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for producing acetic acid wherein product is recovered
fromthe residue of a light ends colum and fed
forward in order to increase system productivity.
Background Art Carbonyl ati on processes are well known
inthe art. O particular conmercial significance are
pr oc e MEEEHOBr ANREAEBARG ANKING 1 1G A eI TH
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nmet hyl acetate to HEke JVED arryerae— See Applied
Honogeneous Catal yst Wth Organonetal | i ¢ Conpounds,
Cornils et al. , Ed. (Bench Edition) (Wlie, Winheim
FdeehrtalReeddbl i ¢ of Gernmany 2000), Chapter 2, Parts

2.1 .2.and fol].ow ) 104- 137. See, al.so hite
2L, 2 bl ekl YR B A o S oo s 68 o
agpeddueindCdceic 18 Wikt BroducCib 8écoQered Y 8 residue of a light
carbonylating nethanol in a honbgeneous reaction

medduenlvmanad fed foswandriniosdar o incpeage aystein peadartyeity.

General ly, the reaction nmedi umincl udes catal yst,

wat er, acetic acid, dissolved carbon nonoxide (CO),

MEal lnd Bet hyl acetate (MeAc), hydriodic acid (H),
net hyl 1 odide and optionally_one or nore pronoters

and/ or CarbanlatiospsocasastiembFll KRewe i teirinbH GaTtisalag o
f : ' Jn
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reaction nediumis continuously w awn and provi
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-t acetid dcids et probesses for debuarbanyldftioa oiff ewttiofl icetad te arake deetic

apor 0 rification train. Th pifi i

Y aghygridte. Sge ?Auppiieé ?Ion{ogeneous IClzltalyst %Vl%lfl Olrgaln((:)gltelta? ic
Compounds, Cornils et al., Ed. (Bench Edition) (Wylie, Weinheim, Federal
Republic of Germany 2000), Chapter 2, Parts 2.1.2 and following, pp. 104-137.

See, also, United States Patent No. 6,642,413 to Thiebaut.

To make acetic acid, one method of choice involves carbonylating
methanol in a homogeneous reaction medium wherein rhodium is utilized as a
catalyst. Generally, the reaction medium includes catalyst, water, acetic acid,
dissolved carbon monoxide (CO), methanol, methyl acetate (MeAc), hydriodic
acid (HI), methyl iodide and optionally one or more promoters and/or stabilizers.
Methanol and carbon monoxide are fed to a reactor as feedstocks. A portion of
the reaction medium is continuously withdrawn and provided to a flasher where
product is flashed off and sent (as vapor) to a purification train. The purification
train includes a light ends column which removes “light” or low boiling
components as overhead and provides a product stream for further purification. A
particularly preferred carbonylation process is taught in United States Patent No.
5,144,068 to Smith et al. In this so called “low water” process, an alcohol such as
methanol is reacted with carbon monoxide in a liquid reaction medium containing

a rhodium catalyst stabilized with an iodide salt, especially lithium iodide along
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particularly preferred carbonyl ati on process is taught
in United States Patent No. 5,144,068 to Smith et al.
In this so called "low water" process, an al cohol such
as nethanol is reacted with carbon nonoxide in a
liquid reaction nedium containing a rhodi um cat al yst

S twathi méthgbliovlidbIandmdtb;diadeta&ahispeoéﬁ@bpszbﬂtipns i Whthuarfinite

i odi de al on th net hyl |od|d acet ate .
< SRR EOT NI TG o o madiuf (hebTegsdf e cartiny By acid
Welstdadiof, ﬁ)p@x Elthe deMThE I?@acﬁ(n?g&’s%m 'o?tHeh@68 patent not
car boxylic ac Instead of, for exanple, th

anhqu)rowides aiha;:ld peoshucoof lmjasm@m low water Ccm&&t ptaurmnpeq’u@tly

0 rOV|de an aci,d .product .o
Em%éﬁoé Etése RuH il ey crgi R Rl B! Sk is, the
ist 18 rélIRXReS tadly¥t 15He Pn&@d@émr t}ﬁ:traﬁutidnwedﬁhat
the catalyst is'resistant to catal yst

preC| pitation out of the reaction nedium Another

S Y M A

rﬂaﬁlbgéneoﬁbmcﬁum&a&mc irohe geactorr Tleefamlazloseﬁ fdniek&fiple, in
States Patent No. 5,883,295, to Sunley et al

plpéted §tat%frPattm! I\m éeﬂ§ét29ént00?uné€cycﬁt z: aam@ss; £ sha Brodyction of
CRERRN ALt DB PP Kl FRHEAL AP Enclor o

reac |ve erlv ere stan
ab&eﬁced@ivaavaﬂteaéofpmahamﬂrst@ndl/ absencernfa metal temoter and/or
CQ- pronm {er in a carbon atIQn react or contalpinga i

