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REMOVALOF PERMANGANATE REDUCI NG COMPOUNDS FROM

METHANOL CARBONYLATI ON PROCESS STREAM BACKGROUND OF
wOoR)SIBBENTI ON 1. Field of the Invention This PaY&IS206/06092

relates to an inproved process for the renoval of

per manganat e reduci ng conpounds and al kyl i odi des

formed by the carbonyl atijon of nmethanol in the

presence of a Goup VIII netal carbonylation catalyst.

S
REMEYAL B BERIEANGARRE REPTEIE COVMPRENDS FRoM METHANOL
precursors of CARBONIANATEONRROCESSCSTREAMS and
al kyl iodides frominternedi ate streans during the
formati on of acetic acid by said carbonyl ation
processes. 2. Technical Background Anmong currently
enpl oyed processes for synthesizing acetic acid, one
of the nost usBACKEROEND QF FHE INVENTHONI yzed

carbopyl ati on, of net hanol with carbon nonoxi de as
1. F%ﬁf%ﬁeﬁn@%‘mﬂ:’at. No. 3,769,329 issued to Paulik et

This i@fedoh reBids tb%A3imProfed plodeRYoa theorent@ab oy permanganate reducing
contai ns rhodi um either dissolved or otherw se

compouhids ped ekl jodides [forgagdiby thecerbonylstion ghinsthasghpotbhe daesgpce of a Group
i nert i o} Lt n. I = L .
v PSP s DR R SRS SEL UL, an g proces
for redudh@dndidCRMdvEng plecadoseadt peimangahste reduring normpsineimand alkyl iodides
~any of many forns, and the exact, natyre g{ ttt;e |ihodi um
from injesmedigie seHmn R e LpvRsionohpsrdie Ry i gaebonylation processes.
uncertain. Likew se, the nature of the halide pronoter
2. TechnicalBFackgraund The pat entees disclose a very |arge

A .rchLfeng*J iﬁé‘@)&é}%ﬁlg{r%@&%rﬁf $ gési ¢ Wt a@d, Sone of the most useful

orgamic 10 typl ca nd usefully, the .
commefodiBt is ahe cstalyaet umbenlylbyorc ahiethanelswigh badbbh inmenoxadebasrtaught in U.S.

ST T R TR e
rhodiur%{ %i‘gﬁf QRESFed BF ofHRGw R IRYRKEATA ANiqRid ARCAdE aft@tunk Or supported on an

ce the carboxylic acCid having one carbon atom o
inert sotidy donghaith beloger-ohuiining ¢atalyss peareotecassixemptifed bymethyl iodide. The

odiurssf o ol 50 D56t R S TR 5 BNy Bact maure o
the rhollet &fbiety withdR thd A8ikve aaidlySr, 186& uhcstdd [epwisd,, the nature of the
1992; and European Patent No. EP 0 161 874 B2,

halide probiotes Heaot eritical., Theopatentpes disaeseos very IArgeabes O spigable promoters,

ci,d.is pro e m ' [ j: LM
most of Sl rob RSPl GRT 0P 8ARe Mo EREY! B FBALUT: conduci oy
continudB$Lh phibblagi Gebonanendide pasrthpugls e hiquidreactvatratditundawhich the catalyst
... effective concentration. These patents disclose that
is dissofwgdal yst stability andthe productivity of the
carbonyl ation reactor can be maintai ned at
Sur impirevenegny imthehprias\ast rocesy der the carbonylation of an alcohol to produce the

carboxylic acid having one carbon atom more than the alcohol in the presence of a thodium catalyst
is disclosed in commonly assigned U.S. Patent Nos. 5,001,259, issued Mar. 19, 1991; 5,026,908,
issued Jun. 25, 1991; and 5,144,068, issued Sep. 1, 1992; and European Patent No. EP
0 161 874 B2, published Jul. 1, 1992. As disclosed therein, acetic acid is produced from methanol in
a reaction medium containing methyl acetate, methyl halide, especially methyl iodide, and rhodium

present in a catalytically effective concentration. These patents disclose that catalyst stability and
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very | ow water concentrations, i.e. 4 weight percent

or less, in the reaction nedium (despite the general
wonadsgssical practice of maintaini ng approxi mat eCy/u$2003606092

w % water) by maintaining in the reaction nedi um

along with a catalytically effective anount of rhodium

and at least a finite concentration of water, a

speci fied concentration of iodide ions over and above

t he .j odi . ' i . Y
o g0 A M B 8 TR B, v
very lovd r\]ﬁtéfrlio@caﬁﬁationy,\/l;.tehﬁl\ivéiglrl]mlmrb@ﬂiod dedspimthepeadtionrmedium (despite the

The patents teach that the concentrafjion of e [ ..
general flusigipbPrRdCY QfdARTARINE SPBOYINI| FPHLRE Ypaplifk P mtpgining in the
reactionglingﬁﬁﬁ’f %ﬁgﬁ’iﬁlaé _‘;‘cgﬁty’tﬁgﬂ?%@ﬁé%@\té Mokt FEHMANGh 4nd at least a finite

ucé acetic aci especially at |ow reactor water
concentiatinn efi twakdrj ongeciiBy emicengratiohafiigditly idms giyer and above the iodide content

., .concentrations of the nmethyl .aceta ngd, 1 adi. .
i RS ST Tl T bk B0 B PO L Bl o smole s
with 1itH4 16886 beihg Prareied. | Yhd Yat@ins feadh @int tivecdnbéitiation @ edetion acetate and
medi um contains water in concentrations as | ow gs
iodide saltroare significant parametersow affesting theqals of cathonylafien gkmethegol to produce
. Si;nmply. "a finit ratien" . . .
et Bl pBob A SRAE SOHAFLRNS B U4 Tl i poncnrons
of the metBPhédtity afd iddie salipehicusbtaias alkyiprising degree ef catalystesalttility and reactor
catal yst precipitation, especially duri nlg t he Qr{)duct 1 bout
productivity sver When tsdigyid teaeigaBeENE: copRilps e Wicgpeentrations as low as abou

0.1 wt g/f();,IS%)' E)Arvgghﬁnit fc%fg@@dl?‘ﬂeoe 1681 sifPHPUE Fh NehitN BorReikatfon” of water.

uct ten to’renmove from the ca;alyst the '
Furtheri@afeh die pactioti dedivm employet ienpeomes rtbe stabilityeof rtheirhediuinneatalyst, i.e.
the reaction, vessel, is l.igand wit tabilizin
resistangs e VPG ¢opecielsCiad the ot 13y "4 of the process. Tn
these stepsDARANLRY o ﬂﬂﬂé@@ﬁ@f @E@veﬁﬁg ehdadefic QA0 raled téids to remove from
reference. It has been found that although a | ow water i
the catatyat Bengdrlain mongyide adschf iorthe eovduingipt meéntpigedién the reaction vessel, is a

) reduces. such. by- product.s _a I OXh&les ,
ieand B P R B R s AR08 51440
are here B 61Por A& Rifdr¥ndeN trace anounts, is also increased,
and the quality of acetic acid sonetipes suffers when .
Kthae hpensfound thas gkheugh anlorewalst e3BOBHYIARRIPERSS o Rrofycing acetic acid
[ ving.c . . ,
el JRAPEIAGR 5P SR HRS, SRESLAACAR thoBhonnof e
impuritRS PRk | genwhEN ih hece ameounesiis alsbainertaeds endtthe kpality of acetic acid

_reaction process. The inppurjties that decrease.the :
someling SARGANBTEATRS A1 TRE CPIogos 0P o HEr BREAE Gy HOwyRYine catalyst

-hnsat urated car bonyl conpounds. As used
or mmﬁ@%?%@?%g&%ﬁ%é "canbonyl" is intended to nmean
ounds. t hat. i - ' | irculated
PR R LA B Mo ARSI IGH 8 rsu
throughUWRS aédetiah pitessS@le Gapaditysithatafecagathe pefesghnate tiniesof the acetic acid

_ 369-380 (1998), for further discussion on inpurities.
include] garbonyAcHBRgMES B PROCEREI 1D bERRPOTHSC A, Bied ietein, the phrase

"carbon gg Ssﬁnﬁ%mdte&) th GHLE BSnmAAIS "thACERYAIR DIREBKHRRYARAR functional groups,
which compounds may or may not possess unsaturation. See Catalysis of Organic Reaction, 75,

369-380 (1998), for further discussion on impurities in a carbonylation process.
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conmpounds (PRCs) such as acetal dehyde, acetone, nethyl
et hyl ketone, butyral dehyde, crotonal dehyde, 2-ethyl
wonraeismssilcdehyde, and 2-et hyl butyral dehyde andpPCingis2005/006092

i ke, and the al dol condensati on products thereof. The

present invention also |eads to reduction of propionic

acid. The carbonyl inpuristies described above, such as

acetaldehyde may react with iodide catal yst pronoters
Ip sgﬁtnﬂllth &?H?% e&l’:chﬂ) ﬂe@ﬂ!n?%nd/%r gremo‘éinﬁﬂnermanganate reducing
odi de, |od| but entyl 1 odide,

compouhéS(ydPRstD dseeachn ds tdmetalddhgde | cdtened emetla/tbl ethtyb kespmsy ebutyraldehyde,

cotons g, b oG FRACHH AL BUBRHGRRE R Bt and e oo
condens'ﬁﬁ@ﬁjﬂﬁ)‘du&t@ AtréE, APk peRRehtiBvenEbA kIS leadS @slrddictidieof propionic acid.
production of vinyl "acetate, the product nost conmonly
'P%@ Q%ﬁ lff rﬂfé@tde%cﬂ%ddabozges@he%s B&ethlﬂ%ﬂ%ﬂfe' Qkhyl feact with iodide
us also ected to renoval of i odi'des, in
catalystq;mmotetsl tarfomnml-ahﬂbyn alknyulodeieem@o mbodﬂccmpgylngdlyle butyl iodide,

st S5 55 ER TRER OB 254 BEHE 8 oAl SR g e st

product%@@ad@é F&SAPardSuritd of tﬁ@ééq&phﬂﬁesﬁ'nkué adefidiagidl [godict Bind to poison the
Conventional techniques to renove inpurities include

catalysttusediin thy nrh@uca]@gtqf winyd jagetpteothg droduct magk pempenly, produced from acetic
acid. Tg%g resent énveaﬁ?% %Et nl?(L dlr%%d t%?%lrggvnag i Qﬂ&l ogﬁﬁé:gﬁ%.paﬁgzmar Cp.12 alkyl

jodide Wdrhpoudist | Adcdidigglyphetduge avayi 1@1@@1&165 ofigimarosititht yqetabddhyde, it is a
purification treatnent involves a series

primarycibieative i Teteyegeetalighyderfiam feduagsss sq #s ‘iosfeéli%h%ﬂlswodlde content.
for exanple fromU. S. Patent No. 5,783,731, to renove
eanmnynalutnqmques & rameye ismysifpt ingluds Arpgting the acgtic agjd product with
1 or.ganj ¢ c
ox1dlzelﬁy 8;0&?5/}&73#{ nlgeﬁ\%(gs \%Vtg%g%grb%ﬂ} El% 1%9 ”3%1‘21“@9 lﬁ(lg RS treatment may or

may no€ @8Rebbifdt With Aighllaonres thef aetioweid. Mie dhet Itjfmail ipmrifitation treatment
separate the gurlfled or.gani c product fron1the 0X

involvep  AEHSSEH distidlgienssof the fpaldroduchelt axlse keavan for edniRy SxTHl om U.S. Patent
No. 5,7 g‘f”g%’ﬂe[? Ve @%rgm tlrtn?lgrgtt?e gﬁﬁl(ti: fchs‘%re e Fbgst?eauﬁé‘ the organic streams

