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converted to ethanol by fernentation. However, fernentation is typically
used for consuner production of ethanol for fuels or consunption. In
addition, fernmentation of stdikhy (F SHBSNVENMHOSHEET ( RULE 26) WO

2012/ 018960PCT/ US2011/ 046502 or cellul ose materials conpetes with food
sour ces [HNI pithe Beesend dveniion slags eepralhineuaecceses B wEFing R OEBHITHBL pr oduced
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fuel s aggapnigmsfor 1.5% of the global Iiquid fuels supply that year, but
represented nearly half the increase in food crop consunption, mainly due
to the use of corn-based ethanol in the U S 1In 2011, 40%of the U S. corn

have played a role in theonselguaBRPOF JBlTRipugtdl s Tact fas been said to
[0003] Ethanol is conventionally produced from petrochemical feed stocks, such as oil,
natural gas, or coal, from feed stock intermediates, such as syngas, or from starchy materials or
cellulose materials, such as corn or sugar cane. Conventional methods for producing ethanol
from petrochemical feed stocks, as well as from cellulose materials, include the acid-catalyzed
hydration of ethylene, methanol homologation, direct alcohol synthesis, and Fischer-Tropsch
synthesis. Instability in petrochemical feed stock prices contributes to fluctuations in the cost
of conventionally produced ethanol, making the need for alternative sources of ethanol
production all the greater when feed stock prices rise. Starchy materials, as well as cellulose
material, are converted to ethanol by fermentation. However, fermentation is typically used for

consumer production of ethanol for fuels or consumption. In addition, fermentation of starchy
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[ 0005] Anhydrous ethanol or substantially anhydrous ethanol is often
preferred for fuel applications. Anhydrous or substantially anhydrous

et hanol , Wwowewzarngoshs often difficult to obtain from conpemtusenalo46s02

hydr ogenati on and separation processes. For exanple, the ethanol and water
produced in conventional hydrogenation reactions may forma binary
azeotrope. This azeotrope contains about 95% et hanol and about 5% water.
Because the boiling point of this azeotrope (78C) is just slightly bel ow
that ofor paiBoRtMaRRA1s EdBpA&s with foRINBMAEO WSl ?lﬁc@@@ﬁﬁaﬁﬂ;‘; batlelanfuay e ous

et hanol conposition is difficult to obtain froma crude ethanol conposition
vi a si splaeo! hatrnae beipsethrcedifosfiadljuae.i on. [ 0006] Conventi onal et hanol

conposihi NS e_abpvesidentifie rocesses iLn japurities
wni on RAPE SV RBTEG st BEFSIRHEN bRRIMG Bl B RTRER RIS BA BT Les
pet r ochdsictal Fuaédbsiadkn2oo8 tat alctSudlo acusict énel . Storoaln yibba higarintuaisns
ethane as an inpurity or a propene stream which contai ns prqopane as an
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et hene-enriched streamor the propene-enriched streamis recycled to the
hydr at iP6fi®react or. [0007] U.S. Patent Nos. 5,185,481 and 5,284,983 relate
to conygas) OndhylifsurRtaabl @RubRLIRHS fRFdrPE QTS FleAdRQLrred e iR 0duced
et hanol” conpositions conprise inpurities such as nethanol, acetal dehyde,
n- pr opanpliatinah uh ainalrqusetr lsybstantistla ey dBousetimpbb btvenvdr, isdifien dyicdt tver

acet one,  secondar ut anol, and. crotonal dehyde. These references, al so
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carbon dioxide in a super-critical state. W 2012/018960PCT/ US2011/ 046502
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be readily separated fron1isoprq?anol,by extractive distillation. Effective
ext r acttPP@OsHHehYS spRlegspapttinal digihiadione, and et hyl benzene. The mi xtures

in the f i i-qnid.i i I . 0., at
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t o a nethodtidsorhielnhanchengmibhed. viF@idsapley US. Pateht Woes. p8itikfcediduni ng
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et hanol and ‘i sopropanol, the ethanol constltuging bét ween approxi nately 24%
and 83%dyresancenta bfdratien fai@dy st¢oppdstd ¢tbanol Thisopmphiod, tessctidds. Pdtovi di ng an

anount of isopropanol.rangi ng between approximately . 7% and 60% b ol unme of
the udrmeuheberaRo! R ShsPRRPErECUEFRRE RS b eapab e o diHno)
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produce and/or purify ethanol conpositions, these processes rely on
petrocmﬁ%ﬁ@aﬁnﬂéﬁﬂS§?@§k%“@¥“¢%?ﬁ£ﬁhﬁ@@@@ﬁﬁ%@hﬁiques to yield the ethano
conposiha@ns.11kO e r i,sts.f . Qroducti on
procesébwﬁ@t[égégééggigbFgggﬁ§%%%?§%ﬁggg%§%h?%@%mgégc Sf&§ﬁ§8%3§£ not

utili zendtiesdyeot mbtaring edimil o Tas proshcahetbain] bempssiibris@opipocttepdiieatuhed
fuel ethanol conpositions. SUMVARY OF THE | NVENTION [0012] In one

enbodi féAtcthangk arsidldeitidsm-popppolan-dukark eyl acskite. srmaisibubgap distiyl sther.
Conpr i S8 A% EhHA HuFBIRRS Lok ARIRAIAL THEBRertnd8 akBlais %s@fs%%reftﬂ)‘ﬁl

denat urant. The et hano conposition tonprises et hanol and 150 ropanol .

Pr ef er aldtlyodstthietretting ied crodangrbsidl ngueoos spniisewithin eg@stting 2owent Gmgtrisagol ;
and from 95 to 1,000 wopm i sopropanol . The et hanol conposition has a
i gh d6gi08 BRAR i ety Crupt AR EI R B ELE TN 1w % of one o
nore organic inpurities. These organic inpurities may include, for exanple,
acet al dehyde, acetic acid, diethyl acetal, ethyl acetate, n-propanol,

but anol, 2-butanol, isobutanol, and m xtures thereof. For exanple, the

et hanol conposition may conprise |ess Ehan 10 wppm acet al dehyde; | ess than
10 wppm of diethyl acetal; and/or |ess“than 300 wopm WO

2012/ 018960PCT/ US2011/ 046502 C4 to C5 al cohols. In other enbodinents, the
et hanol conposition is substantially free of benzene, nethanol, and/or C5
al cohols. In other enbodi nents, the denatured fuel ethanol conposition
conprises less than 1 vol. % water. The denatured fuel ethanol conpositions



BRI EF DESCRI PTI ON OF DRAW NGS [ 0015] The invention is described in detail
below with reference to the appended draw ngs, WO

2012/ 018980RCI/WBK011/ 046502 wherein |ike nuneral s desi goatus2&liinudsar parts.
[0016] FIG 1 is a schematic diagram of a hydrogenation systemin
accordance wth one enbodi nent of the present invention. [0017] FIG 2 is a
schemati c diagram of the reaction zone in accordance with one enbodi nent of
the present invention. [0018] FIG 3 is a graph displaying isopropanol

cont entjgodsYr 1SSVR4taht NNy ans 7o6ad st dwanahd AMPOSI FlA0% sep@@ES nfelifeds 4 is a
schemati c diagram of a hydrogenati on system having a fourth colum in
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DESCRI FThdddl €m BeHEeadi NN ha( 1630 2bproByindl dlylcawadihe dieitiation. abBffective meant
nat ural gasoline, gasoline blendstocks and unl eaded, gasoline, as permtted
by ASTKKDRBDS agpgpasdipgntengedibials- ane ethykbsgsig Brenturabinghesstrelereirss: added

to eth : 2 i | L@ nmul a approved
%gf}:pngé)a Eﬁghfﬁchﬂt At HAR) of)eﬁ%,téi. et 3Q5 358 @ﬁ%@g@g&&ﬂ pp

by are atory-agency to prevent osition o ge al cohol tax.
[ 0023] [@09]diAselU.SukdténtiNo. Febi8t03a refiates tr @ metho@JeiCvhangidg dearndibihisy ofmat
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5% by vediuEuRk vehefch AbproR¥A1 O ADDPAR 3By BRMe TR dt&, ARPUEwaQY0 Dy vol ume
of aromati c hydrocarbons, and which boil a¥ bet ween about 280 F. (138 C.)

and 75@pprox{raaely G0yo afjddP4 py Bylunreatirmixtya 96 hlicolks!s irslugemngthanohandir al  gas

| i qui d.havin vapor pressur.e internediat.e t n yral gas condensate
and || qugrirado b DRaa R R E Ry MANSE FrE Pl 2RV v B R

gasol i fgel DpbsiAbn JABOMLMOd lifclhded Prélidihg ambmdhit @ &PPdPaBodfzihe BRRVaH Ur €,
may be used to denature ethanol and is an all owabl e denaturant for

denat urgproxietelstaned 00% dy2sjunsyofthe Susll corapesiteid &1 vhich theavetsma rationed

bl endst. ' avai el eumrefineries. Such bl endstocks

i ncl udéé,)"%g‘?ﬁahél&é’%ﬂ%‘ X]I 1?#19‘41 @gp{l%e,s ngf %&%Eacf%ﬁ'st reans, catalytically cracked
gasol i ne0 ) r eddwulk cgnvento@st padtesaphiaharoduas andbi puriatkthaadledngasiobhye

streans, |light straight run gasoline streanms, heavy straight run gasoline
st r eanBNESERFREE AT KaY OB Betresmgmical feed stocks or fermentation’techniques to yield the

ethanol compositions.
[0011] Therefore, the need exists for an ethanol production process that does not rely on
petrochemical feed stocks, and does not utilize fermentation techniques, which can be used to

produce denatured fuel ethanol compositions.

SUMMARY OF THE INVENTION
[0012] In one embodiment, the invention is to a denatured fuel ethanol composition
comprising an ethanol composition and at least 1.96 vol. % of a fuel denaturant. The ethanol
composition comprises ethanol and isopropanol. Preferably, the ethanol composition
comprises at least 92 wt. % ethanol; and from 95 wppm to 1,000 wppm isopropanol. The
ethanol composition has a high degree of purity and may further comprise less than 1 wt. % of
one or more organic impurities. These organic impurities may include, for example,
acetaldehyde, acetic acid, diethyl acetal, ethyl acetate, n-propanol, butanol, 2-butanol,
isobutanol, and mixtures thereof. For example, the ethanol composition may comprise less

than 10 wppm acetaldehyde; less than 10 wppm of diethyl acetal; and/or less than 300 wppm



WO 2012/ 018960PCT/ US2011/ 046502 streans, dehexani zer over heads streans,
hydr ocr acker topper |ight naphtha, reformate, tol uene and butane streans.
Al kyl at e wOnemas®ne general |y obtai ned by pol yneri zat i @eeTafS20130basbane and
| ower ol efin conpounds, e.g., butene and propyl ene, over an acidic catal yst
(e.g., sulfuric acid, hydrofluoric acid, or alum numchloride).

Catal ytically cracked gasoline streans are generally produced fromfluid
catal ytic crackers (FCC) or thernmal catalytic crackers (TCC). Light and

heavy st,i@CghlcohdlB HRSHE dhgbodih&REEhAEBardR 0hpbditoPRisabdaaialy fidk gpspheri ¢
distillation of crude. Reformate streans are generally produced by

cat al ytheezanespethimy. and/a dmadgoholsa pihpthgsembydinents| fie Hanatwrgd fephedenane
roant - 0UBPSof LIRSS gl BT s S BRER s I LRI S T
anmount slifosadibértiniesy, bsblehddalveitf gasoline aslidelf fuels ahth usqaladskndtginiueison,

i nternal conmbustion engines, that has not been treated with a | ead conpound

(See ASHM3badnapothersmimdingy. e davsntion e mdeuicd il eshans! grerasivss for
rec Overcbg%ri@ing 'ale fi&il &hﬁ%@@bn %8&@1013&3& W3 V%IFI.Q% %?ﬁ%é?lﬁeﬁau%éﬂﬁ OGR! AHQI"
process r use In rormng denatured et hano uel conpositions and to
denat urcethpetiiamodmprisek atloap@Siviti dhsthaddlentpdicag@iatpponisppopaesd. toaprthges

hydrogenati.ng acetic acid. i.n the presence of c st . e. hydrogenati on
ot ocesenppitikldRe stpaetatiharioin Bt Gt fise (6 1400 POPiEn I BN IE o ude
et hanoleAFPQMMHds R n FLRAEY eEFipAYe sl B8 Ide R RARR] thRaRRUAT d R RIRERRSAShe FOT

exanpl e, fernmentation processes produce crude ethanol conpositions having
| ow et knobl omoeition iCesdidae theamoiunt ofmpoppirohs Ap poderceth . thmageet daigHeni cal

espect APy HBERAhGD AGE SRR b HREr b EEHEREReRL 18 HalSLe hanol
pr oductcoRipesitee eirthé el e QERNRE hProRinoBCReF@alAE, tHe REREFAABIOE idopropaRaitgahed to

renmove inmpurities and recover a finished ethanol conposition. [0028] The
i nvent ipjepagohangss fewapdsiotlibnlhe isoyapanshgd ibewresentdn gp emsest of lessjten portion

of eth ] ' [ S ol . sition is
or i mar 00 SPREB R BRI og GBS ERR o8, FORA R AIBRE ' 77 O,
93 W . Hithed cBbodtimcHs, tic dehatticdTusitetifanbbeposttionocoripeiberiadlthan t hel. & Watkeal
conposition conprises at least. 92 w. % ethanaol, e.g., af least 93 wt. %

or at |dsgenayregifuelgthapplgaapposiivnmay Rerbletdsdngth capphinerligsebfughansdiseds
ethano%sagﬁﬁmq%epossible by further renoving the water of the ethano
conposition. The isopropanol may be present in amounts ranging from 95 wppm
to 1, 0Q00Mipprin asothyer, erhtsaaimaddiOthappveantion 8A0 awlepanredriuélredmnal @dmyppinono 400

m In ternms of lower limts, in one odi nment , e et hanol, conposition
& SBpREINE AR ciagel st B 3Pt R 1 SBoGT Ml &l e e cnal | oot
150 V\Ocag%)aéigéﬁg&ﬁ 1Gsb6 WSROk DO QAGSORn MR Mnd laDIch QWS oq{ﬁr HRBESIs.| WL ?ﬁpe, in one

enbodi nmen t he ethanol conposition conprises |ess than 1,000

i sopr opatohallyeprgsent iregsamran 186 thanplpwi. §r. Thsat ledsanvaobengprhold max bt r ast ,
FIG 3 displays isopropanol. .levels of 176 conventiona t hanol
comostTieeRd P 48 2RLPRARS ity B Pl S P REE P GRRL PERRDE Ard s
conventiigbihol du68He AdAbdREBM GHES (FE G caS 1S GRECABShJ LT TRIPEahONind

nol asses fernentation, and Fi scher-Tropsch synthesis. As shown in FIG 3,
each ofthe ¢fbanol sempesiiorosranprisehaliedst 2o mppst isoRsABAwAs The ¢tBaipl comPPsidRt opanol

concen i . aF : i i l.in a t..gr r than 94
wopm | T8RRI AR bl ERBR RO AR b S Dr RO R v s
wat er , cbmpodxamizl sabsthmtiadly nagthanol fikesk dtharen®bodimémtyalhedenatvessiuehaharo]l Wt . %

or less than.2 w.% In another epbodi nent, the ight ratio of, jsopropanol
to wat épmipﬁﬂﬁl%%’flﬂaﬁ%rlesc%ﬂmadswl-i BV Jds drﬁ?%%@ﬁ%@% efhgngl eseposigiog £y om

1:100 tfcfosof Rereinmm@NGe ﬁ@@&@ivﬁri‘ﬁp asofiH@meciiQS%m?ﬂe% GARRY i Eﬂfli)lt&%gr.i Ses

essentially no other detectabl e conpounds, such as nethanol, benzene,
and/ or hi gher al cohols, e.g., C4+ alcohols. In sone enbodi nents, the

et hanol conposition may i j er inmpurities, such as
those descri bed belom1inﬁﬁggiﬂsgse%gggﬁ$ﬁgﬁqgﬁéﬁhggﬁgnbodinent, t he

i nvent ijggn 3]s tH iARrBbR A ®sciGIRNA Ablall BRIGHORRA kSbREcENAN AR dawiRAst two
ot her al cohols. The at |east two other al cohols may be selected fromthe

group consi sting of n-propanol, isopropanol, butanol, 2-butanol, and
i sobutanol . Preferably, one of the at heast two ot her alcohols is
i sopropanol . In these enbodi nents, the'i sopropanol is present in an anount

of at |east 95 wppm i sopropanol, e.g., at least 110 wopmor at |east 150
wppm I n preferred enbodi nents, when the wei ght percentages of the at | east
two ot her al cohols are added together, the at |east two other al cohols,
collectively, are present in an anmount of less than 1 wt. % [0031] W thout

2 1. o o o o



[0035] In preferred enbodi nents, the ethanol conposition is substantially
nmet hanol -free and nay conprise |less than 10 wppm net hanol, e.g., less than
1 wopm Iwoadtitiswn, in preferred enbodi nents, the ethamrolr/useomposisnz on i s
substantially free of C5 alcohols and nay conprises |ess than 10 wppm of C5
al cohols, e.g., less than 1 wopm [0036] Benzene, dioxanes, and cyani des
are known to present toxicity issues in ethanol conpositions. Typically,
cyanides result fromfernmentation nethods that utilize cassava as a feed
st ock. wieeih MKERLMVRILibdAM sERMR@aitt.i ons conprise | ow amounts of these
conmponents. Preferably, the ethanol conposition contains no detectable
amount [8016hedZEné is dscdrmabe diagren el diegenatipsystpanax dceprdppescrislsond 0037]
Turni ng_.t, i t he crude ethanol conposition, generally, the
hydr og%ﬁnéjt%fi%lae%égf{a?lgg’?‘%sgggg?%mpg'rms et hanol and water as shown by the

f ol | o[l 7 eaddGi 1K a &h2idatitH2 g B EaHEH {0038} orerin adkdirddnoa with onat er and

et hanol , ot her conpounds nay be forned during the hydrogenation of the
acet i ¢ eMbedpnedt 054 PrEENGW T HOTabl e 1. [0039] Suitabl e hydrogenation

catal yﬁf)@ls‘l”%@%i&@gﬁw gfs?ﬁ?%g}%%%&oﬁcdhgéﬁé fo??éx%¥al @%e@?gﬁﬁ'@ﬁlahgll one or

nore of a second net or additional net optionally on a
cat al ysbmpugiponst . The first and optional second and third netals may be

sel ect fro p TB, I1B, 1I1B, VB VB, VIB VIIB VIl transitional
ot al 5 100190 o aed Rehebe it phi Bicgiaton sy Sem B e 8 Gt gt S any
of G oypSHrlddcAwith¥he Mibodaficht ¥t fhe JREREEML&ioREt @l conbi nations for sone
exenpl ary catal yst conpositions include platinunmtin, platinunlruthenium

pl at i nut2Merdillnt B pad bddimatit dinghren b Loy dragdratdm systdne hindng a ootedutar peive adi um
cobal t/plati num cobalt/chrom.um cebalt/rutheni.um silver/palladium
copper MR AR Floars SERPUHaRFPBE PRITERUER Lt hent un r neni um  and
ruthenium iron. Exenplary catal ysts are further described in U S. Patent