| AQQuE tpds PIOROLE b 8 SAtHoBKIalPR Fraghor containipg a liquid reaction

\?\g{i@?&éﬂléﬂ With aﬁa}ﬁaﬁﬁﬁéa&bﬂg{lﬁiﬂn dafii HEmé&R m}f}ﬁ%&ﬁk ¥:8 tc’atalyst

, acetic acid, hyl acetate erein there
i svatej avetic aeid, and mhtbyl aggtatelwherzot there is orgdained tmthe (ligpid
wat er. at a concen on, of | ess tha
{BseSliof b o) Rels? Boh R Bt Ire i B pheight ©)
123408 10RO a comentrdtion OF grdierGRAOTIYS b tviapht! ﬂﬁ{}% in the
total” pressure of |ess thagﬁ 50 bar. Sgg ?)t ed
Scarberylation reactor a total pressure of less than 50 bar. See also United States
Patent No. 5,877,348 to Ditzel et al. and United States Patent No. 5,887,347 also

to Ditzel et al.

A frequent production limitation in the purification section of an acetic
acid unit is the light ends column. A typical acetic acid carbonylation unit is
operated such that product is drawn from the light ends column as a sidestream
and the light ends column liquid residue is recycled to the reactor. The residue
also contains Rh and Li that is scrubbed out of the vapor feed to the light ends
column. In a conventional system, the light ends residue is cooled and then
recycled to the base of a flasher where it is pumped back to the reactor by the
catalyst recycle pumps. The acetic acid in this residue stream thus represents a

recycle of acid that adds hydraulic load to the light ends column.
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section of an acetic acid unit is the |ight ends
colum. A typical acetic acid carbonylation unit is
operated such that product is drawn fromthe |ight
ends colum as a sidestream and the |ight ends col um
liquid residue is recycled to the reactor. The residue
alSmmanytofilmeenBonand Li that is scrubbed out of the
vapor feed to the |ight In a _conyenti onal
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In another embodiment, the light ends column residue stream is processed
in a small distillation column which separates the light components (Mel, MeAc,
and water) overhead, returns a concentrated residue to the reaction system, and
recovers acetic acid as a sidestream product. The sidestream product is then
combined with the drying column residue as specification grade product if
sufficiently purified. Otherwise, the sidestream product is fed to the drying

column.

The advantages of the present invention are appreciated by reference to
Figure 1 which is a graphical representation showing the fraction of acid
recovered from the light ends residue stream and impact on column loading. In
Figure 1 it is seen that more than 40% of the acid in the residue stream of the light
ends column can be recovered by simply flashing the stream and that light ends

column hydraulic load is substantially reduced at a given production rate.
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hot vapor. In another enbodi nent, the Iight ends
columm residue streamis processed in a small

di stillation colum which separates the |ight
conmponents (Mel, MeAc, and water) overhead, returns a
concentRusthexifeatus¢schnd advantagesrof dlot prosens insention amdiscussed
recovers acetic acid as a sidestream product. The
siP8¥®¥-r eam product is then combined with the drying
colum residue as specification grade product if
sufficiently purified. Otherw se, the sidestream

p Britf Bes¢riptioacbfilrawningsdr yi ng col unmm. The advant ages of
the present invention.are. appreciated. by.referenc Q..
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resi due stream and i npact on column | oading. In Figure

1it is seen that nore than 40% of the acid in the
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a given production rate. Further features and

adPBkges of the present invention are discussed

bel ow. Brief Description of Drawi ngs The invention is
described in detail below with reference to the

f ol | owiRigur2isiarnsghemiwis diagrahi shewingrar apprratesoftheirevention

simlar rts and wherein: Figure 1 is a_graph show n
¢ AdieEsih adfest essel s gr%lﬁ?ﬁrdg%tie &t syramipe iEhhenBaguittn of
I asladie =4d 8] on acid recovery and hydraulic | oading
of the light énds
Figure 3 is a schematic diagram showing an apparatus of the invention

wherein a distillation column is provided on the residue stream of a light ends

column of an acetic acid unit; and
Figure 4 is a schematic diagram of a stripper-type distillation column
which may be used on the residue stream of a light ends column of an acetic acid

unit in accordance with the invention.

Description of the Preferred Embodiments

The invention is described in detail below with reference to numerous
embodiments for purposes of exemplification and illustration only. Modifications
to particular embodiments within the spirit and scope of the present invention, set

forth in the appended claims, will be readily apparent to those of skill in the art.
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of an acetic acid unit; Figure 3 is a schematic

di agram showi ng an apparatus of the invention wherein

a distillation columm is provided on the residue
streamof a |ight ends colum of an acetic acid unit;
and Figure 4 is a schematic diagramof a stripper-type
di sti | [ailessmare Ispenificdilyadefimay bélew, senhirarlogyhas used herem is
streamof .a light ends colunp of an acetic acid unit

| BIEEAEULRER PG né- PR é'iﬂ] lﬂéw_.erraé_gfff?ri tﬁtwedé’tcﬂerﬁeﬂ‘e parts
g@%f &ﬂﬁfg?ﬁwb&ﬁt SRNoSforth Sur 1B IthdrAtkel ifdidagqr i bed in

tail ow Wwth reference to nunerous enbodi nents
for purposes of exenplification and illustration only.

