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ACETI C ANHYDRI DE AND ACETATE ESTER CO PRODUCTI ON FI ELD
OF THE I NVENTI ON The present invention is directed
w@emnenedssy/ t o co-production of acetic anhydri decEUS2005/029031
acetate esters. Mre specifically, there is provided
in accordance with the present invention a nmethod of
produci ng acetic anhydri de by a ketene process,
generating a weak acid streamand utilizing the weak
acid streamfor ester producti on BACKGROUND OF THE
| NVERETEN ANEYRRHNE ANA AGERAE ESTRR/APrBRODYCTHAN
ketene process, is well known. The nethod conpri ses:
the thermal deconposition of acetic acid at high
tenperatures util FEEDD, OFCI}HIMNWE]NEH(H\H riethyl ‘
hosphat e deh: draalon catal yst to duce getenelé%%ﬂ
P oFFPA IRy EUg it reqed eeagrady QPRI CRTROLacgT aniydriffe and
acetate 'é?tel%bt Rioke %@fﬂcﬁll}aﬁﬁé{'g i v1@ladl In adcbrdhi& With $e iRt Bfvention a
e process is conducted at |ow pressure and el evated
methodtm“rppedta:mg asetic gphiyslaide iayuarke@ne exesest, caBOTingCavedkyapid stream and
re neutralized wth ammoni a.
Utlhzmg’ﬂe ‘g? g( aecéiStfes‘?m o eqsyperﬁglf%vgd however, it is capital
i ntensi ve especi ally because wat er generated in step |
needs to be renoved and acetic acid N%&é to be

renoved and r &AVEGROUND QFEHE Y i M acid

g% W8 9B a8 Qi deRBIHWihE ReteRE pfoRBI #s evﬂallcléf?)'vdina|1"he method
SO I npacts operating energy costs adversely.

compnﬂspﬂ]eslmnmt decompetitior of actic @tidtat hgmtmpantwwtdgpgc fag example,

a wieth QR G A Py “FaliobrefREABRF o i slosayently reccted

with exER8GB&Ic AR tolobifin h8stickBBdriddqsir | bes a process for the
preparati on of ketene by the thermal, catalytic
cracki ng of acetic acid under reduced pressure. The
hot cracked gasseg are then cooled to 0 to -100C and
wat er, unreacted gcetic acid, and acetic anhydride are
condensed. U. S. PHtent No. 4, 737, _to Daice
Chem cal Indbgtrlgs Rﬁrll 12i 19éé§ e%crl es a
process for recovering acetic anhydride from an
aqueous sol ution containing acetic anhydride and
acetic acid, which conprises a condensate obtai fed in
a step of coollng a deconpg§|t|on gas forned inifthe
production of ketene by pyTPIyZ|ng acet|c+@gpd_aqd

cooling the fornmed gas.
H,C——=C—=0 + HC OH - (@)

/

H3C_C

@)

I

The first step of the process is conducted at low pressure and elevated temperature,
typically in excess of 700°C. Catalyst in the product stream may be neutralized with ammonia.
The process is widely employed; however, it is capital intensive especially because water
generated in step I needs to be removed and acetic acid needs to be removed and recovered. In
other words, weak acid recovery adds significantly to the required capital and also impacts
operatiﬁg energy costs adversely. Representative references relating to various aspects of acetic

anhydride and ketene production are discussed briefly below.
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A continuous process for refining acetic anhydride

produced by the reaction of ketene and acetic acid is
walamenésesd in U S, Patent No. 5,264,087 to Easramns2005/029031

Kodak, Novenber 23, 1993. TPhe process involves a

vacuum di stillation step, which results in the

production of high purity acetic anhydride. U S

Pat ent Application No. 2001/0029309 to Nishi oka et

1.5t patvg e el A TpREke ded FRorSis s for he

preparaﬁ%ﬂ%ﬁ’(efeﬂg _bg kB Emeal CORNGHE cradiifd BekcelB heiatinteN reduced pressure.
reduci ng di ketene in purified acetic anhydride,

The hotlersckddgedsdsargtipnnecied Pa etnt-1(NE andpemdro 8irenetedingasig acid, and

. sei. Conpan consi sts of heating the reaction liquid
acetic a}%ﬁ\yﬁxﬂc&e Frear eéléeagf di ket ene pol ynerization catal ysts

qushpasntato. &l k131 8re taliceh yemidatimdakieied) ol @tla 2, 988, describes a

acetate, or organic bases. The production of alkyl . .
processsior E1coVeinGRISHF aniaxdridle fram AR jaHPBLo A asrEIAning dlgfjcsgphydride
and acle!deid Dh c];c)ﬂ?{r%,egg Boflientfil EbtalnRADY 2bteh Bf Eol@. ddc6APbsition gas

conponent of capita operating expense. S
formedrie phegeducttdnwg kene by pyenlpzing swtis seid andwediizg tieyformed gas.

v BUPPros G 07 LB AGE APy aFian e reacton of ketene
and acdticGRA Blde@nibell iR 0. £ Pant ot £064,09M ok Ran] KeQAR, November 23,
m xtures of aliphatic al cohols, which conprises

1993. Betpro¢esy invglvehe vasuwwh disgligianstep, sdvidhorsulisdn dkg profyctionef high
urit E{%:%{eggncedn%f an acid catalyst in a distilling colum
punty 2884 §&par afi ng in the same colum the ethyl ester
@1 Paerauspplichti@nNo HE0@ £30203 08 totNis/eokibirail ndedceribkes reftiiiet
__ for making ester. f acetic, acid, whjch is a catalytic,.
purificayjogesten movsh gistitebacelif Apbrds i With grene dredit the diketene
contentt O the esterification of acetic acid with alcohols is
described in U S. Patent No. 5,998,658 to Industrial
Peotiro nsglyodHes esstucing [dist¢nedn gurifiedeaebe anlyydridgodesciibeg in Japanese

e GEL T8 4 RRDSELS T LAY P B e

presenc@t delafdi@pol yrieraation batalyee dudtgasanmilkdliuhetabliydrbxidbalcoholate,
~and carboxylic acid into a distillation colum wth
sodiumgaspiarea PeOr2dBietaghiss cont ai ni ng reacti ve and

G[‘BQXJ? LABRbE zﬂgﬁre@@riof 4ceachdi@&h vErh"@uslaﬁll?aQﬁ@t, hSZéﬂg) W known.

carpoxyli1 c aci In the reactive Internals In
Here aguirg yenaaembva ihesigndyenemnspopantaifyspital dnd bpdérhang expense. Some
represegteaﬂeer: 35&%@ a?efditscrhgse Vil%lrr\llgcfiqa(%elry%% Ot“i/.on mxture into the

U.S. Patent No. 4,481,146 to Hoechst AG, November 6, 1984, describes a process for the
preparation of an ethyl ester from ethanol-containing mixtures of aliphatic alcohols, which
comprises esterifying the alcohols with a carboxylic acid in the presence of an acid catalyst in a
distilling column and separating in the same column the ethyl ester continuously from the ester
mixture obtained.