No. 7,608,744 and U.S. Publication No. 2010/ 0029995, the entireties of
whi ch are incor por at edEhAlliR SGRIFdI@NCQE TREGINYBNAIOYat al ysts are

aki ng T Hndr FisSRRls A, JFmehf Bt RO LB R ERRT o T ety
of whi ahldaged gsolipQaapachihel & ASHWM Dég@s.ence. WO

2012/ 018960PCT/ US2011/ 046502 {0040] I n one, exenpl ary. enbodi nent, the
cat al ydP022dng?y ‘egatyrant’s igimeapt ote Wane T DadeA & Ghang) I Brks Eunpiytable

COPPEr lSel%ra.gQ A0 der RrGkRla %ﬂﬂl‘&%@@g%@e 1{1]1%]{6%% ﬁ%%‘ﬁcg% ﬁf%@%ﬂf ", iﬂﬁi&fﬁ% of

iridium platirnum titanium Zzinc, chro m~ ol ybdenum an
t ungst eaverPredlestmblax, the first nmetal is selected fromthe group consisting

of platj al |.adj ..cobalt, nickel d, rutheniu Mre preferaply, the
01 ot b PRl i PR NS St o T RPRGE SOt S a
conpri $88bdi 954 WM oliuhe b alRfRli€h &BcdrBats, bNRhRALBLYII, (PAFUL $@% ! atinumin
an amount less than 5 . % e.g., less than 3 wt. %or less than 1 w. %

due t o vohendirgleydepraniding.orbopt (bitmabrut pHORL yolpeeiof dlefaicery dadsovtwns.tand

cat al yst apt,} onal | rnt her conprise econd netal,.. which typically would
Funct | arofs Rifat sl o TR B B GECERM NI igh B B ferlingly oot e
from t PGOYFOUPSTONShS 7FOOF qBograpper, nol ybdenum tin, chrom um iron,
cobalt, vanadium tungsten, palladium platinum |anthanum cerium
nmangand@@4] r dhheanitwnh casplans dmnegslachatiamianligrigdihavivgae appepiessas v, t he
second : g g Q i 811 Myotbd obal t,
honi ary ot bR S eE st LR Bl R DS e B p SR E oileban o ¢
and r hevithimthe[rBQ2]f ghfolinee Naairal gesblinenis ligdidsit tmvbieat pretsue: aret tamperagirg. , a
first metal and a second netal, the fir tal optionally is present in
the  calBbySLrh i arBUAeR g 5. 2 lozBl na%anéf%.ien%tv@ﬂmfbe.lf?&aa% w. %
or T romast (19 JrabbiineBlentRock SRR M MerRLELE! GINII Sy REEREADeldlogR amount
fromO0.1 and 20 . % e.g., from0.1to 10 wt. "% or fromO.1 to 5 w. %
For catralfinyesies Sorhpgrlesistigks wolude, e medialisd (o.dkytlato socanmpcgalystalys may be
all oyed with one another or may conprise a non-alloyed netal solutjon or
it o GBS R B e e SEre Kl STy, A~ 0upS Y GRS HEOn e et ol
used i RyhiRBt @RAtaakdHe strbdn$ QOB yeX QN Ay o RIRRUFRBAL Sdehbh@iZ®beudA i 0 of the
first netal to the second netal is from10:1 to 1:10, e.g., from4:1 to
1:4, from2:1 to 1:2, from1.5:1 to 1:1.5 or from1.1:1 to 1:1.1. [0044]
The catal yst may al so conprise a thi rdsrret al selected fromany of the
metals |isted above in connection wwth the first or second netal, so |ong
as the third netal is different fromthe first and second netals. In
preferred aspects, the third netal is selected fromthe group consisting of
cobalt, palladium ruthenium copper, zinc, platinum tin, and rhenium
More preferably, the third metal is selected fromcobalt, palladium and

o " o v Y b1 . o



WD 2012/ 018960PCT/ US2011/ 046502 [0045] In addition to one or nore netals,
the exenplary catalysts further conprise a support or a nodified support,
meani ng aweuppargdsbhat i ncludes a support naterial and a&CIospanito4esozli fier,
whi ch adjusts the acidity of the support material. The total weight of the
support or nodified support, based on the total weight of the catalyst,
preferably is from75 w.%to 99.9 wt.% e.g., from78 w.%to 97 w.% or
from80 w.%to 95 wt.% In preferred enbodinents that use a nodified
S uppor tsiredhe dshiafizbr SRehdati EtrdatnsPhRESHhcKen to’@?eﬁlﬁ@iﬂ AhpthQ ReBriatéttofeh® SO
. % from0.2 wt.%to 25 wt.% fromO %to 15 wt. % or froml
% t @ng bitane/strasase o lylaterréreaps ate araergHy obmined @Y@atyame}@ﬂtloq @m@qut@m tabl e

support, gt ’Qﬁﬁ : r st t e
supportsgg?\g%eo?éafﬁlm C- ggg@’é%ﬁ&&&%gaﬁéﬁe@g%ng \%B!ﬁlg% 1§%?tr?§?§l %egs |caceous
suppor tasid. byrbflasicsidid, @ alusiihiirg @hRiride). N@atalgtichlg Gickud ghdofins kirdag@dtee such as
calciumnetasilicate, pyrogenic silica, high purity silica, and m xtures

t her eofgenw%aépr@uffﬁofm cqifrtiqerackest el (et ibsrme ¢atalstic fréckeirff o-Gki de,
al um n rface
area g?ﬁ %a%llagg%ﬁyc%ﬂra E%‘B?Hirﬁgc tivate h%g? eﬂ&agggb{%ﬂ{%{i L]Ij? es t er%g%P fsﬁg%tﬂ In

t he pr edaotdeoRetfrmaterstieaing altehgnelaﬂah);(simCechlp)pmtalym;efdnmmg)dj doneekrtwi t h a
support tgl fier. Pref erﬁbl y, the su E’éﬂpdl fi i.s a basic nodifier that
has a IRy PG pasPE ey obeat Fpey 1 SIEPRIEFS, for exampl e,
may be 666§ CtrcdrlQALd BRAhOUR nkARS S81hY nAkéurd ) hcﬁh(h(ﬁﬂfdrﬂ@ar@&{st %‘eﬂé?‘dl?@s,
(i) aI kali metal oxides, (iii) alkaline earth netal netasilicates, (iv)

al kal i cnetlaanngmmibatmwm e%qdd(tu)es,@udaipie JorBiseres alfuchui shask- lgnwtlo)n Gtoup JI B

ot st Rptap kG b oot RSP st R g e 1 ® ot

et asi [[0@2M eSFhe@r&Rht yORRHNEIaRB e piloESed O tdédidithgY fikidheRISethdhbl ' t s,
acetates, and |lactates may be used. Preferably, the support nodifier is

sel ect €6MPpyHR hwdyeesthy Tbyispeamphen blfoceﬁﬁuf@weam@rm&@qaat%%& ebanefl fuphy of
sodi um, I as well
e xORBL A RO Hnafh G e300 R LS BaIBeEL T 0%, 2%
cal ci urmﬁiplusccs&tyelrogaﬁﬁmmrceuqoﬁcecﬂ ﬁr@blpyeseledemfurmtmtsasnha IQ}&h@ge(n%(& fBessl f the
support npdifier conprises calciumpetasilicate, it is preferred that at

| east &T9sBIces derude el prodictbahisditssrentdana theceride ¢thangl 8‘P1PP<P§éthﬂol?1‘ﬁilu<{eé048]
A prefegr i 6 A)

S 11 ca CarSry L Ty BARROD bR 8l P o RmPR R S R P P S A Rt pro
556 113&asol aompasmmnahmn@}mr akamdtehtynt9F rude ehinayhompodiaos podredonca; a
surface area bout 250 ian WD 2012/ 018960PCT/ US2011/ 046502
o o dPSHRTEATEH TRk D S U h b HOPETUSE SHEPBIMSGHT AEBer 13 g as
measur %@lp&yau@f@ﬁ&mel 'rﬂ%ﬁoﬁ%& tancpﬁfgqa@ﬂ ATBIHoYs. aMfe SruB@cHhhR@ &Rl pvddeqabout

0. 352 crn3 (22 I b/t [ 0049] A preferred silical/alumna support

mat er i glwdxﬁemomﬂ)" a(@l@cﬁC@rmﬁfee@bI@ms;%wats@ eregmvhawpvidfics andmsaoatr dlfieiskder of
about 5trm%3 a den]? ty of about 0.562 g/m, in absorptivity of about 0.583 g
H20/ g SJB lr(iompos 9Pf ace area of about 160 to 175 n2/ g, and a pore vol une
of aboy0a3) 68 H¥lihg:ntilv@eBRholASmMpbkitioRan apPE@BbERREL, Bymbhase Iﬁzijoﬂlﬁ(ﬁhﬂﬁby

skill in the art, support materials are sel ected such that the cat al yst

syst emethgnghandgnipogeeities of ssgpwwe Télﬁ athasel sompepiden it men@ﬂ&s ctggol and

condi ¢ GRgiSTRLPYEH, b0l Sy JUARI AN AfofIaNL 10 bORRH ThEAIDS a5, @f the
catal ysts may e di sperse oug out e support, coat &d e outer

sur f ac@eoft.%h @ra"upbkyr the (c@g@oBdvahjopition cdmpﬁsataedaa@wzdve % Hﬂhﬁﬁtﬂﬁe of atlbsst
support . [ 0052 he catal yst conpositi or}s swt ble for use wth the present

T
i nvent |9éﬁthr/‘éPé?té545§/9§Wé o rapyae! serael fanskagpsenByireys ¢thano Yfi ed
support

o Do b SR Ug R REmtAE BRAERAHT: Aol EhER 1 EDMC RO PRYBRY o
No. 7, @J@ﬁpﬂtém amdufs righg Graini BrwviNon t(QILEDO(I) 00RO, feomal 1 L9) ﬁpplAppBD&ampnn No.

12/ 698, 968, erred tg above, the egiﬂl Je of which are i cor orlat ed
herei n 01‘5$r P’e WheR o ¢ (b"o’@]’mS&Préer@ﬁt? e ‘t“%‘ Sof & MHICGERLY: ¢ ?et b

hydr ogeg ?bﬂ%l@@&hﬁ)&%@%’z Kadt0shaipm _bpaplolaceoadind 1 t®wppa Labrdiispt of
the invention may 1nclude a variety of conflguratlons using a fixed bed

reactor or a fluidized bed reactor, as one of skill in the art will readily
appreciate. In many enbodi nents of the6present i nvention, an "adiabati c-
reactor can be used; that is, there is 'little or no need for internal

pl unbi ng through the reaction zone to add or renove heat. In other

enbodi ments, radial flow reactor or reactors nay be enployed, or a series
of reactors nmay be enployed with or with out heat exchange, quenching, or
|ntroduct|on of addltlonal feed naterlal Alternatively, a sheII and t ube

e 1. . Y o - ) o o S




[ 0055] 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 und®o 20t®18®0| owi ng condi tions. The reaction tenpecatuse@ /086502 ange
from 125C to 350C, e.g., from200C to 325C, from 225C to 300C, or from 250C
to 300C. The pressure may range from 10 KPa to 3000 KPa (about 1.5 to 435
psi), e.g., from50 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 (GHSY)
of gr eafin.t HaBm2OF UppellimBs, §n onDERBEBhchaR HARO] tmposithedhfiisédag 2500
hr-1 or even greater than 5000 hr-1. In ternms of ranges the GHSV may range
f r om 50hdwr L.40G wppD, igpoonanol e.ge lgps thanr 88 vaman Ay Less than 300 pppmhAn contfasbm 1000
Er -1 1qyd0s 9%812%% Is%Rroﬁ{anJl ﬁ%s]bqq96§5ﬁ\;letnh8 eﬁ%al%nglrc_o}npokggg?] Tﬂ%@? ethanol
ydrogenationtoptironally is carried ou ata pressure just sufficient to
over corenpbsitipisssyideritkdporacuasss ddneetainal youk@s bedltcahnitis sGtIBM sel ect ed,

al though there is no bar to the use of higher pressures, it being .

under stBICAKIemEHdionemglsres perassiptian g g ischeio Liglhsthy nissist 6 sBewn iy be
exper| q:rl‘@r.eﬁ, Ath B BB SRACERALGHAHESo 1@059&0 s2999+ '191'W%0p§0 QG hr-1. [0057]
Al t hough the reaction consunmes two noles oflhydrog n per e of acetic
aci d t eopcendacen, ané nomd @ngirisetidvpruglapoltihnen actouad groabatham 84 mppof hydr ogen t o

acetic jdin the feed streamnmay vary.fro bout 100:1 to J1:100,  e.qg.

fr om S0 o 13 058 EppieBh I lhAreY s B PG Hatcigi Sgteit .
the molghnfoahi RsOthah'y W00 Rt AeRGREA & wR0H r leSs @ALALRY, ! NAthodicd, €. 9.,
greater than 4:1 or greater than 8:1. [0058] Contact or residence tine can

al so vampodingait.ythe dejgdhditing igppropsaeio vaitedr aib thes: thmo bermogrtsitoh raegss ifonaci d,

I , . Typi A
SRRt T S b el S L SR et VT e

syst emc@ipeikestddmtially h 8theP@&tedtshle s@Epovds.ublh 8§ REthafoIChdHzakd, ahdl/ﬁ?ﬁi?héﬁ
| east for vapor phase reactions, of from0O.1 to 100 seconds, e.g., fromO0.3

to 80 s&obaliseor Ciradentoly Ingome cawedinpats. froosigoiprnpasitionsnar ¢alyIscacet i ¢
acid ary ngyﬂﬁﬁﬂﬁ&f&!ﬁ&qn{ Hriﬁé’”P&%te{s%s‘é"dki&%*é&b%%ﬁ%%bf%f7.t hi s i nvention
may be derive rom any Qul'tabnle source |ncﬁud|ng nat ural "gas, petrol eum
coal , W0@B30gsIn aantlesanb@limbnt, As ieveatiph 8o aaediahel @aipdsitiay co@pfsiaguthanolvi a
met hanol carbonyl ati on, acetal dehyde oxi dati on, ethylqu oxj dat i on,

S

oxi dat i@ at pthae athebalcobtly hhrdlrenst BVG enpeHEl DRAY Resqheatscoire ihagiqup

nat ur ale,Gasil drGesobdrt! BESRIEhAY2 FutdEl. JAPIBbRENdIC PereXBRNSHY

met hods orﬂgrgﬁ’cfég dégﬁ%ﬁmQC?g anghgnterné ?gfbs Such as ne?ﬁanoﬁfand
car bon thd/d 1261 &Y DABGIREDIUS 2O plpadd5 02 thesnexbatBmtniomhalitoprapatd is prebar
sources_have drawn jncreasing.interest. In particular, when petroleumis
7ol it | VBRG ER AL Pl SRS St B Rt s~ GBS 1|6 Hagminedl fas BV AR eBLS ¢ o
produce@egéd EmB&difhchis ORhGYIME kx%@gslﬁ p&%@ntéée%m 11983 1dast B} othsr A&hbMege f rom any
avai l abl e carbon source. United States Patent No. 6,232352, the disclosure
of whi eddédstopetben: heraticast thieraghar atpphelsf enlleptere]y. fany preseatrpl an amemt hékesa net hod
of retgﬁfi%t'Qg a net hanol plant for the manufacture of acetic acid. By
retrofi_?ﬁ 8ka met hanol plant, the |arge capital costs associated with CO
gener atjo@31]f oWitRoun ®eingdRuhé bReicdrRlidnbelahved sia@ obiopamdlliy for@dddedn®ihel ar gel y
elimnated. Al or part of the syn gas is diverted fromthe nethano

synt hediydrogewpioarnd astiispicide df ar sxamplepthie aoprorapplimayobs Wewedriatty and hydr ogen,
whi ch - r ' ' - | Li:on. i.cacid,
uch a oiseElio e ORI RE Bl D B el PPl 8RB P2k
connectrédqniom The hiprgpainol éijires@nt in[tRO&BindVebingogtio as badirybdito lmnfopnet#sses
suitabl e for DroductLon,gf %cetic acid are described in U S. Patent S.