1on O ac I duct. €an
with anf @ainet colrrrpoaddi isttlo g hydnopylemines ewlhdl mgleSOWi’tb dhe Wrbomyl| qompounds to

bleto obtai.n acetic d of, Iat|vel

o b5l 0SSR 3 b b S tE oo o i oxime

reactiod ?1‘@' MaS e HoRVEO MY AddigshaPteaeRAt 8Nthe FiHal hiddakt 44ds cost to the process,
eat nent descri bed above frequently renmains sonmewhat

and dlsnﬂéefuomo@mhe tréatédl acetipeditl prasiuchenpesulisin gdaidipealtimparidiesceing formed.
the presence of snall proportions of residual
Wiiler it tis @essitbe ne @benirs adetic cicahdf mdativalyghilghtmlri{ty, rthe iagetiwnacid product

formed B 11 oM ST (EBpa ISRy etoBYl Tpdeptab difaiy "dktribed sbove
frequen'tlgﬁé'rﬁéﬂlb & {,Vbﬁét HBELRARRN RRPIR '&gﬁ‘l@ %ﬁn&ﬂgiﬁatb $ime due to the presence of

ecti ona . Moreover, it Is not "economcally or
small prmpnr&omsl af tqmd‘uahanplhraletso Biarm wesufificientepeymangdnaicetimefis an important

se | ies. fromthe acet tillat
T E e P
impuritfes A& deBrebftpertfankAifitffikiis oBfetforabRd UMoreover it is not economically or

commercially feasible to remove minute quantities of these impurities from the acetic acid by
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It has thus becone inportant to identify economcally
vi abl e nmet hods of renoving inpurities el sewhere in the
woansmsyiléat i on process w t hout contam nating t ReTMIS2@E/006092

product or addi ng unnecessary costs. U S. Patent No.

5, 756, 836, incorporated herein by reference, discloses

a nethod for manufacturimg high purity acetic acid by

adj usting the acetaldehyde concentration of the
cisillabERERRR, e RE B BB Tiee BRI, o, SRAL BT shitil @Y acete acid
productt hreshold, it is possible to suppress the formation of

i mpurities such that one need only distill the crude

RCERAs| ﬁluaCbééoﬁfeOdupértatrﬂ) wbiditifyhiegdnomicallyy viabid imeth@dsd of removing

Eur opean Pat ent .. EP 0 487 284 Bl b|ISh 1@2@
impuritiep elsqwtpze inythe criboBil afipmprocassyBHRAUL PoRS WP@%% Rioduct or adding
I i
unneces'ts%é/ tB&s. Eleé g%@?m. E,g@ﬁ,llggﬁ,tﬁe 51‘3{e|d§hef‘é?ﬁ‘ 6§ %ﬂéﬁh@e discloses a method

over rom t s col um. Accordingly,
for marufacthringhhighn gerityohestic anié rHyeadjustmgt t@aa@edaldsthykie agoncentration of the

SN Mot T T M T R p—

below tﬁl@ Qﬁreﬁﬁ)‘l‘d heisSRREbR! B hubpiRE B %fn@dﬁ%h"ﬁf fiﬂlpﬁMﬁéshﬁ@H that one need only
l'ation,” resulting in an acetic aC|d product wth

distill therqnudnﬁ@dtlmwdrar@aniatp@btalmblghmlﬁp@&ﬁc peitlent
Application No. EP 0 687 662 A2 and U. S. Patent No.
Eu@aéampaﬁemelﬁor EB@ 487128dd%ks pubtishedr Apiilc ilfh,glsmsg ldigslasés that carbonyl

impuritS iRt g 1o AR %@PMG@%%@E@@ et i YA dfom the lgh
ends colGAR! REcHR¥inkS! Mgk Aol EllsColimMékbihesd ﬂgﬁeeﬂé@tvhjcﬂ al lafiine compound
process to renove acetaldehyde Streans suggested for

(such aphywiresdamige), ovhidmeaets xa8t the gahyad dompobieds tQ pmg lgime derivatives that
can be E%%?R%KP ﬁnt ajglgl Chath | n%\rfelzrb% dV\@y g%‘ﬁ lgt‘foﬁlit ﬁésug?ﬂ% Q‘Face’uc acid product
-wnhungﬁk@&bamﬁg_Qﬁneﬁgkhyl acetate and acetic acid; an

overhead stream containing primarily methyl |od|de and

E%&{n Pﬁ&{t%ﬁyhc&‘iorﬁl\lf) eEP D&Yl 862 AQ BHNEBNPA NS 5825,095 describe a
ining the'light and heavy phase. These ref er ences

processdor pmtluqmehnghfpjan%hamhc etidtin saichsit isstaierd {hotareasstaldehiyde concentration.
o 100 B GG 80,8558 LT F g AR s

to remd¥t ab&@lﬂéhﬂfé csmdhislsa@gestsa foP pfdc@ﬂsﬂgh@ rémbfmhd:eﬂﬂdéifyde include a light
acet al dehyde in the reactor. Although it is stated

phase qamgginingrprimadly whtepy agstigdame sanéum?thé(% Asp8te i IhgaTy dBase containing
prlman%rorrr]x%:@%l 9dfde2 gﬂétlgﬁ%gﬁ%e Al at 153% @@12155&\ stEl %ﬁﬁ%@l’ng primarily

|ng ormati on o ace I's a
methy] pedité ad endthyl haktad nage mm:ulrafmgatream Ifonnmﬁby icombimasg the light and
proposed i ncyreases the far ionic acid,

heavy ]gh@g@sﬂ}géq: delgienges da ot ident yr qutlile stﬁeaﬂlglsbggqs‘essgs the greatest
concentgét%jl f?%@%ald@hjd%mmnl y assigned U S. Patent Nos.

EP 0 687 662 A2 and U.‘S. Patent No. 5,625,095 also disclose management of reaction

conditions to control the formation of acetaldehyde ih the reactor. Although it is stated that
formation of by-products such as crotonaldehyde, 2-ethylcrotonaldehyde, and alkyl iodides is

reduced by controlling the formation of acetaldehyde, it is also pointed out that management of
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6,339,171 that it is possible to significantly reduce
the undesirable inpurities in the acetic acid product
woypop@sfiesmi ng a nulti-stage purification on tReTUSYWE/006092

ends columm overhead. These patents disclose a

purification process in which the |light ends overhead

is distilled twice, in each case taking the

acetaldehyde over head and returning a nethyl iodide

t r t [ rable by-

rescton S b e P T gy e o ndesirable by
productr enove the majority of the acetal dehyde for dlsposal

| eaving a significantly | ower acetal dehyde

M@f&ﬁﬁ&ﬂt@‘; fitHas ibeert Bigclosdds linl’tﬁ)hﬁnctﬂiﬁhssilgleddo‘, ¢ Patentt Mog. I6¢1 43,930 and

or, US Patent, Nos, 6,143, 930 339,171 ar . .

6,339 Hlnthﬁit posapasiblfetoetignifigantlyt gdurk the v ﬁ’é? © IRpiUgs,in the acetic acid

product\lé\g (;Je?foy?ﬁ]gaﬁﬁﬂﬁ &f%cﬂdrﬁﬁgtl&{ 8% ﬁfesl?g%t RAYE.IPRBA overhead. These patents

I'n renoving carbonyl impurities fromthe
disclosecapbrifiytami pmcesysnewhlalm dhe Gightt breisnmcrhqaérls dissiblied didendn each case

cet al de | er mang e
ki« GooIA s ue o an P Back mor e PR ROORHETpLbE reactor. The
acetaldeﬁ?ﬁb ﬁEh | distiRud e @ptibeaBT ekiiabiad V\tlﬂhe K@it EfFB FdtSo V@ ﬂﬁedlajorlty of the
for alternative processes to inprove the efficiency

acetaldehyde firabspodal. Ieewmgaﬂ signifieantiydewst agetaldehtyide ﬁomeewfé@hm the raffinate
that is re%ﬁ# aI t (r&rlq o Ias gat%g N‘{)%q %nl4l3 ?S%'e I%h%#?ﬁ'lgre incorporated herein by
]gﬁxmugﬁ@mkﬂeﬁn@aprocess for produ0|ng acetic acid that
i ncludes the follow ng steps: (a) reacting nethanol,
WBfRYhe %@eﬂie@@n%ﬁtﬂi‘déesie@mé Bed sudbaBiul i re@idigiig Wrbdihyl impurities
carbon nonoxide in a suitable reaction nedi umthat
from thenchrhdeglation atyaleys tanénfpratheo nashi Rery Ganigelling be}cetaldehyde levels and

perman%adf %{ fl LLn Io ]gﬁq(sf ! tﬂ)g?}sna I(':]%cr% ﬁ&sdcggfu{'tﬂéromg?rgvemems can still be

made. nRchb\flim %lﬁBi’e ré‘iﬁilﬁi a rR8d f@eﬁlt&ﬁwﬁeqir&ers%uouﬁg)rove the efficiency of
oun gi and a |less volatile hase conﬁllnlng
acetaldqhbrée mway hemeatclewréloa@irwdf{sane&%ft g qu%@{eﬁﬂ tion
vol ati|l e product phase to yield a purified product and
a first overhead that contains organic iodide, water,
acetic acid, andSHNﬂHA@héﬂﬂhffﬂbﬂ%VENuﬂpDUistiIIing at
| east a portion of the first overhead to rodu

e 0B FSBRFRbr ﬂ@awewﬁtlamuﬁ@ MarHSt & Bees, foparaficify ageic acid that
umhﬁe?ﬁ%X%ﬂ&@ PRCs and di methyl ether;(e) extracting
secon overhead with water to prOV|de a first

x| ureactsnge xiatlznbdl, amethyl fapq:tg‘(e, rrmthyiafcgmamq ar (d?upethyl ether with carbon
monoxi éir{)% %Eliaggefrﬁﬁct 18fnlé]ir1] ugngléae tc%a & é’8{%‘ id acé)rggﬁlg‘fddqge

AHNEAARI AP IR GRERIMY &¢ 18 r&H3EEn b adxbcﬂdﬁﬂé atoduct phase that contains acetic
acid, methyl iodide, water, and permanganate reducing compounds (PRC’s), and a less volatile
phase containing the catalyst and acetic acid;

(c) distilling the volatile product phase to yield a purified product and a first overhead that
contains organic iodide, water, acetic acid, and unreacted methanol;

(d) distilling at least a portion of the first overhead to produce a second overhead containing

methyl iodide, water, Cy.12 alkyl iodides, PRC's and dimethyl ether;
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Preferably, at least a portion of the second raffinate
is recycled directly or indirectly to the reactor, as
waneostosgichot t ons fromthe distillation steps. ROSHUS2005/006092
preferably, the second overhead contains sufficient
di met hyl ether to reduce the solubility of nethyl
i odide in the agueous exgracts, as will be explai ned
further below. In another aspect, the present
r I [
GRRUE o SRS S Al WA Rt 16 PR bl 38 and  firt
raffinatef@idyl acet at e, nethanol at | east one C2 12 alky