A method for making esters of acetic acid, which is a catalytic distillation process
utilizing solid acidic catalysts for the esterification of acetic acid with alcohols is described in
U.S. Patent No. 5,998,658 to Industrial Technology Research Institute, December 7, 1999.

U.S. Patent No. 6,028,215 to BASF AG, February 22, 2000, describes a process for

preparing esters from alcohol and carboxylic acid by feeding a mixture of alcohol and carboxylic

acid into a distillation column with separated sections containing reactive and conventional
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hi gher boiling ester and a | ower boiling azeotrope

contai ni ng al cohol, water and ester, and separation of
W0 hee/a@sst rope in a phase separator. U S. Pat erdT/082005/029031

6, 458,992 to Sul zer Chentech AG October 1, 2002,

relates to a process for the synthesis of butyl

acetate by esterification of acetic acid wi th butanol

by conbi ned distillation and chem cal reaction

utilizing.a col i n whi eparation of .the reacti
internal xAGER OF ik Leop b 16 GBI e L oL et ey fnghE presence
ofa heké?o%é%@w&altaq?dtl Nist@ftive SeHeRRMAT IR h P FRBfion H1)§ure into the
Patent No. 693, 213 to Sul zer Chentech” AG February
higher bailing@@wr amﬂa& mwdmégllalgr@@wmj)e@bn@tmw algolet] awater and ester, and
(%/ %ﬂg estgr%lgsl catian. of acetic acid with ethyl
separai¢n, Fa{ﬁo FeABY6” afr dtetic anhydride with ethyl

all 5o hatent M@l@&ﬁ&mtocm@lr Yhe@itedh A G ) Oabbar , RO0A relates to a process
colum, during which a reaction on a cataléil cally

for the gynthoss pf butylr?geﬁlﬁﬁdbbae%t@tﬁqaﬂp% gt 366He arid vzsté*p 1340] & Combined
dlstlllaﬂgﬂg{ua Qﬁbhe'éﬁq'li’&ttl%ntu@ihgmgla%ﬁﬁm% WERR @%U t¥on Jf rt]heai%%(ctlon products

reis aneed n t art tor ce capit
takes plaxg uogeelmhrfvmh theesterificdtionnn eatalyticall ynastiza sepaydthaguigsient.

12 REEEE Ch S e TPV i G GREBn7-2008 Ferives o

metho@BPMAY efé@tamnafé%% RsRafiedtonWiabétzd 4241 with @FF é\lhl@dhol or by
producti on equi pmenf. SUMMARY OF THE | NVENTI ON The

reactiopof eestis aphydrive \pnl@s@mt alcohpdriviieh ugpsratabitiedigilaen in g column,
during F\)Nﬁl(l)(g‘l otg&z%rga cdl e@tl{:ﬂ afé%‘&()@ Eha%ndéw a rlactm%/ gk bAE separation of

stream
reactloﬂrp@dﬂi@tsﬂ@keﬁ;ﬂ@&e@dlﬁhuﬁsﬁeenﬂy Wat er need not be rem)ved
prior to

edi.n ak aC| strea
a8y PrSsabrs® QAPeY im BTG R b ragin o) fenpyifation and t

i &y SRR offiiEn§S PO jabdet @b&ﬁ%&ﬁ&@@é% dsb
mcreasleﬁlyeq%a%%? |?14\§Hee @ae 1alclll strepzémeprow ded to ey

concuresitlg préductg aoaticmhtydhide and 4nstaed estérabtibiing mtegr@ﬁed productlon
azeotropi c separation. These especially preferred
€qQUiPMERLes are those where the acetate ester/water
azeotrope has a higher water content than t he
stoi chionetric ampunt of water roduc

esterification WUMMARY QEIHE IY] WONButyI
ﬁ%%%&% 8f fie g?ésémﬁb JOM gPihiel 5@&&9 aBHQEUESS sB€am in

ecome apparent fromthe detailed description

connecpbmwmeadmydxﬂcm psraﬂmcEtron afil@ses tha de&@cm&uwmefdr pmducmg acetate
esters. %&g&%gg éWe trc:r}nctwhe l’lOI' ?oeff]:edlln heen\gviea(f( hcit § ream °G tfl)e esterification
unit, reducing overall purification investment. Moreover, in especially preferred cases the water
in the weak acid stream provided to the esterification unit has a beneficial effect for azeotropic
separation. These especially preferred cases are those where the acetate ester/water azeotrope
has a higher water content than the stoichiometric amount of water produced by esterification
with the organic alcohol. Butyl acetates are particularly preferred co-products as will become
apparent from the detailed description provided hereinafter.