7, 208, éppuritesin shezapstic geigdesds 4 e cfaggeoppgsitigngotzihe preseiy invetigngreferably

5, 599, Q2BnriB, 188t inGnA3BuR08ss BaPOS A5 n-@A0Hartb. 294, 1808nad g Wlissek osur e
of which ?gw?nﬁo poré?eﬁ hePe?%ﬁ%yare$eren€é% ati’ona1|y, the production of
et hanollesyalyande03 nt.&gr@ptechally tdthawt bompisitamslof derpdreayl iavérvnpngcesesly

[ 0061] ,United State at ent No. 35,377 al so .i.ncor porated herei.n by

et or bAERE 15t wor duEo bR SREPYIN. The B POHGR HETHLNOMB) CBRver i on

of car hpRRERIUSMmPREES highs Sttt 88inQlki-foR& isoft8hdnoflhal 3SnRMAHo Rl RIRASI

mat eri als. The process i ncl udes hydrogasification of solid and/or liquid
carbonaceous materials to obtain a process gas which is steam pyrolized

wi th additional natural gas to forn1sy?thesis gas. The syn gas is converted
to met hanol which may be carbonylated to acetic acid. The nethod |i kew se
produces hydrogen which may be used in connection with this invention as
not ed above. United States Patent No. 5,821,111, which discloses a process
for converting waste biomass through gasification into synthesis gas as
well as United States Patent No. 6,685, 754, the disclosures of which are

)
T Y F AT " o - I Y



[0065] In particular, the hydrogenation of acetic acid may achieve
favorabl e conversion of acetic acid and favorable selectivity and
product i woyotamigeehanol . For purposes of the present i npemitisen,1/odse2t er m
-conversion” refers to the amount of acetic acid in the feed that is
converted to a conpound ot her than acetic acid. Conversion is expressed as
a nol e percentage based on acetic acid in the feed. The conversion nay be
at least 10% e.g., at least 20% at |east 40% at |east 50% at |east 60%
at | eagbmpOiOhs. HrefeR$, iBHLINVINtRO bGAnA *bAIpYSitiond RRtaniaveofh-ghopaRmMer si ons
are desirable, such as at |east 80%or at |east 90% in some enbodi nents a
| ow conesérlandhe pmgue! ioperendll e galeshihgh 19% ermpuntoffispprenanahe lessithan s of
course, ases,
bt bt T A e L CR ey
or use nofr obz&fogﬁf the @éaechivSethindl cotpostiomay ehrfge |fmni 0.1tlotoclonpens,atan DG 1 poor
select|V|ty linblg{qSelectlwty i s expressed. as a nole percent based_on

conver tedVAcEp SL enframdidi @ b Iifgensefdanty fha Wegktratio pbsaprarethver t ed
froma i t d e it S

| ndepenaci DB e o B e p e ek
acetlclastd)nshtmnmeMMﬁdlmhmEHManmbUmmmoneﬁeyumpmmhmﬂe$b@nmﬂysehﬁekaHEy as
50% Preferablg . the talyig e§e0t|V|t%% ﬁlethox ates IS %: | east 60%
e.g., &CBALYS Gigopssstabaye] Ly thsovgichidat abispPRATe! Of K@rarapnh ¥TRBIYS at es-
refers spg Pﬁ&ﬂﬂ I%f&@rﬁgﬁlgqnpounds et hanol , acetaldehyde and et hyl

acet at e. eferably, the selectivity to ethanol is at least 80% e.g., at

| east 8§6032pr latong embodm omhep@tsmdn‘@wbomlmcvmnofprbﬁeauhyiﬁrr@gedmditoﬁle

process. als ay ow se t o undesirabl e duct such as nethane
bt hane T eBR o RisRRHE Shitht YabGubRary pf Pgd RSB de b u e Dacs <
pr ef er abiyed dirin@ 38 htRSochifiorofthcetié 868 niafaR cdfbcdrwiliets etaasl thbbugvaice
preferably, these undesirable products are not detectable. Formation of
alkane§ﬂwﬁvuﬁeﬂpeﬁﬁ and ideally less than 2% less than 1% or |ess than
0. 5% of C | kanes
mhlch A%@%ﬁ ﬁ%?%&SQF%@Vo EEHP%Y n&;?“%%&% %gg?}ﬁ%ﬁﬂﬂgé?%ﬁgﬁﬁg 3ct|V|ty
as usedcételrdehytle issdodipgrddootisprgraacs Kife iavapee cthare donpdsidbns @ngpriseéshwanol ,

formed during the hydrogenation based on the kil ograns of catalyst used per
hour . Anwaﬁ@éewaléghw %W?lbessqthe@@e@ %H%P%‘Pd%tl?fﬁf?é@blbép the IN¥YHYE cat al yst
per ho trper
hour or a5t SmnRighe A o 0L ey AR B Sk P SRR T
prefer reeainp]lenthe emmuntofff arcanagiehydetlhey b Bduihhn 6D%wfphceaimomb Iojilsnpmﬁaamh 200 t o]
3,000 ra ?g |Io [ talg (% hour g m 400 to

2, 500 g{e g 9%? St SPGB BT 8H BBPIOR?%gram

cat al y%rtaelrthb %Eght L&Qﬁi’fhsdp%péﬁan t@%et@l@l@%eqﬁ McSinvddi e CIHAHS! @hl}RB@bnPr oduct
produced by the hydrogenation process, before any subsequent processing,
such asmpUﬁn$ﬂ&@mH0HXHndrHE@a¢aLﬁ©nllﬁﬂQk)kyﬁ?calIy conprlse unreacted
acetic t hanaol

o oauc s JF onF SRL ARl BlSah ERRGE s i R LGS ARG and
from 5 ah@udh ofordmwahiritibd) F&@Eo@&ﬁi&ph?hwl@ﬂ’ﬁ@;dm&ﬁﬂe Scethldehyleugtetiehdianol
product conprises ethanol in an anbunt fromb5 %to 70 wt. % e.g., from

10 wt . shetbyleoetak copyl anetate. sriroBansl- methanos dulinobe’-ysansd ispbulane!. tsealy] wei ght

cont o AoHEE B LA HAGHE g R i AR dered " LRSI ENBAOIm BRI e
Wt . % etelanol co0sRdA 26MPASHARSTHAISL 61 Ph OABRO2In{/AEES, c Bhdesthden. 25 hartal

pr oduct %ﬁplcall w ll further conprise un eacted_acetic acjd, depending on
conver &F %n{w Depenyling onths amoupt o thess orgpaie grpufiicsqtheingpurilicg s t han
80 wt. %a?fr alvgsél?tl ﬁﬁﬁ'fhl zﬁeé’i@ on/"[heI é?hatn%[ Hm s1tfc91n %§ ex§ e%ﬁ&%@éo%glsa}ﬁ &t C aC' d
|s prefera romoO roms from15 to

. %  feralm eﬂ@nbbco?ﬁpwttm%my efstemtfy %thtthe a&tlwtac%to lﬁ(srnmauhelr estess f Slsoeid hasn t he

reacti n c ter wl | I re he crud t ha

b oqucieel BRRg Bt Buhol birould Sp BilgtibTRURT S s Bh AR S gTeone m 10
to 30 W%nw%ﬁktBE&ﬂhéPo&ﬁ18§&Mﬁm%%d%HEYhaﬁﬁ@E@&ﬁb§@Mm3|50 be produced during
the hydrogenation of acetic acid or through side reactions and may be
present, for exanple, in amounts ranging fromO to 20 wt.% e.g., fromO to
15 w.% from1lto 12 w.%or from3 tg 10 wt.% Acetal dehyde may al so be
produced t hrough side reactions and may be present, for exanple, in anmounts
ranging fromO to 10 wt.% e.g., fromO to 3 w.% fromO0.1 to 3 w.%or
fromO0.2 to 2 wt.% [0070] O her conponents, such as, for exanple, esters,
et hers, al dehydes, ketones, al kanes, and carbon dioxide, if detectable,
coIIectlver may be present |n anDunts Iess than 10 mﬁ 96 e.g., Iess than 6

o " o o M



(wvt.9% Conc. (w.% Ethanol 5 to 70 10 to 60 15 to 50 25 to 50 Acetic Acid
0to90 5to 80 15 to 70 20 to 70 Water 5 to 35 5 to 30
WO 2012/018960 PCT/US2011/046502

[0035] In preferred embodiments, the ethanol composition is substantially methanol-free and
may comprise less than 10 wppm methanol, e.g., less than 1 wppm. In addition, in preferred
embodiments, the ethanol composition is substantially free of Cs alcohols and may comprises
less than 10 wppm of Cs alcohols, e.g., less than 1 wppm.

[0036] Benzene, dioxanes, and cyanides are known to present toxicity issues in ethanol
compositions. Typically, cyanides result from fermentation methods that utilize cassava as a
feed stock. The inventive ethanol compositions comprise low amounts of these components.
Preferably, the ethanol composition contains no detectable amount of benzene, dioxanes, and
cyanides.

Hydrogenation Process

[0037] Turning to the production of the crude ethanol composition, generally, the

hydrogenation of acetic acid forms ethanol and water as shown by the following reaction:

O
2 H,
_—
/\OH +  H0
CH; OH

[0038] In addition to water and ethanol, other compounds may be formed during the
hydrogenation of the acetic, as discussed below in Table 1.

[0039] Suitable hydrogenation catalysts include catalysts comprising a first metal and
optionally one or more of a second metal, a third metal or additional metals, optionally on a
catalyst support. The first and optional second and third metals may be selected from Group
IB, IIB, 11IB, IVB, VB, VIB, VIIB, VIII transitional metals, a lanthanide metal, an actinide
metal or a metal selected from any of Groups IIIA, IVA, VA, and VIA. Preferred metal
combinations for some exemplary catalyst compositions include platinum/tin,
platinum/ruthenium, platinum/rhenium, palladium/ruthenium, palladium/rhenium,
cobalt/palladium, cobalt/platinum, cobalt/chromium, cobalt/ruthenium, silver/palladium,
copper/palladium, nickel/palladium, gold/palladium, ruthenium/rhenium, and ruthenium/iron.
Exemplary catalysts are further described in U.S. Patent No. 7,608,744 and U.S. Publication
No. 2010/0029995, the entireties of which are incorporated herein by reference. Additional
catalysts are described in U.S. Application No. 12/698,968, entitled “Catalysts for Making
Ethanol from Acetic Acid,” filed on February 2, 2010, the entirety of which is incorporated

herein by reference.



10 to 30 10 to 26 Ethyl Acetate O to 20 0 to 15 1 to 12 3 to 10
Acet al dehyde 0 to 10 0 to 3 0.1 to 3 0.2to 2 Ohers 0.1to 100.1to 6 0.1
to 4 WO 2012/018960 PCT/US2011/046502

[0040] In one exemplary embodiment, the catalyst comprises a first metal selected from the
group consisting of copper, iron, cobalt, nickel, ruthenium, rhodium, palladium, osmium,
iridium, platinum, titanium, zinc, chromium, rhenium, molybdenum, and tungsten. Preferably,
the first metal is selected from the group consisting of platinum, palladium, cobalt, nickel, and
ruthenium. More preferably, the first metal is selected from platinum and palladium. When the
first metal comprises platinum, it is preferred that the catalyst comprises platinum in an amount
less than 5 wt. %, e.g., less than 3 wt. % or less than 1 wt. %, due to the high demand for
platinum.

[0041] As indicated above, the catalyst optionally further comprises a second metal, which
typically would function as a promoter. If present, the second metal preferably is selected from
the group consisting of copper, molybdenum, tin, chromium, iron, cobalt, vanadium, tungsten,
palladium, platinum, lanthanum, cerium, manganese, ruthenium, rhenium, gold, and nickel.
More preferably, the second metal is selected from the group consisting of copper, tin, cobalt,
rhenium, and nickel. More preferably, the second metal is selected from tin and rhenium.
[0042] If the catalyst includes two or more metals, e.g., a first metal and a second metal, the
first metal optionally is present in the catalyst in an amount from 0.1 to 10 wt. %, e.g., from 0.1
to 5 wt. %, or from 0.1 to 3 wt. %. The second metal preferably is present in an amount from
0.1 and 20 wt. %, e.g., from 0.1 to 10 wt. %, or from 0.1 to 5 wt. %. For catalysts comprising
two or more metals, the two or more metals may be alloyed with one another or may comprise
a non-alloyed metal solution or mixture.

[0043] The preferred metal ratios may vary depending on the metals used in the catalyst. In
some exemplary embodiments, the mole ratio of the first metal to the second metal is from 10:1
to 1:10, e.g., from 4:1 to 1:4, from 2:1 to 1:2, from 1.5:1 to 1:1.5 or from 1.1:1 to 1:1.1.

[0044] 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 and 4 wt. %, e.g., from 0.1 to 3 wt. %,
or from 0.1 to 2 wt. %.
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Purification [0071] FIG 1 shows a hydrogenati on system 100 suitable for

t he hydrogenation of acetic acid and separating ethanol fromthe crude
reacti on woxpwwmEsmecor di ng to one enbodi mrent of the inveoriusn118yesviem 100
conprises reaction zone 101 and distillation zone 102. Reaction zone 101
conprises reactor 103, hydrogen feed line 104 and acetic acid feed |ine
105. Distillation WO 2012/ 018960PCT/ US2011/ 046502 zone 102 conpri ses
flasher 106, first columm 107, second colum 108, third colum 109, and
fourth {0@!5}' Mn hd@itiolYds RIG I AR AR HhE g Hlarcatal el fufhé coapeise dQhppbt0 Vi a

| i nes 104 and 105, respectively, to create a vapor feed streamin line 111
t hat i 9rdinasidiiedisuppoit.apeandie a9Pportihas pecleded g ¢iprat materipleandPOWPERId 105 may
be conmj anpd. j.oi.nt ; .zer 1 - e

cont ai it o PHiobbisn SlghColde R hAGTA 1as Tl A VARRERERRE, (o
st r eammddlified@ippdi, hasedpoethenadl yeikhomi tAOOTaly &, BRbCable igiromf750M%20® Ho 310C
or from150C to 300C. Any feed that is not va&orized is rempved from

vapor i 28r7o1%9, rg@ vk P 17 ryte. of fromm §0 paye BeY ) weve | [adrefpapdembodipents

addi ti F i e LN di he, o
reacto?ﬂﬁgg%EP?ﬁgﬂffkﬁ%gétﬁgﬁﬁﬁ?%??gg%%és?ﬁ%ggyg%{gﬁ%%g;ﬁ%%§#$gﬁgg%?6bottom
of reaocttdh, d@3frofaur.2 hefo moth di. tatioon s ando adth ti.bnal froonpoenéntoss wo%:; eact i on
zone 1g%<%re gescribe b?low in FIG 2. [0072] Reactor 103 contains the
cat al yst® k%&t?gﬁﬁ§@ag‘ﬁ)f¢&§ 8ﬁogepation of the carboxylic acid,

pr ef er 36d46) acRfitableaGHThrt hBteARR nBFNAALIR Thp xARP1OLtaPR RetBlUAiG-bRA$ (not
shown) ‘may be used to protect thé catalyst from poi sons or undesirable

i mpur i shpEreoncaiamed bised shppoiree Brderredesuppoits melpdk silisteeensrsuppsussuguay d beds

may be | oyed i n.the vapor | iqui d streams. Suitabl uard .bed.

ot er s anE R bbb o RERr A s cr A m SRt BUREHE S iens ca,

al um naglcRfrAkiica,Ahd MBSTURS: thérBo O MBthasPebrts Mbe idtURledbiResk AR dingdtddSo, iron
functionalized to trap particul ar species such as sul fur or hal ogens.

Dur i ng Kils. dlyaninsg Eiata. shcpid ceagaesismoxifgecasborngeiphpe dugl surfase wieghdr awn,
prefer . t . r e F viadine 112. The crude et hanol
produc?aﬁéyﬁ%gC@%ﬁgé%éggﬁgﬁ%%¥%%gﬁ%g¥¥é% gF”%ﬁé, which, in turn, provides a
vapor g0047amianiet mrotidiondf sthasslmhe Thalyst agpert nlBthd modified aithadiuppdrt
preferablq\l( operates at a tenperature of from50C to 500C, elﬂ%” from70C to
400C ormqdifish Foeferably. Srsoeprethmedwics Mpbbrstenpdifichbaphasadaye obfility eisifer 106
prefer 1k A0 R r

P om 100 o GO e e e e o ek O P

pr essurakabfie tdreh étidssh i) allsalishethl aviddso(iti hdkdlerperthinetd nanabilpraess@y)ealkdli t he

reactor 103. [007 The, va stream exi ti t flasher 106 ..C rise
yar og@i ey A oS R B e ol Bl T ne BT PR lienis Wi FERt  on
zone 1Qfipvh@al d:xiGs1d3i) cﬁﬁ%uﬁ hawmdiil hbGilidated Bed MBlieB Rk 14 /i@in bhe
vapor stream passes through conpressor 114 and is conbined with the

hydr ogenides end mathsdigattn dthey txpep of npdifietsineclufl@ dfratdh aitrifegquacdtatasoandf | asher
106 is w.thdra an u a feed c osition,via line 115 t.o.the. side
of t1 r Sy AnBs B BIEBEAR Db SRnGETPE bl LBk Aok Batiline Srne
cont entosideVeh b2k 0it SR OPET/ 31938ikik, 4G 5MEm OthagriciRiml 1Bl ctiyRisaldivm Wirlunhe
substantially simlar to the product obtained directly fromthe reactor,
and mayind zict govell gy mixtyes ehapyadites fojeapings Ricierabie the fvanert npnddfirids a

However £ it i I . f :ally no
nyar e FERE FRTRES pGbh Tal i bR €30, 1R SHpShdidhe Y o
106. Exenpliagsycabium onesilicaat itlis pretedrednhdtiankadtbpoatien @ff thy caleiani methaibit@e 2. |t
shoul d .be understgod that liquid line 115 may contai n ot her conponents, not
i st ed,s Byerstaliing nents in the feed. TABLE 2 FEED COWPCSI TI ON Conc.

(wt. % [0048] A preferred silica support material is SS61138 High Surface Area (HSA) Silica
Catalyst Carrier from Saint-Gobain NorPro. The Saint-Gobain NorPro SS61138 silica contains

approximately 95 wt.% high surface area silica; a surface area of about 250 m*/g; a median
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Conc. (wt.% Conc. (w.% Ethanol 5 to 70 10 to 60 15 to 50 Acetic Acid <90
5to 80 15 to 70 Water 5to 35 5 to 30 10 to 30 Ethyl Acetate <20
WO 2012/018960 PCT/US2011/046502

pore diameter of about 12 nm; an average pore volume of about 1.0 cn1’/g as measured by
mercury intrusion porosimetry and a packing density of about 0.352 g/em’® (22 Ib/ft)).

[0049] A preferred silica/alumina support material is KA-160 (Sud Chemie) silica spheres
having a nominal diameter of about 5 mm, a density of about 0.562 g/ml, in 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.

[0050] 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.

[0051] The metals of the catalysts may be dispersed throughout the support, coated on the
outer surface of the support (egg shell) or decorated on the surface of the support.

[0052] 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. Patent No. 7,608,744, U.S. Publication No. 2010/0029995, and U.S. Application No.
12/698,968, referred to above, the entireties of which are incorporated herein by reference.
[0053] Some embodiments of the process of hydrogenating acetic acid to form ethanol
according to one embodiment of the invention may include a variety of configurations using a
fixed bed reactor or a fluidized bed reactor, as one of skill in the art will readily appreciate. 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, radial flow reactor or reactors may be employed, or a series of reactors
may be employed with or with out 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.

[0054] 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
through the catalyst. Other reactors, such as fluid or ebullient bed reactors, can be employed.

In some instances, the hydrogenation catalysts may be used in conjunction with an inert
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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.

[0055] 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
(about 1.5 to 435 psi), 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™".

[0056] 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™".

[0057] 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.

[0058] 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.

