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met hod of producing acetic anhydride by a ketene process, generating a weak
acid streamand wutilizing the weak acid streamfor ester production
BACKGROUND OF THE | NVENTI ON The production of acetic anhydride, by the
ketene process, is well known. The nethod conprises: the thermal

deconposi ti on \FEPREANHYDRIDE ANDACETREERSTER COLPRODUCTION exanple, a
triethyl phosphate dehydration catalyst to produce ketene (1), which is
subsequently reacted w th excess acetic acid to obtain acetic anhydride
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references relating to various aspects of acetic anhydride and ketene
production are discussed briefly bel ow

BACKGROUND OF THE INVENTION
. The production of acetic anhydride, by the ketene process, is well known. The method

comprises: the thermal decomposition of acetic acid at high temperatures utilizing, for example,
a triethyl phosphate dehydration catalyst to produce ketene (I), which is subsequently reacted

with excess acetic acid to obtain acetic anhydride (II):

15 H;C—C—O0OH —— H,C=—=C=—7—0
I

H3C_'—'C

H,C=—=C=——=0 + HsC—C—0OH ——

N

ch——'ﬁ
0]
I
20 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

25 operatiﬁg energy costs adversely. Representative references relating to various aspects of acetic

anhydride and ketene production are discussed briefly below.



WD 2006/ 062558 PCT/ US2005/ 029031 2 U.S. Patent No. 4,455,439 to Hoechst AG
June 19, 1984, describes a process for the preparation of ketene by the
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15 content.

Another method for reducing diketene in purified acetic anhydride, described in Japanese
Patent No. 41021981 to Nihon Gosei Company, consists of heating the reaction liquid in the
presence of diketene polymerization catalysts such as an alkali metal hydroxide alcoholate,
sodium acetate, or organic bases.

20 The production of alkyl esters of acetic acid, from various alkanols, is also well known.
Here again, water removal is a significant component of capital and operating expense. Some
representative patents are discussed immediately below. )

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

25 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

30 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



A nmethod 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 30 U S. Patent No. 5,998,658 to

| ndustrial Technol ogy Research Institute, Decenber 7, 1999. U S. Patent No.
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from an aqueous stream contal ning aéetic acid and acetic an
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anhydrid acetate esters utilizi ng i nt egrated praqduct i_gn . equj pnent .
In any event, there is a need in the art fo reduce capital requirad for purification and to -

20 increase yields as well as operating efficiency. The present invention meets these needs by
concurrently producing acetic anhydride and acetate esters utilizing integrated production

equipment.

‘ SUMMARY OF THE INVENTION

25 The process of the present invention generates an acetic acid aqueous stream in
connection with anhydride production and uses that weak acid stream for producing acetate
esters. Water need not be removed prior to feeding the weak acid stream 1o the 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

30  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. Buty! acetates are particularly preferred co-products as will become
apparent from the detailed description provided hereinafier,



SUMVARY OF THE | NVENTI ON 25 The process of the present invention generates
an acetic acid aqueous streamin connection with anhydride production and
uses that weak acid stream for producing acetate esters. Water need not be
removed prior to feeding the weak acid streamto the esterification wunit,
reduci ng overal |l purification investnent. Mreover, in especially preferred
cases the water in the weak acid stream provided to the esterification unit

has a benefi Cigbred e prolidta &Zae&;raﬁeé wmsﬁlegﬁaaﬁ wemn ahaa& gepeci al 1y
preferred cases are those where the acet $ ester/water, azeotrope has a
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ester including! pyrolizing acetic acid at elevated tenperature to produce

a first ketone stream the first ketone stream being a vapor phase stream
conprising ketene, acetic acid and water; cooling the first ketene streamto
condense acetic acid 5 and water therefrom thereby generating (1) a weak
aci d aqueous streamand (ii) a ketone feed WO 2006/ 062558 PCT/ US2005/ 029031
4 stream feeding the ketene feed streamto an acetic anhydri de reactor
where the ketene is reacted wth acetic aci-d to produce acetic anhydri de;
and concurrently with step (c), feeding the weak acid aqueous streamto an
esterification reactor wherein acetic acid in the weak acid streamis
reacted with an organic al cohol to produce an acetate ester. Typically, the
organic al cohol is 5 selected fromorganic al cohols which form acetate
esters which esters and optionally al cohols provide azeotropic m xtures
with water; and preferably the organic al cohol is selected fromthe group
consi sting of nethanols, ethanols, propanols and butanols. In the nost
preferred enbodinents, the organic.alcohol is selected from organic

al cohol s which (i) formacetate esters which esters and optionally al cohols
provi de azeotropic mxtures with water; and (ii) wherein 3 the azeotropic

m xtures have a water content greater than the water generated by reaction
of the alcohol with acetic acid. Preferred al cohol s include n-butanol,

s- butanol and i -butanol .