There is thus provided in accordance with the present invention a method of co-
producing acetic anhydride and an acetate ester including: pyrolizing acetic acid at elevated
temperature to produce a first ketene stream, the first ketene stream being a vapor phase stream

comprising ketene, acetic acid and water; cooling the first ketene stream to condense acetic acid

and water therefrom, thereby generating (i) a weak acid aqueous stream and (ii) a ketene feed
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acetic anhydride and an acetate ester including:

pyrolizing acetic acid at elevated tenperature to
weroduessa first ketene stream the first ket ereEr/s$20es0m9031

bei ng a vapor phase streamd4conpri sing ketene, acetic

acid and water; cooling the first ketene streamto

condense acetic acid and water therefrom thereby

generating (i) a weak acid aqueous streamand (ii) a

ket ene f eedst rgam feeding the ketene feed str e% mto .
streamg feedigtthe Keifns 97 Y dEeampiandceih @ty dif reRetor pderesthe ketene is reacted
with a&:%g%E%Cto\ffr&[hc@%@tttic%nﬁ%r?ﬁet anp&ﬁféuﬁ éﬁpﬁfth CteBREY ?B’eﬁﬁ'll% the weak
and concurrently with step (c), fee t he weak acid
acid aqu@oensisast uoeaaresttecﬁaatloeast@tcprfwlmcm@netrm@d ortheierkpeid stream is
c acid

reacte S hh SR LoHBL B HPBsEE S Pli SRR Ity WWotkoh afnor is

selectedYRIng 8ldaric d1Eho Jisibh €orl L@ estdrs SalAGRE efrfdeﬁtlonally alcohols
organi c_al cohol s which form acetate esters which

provide szestopieriixsyes withMajeradnddnefesabhy Bgioaganizaleehad pi selected from the
t
group gc} s osﬁglg %If }éMe{Sl'g]ng%t egfé]ar%o?% En (%El% 18 APbYaddls. rtﬂ@éﬂo%} preferred

€ group consistin
embodifaéitanne sygarichsbrohbkis sglectpd frotsorgardc bisbbwiomdichl () foha acetate esters

nost preferr odi nen t he .organi c al cohol
which %Fféé‘tl%QPY‘?QﬂTW&T%gHFé’T%‘Pé%W&PEO%|“g‘ﬁt“(?5)W‘F}b}”ﬁ¥e A iy wherein
the aze%%ﬁfc%n%r@g‘heﬁ@taev{/zﬁe%gtegpéﬂe%ﬁmaﬁ 11 WRBPLhePit&Y bfifaction of the
azeotropic mxtures with water; and (ii) wherein the

alcohohwabtac@m azidvi Pretoresd almhels anchedeat-beienalembutgnelandri-turme!.
(?%tfqn@ %p("ef‘;%sg'ffea tfl O.Hep of Iflggm% tﬁ% U«%Lk \Qq:lﬁ Igtream prior to

coho S utan

feedm% ithel Hﬁ:ﬁ@{er@' a6kidir rbbkttaxn ﬂ{erelﬁ)hﬁ.lppllyﬁig wapoit ftaspactie38id and steam to the
urther includes the step of flashing _the weak acid

esterifiggtiQuarienipt H1d qogcyrEdiyigmpying SyrHRisEs AHemyEdlyPiaaep may be
cataly{e? %2318 s &)htoﬁﬁ{ ?ebé/ateﬁ Q\lh\l’é}ﬂg stk enﬂ?%%@trzﬂ%& Wt@&hxﬂoﬁ'ﬁ%r (i) an

ester fication reactof and concurrentl

ammoniemphiosghalbycapalpsdu Ons pre'lfh@ecb@a’rwtiwps cathlypt Myetbrel phOSphate and

BT R NN TR R A ———

as phoSPFORB LT 1A ARy f& Rl iFimizOdecdh dﬁsﬁfdh&ﬂ titednithoatun® Balts
catalyst is triethyl phosphate, anot her is

contairgidanthenwvenk askbsisaat e. The pr ocess may al so include
a(ﬁenengfnhh%fwe%ksaudoc{ﬁ e&%’sﬂearﬁ lﬁﬁpax’f"ém@ Q&ﬁ&n%rf 't% Tn?glh(ﬂn 16H% about

ste mnimze deconposition o
90 welgmmmeumtglabzﬂgz dﬁhﬁe&aﬂ(medi aqnedidmstmmalhasaxm acid totam of from about 30
Ceneral ly, t he giyd ag,uglgus stream has an acid L ;
to bouigH vkt BFoeicins RO DT Bedbiag eHOer Gn By eisid content o
from aByLR'4@‘% laHout%vaéi@ﬁ‘f)eﬁ:@htd ﬁﬁ%@‘éﬁ)‘-b? p?lkﬂﬁﬁ‘@ tH@8ccd R id generally
content of from about 30 to bout percent;
carriedand apa ‘@frmeedmlluy of fremadwiet 630°6 tagbew 7S0%¢ r bmnermbcedmment the

coene Wi Bl ORISR R0, "L
gemeprafered process is a method of co-producing acetic anhydride and an acetate ester
compﬁsing: pyrolizing acetic acid at elevated temperature to produce a first ketene stream, the
first ketene stream being a vapor phase stream comprising ketene, acetic acid and water; cooling
the first ketene stream to condense acetic acid and water therefrom, thereby generating (i) a
weak acid aqueous stream and (ii) a ketene feed stream; feeding the ketene feed stream to an
acetic anhydride reactor where the ketene is reacted with acetic acid to produce acetic anhydride;
concurrently with step (c), feeding the weak acid aqueous stream to an esterification reactor

wherein acetic acid in the weak acid stream is reacted with an organic alcohol to produce an
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carried out at a tenperature of from about 680C to

about 750C. In one enbodi nent, the ketene is reacted
wowdohoepsst i ¢ acid in the presence of ammopni a. EXEUS2005/029031

preferred process is a nethod of co-producing acetic

anhydride and an acetate ester conprising: pyrolizing

acetic acid at elevated tenperature to produce a first

ketene stream the first ketene stream being a vapor

phase stream canprisin eten acet.i c. aci d. and wat er.
acetat G A ERETHSAGE et et S8 Do $1Gatib AlsaRUoRREaqHRe Bbid ester
which &t 2A8EpHETEy alRBbRIPIOTe ARBIEPY nURARERANItR Yafel;)an@ azeotropically
weak aci d aquéous streamand (il) a ketene feed
separagig therecetheadiensp fonmett droandefcatetfigationgnedivman aceti ¢