[0059] The raw materials, acetic acid and hydrogen, used in connection with the process of
this invention may be derived from any suitable source including natural gas, petroleum, coal,
biomass, and so forth. As examples, acetic acid may be produced via methanol carbonylation,
acetaldehyde oxidation, ethylene oxidation, oxidative fermentation, and anaerobic
fermentation. As petroleum and natural gas prices fluctuate, becoming either more or less

expensive methods for producing acetic acid and intermediates such as methanol and carbon
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<0. 005 <0.001 O her Ethers <5 <0.005 <0.001 G her Al cohols <5 <0.005 <0.001
[ 0075] The anpbunts indicated as less than (<) in the tables throughout the
present appl2vatswn are preferably not present and if prPeTarstormmyesbe
present in trace anounts or in anounts greater than 0.0001 w.% [0076] The
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to recover CO and hydrogen, which are then used to produce acetic acid. In addition to acetic

acid, such a process can also be used to make hydrogen which may be utilized in connection

with this invention.

[0060] Methanol carbonylation processes suitable for production of acetic acid are described

in U.S. Patent 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 disclosure of which is

incorporated herein by reference. Optionally, the production of ethanol may be integrated with

such methanol carbonylation processes.

[0061] United States Patent 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 syn gas 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. United States Patent No. 5,821,111, which

discloses a process for converting waste biomass through gasification into synthesis gas as well

as United States Patent No. 6,685,754, the disclosures of which are incorporated herein by

reference.

[0062] In one optional embodiment, 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, and mixtures thereof.

These other compounds may also be hydrogenated in the processes of the present invention. In
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[0078] In the enbodi nent shown in FIG 1, line 115 is introduced in the

| ower part of first columm 107, e.qg., lower half or lower third. In first
col um 10WQ 20rveaswsbed acetic acid, a portion of the watecI/isedioséser heavy
conponents, if present, are renoved fromthe conposition in |ine 115 and
are withdrawn, preferably continuously, as residue. Sone or all of the

resi due may be returned and/or recycled back to reaction zone 101 via line
116. First colum 107 al so forns an overhead distillate, which is w thdrawn
i n 1i ngohd Embadtnanfy, e nb&f &1@5&?1’1@ geldandcl &ffropedic 41 ofixadmbl @ridaat a
ratio of from10:1 to 1:10, e.g., from3:1 to 1:3 or from1l:2 to 2:1.
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col um bl ) rati.on. rification., Th i ferably
B g
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trays, fixed valve trays, novable valve trays, or any other suitable design
known iNYP-OHe 7&F8. the gniyeryedt sl i irernprated heteuk By redeirieen Ty e #oed. For
packed i i : The
Fraye. B L B e e R B TR e
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understood that the distillate and residue may al so contain ot her
conponents, not |isted, such as conponents in the feed. For conveni ence,
the distillate and residue of the first colum nmay al so be referred to as
the "first distillate” or "first resig%e." The distillates or residues of
the other colums may also be referredto with simlar nuneric nodifiers
(second, third, etc.) in order to distinguish themfrom one another, but
such nodi fiers should not be construed as requiring any particul ar
separation order. WD 2012/ 018960PCT/ US2011/ 046502 TABLE 3 FI RST COLUWN
Conc. (wt.% Conc. (Wm.%



Conc. (wt.% Distillate Et hanol 20 to 75 30 to 70 40 to 65 Water 10 to
40 15 to 35 20 to 35 Acetic Acid <2 0.001 to 0.5
WO 2012/018960 PCT/US2011/046502

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.

[0066] 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 50 mole % of the converted
acetic acid is converted to ethanol, we refer to the ethanol selectivity as 50%. 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.

[0067] 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 200 grams of ethanol per kilogram catalyst per hour, e.g., at
least 400 grams of ethanol per kilogram catalyst per hour or at least 600 grams of ethanol per
kilogram catalyst per hour, is preferred. In terms of ranges, the productivity preferably is from
200 to 3,000 grams of ethanol per kilogram catalyst per hour, e.g., from 400 to 2,500 per
kilogram catalyst per hour or from 600 to 2,000 per kilogram catalyst per hour.

[0068] In various embodiments, the crude ethanol product produced by the hydrogenation
process, before any subsequent processing, such as purification and separation, will typically
comprise unreacted acetic acid, ethanol and water. As used herein, the term “crude ethanol
product” refers to any composition comprising from 5 to 70 wt.% ethanol and from 5 to 35
wt.% water. In some exemplary embodiments, the crude ethanol product comprises ethanol in
an amount from 5 wt.% to 70 wt.%, e.g., from 10 wt.% to 60 wt.%, or from 15 wt.% to 50
wt.%, based on the total weight of the crude ethanol product. Preferably, the crude ethanol
product contains at least 10 wt.% ethanol, at least 15 wt.% ethanol or at least 20 wt.% ethanol.
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[0069] The crude ethanol product typically will further comprise unreacted acetic acid,
depending on conversion, for example, in an amount of less than 90 wt.%, e.g., less than 80
wt.% or less than 70 wt.%. In terms of ranges, the unreacted acetic acid is preferably from 0 to
90 wt.%, e.g., from 5 to 80 wt.%, from 15 to 70 wt.%, from 20 to 70 wt.% or from 25 to 65
wt.%. As water is formed in the reaction process, water will generally be present in the crude
ethanol product, for example, in amounts ranging from 5 to 35 wt.%, e.g., from 10 to 30 wt.%
or from 10 to 26 wt.%. Ethyl acetate may also be produced during the hydrogenation of acetic
acid or through side reactions and may be present, for example, in amounts ranging from 0 to
20 wt.%, e.g., from 0 to 15 wt.%, from 1 to 12 wt.% or from 3 to 10 wt.%. Acetaldehyde may
also be produced through side reactions and may be present, for example, in amounts ranging
from 0 to 10 wt.%, e.g., from 0 to 3 wt.%, from 0.1 to 3 wt.% or from 0.2 to 2 wt.%.

[0070] Other components, such as, for example, esters, ethers, aldehydes, ketones, alkanes,
and carbon dioxide, if detectable, collectively may be present in amounts less than 10 wt.%,
e.g., less than 6 wt.% or less than 4 wt.%. In terms of ranges, other components may be present
in an amount from 0.1 to 10 wt.%, e.g., from 0.1 to 6 wt.%, or from 0.1 to 4 wt.%. Exemplary

embodiments of crude ethanol compositional ranges are provided in Table 1.

TABLE 1
CRUDE ETHANOL PRODUCT COMPOSITIONS
Conc. Conc. Conc. Conc.

Component (Wt.%) (Wt.%) (Wt.%) (wt.%)
Ethanol 5t0 70 10 to 60 15 to 50 25 to 50
Acetic Acid 0to 90 51to 80 15 to 70 20 to 70
Water 5to 35 5to 30 10 to 30 10 to 26
Ethyl Acetate 0 to 20 0to 15 1to12 3t0 10
Acetaldehyde 0to 10 0to3 0.1to3 0.2to2

Others 0.1to 10 0.1t06 0.1to4 --

Purification

[0071] FIG. 1 shows a hydrogenation system 100 suitable for the hydrogenation of acetic acid
and separating ethanol from the crude reaction mixture according to one embodiment of the
invention. System 100 comprises reaction zone 101 and distillation zone 102. Reaction zone

101 comprises reactor 103, hydrogen feed line 104 and acetic acid feed line 105. Distillation
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zone 102 comprises flasher 106, first column 107, second column 108, third column 109, and
fourth column 123. Hydrogen and acetic acid are fed to a vaporizer 110 via lines 104 and 105,
respectively, to create a vapor feed stream in line 111 that is directed to reactor 103. In one
embodiment, lines 104 and 105 may be combined and jointly fed to the vaporizer 110, e.g., in
one stream containing both hydrogen and acetic acid. The temperature of the vapor feed stream
in line 111 is preferably from 100°C to 350°C, e.g., from 120°C to 310°C or from 150°C to
300°C. Any feed that is not vaporized is removed from vaporizer 110, as shown in FIG. 1, and
may be recycled thereto. In addition, although FIG. 1 shows line 111 being directed to the top
of reactor 103, line 111 may be directed to the side, upper portion, or bottom of reactor 103.
Further modifications and additional components to reaction zone 101 are described below in
FIG. 2.

[0072] Reactor 103 contains the catalyst that is used in the hydrogenation of the carboxylic
acid, preferably acetic acid. In one embodiment, one or more guard beds (not shown) may be
used to protect the catalyst from poisons or undesirable impurities contained in the feed or
return/recycle streams. Such guard beds may be employed in the vapor or liquid streams.
Suitable guard bed materials are known in the art and include, for example, carbon, silica,
alumina, ceramic, or resins. In one aspect, the guard bed media is functionalized to trap
particular species such as sulfur or halogens. During the hydrogenation process, a crude
ethanol product is withdrawn, preferably continuously, from reactor 103 via line 112. The
crude ethanol product may be condensed and fed to flasher 106, which, in turn, provides a
vapor stream and a liquid stream. The flasher 106 in one embodiment preferably operates at a
temperature of from 50°C to 500°C, e.g., from 70°C to 400°C or from 100°C to 350°C. In one
embodiment, the pressure of flasher 106 preferably is from 50 KPa to 2000 KPa, e.g., from 75
KPa to 1500 KPa or from 100 to 1000 KPa. In one preferred embodiment the temperature and
pressure of the flasher is similar to the temperature and pressure of the reactor 103.

[0073] The vapor stream exiting the flasher 106 may comprise hydrogen and hydrocarbons,
which may be purged and/or returned to reaction zone 101 via line 113. As shown in FIG. 1,
the returned portion of the vapor stream passes through compressor 114 and is combined with
the hydrogen feed and co-fed to vaporizer 110.

[0074] The liquid from flasher 106 is withdrawn and pumped as a feed composition via line

115 to the side of first column 107, also referred to as the acid separation column. The contents
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<0.07 [0083] As shown in Table 3, w thout being bound by theory, it has
surprisingly and unexpectedly been discovered that when any anount of
acetal iswOoerenswoin the feed that is introduced to thecaaisdoizepesoati on
colum (first colum 107), the acetal appears to deconpose in the colum
such that | ess or even no detectable anbunts are present in the distillate
and/ or residue. [0084] Depending on the reaction conditions, the crude

et hanol product exiting reactor 103 in line 112 may conprise ethanol,
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bi nary ShAOE ST A ary azeogrope rﬁﬁ§9] The first distillate in line 117 is
i ntroduced to the second col um 108, also referred to as the -light ends
colum, " preferably in the mddle part of colum 108, e.g., mddle half or
m ddle third. As one exanple, when a 25 tray colum is utilized in a colum
wi t hout water WD 2012/ 018960PCT/ US2011/ 046502 extraction, line 117 is
introduced at tray 17. In one enbodi t, the second colum 108 may be an
extractive distillation colum. In such enbodi nents, an extraction agent,
such as water, may be added to second colum 108. |If the extraction agent
conprises water, it may be obtained froman external source or from an
internal return/recycle line fromone or nore of the other colums.




[ 0090] Second colum 108 may be a tray columm or packed colum. In one
enbodi nent, second colum 108 is a tray colum having from5 to 70 trays,
e.g., frono2Bi12¥wms®0 trays or from20 to 45 trays. [0091pCAlushaugihssohe
tenperature and pressure of second colum 108 may vary, when at atnospheric
pressure the tenperature of the second residue exiting in line 118 from
second colum 108 preferably is from60C to 90C, e.g., from 70C to 90C or
from80C to 90C. The tenperature of the second distillate exiting in |line
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column 107 also forms an overhead distillate, which is withdrawn in line 117, 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.
[0079] Any of columns 107, 108 , 109, or 123 may comprise any distillation column capable
of separation and/or purification. The columns preferably comprise tray columns having from
1 to 150 trays, e.g., from 10 to 100 trays, from 20 to 95 trays or from 30 to 75 trays. The trays
may be sieve trays, fixed valve trays, movable valve trays, or any other suitable design known
in the art. In other embodiments, a packed column may be used. For packed columns,
structured packing or random packing may be employed. The trays or packing may be arranged
in one continuous column or they may be arranged in two or more columns such that the vapor
from the first section enters the second section while the liquid from the second section enters
the first section, etc.
[0080] 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 FIG. 1.
As shown in FIG. 1, 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 one flasher are shown in FIG. 1, additional reactors, flashers, condensers, heating
elements, and other 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,
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WO 2012/ 018960PCT/ US2011/ 046502 [ 0092] The weight ratio of ethanol in the
second residue to ethanol in the second distillate preferably is at |east
3:1, e.g.woaniassb 6:1, at least 8:1, at |east 10:1 or pat/use@34asb2 1. The
wei ght ratio of ethyl acetate in the second residue to ethyl acetate in the
second distillate preferably is less than 0.4:1, e.g., less than 0.2:1 or

|l ess than 0.1:1. In enbodinents that use an extractive colum with water as
an extraction agent as the second colum 108, the weight ratio of ethyl
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pressure. The tenperature of the third distillate exiting in line 119 from

third cadtenmi at ot lorafoarand|the pressuroeh @hnn.olnlaidTionefagd ratés way Y&E t o 100C or
from75C to.95C. ,The t eratur.e of the third residue exitin romthird
o urm e ierbpg s of TRk S Br DlastF e trafy B o, GherblMbORRER: o,
85C t 0 td @bfermy\bERed WRichOtaidR | S operated at atnospheric pressure. Exenplary
conponents of the distillate and residue conpositions for third colum 109

are prdW&dd Whemmedmand 0péy eerated udes sieaddyé amsehetcagdssurrathe thiaperagis of at e

and resj due. . > i ther c \ - Ot hLi ~nsdch a

o ooraheHEiB Y2 GRN G o B RO RARE MRy 5 T 3580 Rl o Ry
COLUWN 138 to [ MCC%r Gnc 1 1 (P8 to %l SancThd wtnp%at@ia of tHel cHitHlateEdﬁﬂﬁ[g)ihlﬁletlw 9680
to 9685 to 96 Water<121 to 93 t008 Acetj)c Aci d< 106001 to 0. 10.0005 to 0.01
Et hyl Atwt selaesd Ygpreteigblios oem §°8 tRdd{ due-2-viemar/?5C 10 9160801em 395080 t o
100

part

90°C. In other embodiments, the pressure of first column 107 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 first column 107 are provided in Table 3 below. It
should also be understood that the distillate and residue may also contain other components, not
listed, such as components in the feed. 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.
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Et hanol <0.80.001 to 0.50.005 to 0.05 Ethyl Acetate<10.001 to 0.50.005 to
0.2 Acetic Acid<20.001 to 0.50.005 to 0.2 [0094] The ethanol conposition
may conprweeotdmasdenpuriti es di scussed above. The et hanolPCrarsp@giotéson, in
sone enbodi nents, may further conprise other conpounds that result fromthe
reaction or separation processes. These ot her conpounds may be carried
through the distillation process fromthe feed or crude reaction product

may generally remain in the third distillate in small anounts. For exanpl e,
t he other conpounds may be present 1 n anpunts Tess 0.1 w.% based on the
total weight of the third di stillaté dsi tion, e.g., less than 0.05 wt.%
or less than 0.02 wt.% In one eKHR¥I UMNe or nore side streams may
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(e.g., ZAxefalddhstdé ng col utm) or<idl ecul ar si ePd¥l t([)6096] Ret ur fi0hgo #o0 second
col um A&l the second distild@ie preferably «9.Irefl uxed as shéwWwd in FIG
1, for sxampl e, at a reflux katdo of from D;000t40.030: 1, e. .ol for@msL: 5 to

5:1 or from1l:3 to 3:1. The second di stiIIate may be fed via line 120 to
fourthgQjguem 123, also referred to as the "acetal dehyde renoval col um. -

I n fourmm 123 the seggr&gl(gj stillate |§q§)egarated into 3 rth

distill h conprises acefal dehyde, | 124 and a rih residue,
whi ch ‘%“} ses ethyl acetat e,< in l'ine 125 + BEourth di sti I]IOtut
pref erz e ‘ ' 046502

of from120 to 20:1, e.g., froml 15 to 151 or froml 10 to 10 1, and a
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detect a nmount cetal dehyde is present in the residue of colum 123.
[0098] © E‘Hﬂ?‘? %rﬂﬁﬁnigtglﬁ%,cew%rve%ewﬁ%WtB%lwcor um as described above and
preferably operates above atnospheric pressure. In one enbodi nent, 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. IKO&A pikder Bedi@hbodlent the fourth col utm 123
may operate at a pressure that is higher than the pressure of the other

col um 099] Theterrpe f the fourth distil]ate exitjng in |line
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fourth colu 5 preferably 1s from70Cto 115C, e.g., from80C to 110C or
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Conc. (wt.%9 Conc. (w.% Conc. (Wt.% Distillate Acet al dehyde 2 to 80 2
to 50 5 to 40 Ethyl Acetate <90 30 to 80 40 to 75
WO 2012/018960 PCT/US2011/046502

acetate may form at the expense of ethanol. Thus, shorter residence times between reaction
zone 101 and distillation zone 102 are generally preferred in order to maximize the amount of
ethanol formed. In one embodiment, a holding tank (not shown), is included between the
reaction zone 101 and distillation zone 102 for temporarily storing the liquid component from
line 115 for up to 5 days, e.g., up to 1 day, or up to 1 hour. In a preferred embodiment no tank
is included and the condensed liquids are fed directly to the first distillation column 107. In
addition, the rate at which the non-catalyzed reaction occurs may increase as the temperature of
the crude ethanol product, e.g., in line 115, increases. These reaction rates may be particularly
problematic at temperatures exceeding 30°C, e.g., exceeding 40°C or exceeding 50°C. Thus, in
one embodiment, the temperature of liquid components in line 115 or in the optional holding
tank is maintained at a temperature less than 40°C, e.g., less than 30°C or less than 20°C. One
or more cooling devices may be used to reduce the temperature of the liquid in line 115.

[0086] As discussed above, a holding tank (not shown) may be included between the reaction
zone 101 and distillation zone 102 for temporarily storing the liquid component from line 115,
for example from 1 to 24 hours, optionally at a temperature of about 21°C, and corresponding
to an ethyl acetate formation of from 0.01 wt.% to 1.0 wt.% respectively. In addition, the rate
at which the non-catalyzed reaction occurs may increase as the temperature of the crude ethanol
product is increased. For example, as the temperature of the crude ethanol product in line 115
increases from 4°C to 21°C, the rate of ethyl acetate formation may increase from about 0.01
wt.% per hour to about 0.005 wt.% per hour. Thus, in one embodiment, the temperature of
liquid components in line 115 or in the optional holding tank is maintained at a temperature less
than 21°C, e.g., less than 4°C or less than -10°C.

