TORES o haC BB EabS PSR Agui ah
them fromIQNg BBRE NeThe WithesU&RnIRE ful BILS: §hfag l ko gt fct}eexagpet EHGY @iSers
requiri any particul ar separation order. The tenperatures and

pr ess@i@gy@rpkeiy@ﬂ ilkarcheandohibonsliorade. vary.  As a practical matter,

pressures from 10 kPa to 3000 kPa wll generally be enployed in these zones
al t hough i n sone enbodi nents subat nospheric pressures or superatnospheric
pressures may be enployed. Tenperatures Wthin the various zones wll

normal |y range between the boiling LE Iof the conposition renoved as the
distillate and the CQRPHH EPAACOPMEROBY ChEORPORITIONS Wi || Dbe

recogni zed by those skilled in the art, the tenperature at a given |location
in an operating distillation cofifm is @gendent Cepc-t he c6Rp®sition of the
materi al at that Coupeueoh and(Wh)pr esdwit.go)of cdmifdm. | n @ddiotion, feed
rates may vary depBtidholg on t heogDze ol5tched prodboed FOn pr2deess and, if
descri bed, may beageinewical | yoreberred oite s5on tenpso o6 f eed tweoght rati os.

Water 51040 510 30 10 to 30 10 to 26
Ethyl Acetate 0to 30 0to 20 1to 12 3to 10
Acetaldehyde 0to 10 0to3 0.1t03 02to2

Others 0.1to 10 0.1t06 0.1to4 --
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[ 0090] The associ ated condensers and |liquid separation vessels that may be
enpl oyed with each of the distillation colums may be of any conventi onal
desi gn amsoarne/®b3spl i fied in the figures. Heat nay be sepplisediveithe base
of each columm or to a circulating bottom streamthrough a heat exchanger
or reboiler. O her types of reboilers, such as internal reboilers, may al so
be used in sone enbodi nents. The heat that is provided to reboilers may be
derived fromany heat generated during the process that is integrated with

t he rqbwid]erg ofé embodMRAL, exd @LféthsU Eﬁﬁlu@ﬂ@h}ﬁﬁeﬁﬁ&hb atid heat agengnadsi ng
chenmical process or a boiler. Al t hough one reactor and flasher are shown,
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2012/ f th
e S R R R e B R R

var i ousys endeansershap8ior goatep Hessors, Inraabmoheuhs ,seldcftumg‘/ to\¢eavélsmay also
connectors separ ation vessels, etc. nor mal O ed in carryl ng out
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the pig(fﬁ?']‘t Th KEBRbORme }{\@éﬁé\ﬁg gr Opﬂp b?etm'i@%&r n{rgfig%% L} ek ﬁpl 8r wat er

per e menbr anes i nc I'i ¢ pol yner ranes, such
crosskﬁmﬂ@degoh@vmmﬁb hbnmhﬂkthénﬁmammspfpmgyemhymgﬁmr@kyﬁ@ﬂmnenbnanes

pol yet hersul f one nes rfl or Q ol yner menpran en separating
DY a0 ot e < atan b £ T i s diiiitn LT50 a0t Jak R el o
ot her QRABONSMS hhi‘mbl‘keetﬁdfdéﬂjﬁlaﬁ MR CHNPRRIIE PANRhEGhaR FerildRtaliSh BFRYcBIsEs of
stream For purposes of the present invention hydrophobic pol yner nenbranes
t hat redteaph nane cmh@mu:ln@ ¢heplewgs @mjour[ts)owpter may Ifi@iluelﬁﬁ@d wrm*gy te beparitd the Fl G
1, |i trean1114 et .han r oduct
ot umieaCang ML gl LIRS lnt Peliartds M pleSes DuBARARHRE Che
di St i lahRluhO6F &RInah the éruae ¥thagolgpre@Rh st 9 w0 k&Mt b8 eGO| i 20 O, %wat er,
acetic acid, and other hea&% conponents, if present, are renoved fromthe

i qui do 40 mé&pron Tamagidvisiedo i t¥ide aficatgsreiiaap bseighicraneanis s spjiculady r esi due i n
l'ine i& §§S|due 116 is preferably purged fromthe system 100 via |ine
116. por 1'on of the residue in line 116 nmay be directed to a reboiler 117
for supmngi Ppdoetin $@tdnne col umm 107. I n one enbodi ment, the residue
conprises water in an a nt. of at |east 60 wt.% e,

at | ed®78%0 iy eﬁég?ldaﬁ%élwﬁw YRS e lalns%lct%ﬁ-plrl da ag?ﬂ?%ttﬁ"‘eﬁt%ﬁ%{vy
COWOE}? Rtion YGRS 1RGS ke AY idciul QO nliIQZn(ﬁ%)rsﬂeﬁlQ[raH@s agfistillate
stream 118, as a vapor “'stream A side streamfrom colum 107 conpri sing

f usel e@mhplenﬁlﬁSallsi)um einthght awvot wiager| perneeabBAmemMhemecwithidistillecfori s oper at ed

d t t f ot t
R G T AT o e e T D o el c TN
to 110G Qeoﬁlbfaml&%gfmeﬂpé&eaﬁ @%wthﬁamee@a&gaﬁc génﬁelasledheﬁ%rhh@st gnp¥i ting in

line 118 from colum 107 preferably is from®6 e.g., from70C to
100C ahstillpoen cn!@mb BISE. lpmn@tlhelse @ ndobiinateort & m@lhbramse\gglmué dcstlll@tmwrm 107
may range fr

kPa t 6 375°kPd es mbo&’““?lﬁf'r‘ exemPIaf a?n‘%l‘iaélob‘%ic}lseé‘%’f?‘}?? e“%ﬁﬁ mé‘? 119

and ISbefcﬁﬁhbhfédaF@ﬁé)@iﬁnm@rtﬁ@ﬁhbhlﬁrdﬁerrbo @rﬂEIGQﬁna@éfﬁieaSﬁ@facé&;Poﬁlldpm ies a
driving force for a portion of the distillate stream 118 to pass through

thfa wePBbingEpsath| the papatit{8asten. 1 0frshowa tiesopephtba biher figwss.ane 108 hgs a
w0 S0l ohE bR ey SRR Brodta Rl Fher - RAR B GATIRAE o 3RE °F e

conpr ilses 1 @t hanmls, aﬂﬁamwmgrupnane@naxﬁﬁamamemnlhmnemelﬁmbath%mﬂtothe wat er
stream 120 conErlses water in an anount of east 60 wt.% .e.g., at |east