SRR 5SRO 5L AR ERELAE My g st

ester c¥inpHsifE P réieling Aetdiacid at blevaedlengeradusqo poducs b fiesiietene stream,
an esterification reg%tor wherei n acetic acid.in.ahe _
the firshkglen & R by B& Y AROT BARE WEA COMPERING G AP Aosiic afid And yater;
coolin%&%gﬁ( GEEAh %o ERhsd RRefPa88 LR Whies AldrQToiBALMBY generating
erein the organic alcohol forns acetic acid ester’s
(i) a wedk axlid sqpteonssteach andt(iipm&tteye feled otiedns; foeding the ketene feed stream to
azeqtrapic m xtyres, wth water: and azeqtropical .
an ace S SAMHERR GpaFes et hetdad Breleie Y AR R RRbdute acetic
anhydi§dd; @6hdurneatly Vithres (Nfeetiipt the vepk afi@agechup sRERS o rbesterification
met hod of.coﬁgroducing acetic anhydride and an, acetate
reactoreheseinasaipr aidl Hgthe pierk peidisiepradeereedyith agrorgangs2lehpl to produce
an acet%a?erggferr% ?ﬁ gstérﬂ%&{isﬁiﬂg i, o Hepdin R §B%niS bicERMDis tdi&ted from organic
TSt ketene stream being a vapor phase stream
alcoholzowipich &) fignkataneestas ehioh eaerthrdngtinaslbr glcdwdd progide lageotropic
. first ketene streamto condense .aceti.c aci d and wafer
it YR ot BB BEREP RO IIE (T DR\ xh A CapiBbagater than
the amBhAtRAN AN behdrhted Byk€icBBE of BRGAI®NDERTh afRUCRY ahd&zeotropically
ketene feed streamto an acetic_anhydride reactor
separatigethe atétetelestersefarmed &gu the estprificatioamediygi d t o
produce acetic anhydride; concurrently with step (c),
feeding the weak acid aqueous streamto an
esterifi cat BRIPFEBESORIRTEON OF AME DRAWINGS t he weak
acid streamis reacted wth an g@gaqig.alcohol t 0. .
pFhscrrecesa Al e dnveplor sy llpstiafedand depaaher i sonmstlionetith fjgure 1
i Liafi i E&ss DEHRGh@Ghtibpom or gani ¢
WhICha c%ﬁgﬁgﬁaﬁ?gﬁgﬁﬁ?Q%%%1Qﬂ%@?atg esters m%ich esters
and optionally al cohols provide azeotropic m xtures

have & wall TABERRESCRE DIONA THALISRENETGN 05 o,
OBREhA R BY déseABdd iarie@i] Heltv il cwahedtionivith pattilar featuks.

~and azeotropically separating the acetate ester io
Modificationsvithin thetsisitaad sqpeiod e RERSCREEV ERtoNpRgL Eprth n the appended

claims,%m gyii%p%reﬂf‘ﬁ) HRWENER in the art.

As previously explained, the production of acetic anhydride, by the ketene process, is
well known. The method comprises: pyrolysis of acetic acid at high temperatures utilizing a

dehydration catalyst to produce ketene (I), which is subsequently reacted with excess acetic acid

to obtain acetic anhydride (1I):
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The process of the invention is illustrated and
described in connection with Figure 1 which is a
waeghenstsses di agram il lustrating the process of P¢11ES2005/029031
i nvention. DETAI LED DESCRI RTI ON OF THE | NVENTI ON The
invention is described in detail below in connection
wWith particular features. Mdifications within the
spirit and scope of the present invention, set forth
in the appended cPains, will be readily apparent to
those of skill. infithe art. As previously explained,
t he product ign—ofcaceic -arhydri de,Chy=-¢the=ket ene
process, is well known. The nethod conpri ses:
pyrol ysis of acetic acid at Ihigh tenperatures
utilizing a dehydration catalyst to produce ketene
(I'), which is subsequently reacted with excess gcetic
acid to obtain acetic anhydilde (I1):0OHC -CH H C o0
Il I Step | also produces 1| of wat er péh ol Caf
ket ene.as ciated fromihe gtoichionet
of tH&Tea tIOR fhe Hg%t of ré%gtion IS approxigﬁtely
147 kJ/nmol. Optinmumyields of ketene requiH;€—a—C
tenperature of about 680-750C. Low pressure incihjeases
the yield, but not the efficiency of the proces
Triethyl phosphate is comonly used as dehydration
catalyst for the water fornHd in the first step. It is
neutralized in the exit gases w th ammoni a.
Conpression of ketene using the liquid-ring punp

SULSIL AR hrdlihees II TSI Sfdriper ol SBldtait 9fwilbBgpiediated from the
Ni Ckel -free alloys, e.g., ferrochrone al

stoichiarhetunet the mﬂcmnn halegal OfcectioadaaEPrPEmA e | 4Lkl Bpgimum
yields cg‘%f(r gegg?éagnrtg ﬁxgexgﬁﬁ;@giszﬁ)om @éﬁal]S(ﬁ Car boéregsl?ﬁe fn@fﬁ?@s tRdyield,

and reacts wt nmonoxi d
but not)ﬂhdiéfﬁbfégcﬁofmhg IprCeiso )ﬂfr&thpﬂébhd)sphatle bsacmyhmolﬂgksed ay dﬂwdmon

is a serious eff t%lgncy i B 1?Eerat éﬁ%
catalystign &}etw%ﬁrsforrmws £ 8505 tdm}%%% laﬁ indBF gt Bt yyiigmmonia.
Compr{é}s@fo?lrb? k2nd ﬁﬁﬁg 'theoff‘lquﬁdlﬁﬁg Eﬁimﬁ fsuﬁﬁérﬁﬁah?; ﬁm%@%ﬂh@tﬁﬁma’uon of
I'anmoni um phoSphate nay be used as the dehydration
anhydrxdat Nigled-freaabow e gedtreechranidlioon glaremesalwnwnvﬁﬁql are needed for

the acetlc aéNQ pyroxym t%Lesy becauseet r'ngke"i‘%}oqn&és {h%%lrn%(?loh BeL8 and coke, and

reacts with carbon monoxide yielding a highly toxic metal carbonyl. Coke formation is a
serious efficiency loss. Conventional operating conditions furnish 85-88% conversion,
selectivity to ketene 90-95 mol %.

Instead of triethyl phosphate, diammonium phosphate may be used as the dehydration
catalyst.