[0087] In addition, it has now been discovered that the above-described equilibrium reaction
may also favor ethanol formation in the top region of first column 107.

[0088] The distillate, e.g., overhead stream, of column 107 optionally is condensed and
refluxed as shown in FIG. 1, preferably, at a reflux ratio of 1:5 to 10:1. The distillate in line
117 preferably comprises ethanol, ethyl acetate, and water, along with other impurities, which
may be difficult to separate due to the formation of binary and tertiary azeotropes.

[0089] The first distillate in line 117 is introduced to the second column 108, also referred to
as the “light ends column,” preferably in the middle part of column 108, e.g., middle half or

middle third. As one example, when a 25 tray column is utilized in a column without water
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Et hanol <30 0.001 to 25 0.01 to 20 Water <25 0.001 to 20 0.01 to 15 Resi due
Et hyl Acetate 40 to 100 50 to 100 60 to 100
WO 2012/018960 PCT/US2011/046502

extraction, line 117 is introduced at tray 17. In one embodiment, the second column 108 may
be an extractive distillation column. In such embodiments, an extraction agent, such as water,
may be added to second column 108. If the extraction agent comprises water, it may be
obtained from an external source or from an internal return/recycle line from one or more of the
other columns.

[0090] Second column 108 may be a tray column or packed column. In one embodiment,
second column 108 is a tray column having from 5 to 70 trays, e.g., from 15 to 50 trays or from
20 to 45 trays.

[0091] Although the temperature and pressure of second column 108 may vary, when at
atmospheric pressure the temperature of the second residue exiting in line 118 from second
column 108 preferably is from 60°C to 90°C, e.g., from 70°C to 90°C or from 80°C to 90°C.
The temperature of the second distillate exiting in line 120 from second column 108 preferably
is from 50°C to 90°C, e.g., from 60°C to 80°C or from 60°C to 70°C. Column 108 may operate
at atmospheric pressure. In other embodiments, the pressure of second column 108 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 for the distillate and residue compositions for second column 108 are provided in
Table 4 below. It should be understood that the distillate and residue may also contain other

components, not listed, such as components in the feed.

TABLE 4
SECOND COLUMN

Conc. (wt.%) Conc. (wt.%) Conc. (wt.%)
Distillate
Ethyl Acetate 10 to 90 251090 50 to 90
Acetaldehyde 1 to 25 1to 15 1to8
Water 1to25 1to 20 41016
Ethanol <30 0.001 to 15 0.01to5
Acetal <5 0.001 to 2 0.01to1
Residue
Water 30 to 70 30 to 60 30 to 50
Ethanol 20to 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
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Et hanol <40 0.001 to 30 0 to 15 Water <25 0.001 to 20 2 to 15 Acetal dehyde
<1 0.001 to 0.5 Not detectable Acetal <3 0.001 to 2 0.01 to 1
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[0092] The weight ratio of ethanol in the second residue to ethanol in the second distillate
preferably is at least 3:1, e.g., at least 6:1, at least 8:1, at least 10:1 or at least 15:1. The weight
ratio of ethyl acetate in the second residue to ethyl acetate in the second distillate preferably is
less than 0.4:1, e.g., less than 0.2:1 or less than 0.1:1. In embodiments that use an extractive
column with water as an extraction agent as the second column 108, the weight ratio of ethyl
acetate in the second residue to ethyl acetate in the second distillate approaches zero.

[0093] As shown, the second residue from the bottom of second column 108, which
comprises ethanol and water, is fed via line 118 to third column 109, also referred to as the
“product column.” More preferably, the second residue in line 118 is introduced in the lower
part of third column 109, e.g., lower half or lower third. Third column 109 recovers ethanol,
which preferably is substantially pure other than the azeotropic water content, as the distillate
in line 119. The distillate of third column 109 preferably is refluxed as shown in FIG. 1, for
example, at a reflux ratio of from 1:10 to 10:1, e.g., from 1:3 to 3:1 or from 1:2 to 2:1. The
third residue in line 121, which preferably comprises primarily water, preferably is removed
from the system 100 or may be partially returned to any portion of the system 100. Third
column 109 is preferably a tray column as described above and preferably operates at
atmospheric pressure. The temperature of the third distillate exiting in line 119 from third
column 109 preferably is from 60°C to 110°C, e.g., from 70°C to 100°C or from 75°C to 95°C.
The temperature of the third residue exiting from third column 109 preferably is from 70°C to
115°C, e.g., from 80°C to 110°C or from 85°C to 105°C, when the column is operated at
atmospheric pressure. Exemplary components of the distillate and residue compositions for
third column 109 are provided in Table 5 below. It should be understood that the distillate and

residue may also contain other components, not listed, such as components in the feed.
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Conmponent Conc. (wm.% Conc. (Wm.% Conc. (w.% Ethanol 92 to 96 93 to 96
95 to 96 Water <8 <5 <2 Acetic Acid <1 <0.1 <0.01
WO 2012/018960 PCT/US2011/046502

of from 1:20 to 20:1, e.g., from 1:15 to 15:1 or from 1:10 to 10:1, and a portion of the fourth
distillate is returned to the reaction zone 101 as shown by line 124. For example, the fourth
distillate may be combined with the acetic acid feed, added to the vaporizer 110, or added
directly to the reactor 103. As shown, the fourth distillate is co-fed with the acetic acid in feed
line 105 to vaporizer 110. Without being bound by theory, since acetaldehyde may be
hydrogenated to form ethanol, the recycling of a stream that contains acetaldehyde to the
reaction zone increases the yield of ethanol and decreases byproduct and waste generation. In
another embodiment (not shown in the figure), the acetaldehyde may be collected and utilized,
with or without further purification, to make useful products including but not limited to n-
butanol, 1,3-butanediol, and/or crotonaldehyde and derivatives.

[0097] The fourth residue of fourth column 123 may be purged via line 125. The fourth
residue primarily comprises ethyl acetate and ethanol, which may be suitable for use as a
solvent mixture or in the production of esters. In one preferred embodiment, the acetaldehyde
is removed from the second distillate in fourth column 123 such that no detectable amount of
acetaldehyde is present in the residue of column 123.

[0098] Fourth column 123 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 fourth column 123 may operate at a pressure that is higher than the pressure of
the other columns.

[0099] The temperature of the fourth distillate exiting in line 124 from fourth column 123
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 from fourth column 125 preferably is from 70°C to 115°C,
e.g., from 80°C to 110°C or from 85°C to 110°C. Exemplary components of the distillate and
residue compositions for fourth column 123 are provided in Table 6 below. It should be
understood that the distillate and residue may also contain other components, not listed, such as

components in the feed.
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Et hyl Acetate <2 <0.5 <0.05 Acetone <0.05 <0.01 <0.005 Isopropanol 0.0095
to 0.1 0.01 to 0.08 0.011 to 0.04 n-propanol <0.5 <0.1 <0.05

WO 2012/018960 PCT/US2011/046502
TABLE 6
FOURTH COLUMN
Conc. (wt.%) Conc. (wt.%) Conc. (wt.%)

Distillate
Acetaldehyde 2 to 80 210 50 5to 40
Ethyl Acetate <90 30 to 80 40 to 75
Ethanol <30 0.001 to 25 0.01 to 20
Water <25 0.001 to 20 0.01to 15
Residue
Ethyl Acetate 40 to 100 50 to 100 60 to 100
Ethanol <40 0.001 to 30 0to 15
Water <25 0.001 to 20 2to 15
Acetaldehyde <1 0.001 to 0.5 Not detectable
Acetal <3 0.001 to 2 0.01to 1

[00100] Although one reactor and one flasher are shown in FIG. 1, additional reactors and/or
components may be included in various optional embodiments of the present invention. FIG. 2
represents a hydrogenation system 100’ that comprises dual reactors 103, 103°, dual flashers
106, 106°, heat exchanger 130, and pre-heater 131. In this embodiment, acetic acid in line 105,
along with the recycled acetic acid in line 116 and recycled acetaldehyde from line 124, are
heated in a heat exchanger 130 and sent to vaporizer 110 via line 132. The temperature of the
contents of line 132 preferably is from 30°C to 150°C, e.g., from 50°C to 130°C or from 75°C
to 120°C. Hydrogen is fed via line 104 to vaporizer 110, which forms vaporized stream 111.
Vaporized stream 111 passes through pre-heater 131, which further heats stream 111 to a
temperature of preferably from 200°C to 300°C, e.g., from 210°C to 275°C or from 220°C to
260°C. The heated stream is then fed to first reactor 103. In order to control the reaction
exotherm, the crude reaction mixture is removed from first reactor 103 via line 133 and cooled
before being fed to a second reactor 103°, such that the temperature of the reactants and
products in contact with the catalyst is maintained at or below 310°C in order to minimize the
formation of undesired byproducts including methane, ethane, carbon dioxide, and/or carbon
monoxide. Additionally, above about 320°C corrosion can become severe necessitating the use
of exotic and expensive alloy materials. The temperature of the contents in line 133 after
cooling preferably is from 200°C to 300°C, e.g., from 210°C to 275°C or from 220°C to 260°C.

The reactors 103 and 103 may be the same size and configuration or they may be of different
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C4 al cohols <0.01 <0.005 <0.003 C5 al cohol s <0.003 <0.0015 <0.0005 C2+
al cohols <0.75 <0.5 <0.1 Acetal dehyde <0.001 <0. 0005 <0.0002
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size and configuration. Each reactor preferably contains the same type of catalyst, although
additional and/or different catalysts may be used for each reactor. As an example, the catalysts
mentioned above may be utilized. Also, mixtures of catalysts, mixtures of catalysts and inert
materials, and/or catalysts with differing active metal concentrations may be utilized. For
example, the catalyst may include the same types of metal in varying metal ratios. A crude
ethanol product is withdrawn, preferably continuously, from reactor 103’ via line 112 and
passes as a heating medium through heat exchanger 130 before being condensed and fed to first
flasher 106. Thus, heat from the crude ethanol product advantageously may be employed to
preheat the acetic acid feed prior to its introduction into vaporizer 110. Conversely, the acetic
acid feed may be used as a cooling medium to cool the crude ethanol product prior to its
introduction to first flasher 106. The vapor stream exiting the first flasher comprises hydrogen
and hydrocarbons, which may be purged and/or returned to reaction zone 101 via line 113. As
shown in FIG. 2, at least a portion of the recycled vapor stream passes through compressor 114
and is co-fed with the hydrogen (or combined with hydrogen and then co-fed) to vaporizer 110.
[00101] The remaining liquid in flasher 106 is withdrawn via line 134 and fed to a second
flasher 106’ to remove any residual vapor that is dissolved in the liquid. Second flasher 106’
may operate at a lower temperature and/or pressure than the first flasher 106. In one
embodiment, the temperature of second flasher 106° preferably is from 20°C to 100°C, e.g.,
from 30°C to 85°C or from 40°C to 70°C. In one embodiment, the temperature of second
flasher 106” preferably is at least S0°C lower than first flasher 106, e.g., at least 75°C lower or
at least 100°C lower. The pressure of second flasher 106’ preferably is from 0.1 kPa to 1000
kPa, e.g., from 0.1 kPa to 500 kPa or from 0.1 kPa to 100 kPa. In one embodiment, the
pressure of second flasher 106” preferably is at least 50 kPa lower than first flasher 106, e.g., at
least 100 kPa lower or at least 200 kPa lower. The vapor stream 135 exiting the second flasher
may comprise hydrogen and hydrocarbons, which may be purged and/or returned to the
reaction zone in a manner similar to that of the first flasher 106. The remaining liquid in
flasher 106’ is withdrawn and pumped via line 115 to the side of the first column (not shown in
FIG. 2) and is further purified to form an ethanol product stream, i.e., “finished ethanol,” as

described, for example, in connection with FIG. 1.
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D et hyl acetal <0.001 <0.0005 <0.0002 Methanol <0.005 <0.004 0 Butanol
<0. 002 <0.0001 0 2-Butanol <0.008 <0.0008 O
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Finished Ethanol Composition

[00102] The finished ethanol compositions obtained by the processes of the present invention
preferably comprises ethanol, water and minor amounts of isopropanol. As indicated above,
preferably, the ethanol composition is primarily ethanol and contains from 92 wt.% to 96 wt.%
ethanol, e.g., from 93 wt.% to 96 wt.%, or from 95 wt.% to 96 wt.%. In addition, the amount
of isopropanol in the ethanol composition ranges from 95 wppm to 1,000 wppm, e.g., from 110
wppm to 800 wppm, or from 110 wppm to 400 wppm.

[00103] In another embodiment, the ethanol composition comprises less than 270 wppm n-
propanol and isopropanol, combined, e.g., less than 200 wppm. In terms of ranges, the ethanol
composition comprises from 95 wppm to 270 wppm n-propanol and isopropanol, combined,
e.g., from 100 wppm to 250 wppm, or from 120 wppm to 200 wppm. In preferred
embodiments, the ethanol compositions the total amount of isopropanol and n-propanol is less
than 1,000 wppm, generally, e.g., less than 400 wppm or less than 200 wppm.

[00104] In another embodiment, the ethanol composition comprises ethanol, isopropanol,
and a low amount of alcohols other than ethanol and isopropanol, e.g., methanol, n-propanol,
and Cy44 alcohols. In one embodiment, the ethanol composition comprises less than 350 wppm
alcohols other than ethanol and isopropanol, e.g., less than 300 wppm or less than 275 wppm.
In terms of ranges, the composition may comprise alcohols other than ethanol and isopropanol
in amounts ranging from 1 wppm to 350 wppm, e.g., 100 wppm to 325 wppm.

[00105] In addition, the ethanol compositions may comprise small amounts of various
organic impurities. Examples of these impurities include acetaldehyde, acetic acid, diethyl
acetal, ethyl acetate, n-propanol, methanol, butanol, 2-butanol, isobutanol, isoamyl alcohol,
amy]l alcohol, benzene and mixtures thereof. In a preferred embodiment, the inventive ethanol
composition comprises low amounts of the organic impurities, e.g., less than 1 wt.% of organic
impurities, less than 0.75 wt.%, or less than 0.5 wt.%. In another embodiment, the inventive
ethanol composition comprises low amounts, if any, Cs alcohols. For example, the ethanol
composition may comprise less than 0.005 wt.% Cs alcohols, e.g., less than 0.001 wt.% or less
than 0.0005 wt.%. In one embodiment, the ethanol composition comprises from 50 wppm to
1.5 wt.% branched alcohols, e.g., from 100 wppm to 1 wt.%. In one embodiment, these
branched alcohols do not include isopropanol. Exemplary weight percentages for individual

components are provided in Table 7.
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| sobut anol <0.02 <0.003 O Isoanyl alcohol <0.02 <0.0009 0 Anyl al cohol
<0.02 <0.0004 0 [00106] In other enbodinents, the ethanol conposition
conpr i seswoenie/digegoanounts of nmetals, if any, e.g., thePCmusSeaiinesser hano
conposition conprises substantially no netals. For exanple, the inventive
et hanol conposition, in one enbodi nent, conprises |less than 10 wppm copper,
e.g., less than 1 wppm Iless than 0.1 wppm or |ess than 0.05 wppm In one
enbodi ment, the ethanol conposition conprise substantially no copper,
preferably the ethanol conposition conprises no copper. In one enbodi nent,
the inventive ethanol conposition ch s és substantially no heavy netals.

[00107] In one enmbodi mepyNISHEDEE TAANOET QNP OSANONNPr i ses very | ow
anounts of inorganics. For exanple, the ethanol conposition nmay conprise
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mllion, the etWarol conpositionr@ay conprise | ess than 40 wppm
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Isopropanol 0.0095 to 0.1 0.01 to 0.08 0.011 to 0.04
n-propanol <0.5 <0.1 <0.05
C4 alcohols <0.01 < 0.005 < 0.003
Cs alcohols <0.003 <0.0015 <0.0005
Cy4+ alcohols <0.75 <0.5 <0.1
Acetaldehyde <0.001 <0.0005 <0.0002
Diethyl acetal <0.001 <0.0005 <0.0002
Methanol <0.005 <0.004 0
Butanol <0.002 <0.0001 0
2-Butanol <0.008 <0.0008 0
Isobutanol <0.02 <0.003 0
Isoamyl alcohol <0.02 < 0.0009 0
Amyl alcohol <0.02 < 0.0004 0

[00106] In other embodiments, the ethanol composition comprises very low amounts of
metals, if any, e.g., the inventive ethanol composition comprises substantially no metals. For
example, the inventive ethanol composition, in one embodiment, comprises less than 10 wppm
copper, €.g., less than 1 wppm, less than 0.1 wppm, or less than 0.05 wppm. In one
embodiment, the ethanol composition comprise substantially no copper, preferably the ethanol
composition comprises no copper. In one embodiment, the inventive ethanol composition
comprises substantially no heavy metals.