80wt ot 148 Nt crgbcimiens [ndh GRS gt tcon frediandggialy HAMA st r cam
121 C%&ﬂz%??l@t NQlonk Qtr@epn %mkmﬁlgq;ot@ﬁydrg tang%f; cald. e1’196: tem%@rahﬁ"@%f” 70
W.%or at |east 85 w.% and water i n an anbunt of [ess than % e.g.,
| ess ttheavapd0fast streaon il kiss] tlhiapreferably. fom \NAD i topétﬁﬁ@afbg efromnt208G¢o 308 C

pr ef er ahl duces oncentration of initi et hanol ream 121 by
B ©1 eattodpbitbhdaaobit NRY s SR o cRbdien Shrert e Boaronres 305 eam 118
e. 9., sBdbwhemdtmBhecytlied GaRicalR¥ 1YRIEoPaRRAN BB ThE aReynlddemy
conprise a hydrophilic polynmer nenbrane, such as a crosslinked polyvinyl

al cohol nenbrane. [0094] In an enbodi nent, water stream 120 nay be returned
to colum 107. A portion of water strign1120 may be fed to colum 107 such
that the conmposition of water stream 120 is substantially simlar to the
conposition of the liquid on the tray(s) in that portion of the colum 107.
[ 0095] In sone enbodi ments, initial ethanol stream 121 nay be wi thdrawn as

an et hanol product. The et hanol product obtained fromthe initial ethanol
stream 121 may be SU|tabIe for |ndustr|al grade et hanol . However, in sone
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121 and a small amount of ethanol. In one enbodi nent, the conposition of
second water stream 122 contains |less water than liquid feed stream 114.
Thi s may wibl20/doedssmor e ef fici ent separation of the ethaoolusand/ovsEber in
colum 107. In one enbodi nent, the second water stream WO

2012/ 006388PCT/ US2011/ 043126 122 conprises ethanol in an anount of at |east
25 wt.% e.qg., at least 30 wt.%or at |least 40 wt.% and water in an anount
of less than 75 wt.% e.g., less than 70 w.% or | ess than 60 w.% [0096]
I n prefiRttked erbedbmmaiss 103nandheat men et dife@bd tae digbyidpat gstiedh, amettomt r eam
123 may be used to supply a portion of the heat for reb0| er 117. The heat
ener gyt éfacttidOdehydr at ed et hanol stream 123 nmay al so be integrated to
suppl t 3¢ ted
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acet atg and/ or acet al deh]g %0098 In FIG, 2, .there is Brow ded an
addi t PGHENA.CSTAN A3BIn% 18HNE @FRECT e gugrd Redimedia &y yngigiahizsd t9iraPol um.
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second quarter or the third quarter. In addition, in some embodi ments, a
por t i gnodyict streany ie svidhdeavir, @mfcl‘ﬂblyex)hamtﬂuslar Hduoeactel LFrvia bire by be d| rect ed

o D toE he iRl g persfe RO RE DR Bk AP SRl o eq AEshE: BRL T 2

from tlifclc aMRes | sephitel thel drind elﬂadaoapl@daétel 1Mt ARAPSs stRadf BBaRl Y liquid
cont i nuousl as residue 131. Some or all of the residue may be directly or

i ndi r ey liét UheBashsh #0@prefestiy Ppefatsaalka teapeeiite pBﬁOQbfrbeJteﬁOOu(é ¢lg-ne 131.
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refl uxed, for EX? at. arafio of from10:1 to 1:10, e.qg., from3:1 to

1: 3 okPar Gypne pre eéreé e&lbomaena.tg% fempsfasue gngl prresurg ot %F@@éb%ﬂ ymianiorthees
et hanq‘l_:m tﬂ)’é a{)@ﬁ%g{]& ‘é.\@tEP[G along with other inpurities. Distillate

132 is era |ntro uce fo col um 107, and ethanol is separated using
wat er [W}eélﬂiee/apmnﬁmreame]slamﬁmgrtﬂe f0%ens0@inse usspdsedbovezennndl G 1. [ 0099]
When col.um 130 i.s operated unde about 170 kPa, the te ratyure of the

oot dORUEEP R WHeH R D4 84reEY arep BBt Ortbaens B abane 414 A%t  om osc
to 12Qfo0h if mel%(;eﬁl%emp%ﬁmnm%é S{pee LRl €17 asgésqhﬂjughchlhla;ees&msI ng in

line 132 from colum 130 preferably i's from 60 C, e.g., from65Cto
85C ornd psorpnito@d witg 0. hydrogsh iead a@di@@d‘ﬁdw’én‘ta@onzehellﬁr essure of col um 130

may r 1. kPa t m ato r from1l
oo 1 SO 5 0% Bk ddben raies ToQispit B ol CRuh G (iR fiBkEkes o the
di sti Icbringh BOTd Ih@st dhiBodiaiEnshd éodnsitd Oli@@l uferamlﬁla e @uk@’f&’t&hld}eﬁlﬂll@r tbabl e 3

bel ow. It should be understood that the distillate and resi due may al so
cont aithe gvaeethamhpertgt ebtaiped fipmdhe spactpaBKERS RCL CEPARATR ORF CNUWN 130

depleted of hydrogen, carbon dioxide, methane and/or ethane, which are removed by the flasher
106. Accordingly, liquid stream 114 may also be referred to as a crude ethanol product.
Exemplary compositions of liquid stream 114 are provided in Table 2. It should be understood

that liquid stream 114 may contain other components, not listed.
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Conc.

(wvt.9% Conc. (Wt.%9 Conc. (w.% Distillate Et hanol 20 to 75 30 to

70 40 to 65 Water 10 to 40 15 to 35

WO 2012/006388 PCT/US2011/043126
TABLE 2
LIQUID STREAM 114

Conc. (wt.%) Conc. (wt.%) Conc. (wt.%)
Ethanol 5to 70 10 to 60 15to 50
Acetic Acid <90 5to 80 15t0 70
Water 5to 35 5to 30 10 to 30
Ethyl Acetate <20 0.001 to 15 1to12
Acetaldehyde <10 0.001 to 3 0.1t03
Acetal <5 0.001to 2 0.005to 1
Acetone <5 0.0005 to 0.05 0.001 to 0.03
Other Esters <5 < 0.005 <0.001
Other Ethers <5 <0.005 <0.001
Other Alcohols <5 < 0.005 <0.001

[0084] The amounts indicated as less than (<) in the tables throughout present application are
preferably not present and if present may be present in trace amounts or in amounts greater than
0.0001 wt.%.

[0085] The “other esters” in Table 2 may include, but are not limited to, ethyl propionate,
methyl acetate, isopropyl acetate, n-propyl acetate, n-butyl acetate or mixtures thereof. The
“other ethers” in Table 2 may include, but are not limited to, diethyl ether, methyl ethyl ether,
isobutyl ethyl ether or mixtures thereof. The “other alcohols” in Table 2 may include, but are not
limited to, methanol, isopropanol, n-propanol, n-butanol or mixtures thereof. In one
embodiment, the liquid stream 114 may comprise propanol, e.g., isopropanol and/or n-propanol,
in an amount from 0.001 to 0.1 wt.%, from 0.001 to 0.05 wt.% or from 0.001 to 0.03 wt.%. In
should be understood that these other components may be carried through in any of the distillate
or residue streams described herein and will not be further described herein, unless indicated
otherwise.