Modi fi cat.i to part, cylar enbodi nent.s w t hi he

opi 11t DhieBEgh Gofin 1454 ke LERvT gL b b gf, 1

| RahipheRPRBRASHpSiAks WRuid\or bt REstaqRidrytheRBB), 8 lkast th part,
thoseé of skill In the art.Unless nore specifically

d élironglyapdicatipn ekheat trothediquiss used herein is given its
ordinary neaning. % ppb and like terns refer to

wei ght percent, parts per billion by weight and so

forth, “mistBEAg OinAGIKe t88ninOdge 2éfeft. to ‘abieasti paltidl iporification of a
colum” and |1 ke term nology refers to purification

edanpshesing adisilationgelymas [iquid (or at |east a

portion thereof), at least in part, through

application of heat to the liquid. "D stilling" and

l'i ke t eéFhasha vegsel’t afdelilee termimbldggasfergrara veasel adapted to
urification of a liquid usin dj stillation colum.

P vaporize 1i-qu?d, at least in pgrt, tﬁ!n'ough agreguct{on in pressure as opposed to
application of heat. Equipment which vaporizes at least a portion of a liquid
through both application of heat and reduction in pressure is considered a

distillation column for present purposes.

“Flash”, “flashing” and so forth refers to vaporizing liquid by reduction in

pressure.

A “stripper” or “stripper column” or like terminology refers to a vessel
which receives a liquid stream at or near the top of the vessel from a separate
piece of equipment as opposed to a column which refluxes its own condensed

distillate.

The Group VIII catalyst may be a rhodium and/or iridium catalyst. The
rhodium metal catalyst may be added in any suitable form such that rhodium is in
the catalyst solution as an equilibrium mixture including [Rh(CO),I,] anion as is
well known in the art. Iodide salts optionally maintained in the reaction mixtures
of the processes described herein may be in the form of a soluble salt of an alkali

metal or alkaline earth metal or a quaternary ammonium or phosphonium salt. In
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"Fl asher vessel"” and like term nology refers to a
vessel adapted to vaporize Iiguid, at least in part,

e as opposed t oPCT/US2008/011076
application of heat. Equi pment which vaporizes at
| east a portion of a liquid through both application
of heat and reduction in pressure is considered a
distillation colum for present purposes. "Flash",
"flashing"” and so forth refers to vaporizing |iquid by
r ecidiaih ieorbodiments shaucatal yst cogirompyise is'lithiuni sadidep fidhium acetate,

" Ok B Sashoreefs el SratoholsF i he ddEd Fo O iQdie Sal tha
VeaAYkn | rﬁférﬂneloéiﬁﬁ asat Fhé)ioﬁﬁi_% cafalRe b'ﬂa@ﬂ%&t mﬁ% bO RRRAREL
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i ncluding, [R(CO | anion as is well known in the
a.c@rreap@agms coaremotep iodidrasaltstapalizer o F aeafditionahdetail regarding

r eact:| ' f S rd [
 SBHLATAEN 508l WIPeBDARE|S8 URRERREP R o125
mes Shithler al. k30216)908@rSnit@tadl and 5,244,068,e43020 SniAer i ke
or.. phosphoni um salt hjcertain enpodi nents, the

c disgloputes of whrchrase Bereby, incorneraigd Py &ferencs.i t hi um

acetate, or mxtures thereof. The salt co-pronoter may
be added as a non-iodide salt that will generate an

i odi de Sémilarly, Binaridimdi cigalgsttiathesliqued edrbbnyletiommgctien

AR St b B RS ada R s s
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reaction system a w de range of non-iodl de salt

preaction oempesition for shst canbaertylationirgdctiopdn dey swtablerformtvehich

t Qlessolves in the liquid reaction composition or is convertible to a soluble form.
Examples of suitable iridium-containing compounds which may be added to the
liquid reaction composition include: IrCls, Irls, IrBrs, [Ir(CO),1],, [Ir(CO),Cl],,
[Ir(CO),Br],, [If(CO),L2] H, [Ir(CO),Br,] H, [I(CO),L] H, [Ix(CH3)I3(CO2] H',
Ir4(CO) 12, IrCl3.3H,0, IrBr3.3H0, Irg(CO);2, iridium metal, Ir,0;, Ir(acac)(CO),,
Ir(acac)s, iridium acetate, [Ir;O(OAc)s(H,0)3][OAc], and hexachloroiridic acid
[H2IrClg]. Chloride-free complexes of iridium such as acetates, oxalates, and
acetoacetates are usually employed as starting materials. The iridium catalyst
concentration in the liquid reaction composition may be in the range of 100 to
6000 ppm. The carbonylation of methanol utilizing iridium catalyst is well known
and is generally described in the following United States Patents: 5,942,460;
5,932,764, 5,883,295; 5,877,348; 5,877,347 and 5,696,284, the disclosures of
which are hereby incorporated by reference into this application as if set forth in

their entirety.
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5,001,259 to Smith et al; 5,026,908 to Smth et al.