[00107] In one embodiment, the ethanol composition comprises very low amounts of
inorganics. For example, the ethanol composition may comprise less than 20 mg/liter of
chlorine/chloride, e.g., less than 10 mg/liter, less than 8 mg/liter or less than 5 mg/liter. In
terms of parts per million, the ethanol composition may comprise less than 40 wppm
chlorine/chloride, e.g., less than 20 wppm or less than 10 wppm. In one embodiment, the
ethanol composition comprise substantially no chlorine, preferably the ethanol composition

comprises no chlorine.
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dehexani zer over hea eans ocracker topper I1ght naphtha,
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i sopropanol, in the anmounts discussed herein. In sonme enbodi nents the fuel
conposition conprises non-in situ- forned al cohol s, e.g., outside al cohols
are added to the fuel conposition ne enbodlnent the fuel conposi tion
conprises both in situ-forned |soprop£ ol and non-in situ-forned

i sopropanol, e.g., outside isopropanol. Conventional ethanol conpositions
do not conprise in situ formed i sopropanol in the anounts discl osed herein.
Anhydr ous Et hanol Production [00116] Reference is now nade to FIGS. 4A and
4B. Should |t be reqU|red to neet the perfornance speC|f|cat|ons for
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[00119] In FIG 4A, the distillate fromthird colum 109, which conprises
et hanol /wat er azeotrope, nmay be fed, e.g., via line 119, to fourth colum
122, al sowoebevmemwot o as the "finishing col um. - Fourt hPcolusami1h26¢501 urt her
separates, e.g., distills, water fromthe water/ethanol azeotrope in the
third distillate. As a result, fourth colum 122 recovers ethanol that has
been further dehydrated as the fourth distillate in line 126. [00120]
Preferably, fourth colum 122 is an extractive distillation colum that
enpl oy hefin. €Kk @Gt RGP&hardN doRp&fi@dRRkbYpreReERIAS s@tseqiidibls BB Sldnded
pressure. Extractive distillation is a vapor-liquid separation process,

whi ch edsganlingder digsshiel. doraremel at dteipmakblesding hecky Eiraise pamoter seliitles.y of
the co a d Iectlve
ni'gh borT g Lah R RGNS, gt FIE ook o ef M o B BRopReBir e’ ana,
hence, anammease the separatlon factor of the conmponents. The additi onal
conmponent nay iquid solvent, an ionic liquid, a dlssolved salt, a

mi xt ur éo‘blf“\]/olhéfhel @ Sr iQ) atltfoee f/@HtenhFrgulfiens Flt;ﬁ'efé‘11§1%ﬂdtet a9p] ¢RpRASEIoRA Ak d
pol ymerye 109 %\?ﬂ‘h]a‘t faur it &y 9 | 44t o 21%1?10 £ 8680k ¥cGARP rT&%a}Il Sl don &n‘éég
trays, e.g. oml tol()m rom to7 trays. As 1 ndicate

trays mub&o@lbwablerfag/lsienﬁtumd1s\A:alNetbt f &yl %. Mindicated above, allowable

2012/ 018960PCT/ US 011/046502 novabl e v tra or, a r..suitabl e
desi gn CRHOHRITSANG REIE (0 MENahFARyF- SRt Do Ugeod vARIRHERiE, buc are
not | i mutedni® AN PR06IKHEMOblen@AKAL iRGudeBG HEXGNENitetNS, Ak 1HA
distillate in [ine 119 may be introduced to fourth colum 122 at any |evel.
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part of fourth col he m ddle half .or third. [00122]
o one sariieiee: T8 B Firhep S TafRa S b ialh Bt Biise ot - Log
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enbodi ments, the nol ecul ar sieves separate additional water fromthe third
di sti | napkihi.geformatetpbiene and bwanesisedsment s, nol ecul ar si eve unit 124 may
be use C b |4 General ly
speaki ﬂg‘?ﬂtsﬁe%q 5 é%mﬁ(gc%)hlgntéa{y1H9&1tt1'\/g@th\§1161r1:0}n3>%51g09 ss&nﬂ%lng@u a@I}u%ll ave bed
(not showmppsitibm AReneaogileehd fuct dftenmitﬁmuh@r caEn@ike s faclecagloasitadd tie r enove
one or nore |W£ur|t|es that may exist in the third distillate. The
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adsor bei‘fﬂ%ﬁop%tﬁ@lheﬁs olilstdel isUPr&pHner. | Ashvedfibal ethgﬁdl,coel%tlttetse& & UBpase gnd/ or
bi o- bas dsorbents such as corn grits, may be utilized. In a preferred
enmbodi méntformedligpndranokingheameunts dizdosedrhsvas. wat er fromthe third

dlstlllate in Qe a th di scussed above. [00123] In addition, other
separaﬁ?%#—ﬁ%?i%——%ﬂgL——§§Wydrat|ng units, such as desiccant systems and/or
menbr an@) Byt ReerefiR)s Bew wsrld to BIGHera i 413 askoud itWe redquitdnp uRet then Wit h

t he f|n|sh|ng columm and/or the nol ecul ar sieve unit discussed above. |f

nul t i plperfaerdnge spqcHicatinng fr deratyred [fuct ethanelpgichapfipsa el A§TYRFEQ-1 ber athenf

t he sa t i
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a bed within the finishing colum at the upper portion thereof
[ 00124]°ThEPAERORYE AFFUR-AF- eear@aﬁi@tlﬁ sthalb(ﬁ&eeeeetg(m nd) Q}tténabféatl%ptﬁte? rther
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azeotropic distillation system in one enbodi ment, conprises one or nore
distillation colums, e.g., two or nore or three or nore. [00125] Menbrane
separation, e.g., nenbrane pervaporatign, may al so be an effective and
ener gy-savi ng process for separating é eotropic m xtures. Cenerally

speaki ng, pervaporation is based on the solution-diffusion nechanism which
relies on the gradient of the chem cal potential between the feed and the
perneate sides of the nenbrane. The nenbranes, in one enbodi nent, nay be
hydrophlllc or hydrophoblc Preferably, the nenbranes are hydrophlllc or
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WO 2012/ 018960PCT/ US2011/ 046502 et hanol, the water, and various inpurities
that nmay be present in small anmounts, if at all, are provided belowin
Tabl e 8. WABLB/B8%NHYDROUS ETHANOL COMPOSI TI ONS ConponeRrCTIs2eL1/0§46502 %)
Conc. (wt.% Conc. (w.% Ethanol 95 to 100 95 to 99.99 99 to 99.90 Vater
0.0001 to 1 0.001 to 0.5

4,559,109; 4,654,123; and 6,375,807. The entireties of these patents are hereby incorporated by
reference.

[00117] Typically, the water and the ethanol in the third distillate form a water/ethanol
azeotrope. In one embodiment, the dehydrators of the present invention remove the water from
the water/ethanol azeotrope in the third distillate. For example, the dehydration may remove at
least 50 wt.% of the water from the third distillate, e.g., at least 75 wt.%, at least 90 wt.%, at
least 95 wt.%, or at least 99 wt.%. In terms of ranges, the dehydration removes from 50 wt.% to
100 wt.% of the water from the third distillate, e.g., from 75 wt.% to 99.9999 wt.%., from 90
wt.% t0 99.999 wt.%, from 90 wt.% to 99.99 wt.%, from 90 wt.% to 99.9 wt.%, or from 90
wt.% to 99.5 wt.%. The removal of this water from the third distillate results in the formation
of the anhydrous ethanol composition.

[00118] Water-containing stream 128 exiting the dehydrator(s) comprises primarily water,
e.g., at least 50 wt.% water, e.g., at least 75 wt.%, at least 90 wt.%, at least 95 wt.%, or at least
99 wt.%, and preferably is removed from system 100. In one embodiment, the fourth residue
128 may be partially returned to any portion of system 100. In a preferred embodiment, the
water may be utilized as an extraction agent in any one of the columns, e.g., second column
108.

[00119] In FIG. 4A, the distillate from third column 109, which comprises ethanol/water
azeotrope, may be fed, e.g., via line 119, to fourth column 122, also referred to as the “finishing
column.” Fourth column 122 further separates, e.g., distills, water from the water/ethanol
azeotrope in the third distillate. As a result, fourth column 122 recovers ethanol that has been
further dehydrated as the fourth distillate in line 126.

[00120] Preferably, fourth column 122 is an extractive distillation column that employs an
extraction agent and preferably operates at atmospheric pressure. Extractive distillation is a
vapor—liquid separation process, which uses an additional component to increase the relative
volatility of the components to be separated. In extractive distillation, a selective high boiling
solvent is utilized to alter the activity coefficients and, hence, increase the separation factor of
the components. The additional component may be a liquid solvent, an ionic liquid, a dissolved
salt, a mixture of volatile liquid solvent and dissolved salt, or hyperbranched polymer.

[00121] Fourth column 122 preferably comprises from 1 to 150 trays, e.g., from 10 to 100 or

from 20 to 70 trays. As indicated above, the trays may be sieve trays, fixed valve trays,
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0.001 to 0.05 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
WO 2012/018960 PCT/US2011/046502

movable valve trays, or any other suitable design known in the art. Exemplary extraction agents
may include, but are not limited to glycols, glycerol, gasoline, and hexane. The third distillate
in line 119 may be introduced to fourth column 122 at any level. Preferably, line 119 is
introduced into the fourth column 122 in the middle part of fourth column 122, e.g., the middle
half or middle third.

[00122] In one embodiment, as shown in FIG 4B, the distillate from third column 109 is fed
to a molecular sieve unit 124 comprising molecular sieves. In these embodiments, the
molecular sieves separate additional water from the third distillate in line 119. In some
embodiments, molecular sieve unit 124 may be used in place of or in conjunction with the
finishing column. Generally speaking, the molecular sieves may be configured in a molecular
sieve bed (not shown). In one embodiment, the molecular sieves are selected to remove one or
more impurities that may exist in the third distillate. The selection criteria may include, for
example, pore size and volume characteristics. In one embodiment, the molecular sieve
material is selected to remove water, acetic acid, and/or ethyl acetate from the third distillate to
form the anhydrous ethanol composition. Suitable molecular sieves include, for example,
zeolites and molecular sieves 3A, 4A and 5A (commercially available from Aldrich). In
another embodiment, an inorganic adsorbents such as lithium chloride, silica gel, activated
alumina, and/or bio-based adsorbents such as corn grits, may be utilized. In a preferred
embodiment, molecular sieve unit 124 removes water from the third distillate in the amounts
discussed above.

[00123] In addition, other separation units, e.g., dehydrating units, such as desiccant systems
and/or membrane systems, may be used, either in place of or in conjunction with the finishing
column and/or the molecular sieve unit discussed above. If multiple dehydrating units are
utilized, the dehydrating units, being of the same or of different type, may be utilized in any
configuration. Preferably, an extractive distillation column and a membrane system are utilized
with one another. Optionally, the molecular sieves are employed in a bed within the finishing
column, e.g., at the upper portion thereof.

[00124] Other exemplary dehydration processes include azeotropic distillation and membrane
separation. In azeotropic distillation, a volatile component, often referred to as an entrainer, is
added to the components to be separated. The addition of the entrainer forms an azeotrope with

the components, thus changing the relative volatilities thereof. As a result, the separation
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<0. 005 Isopropanol <0.5 <0.1 <0.05 n-propanol <0.5 <0.1 <0.05 [00128] In
ot her enbodi nents, the ethanol conposition conprises very |ow anmounts of
metal s, iwoaniz/01826g., the inventive ethanol conpositi onPCOMSRIILH$6502
substantially no netals. For exanple, the inventive ethanol conposition, in
one enbodi nent, conprises |less than 10 wppm copper, e.g., less than 1 wpm
| ess than 0.1 wppm or less than 0.05 wppm In one enbodi nent, the

i nventive ethanol conposition conprises substantially no heavy netals.
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conposition conprises |ess than 30 wopm sul fur, e.qg., less than 10 wppm
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less than Q.3 ng/liter, less than 0.2 ng/lite r less than 0. Jliter
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al cohol s, such as nethanol, butanol, isobutanol, isoanyl alcohol and other
C4- C20 nadnlphisdssire hyuboplerby @ 18lee0 PETmygeaive/ 04e50Hy [tbotatd thideecataghsick @us
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appl i cadQsus Cagnanbydpedigoret hanol conposition may be bl ended with

al | owabl e denaturant, as descri bed above, then subsequently bl ended, such
as at 4001GAdi Aderahydraes cthagok cormpasifions denafiviallyrcoginsise thaped|and £ i anyst or

vehi cl I , ] . noti ves
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| east 1.96 vol. % of an allowabl e fuel denaturant. The naxi num conform ng
anount NSfeihMesRapPebstapsplyaridipussthapg! camnoshiony Far gxmpleg sypbstantailt at ed
above, | g i loj, gasolj.ne

D1 endst e O A B e B B30 PR
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catal yti [ | racked gasoline, streans (e.q.,, cracked naphtha); _.aromatic
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over heads streans, hydrocracker topper |ight napht’ha, reformate, tol uene
and butidtwugh deblas.indicated that water is preferably present in a small amount, in other

embodiments, the anhydrous ethanol composition may be completely anhydrous, e.g.,
containing no detectable water. In these cases conventional water detection methods employed
in the industry may be utilized to measure water content or lack thereof. Preferably, the
anhydrous ethanol composition comprises at least 95 wt.% ethanol, e.g., at least 95 wt.%, at
least 99 wt.%, at least 99.9 wt.%, or at least 99.99 wt.%. Table 6 provides exemplary ranges for
the ethanol concentration in the anhydrous ethanol compositions.

[00127] In addition to the ethanol and, if any, a small amount of water, the anhydrous ethanol
composition may also comprise only trace amounts of other impurities such as acetic acid; Cs;

alcohols, e.g., n-propanol; and/or C4-Cs alcohols. Exemplary compositional ranges for the
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[ 00133] The denatured fuel ethanol conpositions produced in accordance with
the present invention are capable of neeting the Standard Specification for
Denat ur eawbuel2/Esdsanol for Bl ending with Gasolines for BEE/UB01A0GIDL I Ve
Spark lgnition Engi ne Fuel, ASTM D4806-11, the performance requirenments of
which are presented in Table 9, below. W) 2012/018960PCT/ US2011/ 046502
TABLE 9 PERFORVANCE REQUI REMENTS ASTM D4806-11 Limt ASTM Test Met hod

Et hanol , volunme % mn.92. 1D5501 Met hanol, volunme % max.0.5D5501

Sol ventethwash g gaten, 6t 8ius imPirkRQ thdt. mdyese fre SRBRL MMt BFounkO Bl %ré MBS s
%, max.1.0 (1.26)E203 or E1064 I|norganic | ori de, mass ppm (ng/L),

max. 10.p0ovigydirda infalthy §28 Copper, ny/ kg, max0. 1D1688 Acidity (as acetic
acid CH3COCH) mass %. 007 (56)D1613 (ng/L), max pHe6.5 to 9. 0D6423

TABLE 8
ANHYDROUS ETHANOL COMPOSITIONS
Component Conc. (wt.%)  Conc. (wt.%) Conc. (wt.%)

Ethanol 95 to 100 95 t0 99.99 99 to 99.90
Water 0.0001to 1 0.001 to 0.5 0.001 to 0.05
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

[00128] In other embodiments, the ethanol composition comprises very low amounts of
metals, if any, e.g., the inventive ethanol composition comprises substantially no metals. For
example, the inventive ethanol composition, in one embodiment, comprises less than 10 wppm
copper, €.g., less than 1 wppm, less than 0.1 wppm, or less than 0.05 wppm. In one
embodiment, the inventive ethanol composition comprises substantially no heavy metals.
[00129] In one embodiment, the ethanol composition comprises very low amounts of
inorganics. For example, the ethanol composition may comprise less than 10 mg/liter of
chlorine/chloride, e.g., less than 8 mg/liter or less than 5 mg/liter. In terms of parts per million,
the ethanol composition may comprise less than 40 wppm chlorine/chloride, e.g., less than 20
wppm or less than 10 wppm. In one embodiment, the ethanol composition comprises less than
30 wppm sulfur, e.g., less than 10 wppm, less than 7 wppm, less than 5 wppm, or less than 3
wppm. For example, the ethanol composition may comprise less than 4 wppm of sulfate, e.g.,
less than 3 wppm, less than 2 wppm, or less than 1 wppm. In one embodiment, the ethanol
composition comprises less than 0.5 mg/liter of phosphorus, e.g., less than 0.3 mg/liter, less
than 0.2 mg/liter, or less than 0.1 mg/liter

[00130] The anhydrous ethanol compositions of the present invention preferably contain very
low amounts, e.g., less than 0.5 wt.%, of other alcohols, such as methanol, butanol, isobutanol,

isoamyl alcohol and other C4-Cyp alcohols.
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Sul fur, mass ppm max. 30.4D2622, D3120, D5453 or D7039 Total sulfate, mass
ppm max. 1.0 (1.26)Dr318, D7319 or D7328 [00134] In an enbodi nent, the fuel
bl ended evbantloigswnpositi on conprises very | ow anounts eCTrst@ahsgsesni any,
e.g., the fuel blended ethanol conposition conprises substantially no
metal s. I n another enbodi nent, the fuel blended ethanol conposition

conpri ses substantially no heavy netals. For exanple the fuel blended

et hanol conposition is substantially free of |ead, in one enbodi nent,
conpr i §68131¢S The Ry #Bud@hahol eaflpostidhs of IRSEnBIIRRtS oML brest@Savénfion 10
ng/ 1, or less than 5 ng/l. I n one enbodi nent, the fuel blended ethanol
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copper MYPr Yedicdes; piagh a9 agtompbilgs: Gepipefuckermprgssvestean laromotiyrsdetspler . 1n
one e 'ﬂ%ﬂg : uel bl ended et hanol conposition is substantially free
of a gg%%?natfgﬁhgﬁﬂgbdiun1and pot assi um For exanple, the fuel blended

et hanol[0@i32podn thedn.Sc dorponfees td @assent fegnlatiOnnyickanhadiwosrbihamilicompofitisiedi um

and potassiu e.g., le th 8.mg/ kg, less than 5 kg, or less than 2
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t he fuel bIengéd et hanol conposition conprises |less than 15 ng/ kg of a
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al um numydne sedanisc Odtal E@ﬂl/ﬁt)f@dl@ﬂ 8asolife straihs (BleenredehdyhiR]), HomRAsS tion
conprises | ess than 68 kg of a conbination of alum numand silicon,

e.hg. . IselgEatethgasoipe mjﬁmgnglg%@aightamn 28s0Mige Kigeanse Beavyhaaighbrupggakelineor | ess
. | : L
6 oun STt gr e PP G ETRR T EhexehDBr bitihe gt SRR RLTIENTSTRIRER 1 | "

conposilichompbdnprdfe@sitd, @slgerichmd blibbe vgédogs. sodium e.g., |ess than 100
kg, less than 50ng/ kg, or |ess than 10 ng/ kg.. In one enmbodi ment, the
tu@é%b%

ng : )

fuel bil@NPSSl dihggred thanelronypositinas BEHPEAd 1) apcadanse WidiBeI PLssst For
exanpl @yydhign ifd&la !&h@ﬂﬁ&getﬁ{ 5‘9} 8 &i&l‘oﬁibn%f@"ehétﬁ%d'ﬁ%ﬂ?rﬂﬁ%ﬁ fﬁoo my/ kg
vanadi um e.qg., Igss t han 350 ngaﬁg, | ess than 200 ng/ kg or Tess than 150
ng/ kg. Blendamotvitk iGasotived ifoeite, astAeomueie Bpaek dedtiat Fagiod FednposM D480a- 61,
substantialk% free otﬁcalci%g1.For exa Igp iqﬁ quH bl ended et hanol
conpositt§ B EBABeG SEWrIRLLs eicaremyzegce ar (Y- BSIgY: 1ess than 30 my/ kg,
| ess than 15 ng/kg or | ess than 10 ng/kg. In another enbodi ment, the fuel
bl ended et hanol conposition is substantially free of zinc. For exanple, the
fuel blended ethanol conposition conprises |ess than 25 ng/kg zinc, e.g.,

| ess than 15 ng/ kg, or less than 10 ng/kg. [00135] In order that the

i nvention disclosed herein nay be nore efficiently understood, a
non-limting exanple is provided bel ow The follow ng exanpl es descri be
vari ous enbodi nents of the inventive ethanol conposition. WO