[0086] In preferred embodiments, the crude ethanol product or liquid stream 114 fed to
distillation column 107 comprises acetic acid in an amount of less than 20 wt.%, e.g., of less than
15 wt. %, less than 10 wt.% or less than 5 wt.%. In embodiments having lower amounts of acid
acetic, the conversion of acetic acid in the reactor 103 is preferably greater than 75%, e.g.,
greater than 85% or greater than 90%. In addition, the selectivity to ethanol is preferably high,
and 1s greater than 75%, e.g., greater than 85% or greater than 90%.
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20 to 35 Acetic Acid <2 0.001 to 0.5 0.01 to 0.2 Ethyl Acetate <60 5.0 to
40 10 to 30 Acetal dehyde <10 0.001 to 5 0.01 to 4 Acetal
WO 2012/006388 PCT/US2011/043126

[0087] The distillation columns used in combination with membranes may comprise any
distillation column capable of separation and/or purification. Each column preferably comprises
a tray column having from 1 to 150 trays, e.g., from 10 to 100, 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, etc.

[0088] 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 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.

[0089] 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 superatmospheric 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.

[0090] The associated condensers and liquid separation vessels that may be employed with
each of the distillation columns may be of any conventional design and are simplified in the
figures. Heat may be supplied to the base of each column or to a circulating bottom stream
through a heat exchanger or reboiler. Other types of reboilers, such as internal reboilers, may
also be used in some embodiments. The heat that is provided to reboilers may be derived from
any heat generated during the process that is integrated with the reboilers or from an external
source such as another heat generating chemical process or a boiler. Although one reactor and

flasher are shown, additional reactors, flashers, condensers, heating elements, and other
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<0.1 <0.1 <0.05 Acetone <0.05 0.001 to 0.03 0.01 to 0.025 Resi due Acetic
Acid 60 to 100 70 to 95
WO 2012/006388 PCT/US2011/043126

components may be used in embodiments of the present invention. As will be recognized by
those skilled in the art, various condensers, pumps, compressors, reboilers, drums, valves,
connectors, separation vessels, etc., normally employed in carrying out chemical processes may
also be combined and employed in the processes of the present invention.

Water Permeable Membranes

[0091] Suitable water permeable membranes include hydrophilic polymer membranes, such as
crosslinked polyvinyl alcohol membranes, polyethylene glycol membranes, polyethersulfone
membranes, and perfluoropolymer membranes. When separating a crude ethanol product, water
is separated as the permeate stream and other components in the crude product are separated as
the retentate stream. For purposes of the present invention hydrophobic polymer membranes that
retain water may also be used.

[0092] In the embodiment shown in FIG. 1, liquid stream 114 is introduced in the middle part
of an ethanol product column 107, e.g., second quarter or third quarter. In one embodiment, the
distillation column 107 may be a dephlegmator column. In column 107, water, acetic acid, and
other heavy components, if present, are removed from the liquid stream 114 and are withdrawn,
preferably continuously, as residue in line 116. Residue 116 is preferably purged from the
system 100 via line 116. A portion of the residue in line 116 may be directed to a reboiler 117
for supplying heat to the column 107. In one embodiment, the residue comprises water in an
amount of at least 60 wt.%, e.g., at least 80 wt.% or at least 90 wt.%. Residue in line 116 may
also comprise any other heavy components, such as acetic acid.

[0093] Column 107 also forms a distillate stream 118, as a vapor stream. A side stream from
column 107 comprising fusel oils may also be withdrawn via line 124. When column 107 is
operated under standard atmospheric pressure, the temperature of the residue exiting in line 116
from column 107 preferably is from 70°C to 115°C, e.g., from 80°C to 110°C or from 85°C to
105°C. The temperature of the distillate exiting in line 118 from column 107 preferably is from
60°C to 110°C, e.g., from 70°C to 100°C or from 75°C to 95°C. In other embodiments, the
pressure of column 107 may range from 0.1 kPa to 510 kPa, e.g., from 1 kPa to 475 kPa or from
1 kPato 375 kPa. The distillate stream 118 passes through a compressor 119 and is fed to a
water permeable membrane 108. Compressor 119 supplies a driving force for a portion of the
distillate stream 118 to pass through the water permeable membrane 108. The water permeable

membrane 108 has a selectivity for water and separates a water stream 120 (permeate) and an
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85 to 92 Water <30 1 to 20 1 to 15 Ethanol <1 <0.9 <0.07 [0100] Sone

speci es, such as acetals, may deconpose in colum 107 such that very | ow
anount's, WO 20124106388 det ect abl e anobunts, of acetal s remaiPeTius20th®43etil | ate
or residue. In addition, a non-catalyzed equilibriumreaction between
acetic acid and ethanol or between ethyl acetate and water may occur in the
crude et hanol product after it exits reactor 103. Depending on the
concentration of acetic acid in the crude ethanol product, this equilibrium

may beniflki atRhol av@ind1 fiofsehtheNtiaf c@hhiydes at@hdtadd nlihbSpBasisl dfRvdteimIABYe be
regul ated using the residence tinme and/or tenperature of crude ethanol
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substantially similar to the composition of the liquid on the tray(s) in that portion of the column
107.
[0095] In some embodiments, initial ethanol stream 121 may be withdrawn as an ethanol
product. The ethanol product obtained from the initial ethanol stream 121 may be suitable for
industrial grade ethanol. However, in some embodiments, for example in order to obtain fuel
grade or anhydrous ethanol, it may be preferred to remove the remaining water in the initial
ethanol stream 121. As shown in FIG. 1, initial ethanol stream 121 is fed to second water
permeable membrane 109. Preferably, the initial ethanol stream 121 comprises a lower water
concentration and a higher ethanol concentration than distillate stream 118. In some optional
embodiments, an additional compressor (not shown) may be used to compress the initial ethanol
stream 121. The second water permeable membrane 109 removes the remaining water from the
initial ethanol stream 121 as the second water stream 122 (permeate) and forming a dehydrated
ethanol stream 123 (retentate) that comprises or consists essentially of ethanol. Second water
permeable membrane 109 may comprise a crosslinked polyvinyl alcohol membrane. The second
water stream 122 may be condensed and refluxed to the upper portion of column 107. The
second water stream 122 comprises substantially all of the water from the initial ethanol stream
121 and a small amount of ethanol. In one embodiment, the composition of second water stream
122 contains less water than liquid feed stream 114. This may allow for more efficient

separation of the ethanol and water in column 107. In one embodiment, the second water stream
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[0098] In FIG. 2, there is provided an additional column 130, also referred to as an “acid
separation column.” Liquid stream 114 is introduced in the middle part of column 130, e.g.,
second quarter or the third quarter. In addition, in some embodiments, a portion of the residue
from the ethanol product column 107 may be directed to column 130 via line 116°. In acid
separation column 130, acetic acid, a portion of the water, and other heavy components, if
present, are removed from the composition in line 114 and are withdrawn, preferably
continuously, as residue 131. Some or all of the residue may be directly or indirectly returned
and/or recycled back to reaction zone 101 via line 131. Reducing the amount of heavies to be
purged may improve efficiencies of the process while reducing byproducts. Column 130 also
forms an overhead distillate, which is withdrawn in line 132, 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.
The distillate in line 132 preferably comprises ethanol, ethyl acetate, and water, along with other
impurities. Distillate 132 is preferably introduced to column 107, and ethanol is separated using
water permeable membranes 108 and 109 as discussed above in FIG. 1.