and 5,144,068, also to Smth et al, the disclosures of

whi ch are hereby incorporated by reference. Simlarly,

an iridiumecatalyst in the liquid carbonylation

reacti on conposition may conprise any

i ridi ummdkyhhalidngomatqhm/mbmm:cils gieserakbj' ueldan icnmlbtnation with

el iatp V1 PREB! ERATRLrRaRen oo E b B o rersiecandnt alkyl

C %ﬁ@é"idllo%dt&n Pfe%’é}%l'yoﬂle'cﬁné’éi‘lyraﬁb’ﬁ beakel ﬁaﬂlﬂmﬂ\ﬂieﬁi'lmd reaction
di ssolves in the Ii iquid reaction conposition or is

c eamppsitibh és indherrange 0 6 0Ybynweighta ppiferablyf2 w3 (%aby aveight.
i ridium containing conmpounds which nay be added to the
liquid reaction conposition include: 1rdd3, 1rl13, IrBr
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WiritRenium and osmium. Specific co-promoters are described in United States

Patent No. 6,627,770, the entirety of which is incorporated herein by reference.

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

The carbonylation apparatus or process that is the subject of the invention
includes generally at least a reactive section, and a purification section. The
present invention may be appreciated in connection with, for example, the
carbonylation of methanol with carbon monoxide in a homogeneous catalytic

reaction system comprising a reaction solvent (typically acetic acid), methanol
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reacti on conposition is in the range 1 to 50% by

wei ght, preferably 2 to 30% by wei ght. The al kyl

hal i de pronoter may be conbined with a salt
stabilizer/copronoter conmpound, which nmay include
salts of a nmetal of Goup A or Goup HA or a
quaat/er ita rqacﬁmrdnriuatiwerr a;sbmbb:hdmdimm walyst #Rdeast e finite | y
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t jand gcmted dppiat by theuvﬁtwms Shlif’wea%tm igpraferablyckeat ow, for

speamplec <G A Fof offl PresBE A AR HER ARY 3o e
P&In‘hﬂﬁtloNQ)f h§dRgénation, prodets Mher ;ﬁiruaqureswetﬂf catbon monox1de in
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Sg)lréfPfalbll}; Yid s BRe ! iquid reaction conposition and/or

d process streans recycled to the
carbonylatlon reactor fromthe acetic acid recovery

stage .__\Wen use t he npter IS suita . esent
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reaction at a temperature of from about 150 - 200°C and a total pressure of from

about 20 to about 50 Bar.

Acetic acid is typically included in the reaction mixture as the solvent for

the reaction.

Suitable reactive derivatives of methanol include methyl acetate, dimethyl
ether, methyl formate and methyl iodide. A mixture of methanol and reactive
derivatives thereof may be used as reactants in the process of the present
invention. Preferably, methanol and/or methyl acetate are used as reactants. At
least some of the methanol and/or reactive derivative thereof will be converted to,
and hence present as, methyl acetate in the liquid reaction composition by reaction
with acetic acid product or solvent. The concentration in the liquid reaction

composition of methyl acetate is suitably in the range 0.5 to 70% by weight,
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carbonyl ati on of methanol w th carbon nonoxide in a
honobgeneous catal ytic reaction system conprising a
reaction solvent (typically acetic acid),

met hanol and/ or its reactive derivatives, a soluble

rhodi um catal yst, at least a finite concentration of
wapreferabbyn@l S op 60% il Weighty movel préderabllytl. to Bi3&o by weight and most
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exanple, less than 1 Bar partial pressure, as its

prepasaiely frem othes gpmppaenthef the liguidi reaction cnymp@i@eza%m may
| ot Y shatl
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Bar. The pressure, of the carbonylation reaction is

s GPReepirptionof water yihe lignidrgaction composigiprs Breferablys thet o
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Acet i cid js typically manufactured in a liquid
pﬁégéSV‘g}é’éY"F tat a tenperature of from about 150 -

2000C and a total pressure of from about 20 to about
50 Bar. Acetic acid is typically included in the
r eact i diherréaction diquil it gpisalyvdrawn from theeeactamanddlashed. The

crude vapor product stream from the flasher is sent to a purification system which
generally includes at least a light ends column and a dehydration column.
Carbonylation system may use only 2 purification columns and is preferably
operated as described in more detail in United States Patent No. 6,657,078 to
Scates et al., entitled “Low Energy Carbonylation Process”, the disclosure of

which is incorporated herein by reference.