2012/ 018960PCT/ US2011/ 046502 Exanpl es Exanple 1 [00136] Several ethanol
conpositions were prepared using the hydrogenati on process described above
as well as the separation process. Crude ethanol products conprising

et hanol, acetic acid, water and ethyl acetate were produced by reacting a
vapori zed feed conprising 95.2 w. % acetic acid and 4.6 w.% water with
hydrogen in the presence of a catalyst conprising 1.6 w.% platinumand 1
W.%tin supported on 1/8 inch calciumsilicate nodified silica extrudates
at an average tenperature of 291C, an outlet pressure of 2,063 KPa.
Unreact ed hydrogen was recycled back to the inlet of the reactor such that
the total H2/acetic acid nmolar ratio was 5.8 at a GHSV of 3,893 hr-1. The
crude et hanol products were purified using a separation schenme havi ng
distillation colums as shown in FIG 1. [00137] Table 10 shows
conpositional data for these ethanol conpositions. The term " C2+ al cohol s"
as used herein relates to al cohols having nore than two carbon atons.
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TABLE 10 FI Nl SHED ETHANCL COWPCSI TI ON RANGES Conponent Avg. Et hanol 92. 7
w. % Water7.4 w. % Acetic Acidl4d wppm Et hyl Acetate70 wppm | sopropanol 110
wppm n- prwpanlidssowppm C4 al cohol s21 wppm C5 al cohol sOPCzASadiaoneshs 291

wppm Acet al dehyde5 wppm Di et hyl

acetal 1 wppm Met hanol not det ect abl e

TABLE 9
PERFORMANCE REQUIREMENTS
ASTM D4806-11

Limit ASTM Test Method

Ethanol, volume %, min. 92.1 D5501
Methanol, volume %, max. 0.5 D5501
Solvent-washed gum content, mg/100 mL, max. 5.0 D381
Water, volume % (mass %), max. 1.0 (1.26) E203 or E1064
Inorganic Chloride, mass ppm (mg/L), max. 10.0 (8) D7319 or D7328
Copper, mg/kg, max 0.1 D1688
Acidity (as acetic acid CH3;COOH) mass % 0.007 (56) D1613
(mg/L), max
pHe 6.51t0 9.0 D6423
Sulfur, mass ppm, max. 304 D2622, D3120,

D5453 or D7039
Total sulfate, mass ppm, max. 1.0 (1.26) D7318, D7319 or

D7328

[00134] In an embodiment, the fuel blended ethanol composition comprises very low
amounts of metals, if any, e.g., the fuel blended ethanol composition comprises substantially no
metals. In another embodiment, the fuel blended ethanol composition comprises substantially
no heavy metals. For example the fuel blended ethanol composition is substantially free of
lead, in one embodiment, comprises less than 20 mg/1 lead, e.g., less than 15 mg/l, less than 10
mg/l, or less than 5 mg/l. In one embodiment, the fuel blended ethanol composition is
substantially free of manganese. For example, the fuel blended ethanol composition comprises
less than 10 mg/l manganese, e.g., less than 6 mg/1, less than 3mg/l, less than 1 mg/l. In one
embodiment, the fuel blended ethanol composition is substantially free of cooper. For
example, the fuel blended ethanol composition comprises less than 0.5 mg/kg copper, or less
than 0.3 mg/kg copper, or less than 0.1 mg/kg copper. In one embodiment, the fuel blended
ethanol composition is substantially free of a combination of sodium and potassium. For
example, the fuel blended ethanol composition comprises less than 10 mg/kg a combination of
sodium and potassium, e.g., less than 8 mg/kg, less than 5 mg/kg, or less than 2 mg/kg. In an
embodiment, the fuel blended ethanol composition is substantially free of'a combination of
calcium and magnesium. For example, the fuel blended ethanol composition comprises less

than 15 mg/kg of a combination of calcium and magnesium, e.g., less than 10 mg/kg, less than
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Conparative Exanple A [00138] Table 11 shows data for a conparative

et hanol conpositions prepared via fernentation of sugarcane. TABLE 11
COVPARATIWA 2BRHABEGL. COVPCOSI TI ON RANGES Conponent Avg.  EBCmarsed19846somt . %
Water6.6 w. % Acetic Acidll wppm Et hyl Acetate51 wppm I sopropanol 2 wppm
n- pr opanol 238 wppm C4 al cohol s35 wppm C5 al cohol s12 wppm C2+ al cohol s288

wppm
5 mg/kg, or less than 2 mg/kg. In another embodiment, the fuel blended ethanol composition is
substantially free of aluminum and silicon. For example, the fuel blended ethanol composition
comprises less than 60 mg/kg of a combination of aluminum and silicon, e.g., less than 50
mg/kg, less than 25 mg/kg, less than 10 mg/kg, or less than 5 mg/kg. In another embodiment,
the fuel blended ethanol composition is substantially free of sodium. For example, the fuel
blended ethanol composition comprises less than 150 mg/kg sodium, e.g., less than 100 mg/kg,
less than 50mg/kg, or less than 10 mg/kg. In one embodiment, the fuel blended ethanol
composition is substantially free of vanadium. For example, the fuel blended ethanol
composition comprises less than 400 mg/kg vanadium, e.g., less than 350 mg/kg, less than 200
mg/kg or less than 150 mg/kg. In another embodiment, the fuel blended ethanol composition is
substantially free of calcium. For example, the fuel blended ethanol composition comprises
less than 50 mg/kg calcium, e.g., less than 30 mg/kg, less than 15 mg/kg or less than 10 mg/kg.
In another embodiment, the fuel blended ethanol composition is substantially free of zinc. For
example, the fuel blended ethanol composition comprises less than 25 mg/kg zinc, e.g., less
than 15 mg/kg, or less than 10 mg/kg.
[00135] In order that the invention disclosed herein may be more efficiently understood, a
non-limiting example is provided below. The following examples describe various

embodiments of the inventive ethanol composition.
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Acet al dehyde29 wppm Di et hyl acetal 59 wppm Met hanol 51 wppm Conparati ve
Exanple B [00139] Table 12 shows data for a conparative ethanol

conposi t iwoxoragened via fernmentati on of nol asses. TABCEUS201COMBRAMRATI VE
ETHANOL COWPOSI TI ON RANCGES Conponent Avg. Ethanol 93.4 w. % Water6.5 wt. %
Acetic Acidl0 wppm Et hyl Acetate |sopropanol 17 wppm

Examples
Example 1
[00136] Several ethanol compositions were prepared using the hydrogenation process
described above as well as the separation process. Crude ethanol products comprising ethanol,
acetic acid, water and ethyl acetate were produced by reacting a vaporized feed comprising
95.2 wt.% acetic acid and 4.6 wt.% water with hydrogen in the presence of a catalyst
comprising 1.6 wt.% platinum and 1 wt.% tin supported on 1/8 inch calcium silicate modified
silica extrudates at an average temperature of 291°C, an outlet pressure of 2,063 KPa.
Unreacted hydrogen was recycled back to the inlet of the reactor such that the total H»/acetic
acid molar ratio was 5.8 at a GHSV of 3,893 hr”'. The crude ethanol products were purified
using a separation scheme having distillation columns as shown in FIG. 1.
[00137] Table 10 shows compositional data for these ethanol compositions. The term “Cy;

alcohols™ as used herein relates to alcohols having more than two carbon atoms.

TABLE 10
FINISHED ETHANOL COMPOSITION RANGES
Component Avg.

Ethanol 92.7 wt.%
Water 7.4 wt.%
Acetic Acid 14 wppm
Ethyl Acetate 70 wppm
Isopropanol 110 wppm
n-propanol 160 wppm
C4 alcohols 21 wppm
Cs alcohols 0

C,+ alcohols 291 wppm
Acetaldehyde 5 wppm
Diethyl acetal 1 wppm

Methanol

not detectable




n- pr opanol 109 wppm C4 al cohol s20 wppm C5 al cohol s11 wppm C2+ al cohol s156
wppm Acet al dehydel8 wppm Di et hyl acetal 55 wppm Met hanol 42 wppm Conparati ve
Exanpl e GvO[20021M8J60 Tabl e 13 shows data for a conparati veCeiusanalo46502
conpositions prepared via FischerTropsch synthesis. TABLE 13 COVPARATI VE
ETHANOL COWVPOSI TI ON RANGES Conponent Avg. Ethanol 93.1 wt. % Water6.9 wt. %

Comparative Example A

[00138]

Table 11 shows data for a comparative ethanol compositions prepared via

fermentation of sugarcane.

TABLE 11
COMPARATIVE ETHANOL
COMPOSITION RANGES
Component Avg.

Ethanol 93.4 wt.%
Water 6.6 wt.%
Acetic Acid 11 wppm
Ethyl Acetate 51 wppm
Isopropanol 2 wppm
n-propanol 238 wppm
C4 alcohols 35 wppm
Cs alcohols 12 wppm
C»+ alcohols 288 wppm
Acetaldehyde 29 wppm
Diethyl acetal 59 wppm
Methanol 51 wppm

Comparative Example B

[00139]

fermentation of molasses.
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Acetic Acid8 wppm Et hyl Acetate C4 al cohol s17 wppm C5 al cohol s5 wppm C2+

al cohol s261 wppm | sopr opanol 10 wppm n- propanol 121 wppm Hi gher al cohol s131
wppm AcetwiDaetydessowppm Di et hyl acetal 10 wppm Met hanol 4@CRASL011WB502

2012/ 018960PCT/ US2011/ 046502 [ 00141] Surprisingly and unexpectedly, the
amount of isopropanol in Exanple 1 is higher than in Conparative Exanpl es
A-C. Also, the anmount of nethanol in Exanple 1 is, advantageously, not
detectable. In contrast, the anmount of nethanol in Conparative Exanples A-C
is significantly higher, e.g., 42 ml,-i@gl 51 wppm Exanple 2 [00142] Crude

et hanol product sanpl es were prepar Zacetic acid hydr ogenati on as

di scussed above. The sanpl escOMPARAGIVE hapAvofceti ¢ aci d, acetal dehyde,

wat er, and ethyl acetate. COMPOSITION RANGES
Component Avg.

Ethanol 93.4 wt.%
Water 6.5 wt.%
Acetic Acid 10 wppm
Ethyl Acetate --
Isopropanol 17 wppm
n-propanol 109 wppm
C4 alcohols 20 wppm
Cs alcohols 11 wppm
C»+ alcohols 156 wppm
Acetaldehyde 18 wppm
Diethyl acetal 55 wppm
Methanol 42 wppm

Comparative Example C

[00140] Table 13 shows data for a comparative ethanol compositions prepared via Fischer-

Tropsch synthesis.
TABLE 13
COMPARATIVE ETHANOL
COMPOSITION RANGES
Component Avg.
Ethanol 93.1 wt.%
Water 6.9 wt.%
Acetic Acid 8 wppm
Ethyl Acetate --
C,4 alcohols 17 wppm
Cs alcohols 5 wppm
C»+ alcohols 261 wppm
Isopropanol 10 wppm
n-propanol 121 wppm
Higher alcohols 131 wppm
Acetaldehyde 4 wppm
Diethyl acetal 10 wppm
Methanol 46 wppm
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[ 00143] Each of the crude ethanol product sanples was purified using first,
second, and third colums as shown in FIG 1A In each case, the third
distill atwp2gizalhisesd fromthe respective crude et hanol prProldSRISANEIE, was
anal yzed. The average conpositional values of the third distillate are
provided in Table 14. TABLE 14 Conponent Third Distillate (avg. w.%

Et hanol 92.27 Water 7.7 Ethyl Acetate 0.008 Acetal dehyde 0.0002 Acetic Acid
0. 0001 I sopropanol

[00141] Surprisingly and unexpectedly, the amount of isopropanol in Example 1 is higher
than in Comparative Examples A-C. Also, the amount of methanol in Example 1 is,
advantageously, not detectable. In contrast, the amount of methanol in Comparative Examples

A-C is significantly higher, e.g., 42 wppm to 51 wppm.

Example 2

[00142] Crude ethanol product samples were prepared via acetic acid hydrogenation as
discussed above. The samples comprised ethanol, acetic acid, acetaldehyde, water, and ethyl
acetate.

[00143] Each of the crude ethanol product samples was purified using first, second, and third
columns as shown in FIG 1A. In each case, the third distillate, yielded from the respective
crude ethanol product sample, was analyzed. The average compositional values of the third

distillate are provided in Table 14.

TABLE 14
Third Distillate
Component (avg. wt.%)
Ethanol 92.27
Water 7.7
Ethyl Acetate 0.008
Acetaldehyde 0.0002
Acetic Acid 0.0001
Isopropanol 0.0118
N-propanol 0.0127
Acetone 0
Acetal 0.0001

[00144] The third distillates, when dehydrated as discussed above, provide for anhydrous
ethanol compositions having the average compositional values are provided in Table 15. As
shown in Table 15, the anhydrous ethanol compositions that may be formed via the inventive
acetic acid hydrogenation and separation steps, comprise ethanol and, if any, a small amount of

water.
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0.0118 N-propanol 0.0127 Acetone 0O Acetal 0.0001 [00144] The third
distillates, when dehydrated as di scussed above, provide for anhydrous

et hanol owopos/tB®Ns havi ng the average conpositional vaCuas2@ane4gnovi ded
in Tabl e 15. As shown in Table 15, the anhydrous ethanol conpositions that
may be formed via the inventive acetic acid hydrogenati on and separation
steps, conprise ethanol and, if any, a small amount of water. WO

2012/ 018960 PCT/ US2011/ 046502 TABLE 15 Conponent Anhydrous Et hanol

TABLE 15
Anhydrous Ethanol
Compositions
Component (avg. wt.%)
Ethanol 99.46
Water 0.50
Ethyl Acetate 0.009
Acetaldehyde 0.0002
Acetic Acid 0.0001
Isopropanol 0.0127
N-propanol 0.0131
Acetone 0
Acetal 0.0001

[00145] While the invention has been described in detail, modifications within the spirit and
scope of the invention will be readily apparent to those of skill in the art.  In view of the
foregoing discussion, relevant knowledge in the art and references discussed above in
connection with the Background and Detailed Description, the disclosures of which are all
incorporated herein by reference. In addition, it should be understood that aspects of the
invention and portions of various embodiments and various features recited below and/or in the
appended claims may be combined or interchanged either in whole or in part. In the foregoing
descriptions of the various embodiments, those embodiments which refer to another
embodiment may be appropriately combined with other embodiments as will be appreciated by
one of skill in the art. Furthermore, those of ordinary skill in the art will appreciate that the

foregoing description is by way of example only, and is not intended to limit the invention.
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Conmpositions (avg. w.% Ethanol 99.46 Water 0.50 Ethyl Acetate 0.009
Acet al dehyde 0. 0002 Acetic Acid 0.0001 Isopropanol 0.0127 N-propanol 0.0131

WO 2012/018960 PCT/US2011/046502
We claim:
1. A denatured fuel ethanol composition for blending with a fuel, comprising:

an ethanol composition comprising at least 92 wt.% ethanol, and from 95 wppm to 850
wppm isopropanol; and

at least 1.96 vol. % fuel denaturant.

2. The composition of claim 1, wherein the fuel denaturant is selected from natural

gasoline, gasoline blendstocks and unleaded gasoline.

3. The composition of claim 1, further comprising less than 1 vol.% water.

4. The composition of claim 3, wherein the weight ratio of isopropanol to water in the

ethanol composition ranges from 1:80 to 1:1000.
5. The composition of claim 1, further comprising one or more organic impurities selected
from the group consisting of acetaldehyde, acetic acid, diethyl acetal, ethyl acetate, n-propanol,

butanol, 2-butanol, isobutanol, and mixtures thereof.

6. The composition of claim 5, wherein the ethanol composition comprises less than 1

wt.% of the one or more organic impurities.

7. The composition of claim 1, wherein the ethanol composition further comprises less

than 10 wppm acetaldehyde.

8. The composition of claim 1, wherein the ethanol composition further comprises less

than 10 wppm of diethyl acetal.

9. The composition of claim 1, wherein the ethanol composition further comprises less

than 300 wppm Cs4to Cs alcohols.
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Acetone 0 Acetal 0.0001 [00145] While the invention has been described in
detail, nodifications within the spirit and scope of the invention wll be
readi |y appanentisiso t hose of skill in the art. In view eCTiUsSeflOtE&SDI Ng

di scussion, relevant know edge in the art and references di scussed above in
connection with the Background and Detail ed Description, the disclosures of
which are all incorporated herein by reference. In addition, it should be
under st ood t hat aspects of the invention and portions of various
erbodi rI%nt S ﬁl@%ov hiift OEng 183 rgﬁlt%ee beoll ggvm %Orfurt'ﬂel €0 PsB? fded
cl ai ms ‘'rmay be conbine érc ange ot e or T In the

f or egoipagpade’s i thasNe@ghtmﬁ) M&E@@b@an@hﬁ&dpﬂ@ﬁ]ﬁ(ﬂ is dthese0.6 mbodl ments which
refer to another enbodi ment nmay be appropriately conbined with other

enbodi ments as will be appreciated by one of skill in the art. Furthernore,
t hose qff or i I

descri pi on 1S pyriatnpl Qo) Shixeitihd AR EGnBh b R R AR e
|nventnmmmntdﬂDOZ@@ﬁﬁﬁﬂB@ﬁ@ﬁmﬂvU82011/046502 W claim 1. A denatured fuel
et hanol conposition for blending with a fuel, conprising: an ethanol

conposi tion conprising at least 92 wt.% ethanol, and from 95 wppmto 850
Wppm i §0pr 0pgRRLMpAAHRbS LISAST, V@‘he?@in\fﬁ’é ethfdi H@Ilnpgsqﬂﬁ{ Hls@hdantially b-ertli‘z%ne
conposition of claim1, wherein the fuel denaturant is selected from

nat ur alfregasol i ne, gasol i ne bl endst ocks and unl eaded gasoline. 3. The
conposition of claim1l1, further conprising less than 1 vol.%water. 4. The
conposition of claim3, wherein the weight ratio of isopropanol to water in
the et hanol 1¢eRBAGLELONof ARGES, k@B IhS88hA] LohPOBtion &mpiies ssh¥pashily on of
claim1l, further conprising one or nore organic inmpurities selected from
the gr@apnetbamsisting of acetal dehyde, acetic acid, diethyl acetal, ethyl
acetate, n-propanol, butanol, 2-butanol, isobutanol, and m xtures thereof

6. The conposition of clain15, wherei n the et hanol conposition conprises

| ess than 1 Te.ckm@bsitibeoDEIRInOT, Widréinahg@ahim] compsditidreSomprises no methanol.

