WO 03/ 089397 PCT/ US03/ 07126 1 5 OXI DATI ON TREATMENT OF A RECYCLE STREAM I N
PRODUCTI ON OF ACETI C ACI D BY METHANOL CARBONYLATI ON BACKGROUND OF THE

| NVENTI ONvO@3Bssbr of the I nvention The invention rel at esPCa/tza3/1pé oved
process for the production of acetic ?ci d by nethanol carbonylation. 15
The Rel ated Art An inportant process for the production of acetic acid is
the carbonyl ation of nmethanol w th carbon nonoxide in a liquid reaction
medi um The reaction is generally carried out in the presence of a

catalyst, e.0.. SoRIPAPrION THIEARMIGRTIYARPEYCIE STHQEANM @ hal ogen
containing catalyst pronoter, e.g., nethyl iodide, and water. An ionic

cat al yst INaBRODASCTHONPOB ACKETIC ACTIIPBYMETHANOD CARRGNYDHABIQN be
present. A disadvantage of this process is that, in addition to the

desired acetic acid, various amounts of undesirable inpurities are also
produced, e.g. pernmanga AR s) including carbonyl
conpounds such as acetapggﬁgggémgﬂzg%urate a?ggﬁﬁggs such as
cnot onal dehyde and 2-et hyl crot onal dehyde, saturated al dehydes ot her than
acetald?hygg such as butyral dehyde and 2-et hyl butyral dehyde, 25 and ket ones
such VEAHEL et hyl et hyl ketone, all of which are involved in the
det er m nat g i fenti ARITRRORNAL ok b VTR piocRR foFBRTHAMcHERBTRIEL abidigst whi ch
the acetic acid product must 6%55 or nany e uses. er undesirabl e

i npur intetlemopearbatg@dionn t he met hanol carbonyl ati on process are propionic
acid which reacts simlarly to acetic acid in the production of products
such as vinyl acetate but often has an adverse effect on the properties of
sych %%e@&@w&; , and when nethyl iodide is used as a catal yst pronoter,
hi'gher—afrky odi des, e.g., C2- Cl2 al kyl iodides such as ethyl iodide and
hexyl i odi de infiogianiatrecds®fer the plodactidn dfacetizmoickis filicosirbagiition of@dethanyl
distillation than nethyl iodide_ and which_anong other adverse effects,

poi soivithfarbongpengridesingdimiidraagtipsagdipr. t1he r@%cgen&ge@ﬁraéiv cairigg loubisethat e

from i i i i fo ) it . [ in he.

sel ec? ?e\%‘lE 03% Ot%% cgtcalexisl{’ce -éf@“&‘% t e&%glt%galot Ségé]dﬁ‘télﬁy? g%lggeﬁl %P&)a&@gg, t he
acet akglay¥dgofmoteibds | ettybiddeREhhdWates AR Sdnid A1y stabilizeleo-pRnitRéd obh  of
several of the foregoing inpurities by undertgpi ng farther reaction. Thus,

aéet apy By ighdemay plspibe arcseetach fiseiveniage of Birpraesys fsohah inaddiss to the
hydr Oﬁ&%eg%ggtgceéscice%a%hgsoellmgu%q &) En%teéi%%leaipn%uﬁ{igss are also produced, e.g.

permanganate reducing compounds (PRC’s) including carbonyl compounds such as

acetaldehyde, unsaturated aldehydes such as crotonaldehyde and 2-ethylcrotonaldehyde,
saturated aldehydes other than acetaldehyde such as butyraldehyde and 2-ethylbutyraldehyde,
25 and ketones such as acetone and methy] ethyl ketone, all of which are involved in the
determination of “permanganate time,” an important commercial test which the acetic acid
product must pass for many end uses. Other undesirable impurities produced in the methanol
carbonylation process are propionic acid which reacts similarly to acetic acid in the production
of products such as vinyl acetate but often has an adverse effect on the properties of such
30  products, and when methyl iodide is used as a catalyst promoter, higher alkyl iodides, e.g., Cy-
Ciz alkyl iodides such as ethyl iodide and hexyl iodide which are more difficult to remove from
acetic acid by distillation than methyl iodide and which among other adverse effects, poison the
catalysts generally used in the production of vinyl acetate from acetic acid.
It is believed that, in addition to reducing the selectivity to acetic acid of the methanol
35  carbonylation process, the acetaldehyde formed in the reaction is instrumental in the formation
of several of the foregoing impurities by uhdergoing further reaction. Thus, acetaldehyde under

typical reaction conditions may form various hydroxyaldehydes by aldol condensation and cross-