Referring to Figure 2, there is shown a carbonylation unit 10 of the
present invention. Unit 10 includes a reactor 12, a flasher 14, a light ends column
16, a drying or dehydration column 18 as well s a heavy ends column 20. Reactor
12 includes the reaction medium and there is fed thereto methanol and carbon
monoxide. A portion of the reaction medium is continuously provided to flasher
14 via line 22 where crude product is flashed and sent to light ends column 16 via

line 24 as a hot vapor feed.
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derivatives thereof may be used as reactants in the
process of the present invention. Preferably, nethanol
and/ or nethyl acetate are used as reactants. At |east
sonme of the nmethanol and/or reactive derivative

thereof will be converted to, and hence present as,

met hyl Aagadeatiepurge binean 1s¢yprdalﬂ3eaﬁttéd3ﬁomcthp hsaid ofcthe bactor to
reacti on th acetic acid product or solve The

c PRVERt buildugef .gﬁsqor}%bwaqﬂuatsr%alm wathag °P| dioxide, and
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acetic acid product. may be introduced to the
c @rixbegs avend streasn comprising gtasmus wwmpomantssehigh arestypicalym

ot he nents th uid reaction OSi ti

vt aPosRBa Cimpaftie s ept b benr CbRARRBAES i el iodide
I @A¢ ricBily] GOETReS The @Asetut Pafge WireAth® fointBie kR @hd adiverter can
may be recycled in controll'ed amounts to maintain the

r é’q@pmbmeém setbbest separatsly aid ate typicallyescrubped avitheeither agetic
¢ %@ﬁo&e{ﬂaﬁ& orFr’{;%Eﬁ[asa&’% echué N84SR HRMR] {G&E}Iegefﬁn IY@E BF low

nt ar ne reactiron conp

t Ibellfn@ri@ﬁlp@nantt guch%xbgthylabdihé fromothe p@@@égrn‘knhathalfoois used
14% Db nmost . pref er ab] é 1 to 10% by wei ght. The
r é&é‘"ﬁ it mramllauwol(vym the enichedimsthrpelfrer he seiuhbipg system

f pgghgcraﬁp ?&umw % ﬁ{egﬂ&e@?f EombRGHECith tHe e{?\ﬁhﬂﬁ&ﬂ&&o‘i‘ feeding

s sent purification system
gelnﬁecranlbdqylatmlram -atlthbegls it can hisg bt retnoed ¢tb any ofithe streams

d%hz% %c%ftcie%ack to tlllle reactor such as the flasher residue or light ends or
dehydration column overhead streams. If acetic acid is used as the vent scrub
liquid solvent, the enriched acetic acid from the scrubbing system is typically
stripped of absorbed light ends and the resulting lean acetic acid is recycled back
to the absorbing step. The light end components stripped from the enriched acetic
acid scrubbing solvent can be returned to the main process directly or indirectly in
several different locations including the reactor, flasher, or purification columns.
Optionally, the gaseous purge streams may be vented through the flasher base
liquid or lower part of the light ends column to enhance rhodium stability and/or
they may be combined with other gaseous process vents (such as the purification
column overhead receiver vents) prior to scrubbing. These variations are well
within the scope of the present invention as will be appreciated from the appended

claims and the description which follows.

In column 16, the product is purified of light components which exit the

column via line 26, are condensed in a decanter 28 and refluxed via line 32 or
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Scates et al., entitled "Low Energy Carbonyl ati on
Process”, the disclosure of which is incorporated
herein by reference. Referring to Figure 2, there is
shown a carbonylation unit 10 of the present
invention. Unit 10 includes a reactor 12, a flasher
14¢tumelditg khe reacter viallinen3Q,34. Also piavifedy batatoy s, are

 RoiThed e RsRefiaieaiai Pl et Do EFRA ¢ her et o

met hanol and carbon nonoxide. A portion of the

reaction nmediumis continuously provided to flasher 14
via li nAePQlZﬁanEIlOdu@rS!;rG@mlﬁlﬂodmﬂldrasvnfasas(mwelahky lapad) to

I I por, f.eed
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;(]é? products such as net hane, car bon di oxi de, and

h

Oeds splemm2 Grgiadingi4a, whietheqyethsad aad @am@lpr@mttacaﬂlc
LB 14 0 K%l SIS 1S5 1BTOR s

a3d4pd6: aPﬂoddct"aeetﬁwaﬁd &y takéreaeiionad Goim h&v@rmu@y@dnw"uocha line
is_located between the reactor _and flash vessel (14,