Acetate ester manufacture is also well known. Typically, acetic acid is reacted in the
liquid phase with an organic alcohol utilizing an acid catalyst such as mineral acid or a cationic
strong acid ion-exchange resin. Here again, 1 mol of water is formed per mol of product ester.
The process includes rectifying crude product in many cases as an azeotrope with water.
Removal of ester/water azeotropes from the reaction mixture drives the equilibrium in favor of

the ester product. Selected azeotrope compositions of acetate esters are set forth below in Table

A.
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l'iquid phase with an organic al cohol utilizing an acid
catal yst such as mneral acid or a cationic strong
w@oiod062858 exchange resin. Here again, 1 nol ofpeEUS005/69031
formed per nol of product ester. The process includes
rectifying crude product in nmany cases as an azeotrope
with water. Renoval of ester/water azeotropes fromthe
reaction mxture drives the equilibriumin favor of

the ester | ected, azeotr osj t,i ons of
acet at e esfaé’?%x %°'§E‘t°n?e&mt ‘ﬁn‘r?é‘f‘ Wﬁteﬁ'g}gﬁ%‘aﬁdmbl e A
- St 0i chi28ABYZEQEODENN ARE AHFOWA Cesies NRCE =

Azeot rope Water Anount for Sel ect ed Acet ate Esters

" Azeot r opi catty ratri 1y 1 |r<'e—*t-e1—m—rral ogy
refers to seoar%%ﬁjl@gil t he ro‘§ucF acetate ester froma
reaction m xturgcadhtbh Wat egtoidheact amzsotddye ¢at al yst
and by vaporjzing an azeotrope of fthe produgct acetate
ester and vvaterl\/fém’}’é azeot 19p& opt | ona2%y i hcl udes

al cohol / eact jant ch FEParALpOT UseSg LR —adyant age t he
| ow boi ling p0| n]% of the es?lb 1 wat ler %’Z‘Z)ot rope to
drive the equiliPesgylm to prigduct est er.0%he| production

of ethyl acetate by continuous estierifl coati bn IS an
exanpl e of the HREePYf azeoﬂ?@pﬁc pri éiQPes|to obtain

a high yiel dof rhe agell c aciyg,sogoncent r at ed
sul furic acid, J§I(Jsi‘lgyan excesS;1 0 5% et hyl equilibrium
IS reached in t®utpd xtUre, 13.8% s pkumjéds%nt D a

receivin t;upa‘wnd t hr ougha—prehaater—i-ntel t he upper
section gf bub%‘l‘té’cap plt’aﬂ%‘wgbl unm 2?hse/"terrperat Efe

at the top of this cotrumm 15 nai ntained at—a ca 800C

and its vapor (alcohol with the ester forned and ca

1A% onmipena)ly isepapasgs dnd tkatecoimdopyaefersiioseparatng the product acetate

recovery calum i erated wt to nper at ur e
eser roph & FqRtign dURHEE 41 &PR §*Gub P opRe b a5 dapGrAingaf azcoteope
of the p%di@hwetat@é@e&%ww ThéRgedu@pBdpdonHl Ky tisdl8ddsadoBBl fedetant. Such
static m xer where water is added in order to formtwo
separatﬂoayae«rsgo advardpgeche vt boilepaeiat ef the egerfwatanezsptromhie drive the
i1ib \ﬁg(% 0?/! S&?nt ains ca 93% ethyl acetate, 5% water,
equilibrigily 16 BEoSPE'SH and is sent to a second recovery or

Thé proddetydnf eCio}l woatate Deontiarone astefificition lis & eampinof the use of
95-100% et hyl acet ate . which is z}ent to a cool er

and
azeotropig PHNEIPles tgpgtiagg% ggﬂkeld eSit- i e@ﬁq‘cgﬁtdeaoncentrated sulfuric acid,

and an é&@%@%%&h%l dRilfEr 8 rdachid APPRALAkME, H0s f)@l’hged into a receiving
practicing the present invention. Apparatus

tank and ﬁrrbugheespxahkae@rsn@ theinpree eeqlzn@éa;bubue@ap rate lgplupgy. The

temperaéwﬁ)ggmeggp P]L { 1&% co:,llprftltéllJr n%ﬂl&ll ﬁé q‘g: XYH f?s aécqlllol with the

ester foRRedadriat | (00 atee)Sik Phiskd end mmien@ac Thefirst aamerzera@owmmlg operated

has a catal yst bed 22 of cationic stro
with a top temperature oyf 70°C, producing a ternary azeotrope oP % ester 9Swalcohol and 8%

water. The ternary mixture is fed to a static mixer where water is added in order to form two
layers and allowed to separate in a decanter. The upper layer contains ca 93% ethyl acetate, 5%
water, and 2% alcohol, and is sent to a second recovery or ester-drying column. The overhead
from this column is 95-100% ethyl acetate which is sent to a cooler and then to a storage tank.
There is indicated schematically in Figure 1 an apparatus 10 for practicing the present
invention. Apparatus 10 includes a ketene furnace 12 coupled to a chiller train 14 which, in

turn, communicates with an anhydride reactor 16 and a flasher 18. Flasher 18 has an output to
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exchange resin. Tower 18 is coupled to a decanter 24.
In order to practice the inventive process, acetic
w@eiodoenssk cat al yst is fed to furnace 12 where B¢BUS2005/029031

acetic acid is thermally deconposed to ketene and

wat er at tenperatures of about 680- 750C. Thereafter,

the hot gas is cooled in chiller train 14. Chiller

train 14 condenses water and acetic acid fromthe hot
furnace gases and feeds flasher 18 with t

: he. .
an esterifingtian §eacEon {ghyer @0 priachubrsrratalys §ed g piisationimstiong acid ion
ce | ry ctor 16 as shown in
examnéﬁggﬁé%f&%f2§§33@P§@W§gge g&%gfene is reacted with
Brlehiden torpahctime élid invéraiverppehess aeatetdcod anboathlydés fe@tafienace 12

anhydride .is renpved as liguid, while overhead may b
where thefqeHE A1 MerBa LEPoPBEy 18IS gt Splet SbRerADEyO! about 680-
750°C. THRrddHOE SRShG QA RNl if LhifrPMhinam t he ketene

anhydride process chiller train primarily contains

Gbiker traimcliddcondenses water end ecetinlagidrireie thegdind furnace gases and feeds
N= atil.es includi Q - Il .
raor [0SRl SO0 RIROENET RO L PR
anhydrid€ a6 36 tab slivvanih Figirdc dn eekiord), thelketene &t ieacted with additional