WO 03/ 089397 PCT/ US03/07126 2 5 al dol condensation, which are then
dehydrated to formunsaturated al dehydes such as crotonal dehyde and
2- et hyl crewponassehyde. Moreover, because of the presence @CThisds/egesn in
the reaction section due to the water gas shift reaction, sone. of the
acet al dehyde may be reduced to ethanol, which is then carbonylated to

i oni id. Finally, thyl .iodide i tal yst
or ot LAk G PuRart BB LR St e ae 4
cat al Y&Bho%Qldéﬁﬁi%' Anuée%tﬁﬁerl'oﬁﬁﬁf&h?de. M%BV&?W%%f@%&%@& oFMfiyidiogen in

acet al dehyde or a carbonyl conmpound synthesized from acetal dehyde to form
one orthameaetiQR s€ctidn dbk id the editatess sihftceactive, soreedid foetidehydd mag bpeadated f r om

acetic acid than s thyl iodide. In viewoof. the reduction of selectivity
o aceihatel i S roma e ot Rores EisellF iR fac bt e TSBvE o

eff ectg J%&lgétg)?&n&%%ﬂdy&%n%ﬁ% eRhGe SRNEESHAGSLIIGdeRHePECIURIyQT 15 even
smal | anopunt acet al dehyde and conpounds fornmed from acet al dehyde both
durd ngstaliBzerfoetramoter,cach copatndonay eacttwitdngcetdthydeorpucarthinyhtomapowidd t he
acetic acid, praduct, hod. for reducing_.the anount of acetal dehyde in
oy parsiispizph GorasEia s Br Bl P e § SR ROHL oo e ey CRery
desi r apl t . diLscl oses a process for the production
of acgt?isgpggfeﬁr%ngg%ﬁfea afgqggﬁ)sgﬁ%lggl&gﬁbbf met hanol wi th carbon nonoxide in
t he presench détwaf datrathysion oy s¢lestivityrip neesicragid aabedibyrthafuamatibrabbgen
conmponent wherein the halogen is iodine or bromne. U S. Patents Nos.

5, 001, 3stpldahydo andyithg adygsee %?%M?@%@ngﬁg@ the Bregense gsescstisracidrodprtdduct i on
of ;acefi [ ' thand WM idenin a
i i ool A nnl 1R LRGBSl B Bl BN o O AREAR p BRI " 31
al ong methanelrcagddnylatibm edadigon, 2hd dre pirifichti@cefitht ecetio dcidrproducs wahdtiiod fov
concentration of water. Various, nethods for reduci g/g inpurity levels in
acet i cregusing preompunt shagsiabichydein anypart of dhsrestion agd/on purifictiopgecions Rbs .

5, 155, and 5, 202,481 disclose the purification of acetic
acid néggy%gmﬁig%s\%g g‘r carbonyl ati on of nethanol w th carbon nonoxi de and
cont ai ni ng UwsliPdeent NoSH769, 32 B&isel0sts adfrbepay for itapodddtion of Byeticraeril bynle t he
final product with ozone. 30 U S. Patent No. 5,625,095 discloses a process
f 020 t hearberydption;of methangb with cahen anappxidedn thearessnga oftd wialyst systaoh gpoPrising h
car bon noxi i he f. rhodi cat al iodide salts and
nmet hyl rhi od] deélg(g\%%%lgéer? %oﬁx{éo%glgrgﬁg}e %lﬂgh ell‘]agct)ﬁ?c%;{g%ﬁor%g ei%rﬁﬁmﬁmfj he reaction liquid
i's maintai Uesl PatendQPoHPIVOOR5H.051826,808; @BME 444 00 disbiesd pravésdescloptiai ni ng the

carbonyl inpurities with water to separate and renove such inpurities. 35
M  Gaudredugtionsdiagetic acd iy thpsprbenyatiemell pethpra} verrashon rapnridssing lisfuidicet i ¢

Aci d ax%gdium containing a rthodium catalyst stabilized with an iodide salt along with an alkyl iodide,

25  an alkyl acetate and an unusually low concentration of water.