(nggqlgt;?a%tlfapg ghg fﬁ;;stg?p%:éneﬁg? r;?ﬁggtgggrtgsl[ eeg f%g%qrﬁgmﬁ%%fgﬁ)a?eu 94 a second
aqueous%kﬁ@& coéﬁ ﬁ% %ﬂg’ehﬂrﬁgd PRE'sHbrdispRal 0 form a PRC

nriche stream cont aini ng di nethyl ether
Preferab@b)at teattr apoitiog of ke seeendhedinate isogaycled diregilyer ladiépcﬂy to the reactor,

arating th a first ueou
as are tgff %ogg@ts %‘i’f@ tgﬁélstﬁ%o? Cs}epéXt Ett 2 ger?l%l g%} ?egg{u? 8%1%9ad contains
sufficier® iEhEE §Pthd B 3BAWe e WakBKtyTeheakyabditle hgthehguefus ertracts, as will be
second” aqueous stream containing at |east one PRC
explainadfetthgrbetaw.abl y, the overhead stream cont ai ns
sufficient dinethyl ether to reduce the solubility of
Inedtwyheri asgecte then ptekent diguentios rvidag g . improvad; method for separating a

anot her aspect, 1he. t. i.nvent [
mivrs Sy Bt b RO PT BB G, et et one €
alkyl 109@%%@&”@5& SRApGRbefREPRd0Es (BRESIn@ITBRCY- Meallnigbved method
i odi de conpounds formed in the carbgnylation of

1nclude$ﬁlekfoH9WatgaStB1eS ra) distiding ghe misrera Frhbh %FHS}Fhed overhead stream
conta1n18g %g)&eétﬁ}f ecrl\, é}) efiff&gﬁéethé) 5ve‘iih tsﬂ%&rg%%;ﬁ?%ﬁ{ep aft] % Eiﬁé therefrom a

I 'mprove
first aqiedus fdd@nybrahiathel a1 1éast eRCPRON am:b(:b) lemracﬂmgalhn |en'ga(‘aed overhead stream
catal yst and an organi c i odide; roducts of 1t he PRC. Most
with wagesr49erPepaeiing thféeaf&m dreceqnd *151’1‘5%9 % cRuLayning 3 lqagh ong 0s
referab\fg &ﬁé ijeq'h@%@sct 1155 R Q&R iR @S é{hﬁ'r 18 e Eilce 1R @RMikty of methyl
I 'gdi de, | east one PRC, and (2) a | ess

iodide iy Healgut@uspixaaets. and the vol atil e phase is distilled to
yield a purified product and an overhead contai ni ng _
B gdDafoth@dhgect, Wes pfesemQﬁVérmoﬁqudvldeenain BRErovEhenethod for reduction

andlor yegesel af BOMIMBAASCHENE FaFRBRRY € Ror viie Carpy] odide compounds
formed ?ﬁg;ﬂe ?tgjo §¥ %iroﬂecﬁda li;{%@f&téb‘?@ {tial Buchl dﬁh&}iﬁn&tﬂ %/1 acetate, methyl

I'ng the enri ched overhead stream w
formatevait dietind eslepanad progutthed afetio meiah Indbe duprowed mestlsad; dagrmethanol is

ai ni ng .PRCs;.. and r th t.
TN S N T ———
cmbonﬁ&&%g%%q%%%é p‘ﬁ@s% F%feﬁ@ﬁﬂo%l?@ voRitil &pResB Gofthini@asdetic acid product,

Most “prefe t he” over head stream contai ns
organicsodifie, cwamt, adil rat {dayt or@tlﬂi@@ and (a)sadmsg volnéiles phaspyj 3nd; the gplatile phase is

dlStllle(%%g Eﬂfj & Lo tht?ﬁﬁ%ﬁé% S %&irﬁ?&a?@ E{: 1od1tdﬁ water, acetic acid,

and PR@r Qe i8] O\Fbﬁl%f @ﬁiﬁ:-luc@§ thH S&ds QT %Q) digtillin@at Ieasdt@angorfin of the overhead to
, 339,171 or t

prov1de a PRC enriched overhead stream containing dimethyl ether; (b) extracting the PRC enriched

overhead stream with water and separating therefrom an aqueous waste stream containing PRC's;

and (c) extracting the extracted overhead stream with water and separating therefrom a second
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renoval of carbonyl inpurities froman internediate
stream of the carbonyl ation process for the production
woho@msesice aci d by a carbonyl ati on reaction. FPGI/UR2005/006092
illustrates a preferred enbodi nent of the present
invention. Wiile the invention is susceptible to
various nodifications and alternative forms, specific
enbodi ments have been shown by way of exanple in the
aaueous B 3Bt Meolbdlilihe RORAY 50 BICTOUBL pIORERND: thiquerhead stream
containdWiffi¢ieviteiciediyl ﬂhd‘.lﬁo Irédict el dobutility of arcthyd ibdade inghersqueous extracts.
di scl osed. Rather, the invention is intended to cover
all nodifications, equivalents and alternatives
falling within the scope of the invention a%'deflned

by the apperRREEDE RHOPROF THE PRAW.
t
H TSR L gt 1 B oo 7,
removalC bR tdrbynyl fimipusities fremt air @gerafedinte stedaunbf whmteehmr}ﬂatqncmocess for the

are described in qpemfjcatlon It will of course
productipa ofgesticcackt Bae ¢H ?n A4¥Pe| opnent of any such

actual enbodi ment, nunerous i enentatlonspe0|fvc
BésiZsilavientenpretsaredgadodionent HF&‘@ SrespR IHEAIPBper s’

speci fic goals, such as conpliance with systemrel ated

Whilelths investion eq suseebtibémtst variovs gnodificagiensvand alfemngtive fywns, specific

embOdlg]ﬁBTIS é‘gg%{% %hlq u‘té’% g g;ée{}gqglg 61&%? T ?411&5 atnd‘%lh beb(f‘escrlbed in detail

herein, CR¥ROEY HRNchdetsfRAS ABFEErNthat EHét inventio 1seme|imthmdedsts H:eaehmned to the
a routine undert aki ng for thaose of ordinary Skl(lplﬁ
particulahforias displesech gRather, Biriaentionis imiensled @ EP%S g dnodfigations, equivalents

and alt uaE[ Ivfe% PaﬁEAgngm%?ﬁee&% Obs il ?n\%lﬁéﬁ E§ défPl\ét@ ;'b&'net ?115 nded clalms

rocess used to car onyl a
another carbonylatable mat eri al such as net hyl

Cher eof ) SRR uS e OB opi8elrs, "
ds{r t?\%t hb by oF }Eliﬁ{}‘e%nra!i’@gésldﬁ?)@l%l@@ i@ eHeliBterest of clarity, not

A artlcu y useful process is the | ow
all feat\\ms ef anhacadaah mnpbtm:h;azled amcadb‘.lm_\bb@un tis epeaificatignol It gl of course be
C ac S .exe I| i ed

appreci SRSt 15Ghe ERUPATFY, ot 45 PRI COMSORA B implementaion-

SpCClﬁCC@C&II(M’I%tmL%Y St aidk o B&{lé\%VtﬁQ dbRelOerPrsps@nt gbals,tdueh hotompliance with
a coordi nati onconpound of rhodiumw th a hal ogen

system-cezlmpdrm}dt bysinsss-délatgd aconstraists, oviclofwillnzary; famg §ngfimplementation to

anotherC ;’I@Eﬁ%ﬁ% ?%W{i-)lg#)o nl,aﬁglgzc &lﬂgn 8t %Jlih(a)% g%\}e'lo%ﬁqetn? &1{8& might be complex and

time-coRrhBY EButiiaild @avdrtheled® Bexirdetimonidditalahg Sovhbée of ordinary skill in the
rhodi um The rhodi um conponent of the catalyst system
aﬂhavmﬁyheo@npﬁmﬂblédh&‘y‘}ospﬁ roducing i nto the reaction zone

Jhe %{1 %tlﬁgtpg(gceé;%fﬂig %ré'sgﬁﬁqh\%'ﬁl Iﬁszl!lggﬁﬂ ﬂ?gﬁmoéégstlﬁed to carbonylate
methan@D@frdalnﬁﬂlEt omrbomymabledsatefialr swobian nmethylchcbﬂate Irmdtheyl formate or dimethyl
ether, or mixtures thereof) to acetic acid in the presence of a Group VIII metal catalyst such as
thodium and an iodide promoter. A particularly useful process is the low water rhodium-catalyzed
carbonylation of methanol to acetic acid as exemplified in U.S. Patent No. 5,001,259. Generally, the

thodium component of the catalyst system is believed to be present in the form of a coordination
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The hal ogen- pronoti ng conponent of the catal yst system

consi sts of a hal ogen conpound conprising an organic
waabisdssiedhus, al kyl, aryl, and substituted al RgiI/US2005/006092

aryl halides can be used. Preferably, the halide

pronoter is present in the formof an alkyl halide in

whi ch the al kyl radical gorresponds to the alkyl

radi cal of the feed al cohol, which is carbonyl ated.

Thu in the.car | af | | ' i:
compou 38 oSS A BAIA Py FEMIBAE b s BL P 5o of s
coordinafiBh @oppeint. dhlagdiaeh iy thei codidigationh rhodjunchnddmbigeonit is also believed
medi um enpl oyed may jncl ude aﬁ%‘?sol vent co

that carbgnt mopeyade gt)(yfi’y@{es S\ylgt EhadaHp. rhadaym, &gmgﬁégti oqj the catalyst system
may be ?kée\\ggéeds :B¥ eigﬁodﬂcg‘%gﬁll?os 11 rehBgorLGRNRodf8e 48 tRs ord 8f Bodium metal,

car ylic acid and/or esters of these two
rthodiumc segosirtisas THeeoyided, ercetattss addidast etndol other doprshiatiopncompounds of
. medjum for the | ow water carbonylation process is the
1h°¢”“%%@%@&9¢?c aci d product. Thus, in the carbonylation of