~anhydride subsequent|y reacts with the water, present
acetic tq progliuee gsetie a8y dedfd Shadet g dEh E1B0 Y6 A 1guich PYBTIg Sy grhead may

be funhgp%%iﬂd%gié%ﬁ%d&.rb%l?etr%is%tu'iiﬁ%& is preferably
cO r

It one purified to exclude inpurities that

Thepocesdwendaisyte afréan fronhthe datehe ayhysiiida percassechélberdragn primarily
comain BRSO BB A58 S SPPIATE ok B hOR Dot
catalystq@ipaladshorie8 phbspharS) £1d datoat(from RiterRCRLbBpadiich anidfudince

~~ alcohol in the co-production of acetate esters. In

coking)s chie asgtieantyideide srlerefisady reackaviéh Higler Presenhiddke Rracgss

Str v nwWal; i
conden AT HALAEIN A8 ATTBRIAEE LSyl S Bnciiona
or purifliédwa Bk ctaddiynpjuiricids tias card adweesetdafiferit yheaqualityi ofiacetaedsters

advant ageousl y by addi ng.a ninerah aci d such as ds th d
produceggyp Hsracetiagsidl ChyARE LG JEFATL AP RO Yo opRoUnds that cou

neutrali%«% Mg st LR iskRiftcali SNSS dceti¢ 8€ld hAd heaRbRS! id Ehe co-production of
asher "18 reboils the condensate fromthe chiller

acetate esters.rip swhiechseis she condpsed durairsv@itpy, eiestekacidstepmenay contain
unwanteggz%/ L 11% é%\l)g) f.{lﬁtgtla focrgl%%%été{egnTﬁésersgffg%leﬁﬁggé Osoﬁlcc%g b?léxgwanted

vapori Zeéd acetic “aci eami1s
by-produéts @ad e¢dotdifglly iaenmirdadiddadvimagzoud bgadding aeninknal uéitl huch as
the supply of ketene to reactor 16. Solids and heavier
PhOSPh%Wtﬂwg’ﬁb‘é C(H?dén%%@“?retﬁtﬁ%@a Feriithhe weak acid stream

Whilkerehl 358R8%0o RabRF 16 Ndsp&disNabdiRans tsRRAAOFbR’Ne chiller train,
which is, as noted above, a weak acid stream having a typical composition of roughly 50/50
acetic acid/water. The vaporized acetic acid and steam is fed to esterification reaction tower 20
concurrently with the supply of ketene to reactor 16. Solids and heavier components are thus
removed from the weak acid stream by the flasher prior to feeding the stream to the
esterification tower.

Reactor 20 is also fed with additional acetic acid and organic alcohol at 26. The reaction
mixture is converted to acetate ester in reactor 20; the reaction being catalyzed by bed 20. Ester
product is separated from the reaction medium at a lower end of the tower by distillation,

preferably involving an azeotrope as noted above. The output of power 20 is decanted at 24.
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esterification tower. Reactor 20 is also fed wth
addi tional acetic acid and organic al cohol at 26. The
WO B@6062558 M xture is converted to acetate esterCT/US2005/029031

reactor 20; the reaction be&ing catal yzed by bed 20.

Ester product is separated fromthe reaction medi um at

a lower end of the tower by distillation, preferably

i nvol ving an azeotrope as noted above. The output of

power 20 is decanted_ at 24.So of the crude este[ i S

Semepfdbe eryde ey is sefluxgdite @angewb%ﬁwé? progluglig glso drawn off for
ﬁnﬂmrgﬁﬁﬁﬁaﬂﬁﬁ for further purification. The invention thus

rovi des consi derabl e advant ages over conventiona

e i \eeation itng pretibed®nsidenableradyantagasovbycqmventimial fmaowiacturing

et ene manufacture i rocessed way. of the
methodSogF 119 e g ot SR RIFRE AR s Ripebry®d by way of the
esteri fiCABRIPAEIADEQIFRAAD &‘édiing 1é esri¥Rleedbl€ apidedlin &rime ©f capital since

recovery equi pnment need not be duplicated. For

recoveryrrguiparent nprdl e bedyalieatidort o5 aBRIG8S thercorppdugtiopgieseshof this
inventi%rﬂgﬁxglgeg it B&ﬁfié PA &set&at%lﬁpogr-ﬂl%ﬁﬁ& ol?vi\ﬁt@ﬁé)glléﬁﬁfa?tfgré(ﬁta%g rope esters

acture azeotr esters ose nanu cture oes
whose mahufgeinss ddes nengerghaty\arteiph stasérchoicimemeircally Yo dzgotropically separate

azeotropically separate the_.product fromthe. reaction
the prodycdiitom the e 2 um i toyver 2@.&2%%13051\&5#& watgr is conventionally added

separatgl‘},ni\ﬁ@fétajsiﬁg %hl:ﬁétiﬁ deds. SoR aletBdhand B¢ BAShINh @REhARIAIBble weak
costs. On'the other hand, the invention uses an

acid strearniab Abthen wetak seuseaiansh a saracd apefidacid. wAspecifoeramepla fellows.
a source of acetic acid. A specific exanple follows.
Exanpl e Process condensate obtai ned froma ketene
furnace such as furnace I1Bxanplea chiller train such as
train 14 was continugusly fed to a la as

gmpsaqqglge@@%q)kgglp% gm akeiens furnage suc?loars ?’ltlr?lgge H an e? cr:hiller train
such ase(l'agﬁ;” L&&@lchﬁét%@%ﬁ%lggec[ RPoIb &Lt hagReahJaPatfs consisting of a 0.5 liter

vacuum | ac or-1iquid di sengagenent section _
electrichlipheated exboder attapbedstotasyaquwonakeketedrvaperdliquad disergagiemenigsection

.vessel to collect |liguid condensed om,t he. over head
that dirGEERanEES SO R B AALL L ERIEREAEE LY B s R gped from the
overhe®PRUpbr frdhmd W B8 icbhdensdté sarﬁﬁe%olﬁfaﬁﬁr\!@ilﬁiﬂt 6BB8advtds &cetic acid,
wt % non-vol atiles was fed to the fl asher apparatus