Various methods for reducing impurity levels in acetic acid production processes have
been disclosed. U.S. Patent Nos. 5,155,265, 5,155,266, and 5,202,481 disclose the purification
of acetic acid made by low water carbonylation of methanol with carbon monoxide and
containing iodide, unsaturates and carbonyl impurities, by treating the final product with ozone.

30 U.S. Patent No. 5,625,095 discloses a process for the production of acetic acid by the
carbonylation of methanol with carbon monoxide in the presence of a rhodium catalyst, iodide
salts and methyl iodide wherein the acetaldehyde concentration in the reaction liquid is
maintained at 400 ppm or lower by contacting the liquid containing the carbonyl impurities with
water to separate and remove such impurities.

35 M. Gauss, A. Seidel, G.P. Torrence and P. Heymann’s, “Synthesis of Acetic Acid and
Acetic Acid Anhydride from Methanol” in B. Cornils and W.A. Herrmann, Applied

Homogeneous Catalysis with Organometallic Compounds, Vol. 1, p. 104-138, (New York:




Acetic Acid Anhydride from Methanol” in B. Cornils and WA. Herrmann,
Applied Hompgeneous Catalysis with Organonetallic Conpounds, Vol. 1, p.
104- 138, WwNewo¥ppk: WO 03/ 089397 PCT/ US03/ 07126 3 5 VCH, PCIAB)P3/07136 a
survey description of the process of synthesizing acetic acid and acetic
anhydride by the carbonylation of nethanol and nethyl acetate respectivgly
with car noxi de usi ng et al. conpl exes such;as those of rhadi um an
cobal teggﬁgg?ég’)ﬁﬁsﬁsw S t’r??l"?ﬂ??é?rp Sggﬁywa%félzﬁgtaﬁ?‘llc ?%él?%acégcpronotfer.
Fi gur e NV b 3158 i aGieag §ApRs 0cess for
t he pr%ﬁﬂgﬁggﬁgoe acé@??ﬁgéigﬁﬁ%?%g aarhd@%3n1cagg?§%t.9¥%g ?éﬁctor l'iquid
10 i s massdde using nfefad sheplenhesweh as dtose ofubiodiupr adatbakasl caiallylajandiatnyeltbyl t he
| i ght ends conponents. are separat as vapor fr t he catal yst solution
and ar BRSO exmeyLiofidsie P S S e e bf GOl mR r & AR diagt ends
compongy n?ﬁ%r&%!{]sti}a?fhe P&lAbear Qc%tieéﬁﬁrﬁ@glg.afrhemh&t krpd reta&‘?)%ﬁ&lﬁh' ¢
aci d product, “such overhead bei ng condensed”i nto two phases, one berng
er) ﬁdgrﬁlsggsﬁgggo g_dilad?:m svheanatetit) midph:fellucmﬂh (6:011H] jnﬂtged»f_yh@ﬁfglﬁmhdi colﬁpddea&s Sﬂat ent
. 6, : i scl oses. processes for e synthesis of acetic aci y
car bonSAPATASShRsHRP ARl ArRBY CatRliz sokHing a@fﬁn%reéh@pfteéro ? g&’@ﬁﬁﬂab disiatieoliriiehy de
in the j st i i.ght er
| qui ™S S i O el Bl Al S RS o i btk O i S8
Opt i onadidl yrodubie seherverad beinmcbidenbaiintocitophasaspyndieisgipieéah@dntpagudous
aqueous extraction to recover residual nethyl iodide for recycle before
sendi n#rd the oter predpmprntely Q1880 ng acet al dehyde to waste treatment. All