TRUDAR-r8mBERE témB&iedt of bR RATRsya8mS@nYieRlofi Shalogen compound
aceti c acIi;rd. Wat er ?gﬂcont ai ned ?n ?he reacti on nedj um

compristngt anaergenin detide. aFtivenalkyle larylbandosubstiated kol halides can be used.
Pt 6} B B1 o PBEe LSl ARy SPOESRLRY A0 aicn e o raicn
correspdn@Y Ot tHehatkyl Nradiogidiodnthe afeadl yaleshot,amihialy ligtdaconylated. Thus, in the
reactions of the type set forth in thig jnvention, tgg d
carbonykatih toff oretlesmohet asetie reidy theahdn pramqtey Wak metide apdhylglide, and more .
eact tate (U.S. Patent No. 3,769, 329). Thus npbst
preferabj}‘épﬁ%{gllyg?)a C?ec')per ations run at water concentrations of
Hie li@AG feagtion neddimemptoyét nay diigde/anyi solvest cuinpatible with the catalyst
unexpected that reaction rates s tantial l.y .e | .
system ARl IEYOWEIUAE 2K BlFopelpedr W%qﬁeﬁb@bﬁ%"@& I’ﬁé/qﬁlthﬁg andf3r the desired
carboxylig\é%idsaﬁ/or"\@stﬁg of PGEE b AlonBIouRd@) TR Fefeled @dlveht And liquid reaction
wat er concentrations below 14 wt % and as | ow as about )
mediumOfck tht Riw tatencmdraiytation wirpeess He thachdoyylig peid piodedsdhus, in the
nmost useful to manufactyure acetic,acid according to
CarbOﬂYlaﬁ‘@nﬂlLfl&e&ﬂnoi IASHYS ?)Cﬁfg’t %Brege&qdrsga'epéel_ggf E?[locnacrd_ait es are
LR H 86htENEN irfthe rOM¥IOR IRIAIGATNE BE Ectict@fBiohy well eltdi Kigit which has
In the reaction nedium nethyl acetate and an

heretofome dicen dhaight peictieali on aghiceingi sificient waeHORHEARS. dhBas previously been
j odi d ich,i,s prese . tion. th

gt oo AP 3 G e IR SiopEsheion

addition SOkEter et RheficialaTiccpabaheths adactiomidid (UiSt Ratemt No.d, #9,329). Thus
&

eingpreferred. It has been found that under |owwater .. "
most copuneint PRAIFEMS TUTh@l Wafer C&@é@fﬁ{a@oaﬁaé ?ftﬁ?aﬁF %?ﬂ“? &‘bu’"‘a*e)@%“tcordmglya 1tis

ite ufexps i 1Y 8hY Bb@reaction rates obtained with
ot 2536 ARLOA o QLIRS S8 L P i i g v
such higkveRAL vidher @noemiation cius baiagiievedntigh water feoofentiatigns below 14 wt %

conmponents are present sinultaneously (U S. Patent No.
and as Igw@g 2bowd) 1 Wiie concentration of Iithiumiodide used

ik aE{hﬁdé&@C{ﬂtﬁ NLEEG M{Ry‘f’c{tioh h}?‘ro@és@ f fb§tedsedar RPMY¥dnafdclite acetic acid

reaction systemis belreved to be quite high as
accordis® npahe credent inveation, i the | desired reaction rates are obtained even at low water

concentrations by including in the reaction medium methyl acetate and an additional iodide ion
which is over and above the iodide which is present as a catalyst promoter such as methyl iodide or

other organic iodide. The additional iodide promoter is an iodide salt, with lithium iodide being
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prior art there is dealing wth the use of halide
salts in reaction systens of this sort. The absol ute
woansassreat i on of iodide ion content is not a PCT/US2005/006092

limtation on the useful ness of the present invention.

The carbonyl ati on reaction of nethanol to acetic acid

product nmay be carried owt by contacting the nethanol

feed, which is in the liquid phase, with gaseous
preferred. "’]{t Bgsnl{;enr%gg (?glﬁp #ﬂé%r S(gnv é%%%&gﬁ?e%tﬂahﬂﬁﬂ, ?rheggﬁtﬂ;n&a@%hg lithium iodide
act as rétatpadniblers omllyhwher miiatdnelyphxghnioacenﬁraﬁbiw bf aadt of theseapeinponents are

et S B S 2 B B SR R Sesnt simtsoul

(US. Pt ?R;Ptx 'olég 239 ). Ah@Adfdentrhfion bt ﬁthﬂlﬁn Eﬁm%f@.ledi ¥ 8 SQ@AbE Bfkdium of the

concentration of iodide ion in the
preferred abdoygintioy staetivn ismtemss ibeiiiet 40 tbeaqmitermgh aheomparednvith what little

. asso hat,. at a. give
pror ar{ BREAREREIHIGHET G BErdiRE SR U Bapdoh R S The absolue
concentf@bn 88 icdidioh | 'cGﬁ’t@ﬁt 8 g0t MemRAHRCIN OF ubdTalneSbfdRe present invention.
concentration. Any netal iodide salt, or any iodide

Blad palfof)njelﬁtyoro rrge@ﬁpn efamiethanolofo a%péxceaqxérgrc)é%rw ?Sc%‘med out by

oot 54 BEBASHSEY PO P DRDEDP. B AR i e

throughSAiqgHid gcektio abfd%oh%ﬂﬁ teactivnmaecdiuim doatahmioy Itlféerhbﬂlmrrdmlysdnethyl jodide
| evel of the iodide,. Wien the jodide.is add‘?1 af d
promotare mgthyd cAcetates rasrlepdgitignal solubleapdidsasal &agan fions of temperature an

pressure{riﬂgg% %fotnlﬂ rd %t %%ﬂgllé ?» dg]llgt qf V\Il{] %e%@%aﬁy%c D48 that it is the

oup c table a3s set rth in
concenttdiien "dfidodide dén af tl@wearmlystrsystamdth@h;ssmq@ttapumd abfteﬂile twtlon associated

with thesiegidec Bihfhat 8 K E1ED Ald copbgen 27 ot yrhanyp £f tie clfon is notas

s1g111ﬁcéﬂttaE't FQbAensiie c@ﬁ&ﬁﬁ&tk&d llyrinétblleiolﬂd\é/ sWtd@fany iodide salt of any
onyl ation process nost useful in this invention,

orgamctda‘eoractdlquatmm:rngtjq)m suahvasr a guaterapoyamingeorgrhgsphiiee or inorganic cation

can be Hﬁﬁglu é’PC%a r{gitzte{lh ﬁ%esﬁ c‘é)erllélg ot ?Lﬁ%%%"i ?111%/ eaf:ﬁ(% H{efiﬁﬂ‘ll 't(p provide the
desired &&BL Gt 18e i, SBRH the TodadedidAtGedds o meral ﬁb@pfef&aslyhms an iodide salt of
about 30 wt % and the lithiumiodide is presen

a memberofitherofp ¢ensistiap ofi thegnetals o6 Suipurp bA apd %fOIf!IhHAr ﬁ&iw peRodic table as
set fortlggr%ﬁ} Mg%ﬁs%par ?F %ﬂ ny%ﬁﬁ%&%w? JHI{%H%CF‘Q? HRE @pesg QCleveland, Ohio,

I cal reaction
2002-03 Egﬂi@ redititrds Id @artmalahOaﬂkaUaﬁnsfm indides Iaﬁe asmﬁuloxmﬁnh‘é)hlyn iodide being

preferreilggﬂx t{hg 1%5 &%er%:g%gnﬁl\gr%g p{qggss%g%‘tp ggq%g.ldn t]é]qu 312 e%ﬁ}ﬁlfé the gcijdtitional iodide

over anﬁ%‘og%qﬂgocf}gégg%dﬁé %)fo%otﬁr 1? ??éé%ﬁt 1lnnth«t: t&Qtafy“féta§c§lﬁt’iorf3If‘h"‘amounts of from

ypi cal about to about
about 2ab abaplRenesYs, thedngthylfaeetatsl iy preatxgun a@lotumts ab fiom al@ut 0.5 to about 30 wt

%, and éhegl})ﬁ%?rgr e@lflg Efsj%%g«?q%ér? &3{921?1’[5 3&;{& | a:agglgt? 5 ?(h 8&&”8 20217, &y The rhodium

catalyst|i ngéb&ﬁ in &B@uﬁt@%@froﬁ%ﬁplomb RBSHD00iphtts ARl @Pin).
15 to about 40 atnospheres. A typical reaction

Appicacesdtivnaeingerabses or ya@syzlemrt will b epprosimately 15Ado about 250°C,

it s SRR 5L 98 65\ ERP Y R s, T con

monoxidB Gabtél Sprasshitediti €he reactor can vary widely but is typically about 2 to about 30

atmospheres, and preferably, about 3 to about 10 atmospheres. Because of the partial pressure of
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phase carbonyl ati on reactor, flasher, and a nethyl

i odi de acetic acid |light ends colum 14 which has an
weaceaisiossi@ei d si de stream 17 whi ch proceeds to PATHISE05/006092

purification. The reactor and flasher are not shown in

FIG 1. These are consi dered standard equi pnment now

wel | known in the carbonyj ation process art. The

carbonylatlon reactor is typically elther a stirred

or bubbl e-co i
by-prodyai g i v oGt o SO AR e Al e 30icd PR FIELS il range
from ab&t 13 & stk @0 tatth83fkres! Nt O this react or t her e are
continuously introduced fresh nethangl, carb .1
Avdywisaldsactiof ndc a@Emc 30 S9COREY BB b iHalseit 4 thgiodide-promoted
. finit [ I |
rhodlmrll%gq‘cf%8 GPI&%}% ?@fhraﬁ{)l 89 é&{cl a\gﬁf §rslé3r)n\9{1 'ri]rg F%(fr Zlgﬁgrlﬁaudes a liquid
phase cdPBsiBlatidn r€LYd] ﬂﬁishm%fah& |a rneﬁhiyl dﬁildmabenetahlyll light etdstaolumn 14 which has

phase, and a rec cled aq acet i, Ci ase, fro
an acetig,pcig wisle seraam 1 ]é,prqq:@ (L;lprtlg:,r ppﬂ@ %Qﬂhg‘ er feagtoy éngn flasher are not
shown %Cfﬁ? ésg drb BhsiGRES ﬁﬁda?@lehﬁlbﬁfenPHé\WWelﬂﬂnown in the carbonylation
Ila Ion systens are enpl oyed that provide neans

process fagtt The cavteniylaioh reacontiety picatly cltb@ru a stimerl vessgk pf hgbble-column type
cat al yst sol

within wiych fig reaeting gxrquuf oF gemaz )é?rgf:r?[d areprp%l gagnseﬁeatu@é/r%at?c%ﬁgf At § constant level.

Into th1§n? %ﬂr%eﬂesarg QUdhtiRHAUS} Intlodhéeadftegidmetiiaoll Rarbon monoxide, sufficient
onyl ation reactor “just below the agitator, which
water as lsseed@ie’d) maintain at leass adovitesanesnirgiien el the gofian medlum recycled
' ! n te ph d
oty G RO U R B B e, o
recycledb EQRL L Seetie A6id ha%@ fiohe e overhesd| rdwilvejfdegaﬁelomfsthe methyl iodide acetic

roducts an mai ntain, a set carbon d f
wid ligherdsobr it ol T DS Raers oe: GRP By L L grovide means for
recoverlélgre[ 5 Efrﬁg %gét%gm f %Q&g%ﬁ%£££ ét%gﬁlgl?h;&lfgﬁ/g ik, ahe methyl acetate

to the Sdatfok.client pte@eﬂml Pk @tess, tdad)ouhemonexﬁdeasmomlaacu%y introduced into the

cuton o i S B Sk 3BT LT Dy Pspons e i

thoroug?} ﬁ;ﬁ%‘r?e'atthfo?ﬁﬁltﬁ gtgtt;]{gﬂrlgl%lﬁgé b'ysthﬂs RtiFatuseshst @ fd¥ous purge stream is

catalyst solution is
vented ‘fvotrhdiea‘emtalstoapmasm lntildep mf (geseous r’ﬂYrIHﬂdIIIG}S b9 eainipig a set carbon
t he rhodi um t he iodide

d
onox1(F:1g gt@giarll a{r}gﬁmet at.a %ye%(%ﬂy fea%{[(?]é tp&sgure tieﬁlp&%gﬁw otfl}he reactor is

controll@@ %H‘@ﬁeeéa)rboﬂ"man%xfde FedBRAMtroMREN QA r8ik rsﬁﬁl‘ﬁl@ft tb meaintain the desired
[ 'asher contains largely the product acetic acid al ong
tMBhﬁMmﬂmﬂﬂﬁmhy| i odi de, nethyl acetate, and water.