14 ﬁ)WQ%WVquregw@gO@da\ﬂa lige S&he "converter”

produces a vent stream conprising gaseous conponents
which are typically scrubbed with a conpatible sol vent

t o r ec&odums dfgenaates astiquhi residoestieaim 6(bd/ihdm inochweatibydily
acet he react or

h t f
R C S P OB OB BB S Res P 5 eh df AEISESRTGE Ba g ryvention,
aBflezi 60 iy Povril Yo 8 ﬂ%&lpﬁ?ﬁgﬂ\‘vfarhn%'@h@ﬁer@ﬁfetén‘éaﬁcéngounters a

met hanol or m xtures of acetic acid and nethanol
prasiveed piessie e thabstrdani 60 isgt Jﬁaﬁqmmmlb'svwouhechslchmhdny]ash

| ggft %E pfrcquggstahs%cgnd) \9&1%%% productm%rte n&] hieh 1S Fe(a to a condenser 68

via line 70. Stream 66 is condensed at 68 and subsequently combined with stream
40 via line 72. The combined stream is then fed forward to column 18 as shown
and further purified as described above. Instead of condensing stream 66, the

stream could be compressed and fed forward as hot vapor.

A liquid residue stream 74 exits flash unit 62 and is recycled back to the
reactor with the residue from flasher 14 via lines 76, 78.

A portion of the acetic acid in stream 60 is thus recovered by flash unit 62
and fed forward in the system, reducing the hydraulic lead on column 16 and
increasing productivity. Typically, stream 60 comprises between about 90 wt.%
acetic acid to about 99 wt.% acetic acid and preferably at least 90 wt.% or at least
95 wt.%. Depending upon the operating pressure of flash unit 62, at least 10%, at
least 20%, at least 30% or at least 40% of the acetic acid in stream 60 may be

recovered.
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It is seen in Table 1 that over 40% of the acetic acid in the light ends

column residue stream is recovered and the hydraulic loading of the light ends

column was reduced substantially. These results are shown graphically in Figure

1, discussed above.

Referring to Figures 3 and 4, there is shown another carbonylation unit

100 of the invention which includes a reactor 112, a flasher 114, a light ends

column 116, a drying or dehydration column 118, and a heavy ends column 120.

The various parts operate as described above in connection with like components

to produce acetic acid and are connected via lines 122, 124, 140, and 142 and so

forth as shown in Figure 3.

Instead of a flash unit, there is provided an additional distillation column

162 which is fed by liquid residue stream 160 from light ends column 116.




heavy ends colum 20 via line 42, while the overhead
and sanme product acetic acid is used as reflux for
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lines 34, 46. Product acetic acid is taken overhead
from heavy ends colum 20 via line 48, while heavy
waste is renoved via line 50. Colum 16 generates a
liquid residue stream 60 which is conventionally
recycled with residue fromthe flasher; however, in
a@xbmndnrm% gendrites imaoirerheault steam Kdrvelzsioh 6Gyibe qondensedat 165
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acid in stream 60 is thus recovered by flash unit 62
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aagpe distiltitidnicoluairiftso 8sivdd. % aceti c acid and

preferably at least 90 wt. % or at least 95 wm. %
Dependi ng upon the operating pressure of flash unit

1? érﬁe/ﬂl i‘?fcai ut%%dcﬁtdlktﬁ%bn%gf){ﬁrﬁ{ 162 was
I east 40%

e acetic a(:ld In stream 60 may be
r sovleteddn Shder syascentaiofitsEBbyily & oy asétimdcad Bominlight ends
e'TBiJn'u? laelsmue S éJaEme ' Angdkl% Ien&socolumn residue sample was also distilled in a
laboratory unit having the configuration of column 162. Results are compared in

Table 2.
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(bW residue stream 160 from

162 which is f
i ght pgods col

ed by
um (132

119160 ERER é(gémge}%gaﬁ%q&lﬁwquer head stream 164 Which

”EyCL&?en?%@Fa%ﬁc 5 and usef as 6@f8hux |r t he
CQrmI - O 1 13 LR c‘?u..L ot J.J.L, \ §—product
Si ?’P}% ?|11 %ﬁi‘ %3&5 congdense gg con‘pressed
ana=PERUEPETAIOR i o 1ine ;]68 orl 170 §19 conbilned with

a first product streamprior to the drying colum or
conbined with the first product streamprior to the
heavy ends col um. Provi ded stream 166 is of
suf f i cileistseeiml Tabje 2 that tise qmipsifieslabdde] hgreéd edll twith the
stlream dléectl to the
aboratory data and that recovery from the liquid residue stream was over 40%.
Hydraulic load on the light ends column is substantially reduced and, in the case
shown where recovered acid is fed forward downstream of the dehydration

column, hydraulic load on the dehydration column is also substantially reduced.