15. The composition of claim 1, wherein the ethanol composition is substantially free of Cs
alcohols.
16. The composition of claim 1, wherein the ethanol composition is not fermentation

derived.

17. The composition of claim 1, wherein the ethanol composition comprises substantially

no chlorine.
18. The composition of claim 1, wherein the ethanol composition comprises no chlorine.

19. The composition of claim 1, wherein the ethanol composition comprises less than 40

wppm chlorine.

20. The composition of claim 1, wherein the ethanol composition comprises substantially
no copper.
21. The composition of claim 1, wherein the ethanol composition comprises no copper.
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7. The conposition of claim1, wherein the ethanol conposition further
conprises less than 10 wppm acet al dehyde. 8. The conposition of claiml,
wher ei n twe 2etd1a8wh conposition further conprises | ess PRAMUSIA Mg of

di ethyl acetal. 9. The conposition of claim1l, wherein the ethanol
conposition further conprises |less than 300 wopm C4 to C5 al cohols. WO
2012/ 018960PCT/ US2011/ 046502 10. The conposition of claim1, wherein the
et hanol conposition further conprises npropanol, wherein the weight ratio
of isopropanol to n-propanol is at least 0.5:1. 11. The conposition of
claim1l1, wherein the ethanol conposition further conprises from95 wppmto
270 wppm of TmepbePasiabn of dizim Thehgopesétha comhpedigbmicprideregs thah he

et hanol conposition is substantially benzene free. 13. The conposition of
cl ai m ZWPPRhEMRPFh t he et hanol conposition conprises substantially no

met hanol . 14. The conposition of claim1, wherein the ethanol conposition
conprises no nethanol. 15. The conposition of claim11, wherein the ethanol
conposi2Bi on lihe cenipstidot bh¢lhiyn 1 rekerah thkbetahed hompositidibeconTfreses autptasiisliyon of

claim1l, erein the ethanol conmposition is not fermentation derived. 17.

The coMfd8i'ti-on of claim 1, wherein the ethanol conposition conprises
substantially no chlorine. 18. The conposition of claim1, wherein the

et hanol conposition conprises no chlorine. 19. The conposition of claim1,
wher ei 24t he Téelvampbsitompbdain brwkoeaprthsebaicd ssmpoamom@myppes ohbdfirne.  20.
The conposition of claim1l, wherein the ethanol conposition conprises
substantially no copper.

25. The composition of claim 1, wherein the ethanol composition comprises less than 50

wppm sulfur.

26. The ethanol composition of claim 1, wherein the ethanol composition comprises

substantially no sulfates.

27. The ethanol composition of claim 1, wherein the ethanol composition comprises no
sulfates.
28. The ethanol composition of claim 1, wherein the ethanol composition comprises less

than 10 wppm sulfates.

29. The composition of claim 1, wherein the ethanol composition comprises substantially

no phosphorus.

30.  The ethanol composition of claim 1, wherein the ethanol composition comprises no
phosphorus.
31. The composition of claim 1, wherein the ethanol composition comprises less than 2

milligrams per liter phosphorus.

32.  The ethanol composition of claim 1, wherein the fuel blended ethanol composition is

substantially lead free.
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21. The conposition of claim1l, wherein the ethanol conposition conprises
no copper. 47 WD 2012/ 018960PCT/ US2011/ 046502 22. The conposition of
claim1l, wbereimnsihe et hanol conposition conprises | essPCmars2@@/ougspm
copper. 23. The conposition of claim1l, wherein the ethanol conposition
conprises substantially no sulfur. 24. The conposition of claim1l1, wherein
t he et hanol conposition conprises no sulfur. 25. The conposition of claim
1, wherein the ethanol conposition conprises |ess than 50 mppn1su|fur. 26.

The ethanol SOUARMELAbRlicERH . WSHS s W08 pRENAnalyROTRESL 4T

conpri Sés substan: No 'Su sSition 'of claim
1, wheremprithdestihantd mgangdsi tion conprises no sulfates. 28. The et hanol
conposition of clain11 wherein the ethanol conposition conprises |ess than
10 wppm sul f at es. The, conposi tion of m 1, wherein the ethanol

conpositi on Tél@ﬁﬂ?apgle@lwgkoaﬁﬁ climy). waesst ilsﬁ%ﬁl blendedsgrharg) gormpisities)

conposb5m>ﬁygﬁagh ﬂ%ih/ﬂ%@{Gln the ethanol conposition conprises no
phosphor us. . gnp03|t|on of claim1, wherein the ethanol

conposi tion conprlses | ess than 2 milligrams per liter phosphorus. 32. The
et hanol35conpdsicthaonl aimmisdiomot clawhdr wheretrhide flugd blapHehelbahad chmpodition

conpos%%hgﬁygﬁam%ﬁi ﬂp&%ﬂ%&%g&%%g free. WD 2012/ 018960PCT/ US2011/ 046502

36.  The ethanol composition of claim 1, wherein the fuel blended ethanol composition

comprises less than 1 mg/l manganese.
37. The ethanol composition of claim 1 is substantially free of heavy metals.

38.  The ethanol composition of claim 1, wherein the fuel blended ethanol composition

comprises less than 0.5 mg/kg copper.

39. The ethanol composition of claim 1, wherein the fuel blended ethanol composition

comprises less than 0.1 mg/kg copper.

40.  The ethanol composition of claim 1, wherein the fuel blended ethanol composition

comprises less than 8 mg/kg of a combination of sodium and potassium.

41. The ethanol composition of claim 1, wherein the fuel blended ethanol composition

comprises less than 5 mg/kg of a combination of sodium and potassium.

42.  The ethanol composition of claim 1, wherein the fuel blended ethanol composition

comprises less than 10 mg/kg of a combination of calcium and magnesium.

43. The ethanol composition of claim 1, wherein the fuel blended ethanol composition

comprises less than 5 mg/kg of a combination of calcium and magnesium.

44.  The ethanol composition of claim 1, wherein the fuel blended ethanol composition

comprises less than 60 mg/kg of a combination of aluminum and silicon.
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33. The ethanol conposition of claim1, wherein the fuel blended ethanol
conposition conprises less than 15 ng/l1 lead. 34. The ethanol conposition
of cl ai mwo 2odrangden t he fuel bl ended et hanol conpositi ORCTAISPINIOEES0L €SS
than 5 ng/1l lead. 35. The ethanol conposition of claim1, wherein the fuel
bl ended et hanol conposition conprises |Iess than 10 ng/1 manganese. 36. The
et hanol conposition of claim1l1l, wherein the fuel blended ethanol
conposition conprises less than 1 ng/1 manganese. 37. The et hanol
conposition-of claiml is.substanti.al fr of, v tals. 38, The

et nanol “comid e Bh stk AR a7 el B8 PR PG ol B Frnpifon
conposichin@ris&deRhGER mesks dfhannbirmtioh ok gluadmpeand siBBon. The et hanol
conposition of claiml1l, wherein the fuel blended ethanol conposition

conprises |less than 0.1 ng/ kg .copper. 40. The hanol conposition of claim
1, whert8in tlhs ethagpl %lléwgg@nﬁ REHBIL- BBRssHsthe i%%@&ﬁiff?té@gol CREBOYHYh 8 g/ kg

of a cogly @%ﬁ&@tﬁ%lﬁﬂﬁhgﬁ%%@ﬂgﬂPtaSSiU”‘ 41. The ethanol conposition of

claim1l, erein the fue | ended et hanol conposition conprises less than 5
nmg/ kg of a conbination of sodi umand potassium 42. The ethanol
conposi4’i on Tk edlaadhaomposttienei nlaithd , fvheleirbihe hiae #lcatierhetbinad omppsiitioron

conprises l.ess than K f a conbi nation of calcium and nmagnesi um
43. ThéogwﬁﬁﬁgF“g@%bﬁgpgg%ﬁ%8$UETain11, wherein the fuel blended ethano
conposition conprises less than 5 ng/ kg of a conbination of cal ci um and

magnesisgm 1 .cthbiel @inljReion©0uRASI1T Waerehf the Ifiadl Blchded@s®i] Botpesificie!
bl ended et hanol conposition conprises |less than 60 ng/ kg of a conbination
of al utPARHseresssha 4¥Hne/kp@apBiPN018960PCT/ US2011/ 046502 45. The et hanol
conposition of claim1, wherein the fuel blended ethanol conposition

compri $9s | &38 A @mpBelied o?klafin GOWRLRAE thO Pyl bleabMM AsDl 2B pSdilibf ON- 46
The et hanol coépos?t%% o#lcf%iﬁil,’&ﬁerg%n ?%e %ue%pﬁpenée%ﬂgt%énol
conposicoimpnsesdeprthaess(l mgkgtvhenlidiB0 ng/ kg sodi um

50.  The ethanol composition of claim 1, wherein the fuel blended ethanol composition

comprises less than 50 mg/kg calcium.

51.  The ethanol composition of claim 1, wherein the fuel blended ethanol composition

comprises less than 30 mg/kg calcium.

52. The ethanol composition of claim 1, wherein the fuel blended ethanol composition

comprises less than 25 mg/kg zinc.

53.  The ethanol composition of claim 1, wherein the fuel blended ethanol composition

comprises less than 15 mg/kg zinc.

54. The composition of claim 1, wherein the ethanol composition has a pH ranging from 6
to 9.5.
55. The composition of claim 1, wherein ethanol composition has a total acidity, as acetic

acid, is less than 0.01 wppm.

56. The composition of claim 1, wherein the ethanol composition comprises less than 350

wppm alcohols other than ethanol.
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47. The ethanol conposition of claim1, wherein the fuel blended ethanol
conposition conprises |ess than 100 ng/ kg sodium 48. The et hanol

conposi t iwo 20f2/mB®wdm 1, wherein the fuel bl ended ethanolPCrarspagiogdson
conprises |ess than 400 ng/ kg vanadium 49. The ethanol conposition of
claim1l1, wherein the fuel blended ethanol conposition conprises |ess than
350 ng/ kg vanadium 50. The ethanol conposition of claiml, wherein the
fuel bl ended et hanol conposition conprises |ess than 50 ng/kg calcium 51.
The et hanol conposition of claim11, wherein the fuel blended ethanol
conposition conprises |less than 30 ng/ kg calcium 52. The et hanol
conposisti on ok cohbsitidn odlgihmel Iwhdireinfthetthidg eRgogtihiaRekericapeosithd on
conprises less than 25 ng/kg zinc. 53. The ethanol conposition of claiml1,
wher ei MYRESRON ohpesigedidet hanol conposition conprises | ess than 15 ny/ kg
zinc. 54. The conposition of claim11, wherein the ethanol conposition has
a pHranging from6 to 9.5. 55. The conposition of claim1, wherein

et hanol58condsicoimpnsitias oficlhiot a7, vewirelh the, acatc adeld oraed tpmi rmethasd ahdhan 0. 01
wppm  56. The conpositjon of claiml, erejn the ethan onposi ti on
conpr i §ég’0flé%‘§10f<1ﬁi§nw§%mv9&ﬁlﬁf’5ﬁ1€ SHORGb e b RHOBERAN G T Rt ot he

2012/ 038GRARKTHSRAL1AAREARm Hneal NRASAHIROS I QAo s AL lom HoGILGAN L he
et hanol "conposition is derived Tromthe hydrogenation of acetic acid. 58.
The compast s¢lertedfroml the prosp comwhgmgi af natweal grastoile petoil el scoblb bmaghss.raph

met hanal %nd.car@pn noxi de, wherein each of the nethanol, the carbon
monoxi d8MPURHORYGFEGEen for the hydrogenating step is derived from syngas,
and wherein the syngas is derived froma carbon source selected fromthe
group consisting of natural gas, oil, petroleum coal, bionass, and

conmbi nafi ondbeserpefitionof clyite 1 cohgseisiths bl o bianding vith hepwippsitipieistauel f or
bIendiggﬂﬁg%h the conposition is a gasoline. 60. The conposition of claim
1, whe ein the fuel for bl ending with the conposition is a diesel fuel.

60. The composition of claim 1, wherein the fuel for blending with the composition is a

diesel fuel.

61. A denatured fuel ethanol composition for blending with a fuel, comprising:

an ethanol composition comprising at least 92 wt.% ethanol, and at least two other
alcohols selected from the group consisting of n-propanol, isopropanol, butanol, 2-butanol, and
isobutanol, provided that one of the at least two other alcohols is isopropanol and there is at
least 95 wppm isopropanol; and

at least 1.96 vol. % fuel denaturant,

wherein the ethanol composition is substantially methanol free.

62. The composition of claim 61, wherein the at least two other alcohols are present in the

ethanol composition in an amount of less than 1 wt.%.

63. The composition of claim 61, wherein the isopropanol is present in the ethanol

composition in an amount of less than 850 wppm.
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61. A denatured fuel ethanol conposition for blending with a fuel,

conpri si ng: an et hanol conposition conprising at least 92 w. %
et hanol , woaoeto1Bwast two ot her al cohol s sel ected from Ph@/use@ap4esonsi sti ng
of n-propanol, isopropanol, butanol, 2-butanol, and isobutanol, provided

that one of the at |east two other alcohols is isopropanol and there is at
| east 95 wppm i sopropanol; and at least 1.96 vol. % fuel denaturant,
wherein the ethanol conposition is substantially nmethanol free. 62. The
conpositi on of claim.61 [ ej e at |. t her,, al. cohol s are
presené4in ﬂ%@cé 8%% n8%%%%%gLﬁgﬁﬁFﬁogwn§%%Eﬁ%“g QH%§§6Fﬁ%%'1 w.% 63.
The conposition of claim®6l, wherein the isopropanol is present in the

et hanol conposition in an anount of |ess than 850 wopm WO =

2012/ 098960 PETcOBPOsitipmabgam 6 bavhergia thegipesst pyoorthetaleqhglsirga sifugfotmed
conpri sjig,less than 1 vol.%water. 65. The conposition of claim 61,
wherein the at |east two other alcohols are in situ-forned al cohols. 66.
The conposition of claim®6l, wherein the ethanol conposition is synthesized

via acetic i d hydr.agenation and purification and.wherein the denatured

et hanol6conadE PRSI Ogvméﬁi@@aélnmﬁa@ggorg%%te%ﬁ PUNPSPI45E PRORESTR situ
denat uraiti drogfatiohBd AP dn! 2 vRferGh DB Gurdd@hBioN cdRfofMahur ed

et hanol conposition, as synthesized, Is suitable for commercial use. 68.
The compabeticoncohprdcaswhsehfialiyine her-ircgnplangiuraptone or nore addi ti onal

al cohols that are not in situ-fornmed al cohols. 69. The conposition of
claim6l, wherein the fuel for blending with the conposition is a gasoline.
70. Theg7conpasichbhpbsi@bn 6F Ahim 64, whv@h @hdddnb@irddi@haroPEoipsneinigs Wi t h t he
conposition is a diesel fuel. 71. A denatured fuel ethanol conposition for
bl endi nynthpsitedaistsyépble grpppminadreigh use. an et hanol conposition conprising
at least 95 wt. % ethanol, at |east 95 wppm i sopropanol,; and n-propanol,
wherein the weight ratio of isopropanol to n-propanol is at |least 0.5:1;
and 68.  The composition of claim 61, further comprising one or more additional alcohols that

are not in situ-formed alcohols.

69. The composition of claim 61, wherein the fuel for blending with the composition is a
gasoline.
70. The composition of claim 61, wherein the fuel for blending with the composition is a

diesel fuel.

71. A denatured fuel ethanol composition for blending with a fuel, comprising::

an ethanol composition comprising at least 95 wt. % ethanol, at least 95 wppm
isopropanol,; and n-propanol, wherein the weight ratio of isopropanol to n-propanol is at least
0.5:1; and

at least 1.96 vol. % fuel denaturant.

72. The composition of claim 71, wherein the weight ratio of isopropanol to n-propanol

present in the ethanol composition is at least 1:1.
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at least 1.96 vol. % fuel denaturant. 72. The conposition of claim71,
wherein the weight ratio of isopropanol to n-propanol present in the

et hanol cwopopitiB®n is at |least 1:1. WO 2012/ 018960PCT/ BE2052010466502 73.
The conposition of claim 71, wherein the isopropanol is present in the

et hanol conposition is in an anmobunt of |ess than 1000 wopm 74. The
conposition of claim 71, wherein the n-propanol is present in the ethanol
conposition is in an amount of Iess than 270 wopm 75. The conposition of
claim vol onposi tion
of cl a|77f%h 71, h\%hc pSHlRY eﬁ‘fls%ﬂ lr”cei yaho lgnhe S?IHOP”OWSAD Fit mgfrleeet?%n"g. t u- f or med
al coholcSmpoglﬁion ke a6 ampasi dilleR ﬂ@fn m()alw’p 0, V\/nerel n the ethanol conposition
is synthesized via acetic acid hydrogenation and purification and wherein

t he denatured ethanol conposition, as synthesized, conprises substantially
no non-jiyn si erein the
denatu?Ld egﬁgﬁgﬁﬁg%ﬂéﬁgfaﬁgﬁ¥§§gig§ﬂt ?ﬁ%%h&?zﬁ%a%#a Fk%ﬁgr$gonnerC|m
use. lenmmhemmmnp@ﬁmﬁmomxﬁﬂaGMMnﬁﬂmhpmﬂrther conpri sing one or nore
additional alcohols that are not in situ-fornmed al cohols. 80. The

conposi tion of claim71, wherein the fuel for blending with the conposition

i's a 9330l i N&e cofibosifibe o FATRPS] tthﬁ'er%n@h@hQ‘le@1thame‘£cﬁ'%‘\Ja&@ fuel for
bl ending with the conposition is a diesel

76. The composition of claim 71, wherein the isopropanol and the n-propanol are in sifu-

formed alcohols.

77. The composition of claim 76, wherein the ethanol composition is synthesized via acetic
acid hydrogenation and purification and wherein the denatured ethanol composition, as

synthesized, comprises substantially no non-in situ denaturants.

78. The composition of claim 77, wherein the denatured ethanol composition, as

synthesized, is suitable for commercial use.

79. The composition of claim 77, further comprising one or more additional alcohols that

are not in situ-formed alcohols.

80. The composition of claim 71, wherein the fuel for blending with the composition is a
gasoline.
81. The composition of claim 71, wherein the fuel for blending with the composition is a

diesel fuel.
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