L Sspl ved gases. ex
PSRBT By SRS i
constan®| 1600 thérkth 8RS Q9 liﬁtl@dhcbdi aduhé Slesherh Iashesdsherethe catalyst solution is

hydr ogen, and carbondi oxi de and . exit the fla r as
wnhdrqwr b e PTRAATEHIS ARFLOTH SORRENS T RaHY G the fodide slt

e e head

along V%l hl’lggsr?? g%én(?ﬁt{ep ﬁg gﬂe%gh %I @Eth P o'dfcfe ﬁnscf:%%g:?)‘; r\;\%fﬁle\:b o vapor overhea

stream @f Y43 flaser aodtams3BPgely’ thet pmtlucttrm:le‘ec iasidaalningtvéth methyl iodide, methyl
concentrat.i on, about

et o St e R A g g o poion

of the carbon monoxide along with gaseous by products such as methane, hydrogen, and carbon
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than in the heavy phase streamexiting colum 14.

Thus, in accordance with the present invention, stream
waaposmssiteai ni ng PRCs is directed to an over hea#CT/US2005/006092

recei ver decanter 16 where the |ight ends phase,

stream 30, is directed to distillation colum 18. The

present invention may brpadly be considered as an

i mproved process for distilling PRCs, primarily

... al dehydes, and al kyl d.odi from a i
doide SUPELRE BT i BT MR RARSRSES e o e
light endikf%ﬂﬂiﬂe@'_’crir)]l@lﬁlrpm mﬁam %.;:orrbi ned | i g:u | ends/ d:jyit ng
col umm. e vapor ase Sirea | St n . .
1t e Bocdipdlescain B'Y @m}m&l%%@aeé%@ﬂ tlal Bibre is a higher
concenthfalggt}i, g‘gé&% AREDAst A pRe®MINY r@ftﬁﬁﬁy destalasil Rl detitent in the light phase

roma I rst vapor p Se a.cetl c acid §tream . .
than in the Heavgdihabangrdaey etiting tolpmaplido fhes i agtcd)rdamdqaewph dpupresent invention,

s S5 D R0 IR (465 o s

h Rbasbaed lovdisEpabatbRehd 18.to forma first heavy
phase, S??%b?% phase pro&uct and a first light |iquid (ghase

Theopiesant ibyentiontinhy ibnepdlsh&e fdopsidered qi§tan {rgpoyeparesss for distilling
, rodyct . i first,.distillati I o, f ;
ercs, SSRGS B S PRl Bt e U s, s e
overhea@ Mot B BEhAd dndtirkya esluamcoral dombihabliigiesends/ ityings@ent. The vapor
to said first vapor phase acetic aci tfgﬁﬁ] Cé@ forred method
phase stevorgie distiblgd end theadwies cxiperd fsHERRVE PRGEm A capelaly pepferred metho
of remo%%@?a?ﬁ?ﬁest "?}ﬂif SEA i@digl@f ABA 4 ﬁ%’ﬁ Edhia& BefdYeld stthm, and reducing

g e secon Iqui d ase product 1 n a second
levels ofpdpiohlcaicidin thepronct, inchudesithe foliwidg swpar phase

stream _e) condensing, the third, vapor.ph st rream ang, . .
e ) IS G, LS LI £ 2R PIRES SLASAR BMiphascals
hER i \ifaidltjhag froeuct;

spr 14, PB4 AAS NS, DOSC B atins e
widtitillingtie fireslight dilquiskpitst pretdyddn e Hisstatistdlatiopgolumn to form a second

nmbodi nent, .of th rior _art.as di.scl osed, . . S, T .
vapor o158 SR B i Ep B R BBy Sl odides vt

respect f &id fhost $4M8r phisSlac¥@Ps¥id fifasg acetic acid stream (28)
contal ns nethyl iodide, nmethyl acetate, acetal dehyde

yd .
anwndtrising thestrong|vaponplesesiream M secepd eendenser o &ym a second liquid
densed and separated (in vessel 16) to separate the

o cgn :
phase PRRAUCl phase product containing the |arger proportion

8y dis@liak Yid &e6mdugeidt shavdhpobudtdn heetsmiudisttdioncotinen to form a third
reactor (not shown in FIG 1), and a |light phase (30)
vapor phasatstipaiing acet al dehyde, water, and acetic acid.

a%oggéﬁgn%aﬁlg t@li'% tt\l%rléglg%% st%gﬁlz%ngvﬁgag%&ﬁ@%oﬁ&nsed stream with water
to remove residual acetaldehyde therefrom; and

f) extracting the extracted condensed stream with water to remove additional residual
acetaldehyde therefrom.
- An embodiment of the prior art as disclosed in U.S. Patent No. 6,339,17 1 is shown in FIG.
1. Referring to FIG. 1, the first vapor phase acetic acid stream (28) contains methyl iodide, methyl
acetate, acetaldehyde and other carbonyl components. This stream is then condensed and separated

(in vessel 16) to separate the heavy phase product containing the larger proportion of catalytic
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and primarily the acetal dehyde conmponent of the

stream although it is preferred to renove PRCs from
woheoslosgilsb phase (30) because it has been foun#CrThar005/006092

the concentration of acetal dehyde is somewhat greater

in that phase. In the enbodi nent depicted and

descri bed herein, the di gji [lation is carried out in

two stages; but it will be appreciated that the

disti]lat.ion.may.b rfor i i.ngl u St
comporfgFy MR ARTENRE LD BSFE o B b g s GO
containih héala€yde switer, had Btdicseiond vapor phase (36)

enriched in al dehydes and al kyl i i

| iodides h.respect .
Eighes phessratdbs lighi dumoverhiead exnderSBtrapvabsptibis) fo fgmove the PRC'

. f orm L qui r t o ,

o e SRR S S S, TR0 v PR
from theHidhaphbse BN ety it deettete fownddihat the donesntraiet ofi dcetaldehyde is
' distillation colum (22 erein.th t al.d de i e et
somevigh girist BT BHSE B Lot FaPoLBRHOIBIE! ST RUOHETpetie dislaton i
carried {ﬁggg ?\%@ 81?@%51, B\t?lﬁlg V\g? E?/ l@pﬁ&(éiét%glﬂ?a@ tindlbt@latiof iMEbeperformed in a single

lodide inpurities found in an
columnag etellc Thelighsphesa@0)lis dinesteddto solupae kS, sthicthsaryestto form a second vapor

et al dehyde d. its derjvatives j. 0 :

phase GERSRUAER o Bbaet SefSDiabIE o ESEUSD kP Seeam 36 i

condend®d @eds8BUbY to ifbrrh S B8l HlqRid Phieeprotitie. COhe avtamt liquid phase (40)
of propionic acid in the acetic acid ﬁr oduct bel gw

containiagoaretalddydar msthyk dodifle,| methang), wed gngthylppestais dﬁlcﬁm"ted to a second

. .r.bel ow ab 250 S ] f .
st RRISE, SRR SeBBLGAY oA OB s 1
inventivél BroetdsCRd® B&n €qmdens educandddi rembed at deasts¥8h dfethe alkyl iodide
) . The vapors are chilled to enperature suffi.cient .
impuritie b b ARAEEaREE STERB: Lo MR ACHLPE nHINY % gregiaidehyde and its

derivatilJ& i@%du%?& LAd/Gr refefild Ib?%lﬂ Y6 994l R SFek 2fdaRYhan 60%. As a result, it
conponents, and wat er

nto two phases. A-portion of
is possibler @deR 8nd cxnicamtestioncrfomopienis abldeinghe esetisuasid arodyal bdew about 400

parts pes oty 4 EReBs g et ol SRS ERUmG oy er heag

i dscaRteInt ¥ads BEEplekr doldnis 8 avffrd BreHtemovkd Yia stream 28,
Fgﬁ?ﬁ%@ﬁo&% phgése ofsst r%am 28. O di nafpia)l y this heav

. %Y
condengpdasml disectesiciorvesieh i 6dTheovaphes are glitled to ptpmperajpresufficient to condense

stre enerally a.,small..anp , %
. sy SR SRS BT ffe, O ind other carony
compoRB&S SndWitteR SO e pEise & A B6ttibA ofisteanb28irclidee admmntiensable gases such
process and the renai nder recycled to the reactor

r
as carborediotidenhyslysgesnpndriirediksiapg can PeueRtes 2% e “WHIAFCHR 2o FIG. 1. Also
. may .be treat i ndi.y) - [ ' |y ot
caving Kt Ry ) Yo WEhoYURS TR MEE 1 o ARy b of steam 26
Ordina@Xt thac héR PHase ds hociyduldted o ithd eactofhieutl 4 glip spleame generally a small

(stream 30) is directed to djstillatiqn cpl.u 18. A
amountp 6+ &h vek % Pieisrally lpss dan S biek Yoot h@%a&}ﬁtphase may also be
directe<§ ?(?Zaagna(%b 1 tile%trﬁéqtlrﬁfr?%é% ! B8 TerddinddiN Rock S18RItBABE r@dctor or reaction

entersco 8 as stream 32 in about the _ .
systemnTlsie lsBp sfteanof thel heavy pliseumy Weltreatedviadividnatiyes eambined with the light

t he al dehyde conponents qf stream.32.int.0 _over.head
phase (§agni96" By heeRR A Fg-a Ereren ar aeppry SaBos
The light phase (stream 30) is directed to distillation column 18. A portion of stream 30 is

directed back to the light ends column 14 as reflux stream 34. The remainder of stream 30 enters
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fromthe lighter conponents. First distillation colum
18 preferably contains approxi mately 40 trays, and
woenp@ssitcor e ranges therein from about 2830F ( BBY/UALN05/006092
at the bottomto about 191F (88.3C) at the top of the
colum. Exiting the bottomof 18 is stream 38
cont ai ni ng approxi matel y170% wat er and 30% acetic
acid. Stream 38 is processed, generally cool ed
td |J Zi e [ I Lopt
column {8 4 S5l % BB 167 FRRAE pr %, (AEKE, Pk 18 TG concontrte the
aldehydengmpobémetoflsyresra 32hints @aerhedad sireame a6 thiyosepssating nwatdrt and acetic acid
has been found that recycl.ing a porfjion of. stream38 .
From 10 deghVarrPERPOHANSH (DA TIBHER CRIATBA U PUREAH S TGS approximately 40

trays, ag{i' ﬁ%r&ﬁe??tgxr‘ee%l?@é ﬁ{%?éinl onh ngdtr%@ﬁi‘ I(Y$ T OCASERe t@)ﬁgom to about 191°F

e acetal dehyde to be present in - N
(88.3°Q) iagtite tphas the silumanEBdng Ster aton86f Kats desem FHoerdainimg approximately

have ap Xi matel y, seyen ti,ges nore al dehyde content ... .
70% g SAmoRe: 10 ooy BBt PR oG T ET e p I ilzing o heat
exchangBNfecy &R ttd NHe 8t Al Bblumml tvathch8 dedasicr @8NVidGtreams 46, 48 and

containing PRCs and in particular acetal dehyde, nethyl
ultimat¢lpdo the, reamemgr reag naystema Hchagdeeminrynd that degickyg a portion of stream 38