Optionally, the process further includes the step of flashing the weak acid
streamprior to feeding it to the esterification reactor, thereby supplying

vapor ph h&eaCid and steamto the esterificatio
AP AfHlentss FoTiAah@iaaRs

concurre ng by-products. Thg pyrolysis step may catal yzed by
(i) a phosphate catal yst which is subsequently neutralized with ammonia or
(i1) an anmmoni um phosphate catal yst. One preferred dehydration catalyst is
triethyl phosphate, and another is di anmoni um phosphate. The process nmay

al so include addition of a strong acid, such as phosphoric acid, to the
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ketene feed stream feeding the ketene feed streamto an aceti’c anhydride
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anhydride, . cancur.rentl i th st C feedi ng, t he weak acid agueous stream
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PCTI US2005/ 029031 5 acetate ester in an esterification nedium wherein the

or gani feedingahtolthe esterification ireactos; thersby supplying vener phassrasetipacid pag stgamitg the
al cohol 4 ' j Wit h ; i cahly
cepar at g bR FeelT Bt SBchmBint) MRl O h L TRY B BRRRAARRETY
AN heeataliygddetiy @pa plicsphate catalyst which ackubfequentpy melitralizel witk binenaiibydi)dg and
an acetate 5 ester conprijising: pyrolizing acetic acid at el evated

t enper %!PG\OQI%P?RSBH% &atglyst. (Qpe pretegied dehydsafin catalyst 1s triethyl phosphate, and

another is diammonium phosphate. The process may also include addition of a strong acid, such
as phosphoric acid, to the flashing step to minimize decomposition of the ammonium salts
contained in the weak acid stream.

20 Generally, the weak acid aqueous stream has an acid content of from about 10 to about
90 weight percent; typically, the weak acid aqueous stream has an acid content of from about 30
to bout 70 weight percent; and preferably the weak acid aqueous stream has an acid content of
from about 40 to about 60 weight percent. The step of pyrolizing the acetic acid is generally
carried out at a temperature of from about 680°C to about 750°C. In one embodiment, the

25  ketene is reacted with acetic acid in the presence of ammonia.

One preferred process is a method of co-producing acetic anhydride and an acetate ester
comprising: 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

30  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



the first ketene stream being a vapor phase stream conprising ketene, acetic
acid and water; cooling the first ketene streamto condense acetic acid and
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ee T

a ketene ream feeding the ketgne feed streamto nhydri de
reactor where the ketene is reacted wth acetic acid to produce acetic 3
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to an esterification reactor wherein acetic acid in the weak acid streamis
reacted with an organic al cohol to produce an acetate ester in an
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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 (ii) wherein the azeotropic mixtures have a water content greater than
15  the amount of water generated by reaction of the alcohol with acetic acid; and azeotropically

separating the acetate ester so formed from the esterification medium.

BRIEF DESCRIPTION OF THE DRAWINGS
The process of the invention is illustrated and described in connection with Figure 1

20  which is a schematic diagram illustrating the process of the invention.

DETAILED DESCRIPTION OF THE INVENTION
The invention is described in detail below in connection with particular features.
Modifications within the spirit and scope of the present invention, set forth in the appended
25 claims, will be readily apparent to those of skill 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 (II):
30



OO0 U 11 H3CAQ HKMﬂ)+%GGOﬂjIﬂGCH 5 Step | al so produces 1
nol of water per of ketene as will be appreciated fromthe
st0|ch|o e reaction. The heat of reaction is a Xi nat e
kJ/ nmo g‘?w"“&h#a ds of ketene require a tenperature 55"12?6996{0 2998 % 7500
Lom1pressure increases the yield, but not the efficiency of the process.
Triethyl phosphate is comonly used as dehydration 10 catal yst for the water
formed in the first step. It is neutralized in the exit gases with amoni a.
Conpr essi on of ketene using4he |iquid-ring punp substantially inproves the
formati on of anhydride. N ¢kel-free alloys, e.g., ferrochrome all oy,
chronme-al um num steel, are meeded for the tic aC| pyrol ysis tubes,
because ni ckel pronotébcrﬁ§QWﬁﬁﬁhi?ﬁT?ﬁ’éog? and reacts with
carbon nonoxi de yielding a highly toxi,c netal carbonyl. Coke formation is a
serious efficiency |oss. Conventional "operating conditions furnish 85-88%
conversion, selectivity to ketene 90-95 nol % Instead ofOotriethyl
phosphat e, di anmoni um phosphate may be used as the dehydrgtion catalyst.
Acetate ester manufacture is also welj known. Typlcth etic acid is
reacted in the 20 liquid phase with |an organic al cohbl utiNizing an acid
catal yst such pgcaFnmeratOaci+ of;Cx—edl+otdid —stromg aci d i on-@xchange resin.
Here again, | nmol of water is forned per nol of product est€r. The process
includes rectifying crude product in nmany cases as df8Cazedirope with water.
Renoval of ester/water azeotropes fromthe reaction m xturfp drives the