[0099] When column 130 is operated under about 170 kPa, the temperature of the residue
exiting in line 131 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 132 from column 130 preferably is from
60°C to 90°C, e.g., from 65°C to 85°C or from 70°C to 80°C. In other embodiments, the pressure
of column 130 may range from 0.1 kPa to 510 kPa, e.g., from 1 kPa to 475 kPa or from 1 kPa to
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Et hyl Acetate 10 to 90 25 to 90 50 to 90 Acetaldehyde 1 to 25 1 to 15 1 to
8 Water 1 to 25 1 to 20 4 to 16 Ethanol <30
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375 kPa. Exemplary components of the distillate and residue compositions for column 130 are
provided in Table 3 below. It should be understood that the distillate and residue may also

contain other components, not listed.

TABLE 3
ACID SEPARATION COLUMN 130

Conc. (wt.%) Conc. (wt.%) Conc. (wt.%)
Distillate
Ethanol 20to 75 30to 70 40 to 65
Water 10 to 40 15 to 35 20to 35
Acetic Acid <2 0.001t0 0.5 0.01t00.2
Ethyl Acetate <60 5.0to 40 10 to 30
Acetaldehyde <10 0.001to 5 00lto4
Acetal <0.1 <0.1 <0.05
Acetone <0.05 0.001 to 0.03 0.01 to 0.025
Residue
Acetic Acid 60 to 100 70 to 95 85 to 92
Water <30 1to 20 1to15
Ethanol <1 <0.9 <0.07

[0100] Some species, such as acetals, may decompose in column 107 such that very low
amounts, or even no detectable amounts, of acetals remain in the distillate or residue. In
addition, a non-catalyzed equilibrium reaction between acetic acid and ethanol or between ethyl
acetate and water may occur in the crude ethanol product after it exits reactor 103. Depending
on the concentration of acetic acid in the crude ethanol product, this equilibrium may be driven
toward formation of ethyl acetate. This equilibrium may be regulated using the residence time
and/or temperature of crude ethanol product.

[0101] FIGS. 3A and 3B are similar to FIG. 1, but includes two additional columns, 130 and
133. Acid separation column 130 is described above in FIG. 2. In FIG. 3A, distillate in line 132
is introduced to column 133, also referred to as a “light ends column,” preferably in the top
portion of column 133, e.g., top third. As one example, when a column having 25 trays is used
without water extraction, line 132 may be introduced at tray 17. A column having 30 trays is
used without water extraction, line 132 may be introduced at tray 2. In one embodiment, the
column 133 may be an extractive distillation column. In such embodiments, an extraction agent,

such as, for example water, may be added to column 133. If the extraction agent comprises
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0.001 to 15 0.01 to 5 Acetal <5 0.001 to 2 0.01 to 1 Residue Water 30
70 30 to 60 30 to 50
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water, it may be obtained from an external source or from an internal return/recycle line from
one or more of the other columns, as shown by line 116 from the residue of column 107.

[0102] In some embodiments, the light ends column 133 may be an extractive distillation
column. Suitable extractive agents may include, for example, dimethylsulfoxide, glycerine,
diethylene glycol, 1-naphthol, hydroquinone, N.N’-dimethylformamide, 1,4-butanediol; ethylene
glycol-1,5-pentanediol; propylene glycol-tetraethylene 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 paraftins, or a combination thereof.

[0103] Light ends column 133 may be a tray column or packed column. In one embodiment,
column 133 is a tray column having from 5 to 70 trays, e.g., from 15 to 50 trays or from 20 to 45
trays. Although the temperature and pressure of column 133 may vary, when at about 20 kPa to
70 kPa, the temperature of the residue exiting in line 134 from column 133 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 distillate
exiting in line 135 from column 133 preferably is from 20°C to 55°C, e.g., from 25°C to 50°C or
from 30°C to 45°C. Light ends column 133 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 column 133 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 components of the distillate and residue
compositions for column 133 are provided in Table 4 below. It should be understood that the

distillate and residue may also contain other components, not listed.
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Et hanol 20 to 75 30 to 70 40 to 70 Ethyl Acetate <3 0.001 to 2 0.001 to 0.5
Acetic Acid <0.5 0.001 to 0.3 0.001 to 0.2 [0104] The weight ratio of

et hanol iwothe/wessg8due to distillate of colum 133 pref @ecahisgon®4zabe | east
2:1, e.g., at least 6:1, at least 8:1, at least 10:1 or at l|least 15:1. The
wei ght ratio of ethyl acetate in the residue to distillate preferably is

|l ess than 0.4:1, e.qg., less than 0.2:1 or less than 0.1:1. In enbodinents
that use an extractive colum with water as an extraction agent in the
colum 133, the weight ratio of ethyl acetate in the residue to ethyl

acetate in the distillate of col umh #s less than 0.1:1.
LIGHT ENDS COLUMN 133

Conc. (wt.%) Conc. (wt.%) Conc. (wt.%)
Distillate
Ethyl Acetate 10 to 90 25t0 90 50 to 90
Acetaldehyde 1 to 25 lto 15 l1to8
Water 1to25 1to 20 4to 16
Ethanol <30 0.001 to 15 0.01to5
Acetal <5 0.001to 2 0.01to1
Residue
Water 30 to 70 30 to 60 30 to 50
Ethanol 20 to 75 30t0 70 40 to 70
Ethyl Acetate <3 0.001to 2 0.001t0 0.5
Acetic Acid <0.5 0.001t0 0.3 0.001t00.2

[0104] The weight ratio of ethanol in the residue to distillate of column 133 preferably is at
least 2:1, e.g., at least 0:1, at least 8:1, at least 10:1 or at least 15:1. The weight ratio of ethyl
acetate in the residue to 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 in the
column 133, the weight ratio of ethyl acetate in the residue to ethyl acetate in the distillate of
column 133 is less than 0.1:1.