. ..10dides. eam, 36 LS.t ' : .
b0 5 G D LR e R s
allows foR? AEtRE aedvilelgds @S bp paseittin tHexight phaseysrchmalD. r Siceiny 86 has been found

20 is stream 40 contai nin cet al dehyde, nethyl_. .
to have EEmMAR R9TeTa@ER FROTe HASTHAR RAHBH. WAThAFEAThr3Sois recycled through

decantegtzl%%.?%fé%ﬁlﬁmefet%ﬂfgd Ilteocog%k%mﬁnﬁigl@?s 5@t % 6 dobh®Mhg PRC's and in
. The renmai nder of° stream 40 enters second
particuldi sdetdldetydenmethyLivdid22 methys ecetase,t dnd thetharmdy afd allyd iodides. Stream 36

) colum. Columm 22 servesg tq separate t | ori of
s then st E0 i S o e 20 e R By BT Ry condensabe
gasesp?e%?ﬂtate’ and net hanol in stream 40. In one enbodi nent,

co

um 22 contains about 100 trays and is operated at
Exttngperedtead eeceavayi 2gisfstroam Aifoesmizining acatokleBie, ety dodide, methyl

bottomto .ahout .175E (79.4C). at,_ the .to l
acetate R PRIPROL B BriPh 26 s s o b Ftusb & gefge seam 42. The
remainddr dCti bR (P 8ftétsNgcbid Bisangid cdluan 22 dibse By efecbdteth of the column.
packing is a structured packing with an interfacial

Columm P3zsetfes dbcepargs theangiosty pf Breraldehidedron dag gethyl iodide, methyl
acetate,rné}tdal elztgicfno{il lirL gt)feallj‘llé g@l 15120%% eg{boagl?%@,l éé)lhvh\nﬁlil EQ?EEQ&S about 100 trays and is

| pr OVI I's conp

operated O4TPO Sérhp@ikard ganpéngdtifonf abeliti MW4PRE1666UMNat ke begom to about 175°F
observed during experinentati.on that uni ngrm col um

(79.4°Q)glsthertgp. Tian @Hernates BT FrbodingeRbce bR 22cpRiAIns i uctured packing in
r i i < M t .
pce RS ETI SASMSHREL BB oyt L Wi s of s
/1, preferablemafie fohuameeRlic siloyelim 2005 @xities like patldng otateyial, provided it is
of the colum and.is recycled.to the carponyl ation .
COmPatﬂ?l%cwgg_. %EQF%IPH%%S}%}? 6‘6I W‘E‘%‘g Hn (a}eh époﬁﬁnﬁe c &3¢ observed during
experirﬁr'ﬁ'&:m@n @01k forhP cHIRHR 1BRAIRL IRANLSSs @l&fhifé@ri@k dRby %@paration, was better

ese polyners generally are | ow nol ecul ar wei ght,
with stheswed packing then ®UD.trapar Altershtjcaly, ceramic packing may be employed. The

residue of column 22, stream 44, exits at the bottom of the column and is recycled to the

carbonylation process.
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has been found to be relatively soluble in the

reaction liquid, and primarily in acetic acid.
wokb@ldeisyde, upon its precipitation, is a san#eriusegs/006092

granul ar polymer that is not soluble in the reaction

l'iquid beyond about 3 wt % concentration. As disclosed

in US. Patent No. 6,339471, however, it has been

di scovered that during the. reaction, and with the

SRR PRy, B ) A, e o

paraldehy@e. YIg’f%Fé pélyBleaCgtnaral yeirg utw glbmtllar weetghi, lessabian ammoo Paraldehyde
has beeg;1 L@g_@? giq 3&@2?@2&%{5’ ' n}_y% 4 131? fq[hg :gga? 13%' lgcﬁmgsa.rpfgamqagﬂy in acetic acid.
Metaldef}gcﬂalf 'r@gr\k;iﬁ fgﬂggi#’ﬁxﬁ&?% 4 BEV-Hendrdn@]ah E}Jdliﬁﬁelaﬂﬁt asd ABf Soluble in the

e tower where their renoval
reactlondlquiniel'f@oﬁabcﬁln6eNt|c%Icyfntm1ﬁrz‘em they are only sl | ght 'y

O| s lggedlf 1?1o gtlec‘g,@f)eﬁ,sgﬁ?@s a Vgggﬁl}agg%elg aﬁcg&er%ﬂla‘c duriﬁg the

eactmnaﬁnd W‘ﬂhbﬂhE HeafiSy BEREREhn I eﬁl@lﬁ@’#ﬁh&lemﬂmc%igﬂm pBBfmeIrsJ of acetaldehyde
feduce the fornation of these i rrpurltl es,

form. Thmeahnghdrymdegmlar e ght deohyraess Amelasiigh ézyelg]liﬂ g@gp%Fhm about 1000) are

behe"e“g@n’%% gﬁéﬁg’eggl%%f% %?ﬁ ii%ﬁ g%ﬁg%n&ﬁgﬁgﬁge er g{tﬁ Hizotropic. As heat is

applied f{h %Siﬁém t&@if @énd tdetden aadiadhaado tHeawillsl«If ths t;:d;ver where their removal

i ndi vi dual 'y or |n conbi nati on ch oth
is cumbensemer Ongsrnolynerdted; sy B%‘@( cmlgs 1@@% n q%ﬁngc%oqo équ\glous solvents and

can be 1@1?1%%&)&%1@1&11& %let'ém ol § Qf‘ﬂeeﬁlssfhﬂ% S 8P (s needed, preferably

ter an acetic acid and hence
in coluiAR2s &y Beduasthﬁrformmm dbtheseAimysinities, iien metaldelydesandeparaldehyde and

s eSS SO P RIE B, A0S HSAB Sl i of o
alkanoléag)?efgﬁﬁgrl ﬁgﬁﬁﬂﬁ haPRYY hdeki® %cﬂ%dhﬂhg hike vIBd aadividhalyeddint combination

ince’the residue of second colum 22 i's
with eac}eomeﬂ edwith dnkermeeretather 1a1mblt<prﬁh$tm¢am A6, *ah@bds portigneof column 18

residue %gﬁ&ﬁlb%ﬁ%aw §t}egﬁ)0 tacétn On%vog% g{n bt b L el'%lg na((): ({]ggdcg%ﬁg can serve as an
1nh1b1to‘I“CAéjsho%n @ Cemi 3etdeactspEias forntd trddais 49aet S@r Strearh 50 is added to

he reaction chen1str and practlcally elimnpate
columnf2|22r oninhivit formpiaory pbmetadchide end aawlishydsSpRERTHeS Grof igher molecular
weight ﬁg%}ef) fug%%ge %e ?cﬂ%h(gyns%go@ﬁceo‘ﬁl@gg ??'Ol? 'rc\%ér'éleﬁ' B4 e %{é’cﬁ)r any inhibitors

added bt fBéUcﬂﬁ‘np‘éﬁb%f with thetreqedoi ichethstrlyyItdrasfbeen (—fdurafstlah small amounts of
i nhi bitor, other inportant advaEt ges .are. obt

S BT e T —
and pragg&llyn%tn{lngtett fé)rf‘n 8£ Y dr$ of hdRATRIBAe COMMRN BD RY also preferably

ean1 |rec e to a condenser and then t
employed/ as hﬂammmm&r thi’s4mat%haledoesa’rw ehawei the reagtoy water balance Although

e NS S B B8 S0 RGP L8 b st

watertos&{l ?gs wﬁll%@eﬂpﬁﬁfe@%@%@\f stream 54, is used as
or col umm Exiting the bottom of col um

iEx1tmgrtharlmpMﬁ onlummflh gs steeany D2 jcodtaiang FRan §trea1ﬁei2h1§|dlrected to a
conden?e% %%13 Ithen tgg{fehr ea re%er}g/ervﬁt eAfterE%h&en%&tlo%? QM ﬁo&—%%eﬂ?a%le materials are

vented from receiver 24; the condensed materials exit receiver 24 as stream 54. Stream 56, a slip

stream of stream 54, is used as reflux for column 22. Exiting the bottom of column 22 is stream 44
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with stream 72, which will be described bel ow, and

directed to the reactor. It is inportant for the
wexbisassicon nechani smthat the overhead streanPof/us2005/006092

colum 22 remain cold, generally at a tenperature of

about 130C. This stream nmay be obtai ned or maintai ned

at about 130C by conventigpnal techni ques known to

t hose of skil I i n the art, or any nechanismgenerally
contalmgfg (}:‘rge@m(:f d%(P Xe I?lgo?,g%%{h%ég %cr%?ﬁ%] hn?%th&ko‘i‘ g.n{l &GfdrY Fhis&fream is combined

with stréaenTE vseH wnl bé &éscﬁball\béldsw eammcﬁrz¢tedruﬁt11ehmt¢ro a first
extractor 27. In extracto P al k i odi des .
BisemaRrtanc s dhaPiFrckian oo é‘}aggﬁf‘y b Fira hyfotiinn 22 remain
t 1k 8 lheRbkARGEoMhAiRiathed at about
cold, ge%%&ﬁ"i glg%:%elﬁ%%%%?gbgr%%u&sﬁa%su tr of tﬁl § extr ac(t)l on1
13°C by’m@h&hﬁmmﬂi tebhnsmpakaoes té timse off eklélquuethasaergmamechamsm generally
cﬁ{) ﬁ}e |de phase. In a preferred enbodi nent, a
accepteqi Py B IBESHVer with a water-to-feed ratio of about 2.1s
@Q@H 8¥igflg rdO8vAVIL AR AChrefr AR LR hrQRheS cbhdenser/chiller (now
tr

actor 27 fromthe top thereof. This PRC-rijch, and
stream 62 qpdrthérciel afirstastnetbr ey decxtraskor Xfu EBGSs piehalky} ipdides are extracted

with wagg& pge&?raplyl gz"’ﬁ‘é% eﬁgfrnz alltt%gf §tr g% % gls 'rr]lgﬂagnt%ﬂle}?\fﬁter balance within the

reaction! s9SHeRE AsRadebilabethed HeaINIGH nehyiddide Eqﬂraﬂ:st fi!om the aqueous PRC's and
additional water in a second extrac

or
alkyl jodide pheseoln 2 Brefersed eplgdimgat @ mmizer-se fﬁ(‘é"’ ﬁh%i WéFeEEW -feed ratio of about 2
1sempl' odi des are extracted with water, preferably water
Prom an internal streamso as to maintain water _
Diad aqeoubstthich stidwen 64 deivbothe syiaeton 2Afom thedap thesfof. This PRC-rich,

and in lt@g{;é@q?(t ot élgyﬁs-r L@;ﬁ{\e?%cﬁ%ade N %g{eattﬁ%ggs&? g]?até%%%t Also exiting the

extracto? R Y treafh 68 alﬁﬁ%trﬁe@l'i 1Wbdifle.2 Water-to-feed ratio
out 1 1s enployed The aqueous extract stream 70

Reﬁ'me& stieemesét isaxtrovted Mo addionalpwathieine® fecon jextractor 25. In extractor