patents and i i O i Y. el r ed herein
by T e er ense taENor BI4H B 00 Qi ot sl LGP B e or esen
I nvent tpboryddtRines nidhaobindedify ardte E\eheng tie Repiletiddinakeiystendby d by

the catal %.ti c. carbonyl ati on of methanol w th carbon nonoxide to obtain a

react i BYicprigHilieg the aaigavs phssiesithedighiatigidphage ahihe averbaast frenmihmiighif

e e A D S S e L
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section, or both, thereby 30 reducing the deleterious effects of

acel al dumiidiag arefaldehydsrieo vaniglirestaanéns, acet al dehyde is isolated for

renoval as wast e st.r onponent e.of the. advantages,of. the present
i nventi on oggrp aﬁe 1%%%@%@34%10%? ]c‘)erc%gerﬁesdetg %%gen% & @fqbﬁl%cmog%eapergp Yeast one
wast e gireadipthdiesduiesty. the quantity of waste produced. Additionally, the

conversion of acetal dehyde to acetic acid through the oxidation process
i ncreases the efficiency of the overall process.

SUMMARY OF THE INVENTION

25 The present invention relates to a process and a system for producing acetic acid by the

catalytic carbonylation of methanol with carbon monoxide to obtain a reaction product stream
comprising acetic acid and a minor amount of acetaldehyde. The acetaldehyde in the reaction
product stream is partially converted by oxidation to acetic acid or further to CO, and H,O. The
stream may then be directed to the purification section, the reaction section, or both, thereby

30 reducing the deleterious effects of acetaldehyde. In conventional systems, acetaldehyde is
isolated for removal as a waste stream component. One of the advantages of the present
invention over conventional processes is the elimination of at least one waste stream or reducing
the quantity of waste produced. Additionally, the conversion of acetaldehyde to acetic acid
through the oxidation process increases the efficiency of the overall process.

35

DRAWING

Figure 1 is a schematic diagram of an embodiment of the process of the present invention.



35 DRAWNG Figure 1 is a, schematic diagram of an enbodi nent of the
process of the present invention. WO 03/089397 PCT/US03/07126 4 5 DETAILED
DESCRI PTIvoN 0®B89BHE 1NVENTON Processes for the synthesis offCagsns/eriaci d by
the catal ytic carbonylation of nethanol; with carbon nonoxi de are well
known in the art as exenplified by the disclosures of the previously cited

ref erences. Met hanol I iin. the presence of a catal yst
sysfem whi ch may coﬁ%@ﬁ&%mNg)@ﬁfgWENmal lic elenent,

particul arl prfesel for t@syr%esis%‘i’acegﬁ agfd Hlth I;:%a@ﬂg cBSh lﬂioﬁnﬁcgfln%élée?fol Wit @

hal ogen pronoter, nost often a hydrogen ha1a e or organic
part i codrhoh ynoanxidk kyd welbinalen BLthb aaas eednplifiedddithedisdosures of the previously

stabilizer/ copronofer, ich.is a sal{.of a nmetal of Goup IA or IIA of

the Peff 'egﬂf%ﬁ-efyl%ﬂ?m\éqqﬂﬁa@@%fewﬁiﬁ%{w preseice 9ha SpAkYS systesiayhich may
artic ; Lodide i hi |, Ogli or
T hi o S SgRpAZa g PIEe AR, daBll, BRALuBH B, I od oYleR bt 6% 1

met@l , ashohostrofzarkh aalseshaiegenipeomaigde dndsoofidrea jalro gmdialide os @@huhio hakde, &

pre-fornmed cqonpl e ather than the described .individual catalyst
conponBHtigulaty an 8@@’!&10&‘}5& syph pomethyl iglide o takiliger/capemeaterewhich ida paltef &

medi u S , et i [, of water,
o) MBI CEbg R R RE TRl SRty OUl ARt Bl
ot her paticelntly an iqutident aceatarattiabll enosi dent Iitkivat foaidec OnpRitndscet458. €BRNMctiva0 A
suitabl e catal yst systemfor the &r gcess includes rhodiumas the Goup VIII