[0105] As shown in FIG. 3A, the residue from the bottom of column 133, which comprises
ethanol and water, is fed via line 134 to column 107. Ethanol is separated using membranes 108
and 109 as discussed above in FIG. 1. The distillate in line 135 preferably is refluxed as shown
in FIG. 3A, for example, at a reflux ratio of from 1:10 to 10:1, e.g., from 1:5 to 5:1 or from 1:3 to
3:1. The distillate from column 133 may be purged and fed to an esters process or removed as an
ethyl acetate solvent. Alternatively, since distillate from column 133 contains ethyl acetate, all
or a portion of the distillate from column 133 may be recycled to reaction zone 101 via line 135
in order to convert the ethyl acetate to additional ethanol. All or a portion of distillate 135 may
be recycled to reactor 103, and may be co-fed with the acetic acid feed line 105. In another
embodiment, the distillate in line 135 may be further purified to remove impurities, such as
acetaldehyde, using one or more additional columns.

[0106] In FIG. 3B, distillate in line 132 is introduced to ethanol product column 107. Ethanol

is separated using water permeable membranes 108 and 109 as discussed above in FIG. 1. A
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[0105] As shown in FIG 3A, the residue fromthe bottom of colum 133,

whi ch conprises ethanol and water, is fed via line 134 to colum 107.
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et hanol and ethyl acetate into a permg1 te stream of ethanol and a retentate
stream of ethyl acetate. Suitable organic perneabl e nenbranes include
polycrystalline silicalite nmenbranes, poly dinethyl siloxane (PDVS)
menbranes, and NaY type zeolite nmenbranes. [0117] FIG 7 shows a simlar

et hanol product colum 107 and nmenbranes 108 and 109 as shown in FIG 1,
and al so includes ethanol perneable nenbranes 170 and 171. An acid WO
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[0121] FIG 8 illustrates another separation system having organic

per meabl e nenbranes. In this enbodi nent, water is renoved using water

per neabl evoentwmesss before acetic acid is W 2012/ 006388PTBLAISAEN26 043126
removed fromthe crude ethanol product. As shown in FIG 8, crude ethanol
feed 114 is fed through a water perneabl e nenbrane 180. Water perneable
menbrane 180 has a selectivity for water and separates a water stream 183
(permeate) and a first retentate stream 182 that conprises ethanol, ethyl
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Resulting water streanms 120 and 123 may be conbined with the reflux of
distillate 132 and fed to first col um” 130. [0126] In some enbodi ments, the
anmount of ethyl acetate may be greater making it is desirable to recover
bot h an et hanol product and an ethyl acetate product. As shown in FIG 9,
the ethanol product stream 122, which conprises ethanol, ethyl acetate and
acetaldehyde |s |ntroduced to an acetaldehyde reanaI colunn 190 In
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WO 2012/ 006388PCT/ US2011/ 043126 to 110C or from 85C to 110C. Exenpl ary
conponents of the distillate and resi due conpositions for acetal dehyde
renoval cwbuore/8sare provided in Table 5 below It shedrdsk@1osiies st ood
that the distillate and residue may al so contain other conponents, not
listed in Table 5. TABLE 5 ACETALDEHYDE COLUMN 190 Conc. (wt.% Conc.
(wt.9% Conc. (wt.%
compressors (not shown). Hydrogen permeable membrane 160 has a high selectivity for
hydrogen. Although, other gases, such as methane, ethane and/or carbon dioxide may also
permeate through the membrane to some extent. This stream may be superheated and
compressed before returning to the vaporizer. Retentate stream 162 may comprise ethanol,
water, acetic acid, ethyl acetate, and other heavy components. The hydrogen stream 161
preferably comprises hydrogen in an amount greater than 85 wt.%., e.g. greater than 92 wt.%,
greater than 95 wt.% or greater than 99 wt.%. Retentate stream 162 is in a vapor phase and is
fed directly to column 130. The heat of the retentate stream 162 may be used to provide the
necessary heat for column 130. In some embodiments, the reboiler of column 130 may be
needed on start-up. Column 130 forms a residue in line 131 that comprises acetic acid and may
be returned to reaction zone 101 as shown, purged or treated in a weak acid recovery.
[0115] In addition, the distillate of column 130 may be condensed and may be purified using
schemes as described above. In some optional embodiments, there also may be provided a
flasher 163. Flasher 163 operates at conditions sufficient to provide a vapor stream and a liquid
stream. The vapor stream in line 164 exiting the flasher 163 may comprise hydrogen and
hydrocarbons, which may be purged as shown and/or returned to reaction zone 101. The liquid
165 from flasher 163 is withdrawn and may be refluxed to column 130 and introduced to
columns 107 or 133 as described above in FIGS. 2, 3A, 3B, and 4. Hydrogen permeable
membrane may be used with the other separation schemes discussed herein to replace the flasher
when it is desirable to feed the second distillation in vapor phase.

Organic Permeable Membrane

[0116] Organic permeable membranes may include ethanol permeable membranes or ethyl
acetate permeable membranes. Ethanol and ethyl acetate may be separated from one another
using such membranes. The organic permeable membranes may separate a stream having both
organics and aqueous and separate the organics in the permeate stream and the aqueous in the
retentate stream. An ethanol permeable membrane may be used to separate ethanol and ethyl
acetate into a permeate stream of ethanol and a retentate stream of ethyl acetate. Suitable
organic permeable membranes include polycrystalline silicalite membranes, poly dimethyl
siloxane (PDMS) membranes, and NaY type zeolite membranes.

[0117] FIG. 7 shows a similar ethanol product column 107 and membranes 108 and 109 as

shown in FIG. 1, and also includes ethanol permeable membranes 170 and 171. An acid
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separation column 130 as shown in FIG. 2 may also be used with the organic permeable
membranes. Dehydrated ethanol stream 123, the retentate of membrane 109, is directed to one
or more organic permeable membranes 170 and 171. For certain types of ethanol, it is desirable
to remove ethyl acetate, which may form in reactor 103 and/or ethanol product column 107,
[0118] Dehydrated ethanol product stream 123 from water permeable membrane 109
comprises ethanol and ethyl acetate, and minor amounts of water as discussed above. The
ethanol permeable membrane 170 has a selectivity for ethanol and generates an ethanol product
stream 172 (permeate) and an ethyl acetate stream 173 (retentate). In one embodiment, the
ethanol product stream 172 comprises a higher concentration of ethanol than the dehydrated
ethanol product stream 123. The ethanol product stream 172 may be fed through another ethanol
permeable membrane 171, which also has a higher selectivity for ethanol, to further remove any
undesirable materials from ethanol product stream 172. In some embodiments, ethanol product
stream 172 may be withdrawn as an ethanol product. The ethanol permeable membrane 171
separates the ethanol product stream 172 into a final ethanol product stream 174 (permeate) and
a second ethyl acetate stream 175 (retentate). In one embodiment, the final ethanol product
stream 174 comprises ethanol in an amount of at least 90 wt.%, e.g., at least 95 wt.% or at least
98 wt.%. In one embodiment, the second ethyl acetate stream 175 may be combined with ethyl
acetate stream 173 and co-fed to the vaporizer, directly or indirectly, to generate more ethanol.
Optionally, a portion of the streams may recycle back through the same membrane to obtain
higher product purity. For example, a portion of the permeate stream 172 may be fed through
the ethanol permeable membrane 170 to result in an ethanol permeate stream having a lesser
amount of ethyl acetate than the permeate stream 172.