38.2 wikhaier.taaki (hy wabiown-whidesyasjedfo B fiankermpreralis whilgdpapg about
97.2 %g{vﬂl*&fl C}ﬁ‘é eI FasiRth g%ﬁﬁ%ru'nﬁexpitﬁﬁ efic gﬁa@gﬁrt: IcBRGifiodde
ashed process condensate was anal yzed to contain
dhe diasHell. ovdsYe@siehsate was shadyrdd 38 cehtah Wbowetttdr§ wibhacetasacid and

30 e e B S PETRs T B B g
reactioft RWRE (28)a toWRe sRAHRISNEOUS. Fat AbMdherRBEs €1y ibR@@odtained 1 +/-
0.3 wt‘V-: /rr;ethane sulfonic acid. Overhead vapors from the reaction tower were condensed and
formed two phases in an overhead decanter (e.g. a decanter such as decanter 24). The n-butyl
acetate rich, top layer from the decanter was refluxed to the top tray to produce a crude product
stream that, for example, contained ~97.8 wt% n-butyl acetate, 1.1 wt% n-butanol, 1.1 wt%
water and only a trace of acetic acid. The aqueous-rich lower phase was pumped from the
decanter.

" While the invention has been described in connection with several examples,
modifications to these examples 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



0.3 wt % net hane sul fonic acid. Overhead vapors from

the reaction tower were condensed and formed two
wpbmsessssn an over head decanter (e.g. a decantBrT/esenhs/ 029031

as decanter 24). The n-butyb acetate rich, top |ayer

fromthe decanter was refluxed to the top tray to

produce a crude product streamthat, for exanple,

contained -97.8 wt% n-butyl acetate, 1.1 wt%

n-butanol, 1.1 w % water and on r.a e of acetjc
Descrigtipw). therwéclaau@%%wbwé Rrq %lAJé‘FOfﬁH%%f'é‘a}Wé HpiEEDEE-dHithgfelescription
1sdem98fﬂﬁkﬁ&ma¥m'le the invention has been descrlbed in
connection with several exanples, nodifications to
these exanples within the spirit and scope of the
invention will be readily apparent to those of skil
inthe art. In view of the foregoi ng di scussion,
rel evant know edge in the art and references discussed
above in connection with the Background and
Det ai | edDescri ption, the disclosures of which are all
i ncorporated herein by reference, further description
i s deemed unnecessary. CLAIMS What is clainmed is: 1. A
nmet hod of co-produci ng acetic anhydride and an acetate
ester conprising: (a) pyrolizing acetic acid at
el evated tenperature to produce a first ketene stream
the first ketene stream being a vapor phase stream
conprising ketene, acetic acid and water; (b) cooling
the first ketene streamto condense acetic acid and
wat er therefrom thereby generating (i) a weak acid
aqueous streamand (ii) a ketene feed stream (c)
feeding the ketene feed streamto an acetic anhydride
reactor where the ketene is reacted with acetic acid
to produce acetic anhydride; and (d) concurrently with
step (c), feeding the weak acid aqueous streamto an
esterification reactor wherein acetic acid in the weak
acid streamis reacted with an organi c al cohol to
produce an acetate ester. 2. The nethod according to
Claim1, wherein the organic alcohol is selected from
organi ¢ al cohols which form acetate esters which
esters and optionally al cohols provide



azeotropic m xtures with water. 3. The nethod
according to Claim2, wherein the organic alcohol is
woeBleed2es from t he group consisting of net hanar/us2005/029031
et hanol s, propanols and butanols. 4. The net hod
according to Claim2, wherein the organic al cohol is
sel ected fromorganic al cohols which (i) formacetate
esters which esters and optionally al cohols provide
azeotropic mxtures with water; and (ii) wherein the
azeotropic mxtures have GLAMS content greater than
the water generated by reaction of the alcohol with
acetic acid. 5. The method according to Claim1,
What iswleineédnist he organi ¢ al cohol is a butanol. 6. The
nmet hod according to Claim1, wherein the al cohol is
sel ected from n-butanol, s-butanol and i-butanol. 7.
Tihe met hRehoACHR6Girbduciy dokdé Mhldriiel i@t ac@TPEdt& ddehprising:
the step of flashing the weak acid streamprior to
(a) froedizing dcetie acid gbelevated eMpertyre o Pdeect first keteepstream, the first
i cetlc. aci d, st t )
ketene SR HRE 2 VAR LA RaALE RSB (i pS A g Wil
(b) leyeligitie dirs.kBtend beeare thathdase aceticayid andGlvatentherefrom, thereby
wherein the pyrolysis step is catalyzed by (i) a
generahsphat e catal yst which is subsequently neutralized
ng)tpwgmg 8q@ouf ktrdanfihd@nmoni um phosphat e cat al yst.
. The nmethod according to Claim8, wherein the
diehy ketend fond statam;yst is triethyl phosphate. 10. The

thod,accor di.n o Claim8.. erein the dehydration .
© - R E REEG ARk bR AP b SRR e s reaceed
with ace6€ adidikdprod@cdAcetiedhydiidetdndr conprising the step of
removi ng ammoni um salts fromthe weak acid aqueous . .
(d)  sorauently vithisiep (e ifersingthe sreak agidpgueguastisam o yhesteification

reactorg}lr%re?htn G0 [ AR agamahéam gqgc&d_f‘gmﬁ Ggam@ﬁﬁ@gi & produce

eam i ncludes treating the weak acid streamwt
an acetaeesteal acid. 13. The nethod according to Caim1l2,

\Qd.ﬁer e.Ll'rl]ue trrllqe?horg z{]cggracilingat%iaaiirrxs l,pvt/]k(l)esr 19%6! grgéar%ic %lcohol is selected from
organic alcohols which form acetate esters which esters and optionally alcohols provide
azeotropic mixtures with water.

3. The method according to Claim 2, wherein the organic alcohol is selected from
the group consisting of methanols, ethanols, propanols and butanols.

4. The method according to Claim 2, wherein the organic alcohol is selected from
organic alcohols which

(i) form acetate esters which esters and optionally alcohols provide azeotropic mixtures

with water; and

(ii) wherein the azeotropic mixtures have a water content greater than the water

generated by reaction of the alcohol with acetic acid.