The invention has been described in detail and illustrated in connection
with numerous embodiments. Modifications to specific embodiments within the
spirit and scope of the present invention will be readily apparent to those of skill
in the art. Such modifications are within the spirit and scope of the present

invention which is set forth in the appended claims.
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If so desired, nethanol nay be added to colum 162 to
reduce inorganic iodides in the product streamas is
known in the art. Likew se, colum 162 nay be operated
wi t hout a condensed reflux stream such that it

operates as a strippertype distillation colum if so
dewHASKIS CLAIMEDS:an enpi ri cal conput er nodel,
distillatiopn colum 162 was sinulated in order to

ade efrcarhpnylation precess, for produciigdceticaqid comprging, o m 4

i ght ends colum residue stream A |light ends col umm
resi due sanple was also distilled in a |aboratory unit
havi ng (Bhearbomylating methanolair itsatactive deodvatiResin the prasence of
conpared in Tabl e . 2. Tapbl e - ari son of. | ut e
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case shown where recovered acid is fed forward
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and illustrated in connection w th numerous

enbodi nents. Modifications to specific enbodi nents
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will be readily apparent to those of skill in the art.
Such nodifications are within the spirit and scope of
the pr . . . s
appendad T RE TR BUER SRR OGO romponents
process f and genecaie a pgrifiedfirst peoeiudt steapr dngi anlgquid residue stream,

wherein the liquid residue stream consists predominantly of acetic acid;

(e) vaporizing at least a portion of the liquid residue stream to provide a

second product stream; and

(f) feeding the second product stream forward.

2. The method according to Claim 1, further comprising the step of condensing

the second product stream.

3. The method according to Claim 1, further comprising the step of compressing

the second product stream.

4. The method according to Claim 1, further comprising the step of combining

the first product stream and the second product stream.
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thereof, and a nethyl iodide pronoter to form an
acetic acid reaction mxture in a reactor; (b)
separating the streamof the acetic acid reaction
m xture into a liquid recycle streamand a first crude
product stream (c) feeding the crude first product
streamto a light ends colum; (d) distilling the

t streamtQ renove |ow bgiling conponents

cr.ude, produc

and ieﬁgwﬂwe ageqsdingrte Ldaim ?,swhe;s?ladmgr%@? sG¢PR% groguct
i quj kA Em WheRe! e pdue
str e%%agg?ég st sﬁ%?'&(; 0 mthn antFt ?ifﬂ%%t&g%ledt w{r%ccfod ; E ‘e)
vaporizing at least a portion of the liquid residue

stre to . provi de. a segcand progduct styea and

7 Beat My meHBASERURINE P Saus: | ShRBET fomBidiedhe Sepyffurther
et hpehi BapAhE ARG ah® sédoftll Product dfdaiRr conprising the
step of "condensi ng the second product stream 3. The

nmet hod according to Claiml1, further conprising the
stepRf . C ressi.ng .t second produgt stream . 4. The
ot O MEBSRACRY o0 (oA ik fisy fod FPh piogiet

st epstRfan AP t6 G sirfpe déHydiatideQ@dHmin St ream and the
second product stream 5. The nmethod according to Claim

4, wherein the first and second product streans are

AT BERSAAL AQSEFALS Rl U Pl B4

t he presds isofapbtizédomphie liqyid residdesstfebmst and second
product streans.

9. The method according to Claim 1, wherein at least 20% of the acetic acid

present is vaporized from the liquid residue stream.

10. The method according to Claim 1, wherein at least 30% of the acetic acid

present is vaporized from the liquid residue stream.

11. The method according to Claim 1, wherein at least 40% of the acetic acid

present is vaporized from the liquid residue stream.

12. The method according to Claim 1, wherein the liquid residue stream comprises

at least 90% by weight of acetic acid.

13. The method according to Claim 1, wherein the liquid residue stream comprises

at least 95% by weight of acetic acid.

14. The method according to Claim 1, wherein the liquid residue stream comprises

from about 90% by weight to about 99% by weight of acetic acid.
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1, wherein at |least 10% of the acetic acid present is
vaporized fromthe liquid residue stream 9. The

nmet hod according to Caim1, wherein at | east 20% of

the acetic acid present is vaporized fromthe liquid

resi due stream 10. The nmethod according to Claima1,
wHér Aicartminylatias (pr&@8s fofr prdincmgeicetic &did doppesegt i s
vaporized fromthe liquid residue stream 11. The

nmet hod according to Claim1, wherein at | east 40% of

the acghy carBsiyla ;ﬁ@ﬂh&&%ﬁf@@%t&@aeﬁ\rﬁ%& bk bRttt of
resi due stream 1 he met hod according to daim1l

wher ei n t wetek,i acmtaiystessliedtué fronr Elmdum mpialuys'resndtum eaatysts and
90% by WGI of, ac t hod accord

to daimt t}bbf?élﬂéﬁrﬁe‘ﬁ ﬁ'éd ﬂ?yé “%dé%‘i HBE‘ TR ?H“a“a"e“c ¢ deid
conpri sesregétlélgﬁﬁm,%ﬁg(oal}yadw ght of acetic acid. 14.