[0119] It should be understood that membranes with a selectivity for ethyl acetate may be used
in place of ethanol permeable membranes 170 and 171. In such situations, the mixture of ethyl
acetate and ethanol may be separated into retentate streams that comprise ethanol, and permeate
streams that comprise ethyl acetate.

[0120] In optional embodiments, a portion of second ethyl acetate stream 175 may be
introduced to an acetaldehyde column, as described below, to recover an acetaldehyde stream
suitable for returning to reaction zone 101.

[0121] FIG. 8 illustrates another separation system having organic permeable membranes. In

this embodiment, water is removed using water permeable membranes before acetic acid is
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removed from the crude ethanol product. As shown in FIG. 8, crude ethanol feed 114 is fed
through a water permeable membrane 180. Water permeable membrane 180 has a selectivity for
water and separates a water stream 183 (permeate) and a first retentate stream 182 that comprises
ethanol, ethyl acetate and acetic acid. In one embodiment, the water stream 183 comprises water
in an amount of at least 60 wt.%, e.g., at least 70 wt.% or at least 85 wt.%. In one embodiment,
the first retentate stream 182 comprises ethanol in an amount of at least 50 wt.%, e.g., at least 60
wt.% or at least 75 wt.%. Water permeable membrane 180 may comprise a hydrophilic polymer
membrane such as a crosslinked polyvinyl alcohol membrane.

[0122] It should be noted that one or more membranes may be used in series or in parallel in
order to achieve the desirable purity of the final ethanol product. In addition, it should be noted
that either the permeate and/or the retentate stream may pass through additional membranes.
Also a stream may be recycled through the same membrane to remove undesirable materials.
For example, if it 1s desirable to obtain crude ethanol product with reduced amount of water, the
initial crude ethanol product stream may be fed through a first water permeable membrane.
Then, the retentate stream may be fed through a second water permeable membrane to yield a
second retentate stream. The second permeate stream may be recycled and combined with the
initial crude ethanol product stream to capture additional ethanol.

[0123] Water stream 183 may be fed through a second water permeable membrane 181 to
generate a second retentate stream 184 and a second water stream 185. The second water stream
185 has a higher concentration of water than water stream 183. The second water stream 185
may be removed and discarded from the system. The second retentate stream 184 comprises
ethanol, acetic acid and ethyl acetate, and may be combined with the first retentate stream 182
and jointly introduced to acid separation column 130,

[0124] As discussed above in connection with FIGS. 2-4, column 130 is an acid separation
column. Column 130 is used to separate the retentate streams 182 and 184 into a residue stream
131 that comprises acetic acid and a distillate that comprises ethanol and ethyl acetate. In acid
separation column 130, unreacted acetic acid and other heavy components, if present, are
removed from the first and second retentate streams 182 and 184 and are withdrawn, preferably
continuously, as residue 131. The unreacted acetic acid in residue stream 131 may be fed to
vaporizer 110 as starting material to generate more ethanol. Column 130 also forms an overhead

distillate, which is withdrawn in line 132, and which may be condensed and refluxed, for
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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. The distillate in
line 132 preferably comprises ethanol, ethyl acetate, and small amount of water, along with other
impurities, which may be difficult to separate due to the formation of binary and tertiary
azeotropes. Distillate 132 is compressed and fed to ethanol permeable membranes 170 and 171
to separate ethanol and ethyl acetate as discussed above in FIG. 7. Again, ethyl acetate
permeable membranes may be substituted for ethanol permeable membranes 170 and 171.
[0125] FIG. 9 shows a separation zone 102 with an acid separation column 130, water
permeable membranes 108 and 109, an acetaldehyde removal column 190, and ethanol
permeable membranes 170 and 171. Crude ethanol product in line 114 is introduced to
distillation column 130 and separated into a residue stream 131 comprising acetic acid and a
distillate stream 132 comprising ethanol, ethyl acetate, acetaldehyde, and water, as discussed in
FIG. 2. The distillate stream 132 is optionally compressed and fed through water permeable
membranes and 109 to remove water, as discussed above. The column may run at high enough
pressure to facilitate membrane separation. Resulting water streams 120 and 123 may be
combined with the reflux of distillate 132 and fed to first column 130.

[0126] In some embodiments, the amount of ethyl acetate may be greater making it is desirable
to recover both an ethanol product and an ethyl acetate product. As shown in FIG. 9, the ethanol
product stream 122, which comprises ethanol, ethyl acetate and acetaldehyde, is introduced to an
acetaldehyde removal column 190. In column 190, the ethanol product stream 122 is separated
into a distillate 191 that comprises acetaldehyde and a residue 192 that comprises ethyl acetate
and ethanol. The distillate preferably is refluxed at a reflux ration 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 distillate 191 may be returned to the
reaction zone 101. In one embodiment, the distillate 191 may be combined with the acetic acid
feed line and co-fed to vaporizer 110 to generate more ethanol product.

[0127] Acetaldehyde removal column 190 is preferably a tray column as described above and
preferably operates above atmospheric pressure. In one embodiment, the pressure is from 120
kPa to 5,000 kPa, e.g., from 200 kPa to 4,500 kPa, or from 400 kPa to 3,000 kPa. In a preferred
embodiment, the column 190 operates at a pressure that is higher than the pressure of the other
columns. The temperature of the distillate exiting in line 191 from acetaldehyde removal column
190 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 residue exiting in line 192 preferably is from 70°C to 115°C, e.g., from 80°C



0.001 to 2 0.01 to 1 [0128] Residue 192 conprises ethanol and et hyl
acetate and may be separated using ethanol perneable nenbranes 170 and 171,
as descriweaoehoyissi n connection with FIGS. 7 and 8. PreCenshéy/o43eecond
ethyl acetate stream 175 is recovered as a separate product and i s not
returned to the reaction zone 101. Again, ethyl acetate perneabl e nenbranes
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menbrane 222. Water perneabl e nmenbrane 222 separates an et hanol and et hyl
acetate retentate stream 227 and a water perneate stream 228. The et hanol
will further be separated fromethyl acetate in another ethanol-perneating
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[0134] The finished ethanol conposition obtained by the processes of the
present invention preferably conprises from75 to 96 w. % ethanol, e.g.,
from 80 twO261vM063880r from 85 to 96 wt. % et hanol , basedPpom/ush@1eilaé wei ght
of the finished ethanol conposition. Exenplary finished ethanol
conpositional ranges are provided below in Table 6. TABLE 6 FI N SHED
ETHANCL COWVPQOSI TI ONS Conponent  Conc. (wt.% Conc. (wt.% Conc. (WM. %

Et hanol 75 to 96 80 to 96 85 to 96 Water < 12 1 to 9

[0130] During the hydrogenation process, a crude ethanol product stream is withdrawn,
preferably continuously, from reactor 205 via line 206. Crude ethanol product stream 206 is fed
to water permeable membranes 207 and 208 in FIG. 10. Water permeable membrane 207 has a
selectivity for water and separates a water permeate stream 209 and a retentate stream 210.
Retentate stream 210 preferably comprises ethanol and a minor portion of water. Retentate
stream 210 is fed to a second water permeable membrane 208, which also has a higher selectivity
to water. The retentate stream 211 of water permeable membrane 208 comprises ethanol and is
condensed as the final product. The water permeate stream 212 of membrane 208 is co-fed with
crude ethanol product stream 206 and fed to water permeable membrane 207. Optionally one or
more water permeate streams 212 may pass through one or more compressors before being
introduced to membrane 207.