25, RS B RO S S B e o

1ntemale§f1te5ﬁ‘10§c9 hs it§ thathfal ¥aker Val@adwithi€ ey i?daﬁ’umg S?@él’ﬁy IAs a result of this
iodide. This streamis normally recycled

extractmlean@thyiméylstsemram figim thewgaeaps PR G'fHand éléfbf}( &dldel phagg. | In a preferred

t
embodlmerge rgnmgxﬁxl?rﬁsaeﬁt % aﬁl}ﬁf agv%ge]&-té erﬁggt | éfnaoéé)tqg Pgﬁ;&nn@%&%d Tl({;b aqcous extract
stream PG 1@ the extiartdruidh elie fopakieaste "ItHiBE‘PRCauﬂll, aund mfpamctdilgtl acetaldehyde-

i odi de recovered fromthe aceta dehyde-rich overh
rich aquqouwb%ﬂeuﬁﬁlrzged (@ PRI IR A A Spliiogrhe Eisfotor 1S Taltinate stream 72

a i
coninfi 4 PULTTIALLER BUERATRERLA 0 HOANG, 8500 ity o
the reack®@{ | €S rat her than using fresh water | n each stage.
Finally, it be apparent .t hat t nmul i st " .
b e e Sl SRR Ch R0 b ahe, Bt idiigget extraction

stages 5y BYadiasKReTOPR ARABLhEAShE ﬁﬁétﬁﬁi d)ﬂlﬁéth?ﬂoﬂﬁfétreéovered from the

acetaldehyde-rich overhead from column 22. It will also be apparent that additional variations are

possible in which a single water stream passes through the extraction stages in series rather than

using fresh water in each stage. Finally, it will be apparent that the multistage extraction as
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havi ng a suitabl e nunber of theoretical stages in
pl ace of equi pnment having discrete stages. One
weoabwsrssiab problemwith the nultistage extract POWUS2005/006092
descri bed herei nabove is that each water extraction
renmoves not only acetal dehyde but al so a neasurable
anount of nethyl iodide.1és expl ai ned herei nabove,
because methyl iodide is an especially costly
i t 138 I3 £ Phckell- Yus contact tract
describ GOy o adcRBHYRE B £ et uch (O Alles contieting) extractor
having & mltablmumbefr oo thebieticgrstigess m;a:e\,ﬁsqmpmnaha\ung disclaieestages.
gee tpggg%a E’f‘)@ efm% enlg}g% ag%%%trgcg gﬁggﬁscf heremagove is that each
water eﬂka%ﬁ@ﬂ %rﬁ&jves %YV@ ?racet‘élfal@ﬁy&dﬁit ABo &l ABdshitblL4h®int ()%ihyl iodide. As
he feed to exfractor 27 limts the | oss of nethyl
explalne;cbhendmabcﬂvet, l’oecamt: rrmthylolndsie dpen esp@I@ilses@&ﬁbecmpM of the reaction

t bility. nmet h e
system. i 5 Bg51r S0P oD il EBP OO SR b sppgyed from the
process a8 bsRHIGRUS rEaicE A quihiifasrsidsh n@eﬁHyl?lGdﬁB dhdt @sist bé fed to the reactor.
wast ewat er treatment. By way of exa th

The preagn |applmn§ s aisronerehdioVeNEs, e aasine zslsmeth.‘/bﬁth%@w) to the feed to
extractob%g ﬁleéésresn %éﬁg%&ﬁ@@ 819%1(% e\%ﬁh@tﬁ&\% Hkﬂgﬁﬁ;}’%g%ﬁggof DME reduces
the soluBlitp bﬂmﬂﬂiyl/ iodidd inrwdiet thaspg céduoingtthe ambelslmfhneth)deodldm extracted into

i ncludes the step of inject.i nto the pboce

acuous SR FEURS G o AN IO 1B RS oA | BBt example, the
apphcaﬁtg oBEéii?é‘tﬂh'épﬁle cBﬁéen%%S@Bﬁ%leth'yPﬁidqj@e inNdnRate &Gﬁﬁ&ﬂﬁom about 1.8%

trac treans hé required quantity of
when nﬁ)MME rwastprmnt t?»?aboahO b% wlnmﬁ)}vr%vvbsfpmmtn@cmdmglyt @ further aspect of

um 22, refl ux

h
the prest MO TG REHEL O Qe Sty Ko ez Ecss W afgoctor 27,

for exaﬁ%le% $RAAPEI, 35 récﬁhc@ ﬁiellm ﬁgnétﬂ%lﬂbéﬁl%hﬁt@ thé Bqudo8S Eftfact streams 64
vention, it is believed that this water reacts with

and 70.mdthk y¢qmétqameuta od ;DME frestrepm §2oetinche abipinest bnpddine water to column 22,
ror el TEL A% o000 o DB S0 S bR e sioe mechanism

of DMPT¥rrkdont ﬁhaéoluﬁml’lm toepatiaet e préeat idvenden)do s belicvedidtiat this water
streans 64 and 70 is recycled, dlrectlggor i ndirectl

reacts wigh mieshyleacstate And/ps meghyl vipdide in ol 3 toifpHm davthar {, which is then
dehydreggc{] 9rf(th%e gcg\%}“% gﬂ Ja?aﬁ%% gﬁ% Iﬁ% ﬁ‘lé'tg for DIE! h&ny DME that is not

I'hven s been ‘descri ference to
extractddl igfocthe equeiib egiraee streamsodvarally) isweliytledaliteothy oamdlrectly to the reaction
al terations a£ ossi bl e by those skilled.in,
e

systerm,rvheze Bdeagis Wit 2F F1GAKIP And WIS LIPS 8 nt
RO oﬂ)%ﬁg‘ HER Qfe%r béd ARRE MeRechcabRY tielpickdrdnénbodiments,

e light en ase of columm 14, any streamin the
obv1ou$mbﬂﬁ'r¢y11(a15| anal q:\tem:tﬂms ah:a;msmgled)mnhgssﬁ solebin thatrelaied @ft. In particular,

and al kyl. i odi t d d
athougle pie grisdiinn B G RO et EPef o0 fs LA Bifiuy ends phase of
columnt ﬂa'én§ E‘t?edn{‘ﬁ?!h%'c%oh%ﬁ&dﬁro@éés Havial amgh f:blﬁ‘@h‘tt@titﬁl (ﬁTFZRC s and alkyl

al ferations to the full extent that they come wth

10d1deStIha3’ ke trpzied)ﬁn atnordanke @Whrtge otesentsnentiohe TagtafQig) Jém gitended that the
R ot 00 R MRl
1nvent10n s ch miodifications and 4lterations to the full extent that they come within the

scope of the following claims or the equivalents thereof.



1. An inproved nethod for reduction and/or renoval of

per manganat er educi ng conpounds (PRCs), C3 8
woaodsmsyiss c aci ds and C2-12 al kyl iodi de conpora@ais2005/006092

formed in the carbonylation of a carbonyl atabl e

reactant selected fromthe group consisting of ,

met hanol, nethyl acetate, nmethyl formate and di net hyl

ether and m xtures thereof to an acetic acid product,

I @i d carbonylation including a
Wﬁ?ilse_ asel?ﬁa |s distilled to yield a purified
acetip acl it °d“°t ‘Eh E Fétdu Yt B cggb%gx%g{;a{ls&pgerﬁnanganate—

met h i o er e Ieas one erein

ﬂeﬂﬁélﬂg’ %Bﬁl@buﬁ(ﬁ%@@?: GsRecatiorphc atids (@@l © s talltyll iiedidatcompounds
| east a Egrtlon of the first overhead to Produc

foamethdnother phemdetiona ff o spiraYlatgbleetengiant saleged flom the group
i )1(1?}3{1%?%/ bt g{et ol %E(i!hn}g 3 dafl n’Jegfﬁ Forfiife %ﬂnﬂé?ﬁyl ether and mixtures

e Seco overhead-stream w t

fhereot & asducraicf prdactathe ploduatsbf ﬁn]dlembenydxlnamnmludlng a volatile
st ream cont al

( ¢ sai t one P
et 4bRt Mg IPHAS] P SHel af (INBER ERE A 6 PR oRBCt i & frst overhead
%ogﬂ%gé?nr# Fhdhpa éﬁl@cn Ay RerS QN I%Qé{e&&bs PRA, I FfbreRl ‘ﬂféaﬁﬁlprovement

ng sai | east one PRC. 2. The nethod of
&raprived thevitepseifn sai d at | east one PRC corrprl ses

et al dehyde. .3. The

7t | tai g JPit GoRyHE" PL CroBy o8P RRAEGE R py overhead
RRA8EcdrPprihdnini1 iodideaditheliyil efhiet dnBkaid e leadt one PRC
concentration of "propionic acid |less than about 40

fhar t sexgecting Ithe ssvong ovierhepisk stream Wik Wietioafosn acfte ﬁ%fﬁnate and a

erein suffi |ent rom said
ﬁ(ﬂlfelogs B’ﬁ[’éascg {%anﬁgon Etugmg %‘E‘ﬁ%g }'f‘a Ogﬁr ‘%gfip roduct a
cyncegtifating thofirgd rofifinati witlaoiackr Ite fornh Iaaeec@’abtatfﬁ%@ and a second

parts per mllion by weight. 5. The thod of Caimi1l,
RMSPBS PRUAGESTREY RIEHRIAL S?Jéraf l?é?toes#&}? ses introducing

at least a portion of the second raffmate directl

i ndi r2ct | yThatwethhé ofe&daimod, ridifireim sagd a‘Fh]@aﬁ’fe?IFF‘oéDR& comprises
1,. wherein extraction steps (b) and (c) are
ST

3. The method of Claim 2, wherein sufficient acetaldehyde is removed. from
said volatile phase to maintain in said purified product a concentration of propionic acid

less than about 400 parts per million by weight.

4. The method of Claim 2, wherein sufficient acetaldehyde is removed from
said volatile phase to maintain in said purified product a concentration of propionic acid

less than about 250 parts per million by weight.

5. The method of Claim 1, wherein the improvement further comprises
introducing at least a portion of the second raffinate directly or indirectly into the reaction

medium.