The met hod according to aim1l1, wherein the liquid

resi due stream corrprl ses from about 90% by wei ght to

about 7 rbon £
pr Og esgg} ge?%for 08U Sr;[ge ac etftl cg%eglcc?g ?tloél rﬁ‘xl?‘“fz‘}tg al St

car bonyl atiguig rf@btm&hnwndlatﬁrstmdﬁdt\s&eﬁﬁyl vatives in
the presence of water, a catalyst selected from

rhodi um catal ysts, iridiumcatal ysts and m xtures

t her ?0“(%?0'&5&%12 &H%h@( brddd ‘Hr&jar&’&&?%eea&n oA flﬁit'%lﬁ?column

acetic ction mxtur |nareac

separating the streamof the acetic aci d reaction
mxture into a first liquid recycle streamand a first
pr od uct(d)stgllptglgﬁg the crude pr%duct stream to remove low boﬂ?ng components

and generate a purified first product stream and a liquid residue stream,
wherein the liquid residue stream consists predominantly of acetic acid; and

(e) distilling the liquid residue stream to generate a second purified

product stream.

16. The method according to Claim 15, further comprising removing iodide from

the second purified product stream.

17. The method according to Claim 16, wherein removing iodide from the second
purified product stream comprises adding methanol to the second purified

product stream.

18. The method according to Claim 15, wherein the second purified product

stream is fed forward without further removal of water therefrom.
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light ends columm; (d) distilling the crude product
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purified first product streamand a |iquid residue
stream wherein the liquid residue stream consists
predom nantly of acetic acid; and (e) distilling the
liquid residue streamto generate a second purified
product stream 16. The nethod according to C ai m 15,

f Ut Aarappanapusifer prgdu@ngacetiy acil)sald appayatus kempssiogd
purified product stream 17. The nethod according to

Cl aim 16, wherein renoving iodide fromthe second

purifi qgd) H&@&E&%ﬁéa’i&ﬁ{ﬂﬁﬂ%ﬂﬁétﬁﬁﬁ)l 3L RACHRE 8aRalivén the
the second purified product stream 18. The net hod

accor di ngpteserCeaif mvatsr, awhatalyst seledied Femahddipor ¢atalgsts, iridium
product streamis,fed forward.w thout. furt.her renpval
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acetic achflaceiriadidedd o Hknae M tHeSeat@or; (2) a reactor
for carbonylating nethanol or its reactive derivatives
in the presence of water, a catalyst selected from

r hodi u tal i.Lidi I ' res..

ther cor Ok Syt U B8 sl P dodft W Eeive o
aceti c acktieantafthe euctiby tikfird and deparaeai€ indé (i) @ Mijjuil recycle
flash apparatus coupled tg the reactor and adapted to
recei ve asEampaad o) & srade Szt prosiichstieany eontaiping apeticactd;
it into (i) aliquid recycle stream and (ii) a crude
first product stream containing acetic acid; (c) a

i ght &oyls light ends coloupil eaipied to tiee fldsheh evhichnisiconfigured to

configured to arat.e | ow boil i C onents fromthe
fir Slt g;r oaed)@{até foggg%iin& f:lar\{lvponelntsI Egm tl?enplrst prod?lct stream, and
generate a first purified product stream as well as a liquid residue

stream;

(d) a dehydrating column coupled to the light ends column for receiving

and further purifying the first purified product stream; and

(e) a vaporization vessel also coupled to the light ends column for
vaporizing at least a portion of the liquid residue stream and

configured for feeding forward a second product stream.

20. The apparatus according to Claim 19, wherein the vaporization vessel is a

distillation column.

21. The apparatus according to Claim 20, wherein the distillation column is a

stripper column.

22. The apparatus according to Claim 19, wherein the vaporization vessel is a

flash vessel.
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further purifying the first purified product stream
and (e) a vaporization vessel also coupled to the
light ends colum for vaporizing at |east a portion of
the liquid residue streamand configured for feeding
forward a second product stream 20. The apparatus
according to Claim 19, wherein the vaporization vesse

is.adistillation colu .21. The appar at.us accordin
t 3T AR ERDLEine S 0, FHFSheT BAERTIteA BFE 3 Ends Column

stri ppgleFR tHeBehyRatingt@1@RRAr at us according to Caim
19, wherein the vaporization vessel is a flash

vessel . 23. The apparatus according to Caim 19,

furt i Si .a h d l led to th
acity AP iRERes Rtk B Clam T par e BC 1Ba i veel &
d ai mrae’ilywﬁgreaitmﬂeheeawemémﬂn vessel is directly
coupled to the heavy ends colum. 25. The apparat us

according to Caim 24, wherein the vaporization colum
! SZS?T% gﬁﬁalrlltﬁg 'aé)c%rcﬁgé YWe1aim 24, wherein the vaporization column is a

distillation column.