[0131] The water permeate stream 209 of water permeable membrane 207 is condensed and
fed to flasher 213. In one embodiment, any light gas, such as hydrogen, may pass through water
permeable membrane 207 with the water in the water permeate stream 209. Flasher 213 operates
at conditions sufficient to provide a vapor stream 214 and a liquid stream 215. Vapor stream 214
may comprise hydrogen and hydrocarbons, which may be purged and/or returned to reactor 205.
The vapor stream 214 passes through compressor 216 and is combined with the hydrogen feed
and co-fed to vaporizer 203.

[0132] InFIG. 11, crude ethanol product stream 206 is fed to membranes 220, 221 and 222.
Hydrogen permeable membrane 220 has a selectivity for hydrogen. Acid permeable membrane
221 has a selectivity for acetic acid. Water permeable membrane 222 has a selectivity for water.
Crude ethanol product stream 206 passes through hydrogen permeable membrane 220 to remove
hydrogen as a permeate stream 223 and forms first intermediate retentate stream 224. Hydrogen
permeate stream 223 may be returned to the reactor by passing through compressor 216.
Optionally, permeate stream 223 may be superheated prior to passing through compressor 216 to
ensure that only gases and vapors go through the compressor. A portion of retentate stream 224
1s fed to acetic acid membrane 221. Membrane 221 separates an acetic acid permeate stream 226
and forms a second intermediate retentate stream 225. Acetic acid permeate stream 226 may be
directed to reactor by co-feeding with acetic acid feed stream 202. Acetic acid permeating
membrane has low selectivity generally. Multiple membranes will be needed. The retentate

stream 225 of acetic acid membrane 221 is withdrawn and fed to water permeable membrane
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222. In some embodiments, a portion of the first intermediate retentate stream 224” may be fed
to the water permeable membrane 222. Water permeable membrane 222 separates an ethanol
and ethyl acetate retentate stream 227 and a water permeate stream 228. The ethanol will further
be separated from ethyl acetate in another ethanol-permeating membrane.

[0133] In optional embodiments, the acid permeable membrane 221 and water permeable
membrane 222 may be rearranged such that the retentate stream 224 is initially passed through
the water permeable membrane 222 and then through acid permeable membrane 221. In some
embodiments, membrane 221 may be an alcohol permeable membrane and the retentate, e.g.,
acid stream, is returned to the reactor.

Ethanol Compositions

[0134] The finished ethanol composition obtained by the processes of the present invention
preferably comprises from 75 to 96 wt.% ethanol, e.g., from 80 to 96 wt.% or from 85 to 96
wt.% ethanol, based on the total weight of the finished ethanol composition. Exemplary finished

ethanol compositional ranges are provided below in Table 6.

TABLE 6
FINISHED ETHANOL COMPOSITIONS
Conc.

Component (wt.%) Conc. (wt.%) Conc. (wt.%)
Ethanol 75 to 96 80 to 96 85 to 96
Water <12 1to9 3t08
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

[0135] 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-C» 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
is substantially free of acetaldehyde, optionally comprising less than 8 wppm acetaldehyde, e.g.,

less than 5 wppm or less than 1 wppm.



<0. 05 <0.01 <0.005 Isopropanol <0.5 <0.1 <0.05 n-propanol <0.5 <0.1 <0.05

[ 0135] The finished ethanol conposition of the present invention preferably
cont ai ns wenryi1dmessanounts, e.g., less than 0.5 wt.% of porhiseoialogikel s,
such as nethanol, butanol, isobutanol, isoanyl alcohol and other C4-C20

al cohol s. I n one enbodi rent, the anount of isopropanol in the finished

et hanol conmposition is from80 to 1,000 wopm e.g., from95 to 1,000 wopm
from100 to 700 wopm or from 150 to 500 wopm In one enbodi ment, the

fini sheBapt haRBMecaMRamhditORvhes fisuls hakdrisadadritidnrie 8scdf thRGeAbOSBNEER may
optionally conprising |less than 8 wppm acet al dehyde, e.g., less than 5 wppm
or | eds vtigravin §ippsireandi oo 10y vaBESPRETOUSRY $ughors3es@ ption units, membranes,

molecular sieves, extractive distillation units, or a combination thereof. In such embodiments,
the ethanol concentration of the ethanol product may be higher than indicated in Table 7, and
preferably is greater than 97 wt.% 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.%.

[0137] 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.
[0138] 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-5, 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.



[0136] In sone enbodi nents, when further water separation is used, the

et hanol product nmay be withdrawn as a streamfromthe water separation unit
such as aweapdGoesssuni ts, menbranes, nol ecul ar sieves, @eXTMABCHIWE3126
distillation units, or a conbination thereof In such enbodinents, the

et hanol concentration of the ethanol product may be higher than indicated
in Table 7, and preferably is greater than 97 w.% ethanol, e.g., greater
than 98 wt.%or greater than 99.5 wt.% The ethanol product in this aspect
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28.7 w.%ethanol, and 70.9 w.% water. The |ight ends colum was an

ext r adh PECREUM and water is fed as an extractive agent. [0142] The
residue streamof the light ends colum is fed to array of menbranes having
a selectivity for water. The perneate stream contained 94.9 wt. % et hanol
and 4.0 wt. % water, and the retentate stream contained water in an anount
greater than 99.9 wt.% A portion of the retentate streamwas returned to
the light ends columm as an extractive agent. [0143] While the invention
has been described in detail, nodifications within the spirit and scope of
the invention will be readily apparent to those of skill in the art. In
addition, it should be understood that aspects of the invention and
portlons of various enbodi nents and vaglous features recited bel ow and/ or
in the appended clains may be combi ned” or i nterchanged either in whole or
in part. In the foregoing descriptions of the various enbodi nents, those
enbodi ments which refer to another enbodi ment may be appropriately conbi ned
wi th other enbodinents as will be appreciated by one of skill in the art.
Furthernore, those of ordinary skill in the art wll appreciate that the



hydrogenating acetic acid in a reactor in the presence of a catalyst to
forma crude ethanol product conprising ethanol, acetic acid and water;
separ at i yoav1¥mwess8 a portion of the crude ethanol prod®ecCi/uisr01a/043126
distillation colum into a distillate conprising ethanol and water, and a
resi due conprising acetic acid and water; and passing at |east a
portion of the distillate streamto one or nore nenbranes to yield an

et hanol stream and a water stream 2. The process of claim1l, wherein the
crude avha@h: product conprises from15 w.%to 70 wt. % of et hanol .