equi libriumin favor of the ester product. Sel ected azeotg ope conpositions
of acetate esters are set forth beIowi n Table 25 A WD 2006/ 062558
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5
Step I also produces 1 mol of water per mol of ketene as will be appreciated from the

stoichiometry of the reaction. The heat of reaction is approximately 147 kJ/mol. Optimum
yields of ketene require a temperature of about 680-750°C. Low pressure increases the yield,
but not the efficiency of the process. Triethyl phosphate is commonly used as dehydration

10  catalyst for the water formed in the first step. It is neutralized in the exit gases with ammonia.
Compression of ketene using the liquid-ring pump substantially improves the formation of
anhydride. Nickel-free alloys, e.g., ferrochrome alloy, chrome-aluminum steel, are needed for
the acetic acid pyrolysis tubes, because nickel promotes the formation of soot 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

20  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

25 A



Table A - Stoichiometric Amount of Water Generated and Azeotroae Water
Amount for Sel ected Acetate Esters ESTER % WATER Acetate Stoich. Azeotrope
Met hyl 19,52 %, Ethyl 17.0%8.7% i Propyl 15% 14. 0% %‘&2 0% 14. 0%
nBut y! 1%@@%%&4%% i Butyl 13.4%16.5% sButyl 13.4% 22"‘2’5[‘%% é@‘r‘ropu cal l'y
separating” and like term nology refers to separating the product acetate
ester froma reaction mxture with water, reactants and catal yst and by
vapori zing an azeotrope of the product acetate ester and water. The
azeotrope optionally includes al cohol,reactant. Such separation uses to
advant age the | ow bdiablew —[Bwidhioffetrid@meahtsf/ WateeGeneraetir ope to drive the
equi | i briumto produgiazestdpe War AbRuBf 26 Selcted ARktafd Bitersacet ate by
continuous esterificatiron i's an exanple of the use of azeotropic principles
to obtain a high yield of ester. The acetic acid, concentrated sulfuric
acid, and an excess df FSPER hyl &GWATBRi Umis reacped in the m xture, it
i's punped into a receip-hg—tankiand *hfoug a—p+eheajer into the upper
section of a bubbl ecap pléiféﬂ%ol fimm. St tenp t At the top of this
colum is naintained g gLk, POCIaNdd 58, vapgor {aconpl with the 15 ester
formed and ca 10% watgr) 1S gassed to a condenser. The first recovery colum
is operated with a tdp t&pdratire 01.0%0C, prosm‘fzﬂ ngla ternary azeotrope of
83% ester, 9% al cohol ,|-and-8% water—The tarnarymxfure is fed to a static
mi xer where water is d4dde8rap¥l or fler tid% or mlt wd4Q°/&yers and allowed to
Separate in a decanterf ay&Eqe, contal % et hyl acetate, 5%
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train 14 which, in

5 “Azeotropically separating” and like terminology refers to separating the product acetate
ester from a reaction mixture with water, reactants and catalyst and by vaporizing an azeotrope
of the product acetate ester and water. The azeotrope optionally includes alcohol reactant. Such
separation uses to advantage the low boiling point of the ester/water azeotrope to drive the
equilibrium to product ester.

10 The production of ethyl acetate by continuous esterification is an example of the use of
azeotropic principles to obtain a high yield of ester. The acetic acid, concentrated sulfuric acid,
and an excess of 95% ethyl equilibrium is reached in the mixture, it is pumped into a receiving
tank and through a preheater into the upper section of a bubblecap plate column. The
temperature at the top of this column is maintained at a ca 80°C and its vapor (alcohol with the

15  ester formed and ca 10% water) is passed to a condenser. The first recovery column is operated
with a top temperature of 70°C, producing a ternary azeotrope of 83% ester, 9% alcohol, 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