S. The method according to Claim 1, wherein the organic alcohol is a butanol.

6. The method according to Claim 1, wherein the alcohol is selected from
n-butanol, s-butanol and i-butanol.

7. The method according to Claim 1, further comprising the step of flashing the
weak acid stream prior to feeding it to the esterification reactor, thereby supplying vapor phase

acetic acid and steam to the esterification reactor and concurrently removing by-products.



14. The method according to Claim1, wherein the weak

aci d agueous stream has an acid content of from about
wdthos/ec2atout 90 wei ght percent. 15. The net hodPCT/US2005/029031

according to Claim1l, wheretn the weak acid aqueous

stream has an acid content of from about 30 to bout 70

wei ght percent. 16. The nethod according to Caiml,

wherein the weak aci d aqueous stream has an acid

content of from about 40 to bout 60 weight percent.

B7. Theherraethediacroedngimglair 1CWApTginithe phieodwsisstemis cgtadyzed by

; ol i 2i L S ;
QBB Ep Pl MR uRRR i Sy 0bpl pERER B Y e o
Y hosmaoaomd phgphate Chtalyst. 1, wherein the ketene is
reacted wt cetic acid in_th resence of amonia. .
%, A ’H‘E}g"@?cc@&ﬁﬁggﬁ Bmé: 4B ﬂ“ctisﬂﬁ%rﬁﬂ&gl Sy L tricthyl
phosptﬁ?e‘?t ate ester conprising: (a) pyrolizing acetic acid
at elevated tenperature to produce a first ketene
st earffhetrhesthéd acsording en€lagn Bewhengw thg dehydagitnn qakrdgs is
. strea co%%risi ng ketene, acetic acid and water; (D)
diammop) PRPSPHESt | r st ket ene stream to condense acetic

aqi d arn@ methed adddetisg toOlirh Befueihyr @engisaid thy sleb)of @emoving
weak acid agueous streamand (ii) a ketene feed
ammonjumealis frop)the piegh Agd pPACREFEEf eed stream to an

aeet i eranimsd Qr%otf‘cgﬁ%[oo@lam 84 ,ewﬁé}ginl‘iﬁiﬁg;r? Iog%’n{c?@fé &fimonium

with acetic aci roduce aceti c anhy
salts fromrtheinveainadiy sindnin ireteles (rejtingftbedienlgadid strespaiithei idineral acid.

ueo streamto an esterifjication reactor, wherein L

ot o neaP B GRET Tl B 2T A28 pesih S Mnsa B P hReelpric acid
qiganitheah&ROPhccobRIIN RAUGRAN, RESERLtBe RSAIACIH Bq@ddus stream has an
esterification nmedium wherein the organic al cohol

acid coftenhef fHemtabeutald t¢ abewidilsweightateresst.er s and optional |y
Lcoh . ; . ; . _
?1300 OIlhsé heRod Q‘i%f’f/}ﬁ'gé%’;éﬂgl‘ﬁ %g&ﬁ%{g{nqﬁe Wg%lt‘aé@@%g\%eoggg@eam has an

) azeotropi ca € acetate es
acid cohe@ntedfrémabotitt® te boear 7(F weight mcemedi um  20. A net hod of

Gorrpr gt Cgecpisg oA A SoubEindRy fek Saf egipogpsteam has an
el o B R B B Phase. St roam

danpr iBiengethet averding @t Cloinadi whereia thaastep of pyrolizing the acetic acid
is carried out at a temperature of from about 720°C to about 775°C.

18. The method according to Claim 1, wherein the ketene is reacted with acetic acid
in the presence of ammonia.

19. A method of co-producing acetic anhydride and an acetate ester comprising:
(a) pyrolizing acetic acid at elevated temperature to produce a first ketene stream, the first
ketene stream being a vapor phase stream comprising ketene, acetic acid and water;
(b) cooling the first ketene stream to condense acetic acid and water therefrom, thereby
generating

(i) a weak acid aqueous stream and

(ii) a ketene feed stream;
(c) feeding the ketene feed stream to an acetic anhydride reactor where the ketene is reacted
with acetic acid to produce acetic anhydride;
(d) concurrently with step (c), feeding the weak acid aqueous stream to an esterification '

reactor wherein acetic acid in the weak acid stream is reacted with an organic alcohol to produce



(b) cooling the first ketene streamto condense acetic
acid and water therefrom thereby generating (i) a
wovemkez3s d aqueous streamand (ii) a ketene feetus2005029031

stream (c) feeding the keBene feed streamto an
acetic anhydri de reactor where the ketene is reacted
Wi th acetic acid to produce acetic anhydride; (d)
concurrently with step (c), feeding the weak acid
aqueous streamto an esterification reactor wherein

an acetRE 8tk Cinaiedtetifichthe medikmaoherest the arganis alectol &atmaiacptiqrid esters
organi ¢ al cohol to produce an acetate est

which estreI QRSN BRI ROV PR IO UPSAAT D I EBAR | s
©  SREEHRIID LOMARGARE 6ok ARG T thd eerRabA iR dium.

e rs and optlonalLéaalcohols provide
apeot popiethoriof torpesdusingraceize anhydnée @4 an gk eeStertaqEPprising:

azeotropi c.m xtures have a
@  provamesciotc el Sria Erhrdiielo odhE ol RALR AR the fis
ketene &r&ANHin¥h tBpRGBhéCstRaMmGonpRiding e tehz sattio peid ahd yvater;

separating the acetate ester so fornged fron1%pe
(b) esolang the fastikegnpre@eamio condense acetic acid and water therefrom, thereby

generating

(i) a weak acid aqueous stream and

(i) a ketene feed stream;
(©) feeding the ketene feed stream to an acetic anhydride reactor where the ketene is reacted
with acetic acid to produce acetic anhydride;
(d) concurrently with step (c), feeding the weak acid aqueous stream to an esterification
reactor wherein acetic acid in the weak acid stream is reacted with an organic alcohol to produce

an acetate ester in an esterification medium, wherein the organic alcohol is selected from organic

alcohols which

(i) form acetate esters which esters and optionally alcohols provide azeotropic mixtures
with water and

(fi) wherein the azeotropic mixtures have a water content greater than the amount of
water generated by reaction of the alcohol with acetic acid; and

(e) azeotropically separating the acetate ester so formed from the esterification medium.