The process of claim 1, wherein the ethanol stream conprises ethanol in an
anount greater than 85 w.% 4. The process of claim1, further conprising
returning a j éj h Str t istillation colum. 5. The
pr ocessl'of @Fgllrotrcnés%f}o'? rP?%Cgrrlg\g%%orl’i é'scﬁllﬁgmsnéggé %?P%%fsa portion of the residue
to yield anhgdeicetatingi abefit me@mnt hatadts medighregknt® of hecdtgaat or formba ciihie
process of claim11, further caonprising the steps of: separating at

| east &th8pkRTeAUGrompEsiag G@én@tq‘fé%?‘mg@%@@fﬂi n one or nore nenbranes

havi I e , ot .
aving a selgGlhildlH | ée%'f a?%gﬁe&%t hk QPYdeeét%n%pp@ﬁqEﬁgeandlﬁlﬁf%th?ggn@1nto a

retentate stream of t c anol product; returning t rogen

st r eamdisillateeconpasingrethaandandnvatedacd mgesatuelcemptisiag poaticiaonl ofd witer; et ent at e
streamto the distillation.col grgg ) \ﬂg) 2012/ 006388PCT/ USZOll?lf/é043126 7. The
process of PSR 4 leddharrartion flthy ciitiliateaticam 19 G5 GrdBete Bb e HaRoNeld 7

car bon pRerdidem ahareiis gagh of the nethanol, the carbon nonoxide, and
hydr ogen for the hydrogenating step is derived from syngas, and wherein the
syngas is derived froma carbon source selected fromthe group consisting

of nat Lir al Se’prc?c‘!elss ofp c%ifnoi,ew%@reiﬁ?@ dmc?elt &Ha?r?o? proacfagt go%%is@s? %rlo%nlsj &J.‘%&%%

wt.% of ethanol.

3. The process of claim 1, wherein the ethanol stream comprises ethanol in an amount

greater than 85 wt.%.

4 The process of claim 1, further comprising returning a portion of the water stream to the

distillation column.

5. The process of claim 1, further comprising separating a portion of the residue to yield an

acetic acid stream that is recycled to the reactor.

6. The process of claim 1, further comprising the steps of:

separating at least a portion of the crude ethanol product in one or more membranes
having a selectivity for hydrogen to yield an hydrogen stream and a retentate stream of the crude
ethanol product;

returning the hydrogen stream to the reactor; and

introducing at least a portion of the retentate stream to the distillation column.
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8. A process for producing ethanol, conprising the steps of:
hydr ogenating acetic acid in a reactor in the presence of a catalyst to
form a crwoeoetdiesssl product conprising ethanol, ethyl &Cetuste,1/0a31d6 acetic

aci d; separating at |east a portion of the crude ethanol product in a
distillation colum into a distillate conprising ethanol and ethyl acetate,
and a residue conprising acetic acid; and passing at |east a portion

of the distillate streamto one or nore nenbranes to yield an ethanol
stream7and amegirbydss A€ Rladhel, SHE&@aM the AcetiheiPiP€ated atorf | RéthAd] anbiea/ion t he
one or nore nenbranes have a selectivity for ethanol. 10. The process of
cl ai m gnomogidehevheseippedcsi Al thetpeliurdlndhea cpdeni menefide.handtlygdrosss efodt the
stream t O Jor e i ur.t LSl t he
ot epe. o SR EREELS ek gBAF SPEASCRRY Rheh P el o IR Yty ot
i N one solircoBERcHRE MhFmnRs ghaw oghsatisglofafatuchlt yasf oil, pakaeuhocydlebidnags, ater
streamand a retentate stream of the crude ethanol product; and introducing
at | ea$PMRIPHPRS BACEF the retentate streamto the distillation colum. 12.
The process of claim8, further conprising the steps of: separating
at least a portion of the crude ethanol product in one or nore nenbranes
havi ng 8a selfeptocwssttyr frodudiygletbgen, compyiselgdhastepydlt ogen stream and a
retentate sh&gan1of.the crude et hanol product; returni&%lthe hydro en |
stream to t HEIOSERAEE: a5HE MO THHI6HsBRPFF188%0 £1 A0aalyy to form & crude
ethanol product comprising ethanol, ethyl acetate, and acetic acid;
separating at least a portion of the crude ethanol product in a distillation column into a
distillate comprising ethanol and ethyl acetate, and a residue comprising acetic acid; and
passing at least a portion of the distillate stream to one or more membranes to yield an

ethanol stream and an ethyl acetate stream.

9. The process of claim 8, wherein the one or more membranes have a selectivity for
ethanol.
10. The process of claim 8, further comprising introducing a portion of the ethyl acetate

stream to the reactor.

11. The process of claim 8, further comprising the steps of:

separating at least a portion of the crude ethanol product in one or more membranes
having a selectivity for water to yield an water stream and a retentate stream of the crude ethanol
product; and

introducing at least a portion of the retentate stream to the distillation column.

12. The process of claim 8, further comprising the steps of:

separating at least a portion of the crude ethanol product in one or more membranes
having a selectivity for hydrogen to yield an hydrogen stream and a retentate stream of the crude
ethanol product;

returning the hydrogen stream to the reactor; and
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introducing at least a portion of the retentate streamto the distillation
colum. 13. A process for producing ethanol, conprising the steps of:

hydr ogenaworngi2zweissc acid in a reactor in the presence etCTaSeatiai3zé to
forma crude ethanol product conprising ethanol, ethyl acetate, water, and
acetic acid, separating at |east a portion of the crude ethanol
product in a first distillation colum into a first distillate conprising
et hanol, ethyl acetate, and water, and a first residue conprising acetic

acid; and introdusBRak &abtOpdition 8RGE récRBtetstesn &f tHeli@stilafist cslimhi 1 1 ate in a
second distillation colum into a second distillate conprising ethyl

acetate, and a second residue conprising ethanol and water; and
Pl 057 SRk PERAI LT R FEL e 0 one o rore meroranes
hydrogenating acetic acid in a reactor in the presence of a catalyst to form a crude
ethanol product comprising ethanol, ethyl acetate, water, and acetic acid;
separating at least a portion of the crude ethanol product in a first distillation column into
a first distillate comprising ethanol, ethyl acetate, and water, and a first residue comprising
acetic acid; and
separating at least a portion of the first distillate in a second distillation column into a
second distillate comprising ethyl acetate, and a second residue comprising ethanol and water;
and

passing at least a portion of the second residue to one or more membranes to yield an

ethanol stream and an water stream.
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