20  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



turn, conmunicates with an anhydride reactor 16 and a flasher 18. Fl asher 18
has an out put to WO 2006/ 062558 PCT/ US2005/ 029031 8 an esterification
reaction_tower 20 which has a catal yst bed 22 of cationic strong acid ion
exchange WRHON924Fer 18 is coupled to a decanter 24. |RCHPSRIPSAH80Yr actice
the inventive process, acetic acid afd catalyst is fed to furnace 12 where
the acetic acid is thermally deconposed to ketene and water at tenperatures
of about 680- 5 750C. Thereafter, the hot gas is cooled in chiller train 14.
Chiller train 14 condenses water and acetic acid fromthe hot furnace gases
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or purified to exclude impurities that could adversely affect the quality of acetate esters
produced from the acetic acid contained in the stream, and to remove compounds that could
neutralize the catalyst used for esterification of acetic acid and an alcohol in the co-production of
acetate esters. In some cases the condensed furnace output, or weak acid stream may contain
20 unwanted ammonia salts in the form of acetates. These salts are potential sources of unwanted
by-products and accordingly are minimized advantageously by adding a mineral acid such as
phosphoric acid to the condensate prior to the flashing step
While ketene is fed to reactor 16, flasher 18 reboils the condensate from the chiller train,
which is, as noted above, a weak acid stream having a typical composition of roughly 50/50
25 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
30 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.



renoved fromthe weak acid streamby the flasher prior to feeding the stream
to the esterification tower. Reactor 20 is also fed with additional acetic
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of f for fugdness thechideGaick ¥ reflikel tb MREL 100 Whilb Ufude RYAE S A8 &atla tbloR
advant ages over conventional manufacturing nethods. For one, water

by- pr dudber purifigatieit ene nmanufacture is processed by way of the 5
esterificatyon proc equi nt... i onsi . vings.ih terns
o R ISV RE el de AL A8 B 600N LGE AR S WA el ©1'

of capital nce rec y urprien e dup

the canéthedl For 0fe,prateebE-pafdutifrem ketere AanofactilbkBprodessdsisi Wheof heuse wat er
by- product  of ketene manufacture to azegtrope esters whose manufacture does
nod geasterificalionIneass RAvIPmest deadmedmsenicerrbly spngsiademmesicapityl siigar ate the

rod i ' ' : : 1S
ConverFr el T EREERL A8 BESIGHCMER, EO ot it B BN ABS Bee B His o her
hand, ihventionwekes nipossible tansawatet byprodnetdt ketene chasufazanme &s alzotropaestat er

source and a sgurce of acetic acid. A SEeC”HE? exampl e foll ows. Exa e

npl
Pr oc eskhasg mpBHkestEe SB‘ESa‘?"ﬁcgﬂn‘?rftGr?P‘é“Hbe‘f’%t 'éSt’P’_t‘} metricaliyio azeatiopically separateq o
chill gfe bio@l&t frohe e Redsh ﬁlécﬁg@ ié‘i%\)l}%szlof? QRhEHANS, xvaié%lqls e&n@ndiﬂ@g%& &

fl asher apparatus consisting ) iter electrically-heate boi | er
at t)ac Iseparatelyainceeasing) gpatatiogedsty.aPorthe other hiindi he mayegtior nsessmavaidable weak

directed t d dt i Vi sel t t liquid
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cont ai ni ng about 61.3 W% acetic acid, 38.2 w%water, and 0.5 wm %

non-vol atiles was fed to the flasher apparatus while taking about 20 97.2 %
(ww) of the feed as flasher distilExamplender at nospheric pressure

con! {1 1 peFa LR PGS P THERRCh PR UBIAERS 13 FEHRLRE PR,
bad a sfiéh 49 t2ain T SRl TOAMN LB Y t3€ Rbatatory flasher apparatus consisting of a 0.5 liter
electrically-heated reboiler attached to a vacuum-jacketed vapor-liquid disengagement section
that directed vapors to a condenser and to a receiving vessel to collect liquid condensed from the
overhead vapor stream. A process condensate sample containing about 61.3 wt% acetic acid,
38.2 wt% water, and 0.5 wt% non-volatiles was fed to the flasher apparatus while taking about
20  97.2 % (w/w) of the feed as flasher distillate under atmospheric pressure conditions.
The flashed process condensate was analyzed to contain about 61.6 wt% acetic acid and
38.4 wt% water, and was then fed to the catalyst bed a 45-tray Oldershaw n-butyl acetate
reaction tower (e.g. a tower such as tower 20). The homogeneous catalyst bed contained 1 +/-
0.3 wt% methane sulfonic acid. Overhead vapors from the reaction tower were condensed and
25  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.
30 * 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