6. The method of Claim 1, wherein extraction steps (b) and (c) are performed

in separate vessels.



in separate vessels.7. The nethod of Caiml 5wherein
extraction steps (b) and (c) are perfornmed in at | east
woneospasiced- bed extractor. 8. The net hod of C aCmU$2005/006092
wherei n extraction steps (b) and (c) are performed on
trays within a single extraction vessel. 9. The nethod
of Caim1, wherein water for l8ne of extraction steps
(b) and (C%l‘ conprises at |least a portion of one of the
aqueols exthasethodrof4iiaim 1,0vheTéin exeddtiod safps @)aind(d) are performed

] cQ Is{ng at |east one further step of
%)%?%g{?nﬁgp%ﬁ%ﬁéeeog%%cﬁoﬁffi nate with water to provide

a thigd agueous _extract apnd a third raffmate. 11. The

met holt of EhS{Eeg of el ivisgeiB exirasiion stepa(b ) aad ) aomperformed
ctruﬁg}}ga{,iﬂﬁﬁtarsﬁggqé O tiEPy&RMPri ses at | east a portion

of one or nore of said ?lrst, second and third aqueous

extragt st L of CJaiml, .wherein

cai d i ot Tooehodter i LGl fr Bofhar EisRoR igps ©) and
(ektdroprises aleastra pbrtidrusftdnerof dergutSistgthbieushay of

addi ng dinmethyl ether to at |east one stream

assoclat edTié tietlodl 6 Alaghi1,| REh@NcoHlRBikAYt 1ehé ontBirth
method of Claim 1, wherein said di_stli?rl A8t loadt ontfurther step of
FUPeHRe &ééﬁﬁnds@éﬁ&aﬁrewsth@rﬁt@f tofpspvide g thirdrethgdus extract and a third
Atdapg the distillation. 15. The nethod of Caiml 5

wherein said distillation step (a) conprises at |east

t wo quengjial distillat.ion.steps. 16. The t hod of

d ai %ql' Snf ee%e?}hosdsgl% éﬁaslg]c gﬂd “ggéet“i‘lé’%erc E?Fp%%s%tspeéﬁ one further
atr}acuirob_tnl s@fp comiptidey lat Rakier p@fib€6f b¥Sorlt RofLHUGRI HRE S.ec(:jond and third
sol ubi | |

y of methyl iodide in at |east one of1 sai
YRS G IRALSHERMS-st reans. 17. A process for produci ng
acetic acid, conprising the steps of: (a)
car bdAy| atThegmathod @d$ilaioné, whercimasid Sestenedetad conptibs dimethyl
e%[epup consi sting of nethanol, nmethyl acetate, nethyl
ormate and dimethyl ether in a reactor containing a

i t ahl ! . a | e i odi de:
(b) Qdpar AErePHL Shr QL Lo FBiHes sPUPGHPBAHY Mep o Raliwecsimety
ethel &) @llédsCoit QFUAT asBEIAE GRARAHiABaBGELES (AC1 . and a

| ess vol ati |l e phase;
14.  The method of Claim 1, wherein said distillation step (a) further comprises

the step of forming dimethyl ether during the distillation.

15.  The method of Claim 1, wherein said distillation step (a) comprises at

least two sequential distillation steps.

16.  The method of Claim 1, wherein said second overhead comprises an
amount of dimethy] ether effective to reduce the solubility of methyl iodide in at least one

of said aqueous extract streams.

17. A process for producing acetic acid, comprising the steps of:
(a) carbonylating at least one reactant selected from the group consisting of methanol,
methyl acetate, methyl formate and dimethyl ether in a reactor containing a suitable

reaction medium comprising an organic iodide;



(c) distilling said volatile product phase to yield a

purified acetic acid product and a first overhead
woan@rossicng sai d organi c i odide and at | east ORET/US2005/006092

per manganat e reduci ng conpound (PRC); (d) distilling

at least a portion of the first overhead to produce a

PRC- enri ched second over head,19%ai d second over head

further conprising dinmethyl ether; and (e) extracting

(fgf'e Ssgéaqgtﬂiﬁo%% g)?@cglci’é" bh Rl 8hrboM418H& Mntdt gPvdl&lle product phase

onprises edst two consecutive extraction steps,
ceaphisivgtacetit a0dd) asd eppess onfatilesphage;cont acti ng t he second

e oo i et ABrwg PBRlefoadl e Sl QT iaciq product and a
o é&ﬁdc&ﬁprﬁr? §id brgaheiRide sl gt Rbstl @@SpermiangdiRE reducing
e

conpri ses acet al dehyde. 19. The nethod of C aim 18,

ootmpoendh(BREY;i ci ent acet al dehyde is renoved from said

ol atj.l e..phase t o _maintain i ' ifi 16k Red d
@ noetit by 8%t C PRl fs GAheBth pldRE, BERGIEhiched secon
FRRfHead Rald JEebid Grrlindd feilgh tompAsing damerkylraticerpdndCl ai m

18, wherein sufficient acetal dehyde is renoved from
(ehi d exdeting the seraad overhgad WHB WS sai d purified

[ oguc ' ' LN ExtBelin k@S chbi@Bxtraction st
‘g%eggl?l S%@S(ezggﬁgﬂ%é%{ }%QFI t%nog%s& \ll/%g{l?ég%t{ 21 1. Tﬁe pr ocersasC on P
@inpElsaignedntactingr theesecaminorerhieary withe yekdr napdasepatadigg therefrom an
portion of the ,extrgét efﬁaseco verhead directly or
JOHEPUSSEICA QBRI SAIGA (ast o8 e process of Caim

17, wherein the at |east, two extraction ste are .
per f ot8red The segibadaob (laigy eVS.W%‘?mTF?égpﬁtolEgésor@f PRC comprises
Caim.1 wherein extraction steps (b) and (c) are
%5?#%}1%@% on trays within a single extraction vessel.

24. The progcess. . of 1.m o7 IR it df
exct r abbi on® 6 Bptod of O 15 it SiffcleiEacRlald 893 ish¥oved from
RAE kSt RGThasx o R&inein 2bsaid barifisdpedactaf ctlcatratibi,of propionic acid
wherein water for at | east one of the at |east two
lesct thae abavs 489 epis pomitlicndy Weighteast a portion of one

of the aqueous. extract streans. 26. The nethod of

d ai A7, “hemethedsdiCleigelh ndersie pufEisgntaeildadyde jyyemoved from

éaagi) %glita IFGI @%E%TF%@%J ik F}géﬁug fg{cnﬁﬁéda ¥1%|d{el(§a)tsz[ &%%gﬁrg’tf&ﬁ of propionic acid
less than about 250 parts per million by weight.

21.  The process of Claim 17, further comprising recycling at least a portion of

the extracted second overhead directly or indirectly to the reactor.

22.  The process of Claim 17, wherein the at least two extraction steps are

performed in separate vessels.

23. The process of Claim 17, wherein extraction steps (b) and (c) are

performed on trays within a single extraction vessel.

24.  The process of Claim 17, wherein the at least two extraction steps are

performed in at least one packed-bed extractor.



of said aqueous extract streans. 27. The process of
Claim1l7, wherein said first overhead conpri ses
wdiznstosyiles et her. 28. The process of Claim 17, PATHISE05/006092
conprising the step of adding dinethyl ether to at
| east one stream associated with said distillation
step (d). 29. The process of 2@ aim 17, wherein said
distillation step (d) further conprises the step of
formyag dirfet RbssedrtQhint ¢, vigbréi SvaldrStot bt 1045t 0fe oBthe ahleast two
process for Separating a m xture conprising water
exaeRtibn s@ps chmprisehgt leasd dipdeionrasiong of Heaues SR SHEHmS-
and at | east one pernmanganate reduci ng conpound (PRO), .
sai d2gr ocTFas mahmt o§iGlgint HE, sthermn ofid fegdndioyethpad gemprises an

alt@ilgsgttrgfgltgﬁét yltafghqsfg {:t?%ﬁ]?tgtrg$uc%n.§ %éjoill?qﬂé‘%:r@ n%eécﬁ%lé&?hé%t least one
Ogg}%& %@%@ugg)ﬁfgagg@aﬁﬁream conpri sing di methyl ether;
an

extracting the PRC enriched overhead stream

W th &%t e ﬁcﬁe?g 0% 8160 170 IwhERIP S Eidst &fvetRA® botpfises dimethyl

consécutive act’ion steps, each extraction step

eflefpri si ng contacting the PRC enriched overhead stream

Wi th water and separating therefrom an agueous stream _
CONMprisi NG'he girétedd of Casin DN EURE. codibrisifigeherstehad adfling dimethyl

cthontsr desist e SrBBrESasHatE ROV BRNEROGTFRED! ve (o

Cxi 120 S (ieanmoes2ol Weirpr BbCvbeiom ordh HisaBEary AERoRD forthe
cpRETEr 1t AR D P e e S Y B, ° o%pre

G ai 030, g spereaind & Auf i forplisir) G JAERE B, methy
1@?@%,?1‘11%21?}’ deetatd4 melitRolBindost 1ehst @ri perd@ngasater eddacingi @mpound

lon step (a) further conprises the step of
(PBIOY] saiyl ploexst hghpasing thedigtis®d: t he distillation. 35.
The pr.ocess of Cl.aim3 r : I Si ; t least
@t prOTfTR g onriTe S b BERTRAL 3 b ofSRAims, ot Lea
SRS LfAnisBetheda PRI eniittrd evaritad stieran poppsiog daptdyl ether;

and

(b)  extracting the PRC enriched overhead stream with water,
wherein step (b) comprises at least two consecutive extraction steps, each extraction step
comprising contacting the PRC enriched overhead stream with water and separating

therefrom an aqueous stream comprising said at least one PRC.

31.  The method of Claim 30, wherein said PRC enriched overhead stream
comprises an amount of dimethyl ether effective to reduce the solubility of methyl iodide

in said aqueous extract streams.

32.  The process of Claim 30, further comprising the step of adding dimethyl
ether to the PRC enriched overhead stream before extracting the PRC enriched overhead

stream with water.



l'i quid conposition conprising water, acetic acid,

nmet hyl iodide, nethyl acetate, nethanol, and said at
woeemstossree PRC, wherein the |ight phase conpri Bes/Us2006/006092

m xture and the heavy phase conprises nethyl iodide.

36. The process of O aim 30, wherein said at |east one

PRC conpri ses acetal dehyde. 3i. The process of Caim

30, further conprising the steps of: performng a

i qui g VaRge b@% S SreRMiAl B@nﬂ@reﬁr{‘%aﬁf b weRt oné IéRC comprises

rreth hol car atl on reactor to forma vapor phase
agdtdldehyldequi d phase distilling the vapor phase to form

a first overhead and a |iquid product; and condensing

at | @3ast aheOfdetid of Clasn 30, sWheremr haidddistllgiovistbe (2) further
saldllqwd conposition. 38. The SFOf C ai m 37,
comprisrsrthe gap of Ermipg Serdh; ﬁ@e%ﬁlur} FUp81% on of the
extracted PRC enriched overhead di rect ly or indirect

to t138. r eddearoces of 1Hainp 30c xthen COMPHFIRE ége SWﬁe‘?fel?rﬁVPémg said

| eas e
8l S TGP SE T YRR s, i
H R UR é)t)&lﬁﬁh Sadfprih@twiter, phetie 4aid,maiethydi odide, smle’dhyl acetate,
pur| fie roduct a concentr at

ot el produel S cdgant (2 on. o Pugel L0 s i s
tg%g? @ﬁgg%%cfefmpgsgg Beth 110 rein suffici ent

ot S rem)vf romsaid volatile phase to

I ntgll sal ur 0 tian

oropi-gni o D §ri°eBsef (B g G o Qe PSS compriss
¥ ralRh @Y.

37.  The process of Claim 30, further comprising the steps of:
performing a liquid-vapor phase separation on the effluent of a methanol carbonylation
reactor to form a vapor phase and a liquid phase;
distilling the vapor phase to form a first overhead and a liquid product; and

condensing at least a portion of the first overhead to provide said liquid composition.

38.  The process of Claim 37, further comprising recycling at least a portion of

the extracted PRC enriched overhead directly or indirectly to the reactor.

39.  The process of Claim 30, wherein said at least one PRC comprises

acetaldehyde.

40.  The method of Claim 39, wherein sufficient acetaldehyde is removed from
said volatile phase to maintain in said purified product a concentration of propionic acid

less than about 400 parts per million by weight.

41.  The method of Claim 39, wherein sufficient acetaldehyde is removed from
said volatile phase to maintain in said purified product a concentration of propionic acid

less than about 250 parts per million by weight.