met al , CARREIHYAY heriperaplgs of the Grare &k metalangddn sping ﬁ@ieémaYIbﬁtjﬁdQﬁ@it]?@i dedas
¢ atlf" y?etacﬁ&?@cjmbﬂ' & !1 ?%ﬁoﬁg%&e ?%@%?Quthe? 'tl?a%oclrxg g%cgh%pfélﬁgfﬁée\}%gﬁt%}gtfta I qut

medi um conpri sing ne acetic acl y | ow anmpount

of wat esmpanentse Thargelst syateaiis dssdved % dispakalih a8iqed Meliasedniiisidae t ot al
wei ght of reaction liquid._ 25 During a period of active reaction, nethanol
and COnsHY! acshate.pgelicrgyd radinitegmpuntalovder, e@ort kagliabguir @bt Yoand e abouh

or cvi ool andror e ly I IFHER Bl o BRI Uy O Ber AR n s

anmount gres@it. undesirable inpurities in addition to the desired conponents
identified previously, e.g., acetaldehyde and other carbonyl containing
PR s, and Hrupida icatalyst gystegofoTBemreseahinchudes dodivmissthe Gmowf Vilheetal,gases, a

oes ol 053t BTG AT Rl e R BB Ere
The 1 edlbiiviolge R RSt i & Mifuidanlifith 2bRpriBAAMHIYN abdi Al AeliSacti thAdRawWn from
the r erae(lze;[ti(\)/craly low amount of water in the range of about 0.1wt.% to about 8 wt.% based on the total
weight of reaction liquid.
25 During a period of active reaction, methanol and CO are continuously fed to a reactor
containing reaction liquid in which a desired partial pressure of CO is maintained. As
mentioned previously and discussed hereinafter, the reaction liquid may contain small amounts
of undesirable impurities in addition to the desired components identified previously, e.g.,
acetaldehyde and other carbonyl containing PRC’s, and propionic acid.
30 To prevent the accumulation of inert gases, a gaseous purge is withdrawn from the top of
the reactor and treated to recover valuable condensables such as methyl iodide and methyl
acetate. The remaining gases are sent to a flare. Reaction liquid is withdrawn from the reactor
and fed to a flasher where a reduction in pressure results in the vaporization of the lighter
components from the reaction mixture, the remainder of the reaction mixture comprising acetic
35  acid and the Group VIII metal catalyst may be recycled to the reactor. The vapors from the

flasher are fed to a light ends or splitter column from which a crude acetic acid product is

withdrawn as a liquid side draw or base product (as described in U.S. Patent 5,144,068) and sent



and fed to a flasher where a reduction in pressure results in the
vapori zation of the |ighter conponents fromthe reaction m xture, the
r emai nderwofo3kms9T eacti on m xture conprising acetic 35 acipdTarsd3/ohes G oup

VIIl metal catalyst may be recycled to.the reactor. The vapors fromthe
flasher are fed to a light ends or splitter colum from which a crude
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di rect o] cll Qo ter further processi,ng,

i ncl ud&) %%Steog?l ?gﬁél I rg%)nrlg %gsglg ng Vi %?%@?%g’f?"g‘ﬁ to %Wéfe?‘itlﬁﬂtse KRS EeYpiRds e of
t he ovefiieReh&qRoeRsias Snalhdinb @ptibeiy MSlﬁQ{/MWMdaﬁoﬁyp' cally 15 used as
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No. 3,769,329. In one variation of an acetal dehyde renpval systemt
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and water, which is recycled to the purification se ter
ovel hekightiends hénmil@deltmacbccsﬁcmm idifet told fatst distillatioh wolumd, &sraed aan
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over head conprising an increased concentratio ace
heavi elst c@wbvdrte ﬂtesplmfmhtlassmbxh\y’l"he Intedevetisat ethers fidjte @ts&ﬁanth%ﬂllatlon

extraction <er t ain an, ous extract conprising nost of the
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purification section. The agqueou reanri

recycled to the purification section. The latter overhead comprising an 1ncreased concentration
of acetaldehyde and some heavier components such as methyl iodide is then subjected to an
extraction with water to obtain an aqueous extract comprising most of the acetaldehyde and an
organic raffinate comprising the less water-soluble components of the stream such as methyl

30 iodide, which is recycled to the purification section. The aqueous acetaldehyde stream is
disposed of as waste. As used herein, the phrase “purification section” refers to the distillation
and separator/decanter components of the system collectively.