reaction tower (e.g. a tower such as tower 20). The honpbgeneous catal yst bed
contained 1 +/- 0.3 wt % net hane sulfonic acid. Overhead vapors fromthe
reaction r re condensed and 25 forned two phases | d
decanter‘%@gﬁ&méﬁﬁ%canter such as decanter 24). The n-b ?@ﬁ@m@%@%@?@ rich
top layer fromthe decanter was refluxed to the top tray to produce a crude
product streamthat, for exanple, contained -97.8 W% n-butyl acetate, 1.1
wt % n-butanol, 1.1 wt% water and only a trace of acetic acid. The
aqueous-rich | ower phase was punped fromthe decanter. 30 Wiile the
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f oregoi ng di scussion, relevant know edge in the art and references

di scussed above in connection with the Background and Detail ed WO

2006/ 062558 PCT/ 1JS2005/ 029031 10 Description, the disclosures of which are
all incorporated herein by reference, further description is deened
unnecessary. 11 CLAIMS What is clained is: 1. A nethod of co-producing
acetic anhydride and an acetate ester conprising: (a) pyrolizing acetic
acid at elevated tenperature to produce a first ketene stream the first

ket ene stream being a vapor phase stream conprising ketene, acetic acid and
water; (b) cooling the first ketene streamto condense acetic acid and water
therefrom thereby generating (1) 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 wth 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 organic al cohol to produce



an acetate ester. 2. The nethod according to Claim1, wherein the organic
al cohol is selected from organic al cohols which formacetate esters which
esters and optionally al cohols provide azeotropic mxtures with water. 3.
The met hod according to Caim2, wherein the organic al cohol is selected
from the group consisting of methandl, ethanol, propanols and butanols. 4.
The met hod according to Caim2, wherein the organic alcohol is selected
from organic alcohols which (i) fGLAIMEetate esters which esters and

opt i onal | What icalhigied igor ovi de azeotropic mixtures wth water; and (ii)
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acetic ac a steamto the esterification reactor and concurrently
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according to qi)agmé{wfggag{r%n the pyrolysis step is catalyzed by (i) a
phosphat e catal yst which is s'ubse%uentl,y eutralized with amonia or_ (ii) an
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an acetate ester.

2, The method according to Claim 1, wherein the organic aleohol 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 methanol, ethanol, propanols and butanols.

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

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

with water; and

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

generated by reaction of the alcohol with acetic acid. 4

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

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

7. The method according to Claim I, further comprising the step of flashing the
weak acid siream 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.



12. The method according to Caim11l, wherein the step of renoving anmoni um
salts fromthe weak acid streamincludes treating the weak acid streamw th
a mneral acid. 13. The nmethod according to Caim12, wherein the mneral

acid is PHOZPWKEIZRE acid. 14. The method according to CF%TW\SEO,%W@?‘einn t he

weak acid aqueous stream has an aci d*content of from about 10 to about 90
wei ght percent. 15. The nethod according to Claiml, wherein the weak acid
aqueous stream has an acid content of from about 30 to bout 70 wei ght

percent. 16. The nmethod according to Claim1, wherein the weak acid aqueous

stream has g@n I f . abo . i ercent. 17.
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acid is cgiyhphosphtte@htalyst eiudyiatubsequhtly hewraized with’mbaiadpout 775C. 18.

The met hod according.to Caim1, erein the ketene is reacted with acetic
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14.  The method accérding to Claim 1, wherein the weak acid aqueous stream has an
acid content of from about 10 to about 90 weight percent.

15.  The method according to Claim 1, wherein the weak acid aqueous stream has an
acid content of from about 30 to bout 70 weight percent.

16.  The method according to Claim 1, wherein the weak acid aqueous stream has an
acid content of from about 40 to bout 60 weight percent.

17.  The method according to Claim 1, wherein the step 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



20. A nethod of co-producing acetic anhydride and an acetate ester
conprising: (a) pyrolizing acetic acid at el evated tenperature to produce a
first k\&( ne stream the first ketene stream being a vapor phase stream
conpri si § #8 acetic acid and water; (b) cooling tPEF/FS2065(029031 ene
streamto condense acetic acid and wlter 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 wth acetic acid to produce acetic anhydride; (d) concurrently wth
step (c), feeding the weak acid aqueous streamto an esterification reactor
wher eam actale esferisian esterifigatiommediag, whereintifmorganicaleehad foimsacatic aidapiers

al cohol oduce e_est a. dium wherein
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m xtures wth water and (ii) wherein the azeotropic m xtures have a water
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ester romt e esterific |on e
ketene stream being a vapor phase stream comprlsmg 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,;
(©) 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 4
(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.