The present invention provides a process in which the need to isolate and dispose of

acetaldehyde as a waste stream is eliminated. However, it is understood that the present

35  invention may be used in conjunction with a process including acetaldehyde isolation and
removal as waste. In one embodiment of the invention, at least a portion of the acetaldehyde in

the light aqueous phase of the overhead of the light ends column is oxidized to convert the



di sposed of as waste. As used herein, the phrase "purification section"
refers to the distillation and separator/decanter conponents of the system
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acetaldehyde from the acetaldehyde stripper overhead stream before such extract is recycled to

the reaction section. Such an extract, before oxidation, will contain from about 20 to about 25
wt.% of acetaldehyde, from about 2 to about 5 wt.% of dimethyl ether, from about 65 to about
75 wt.% of water, and from about 0.5 to about 1 wt.% of methyl iodide. In a typical process, the
30  aqueous extract may contain about 25 wt.% of acetaldehyde, about 3 wt.% of dimethyl ether,
about 70 wt.% of water, and about 1 wt.% of methyl iodide. The oxidized stream may then be
recycled to the purification section or forwarded to the reaction section.
In another embodiment of the present invention, a stream, which may be subjected to the
oxidation treatment, is the dry organic stream from the overhead of the acetaldehyde stripper.
35  This stream may contain from about 45 to about 75 wt.% of acetaldehyde, from about 5 to about
15 wt.% of dimethy] ether, and from about 20 to about 40 wt.% of methyl iodide. In a typical
process, this stream is, for example, about 60 wt.% of acetaldehyde, about 10 wt.% of dimethyl



75 wt.%of water, and fromabout 0.5 to about 1 w.%of nethyl iodide. In a
typi cal process, the 30 agueous extract may contain about 25 w. % of

acet al dehwoa/osisout 3 w . % of di net hyl ether, about 70 wePC¥ush3/omrer, and
about 1 wt.% of nethyl iodide. The oxidized streamnmay then be recycled to
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source f'?ir .such a purge. This alternative enbodinent of the invention thus
i nvol ve§dationigaciion Hrg(?ucttsﬂ HHEGEYS I§pycle stream within the carbonylation process or

25 water from and outside source, may serve as a source for such a purge.
This alternative embodiment of the invention thus involves a process for the production

of acetic acid by the carbonylation of methanol, in a system comprising a reaction section and a
purification section, comprising the steps of: (a) producing a reaction section product stream
comprising acetic acid, acetaldehyde, and water in a reaction section comprising a reactor and a

30 flasher; (b) directing at least a portion of the reaction section product stream to a purification
section comprising a light ends distillation column to separate the reaction section product
stream into component streams comprising a heavy phase stream and a light phase stream
wherein the heavy phase stream is comprised of acetic acid, acetaldehyde and water; (c)
directing at least a portion of the heavy phase stream to an extractor means to extract

35  acetaldehyde from the heavy phase stream and forming an aqueous phase stream comprising
some acetaldehyde; (d) directing and circulating at least a portion of the aqueous phase stream

to an oxidizing means to oxidize at least a portion of the aqueous phase stream and forming an



of acetic acid by the carbonylation of nethanol, in a systemconprising a
reaction section and a purification section, conprising the steps of. (a)
produci ngwe 0B#83P7 on section product stream conprising a®emiusoxeilde

acet al dehyde, and water in a reaction Secti on conprising a reactor and a 30
flasher; (b) directing at |least a portifon of the reaction section product
streamto a purification_ section conprising a light ends distillation
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purification section, and both the reaction section and the purification
10 secbé operatiorailigrobdgnaton is to directly oxidize the heavy phase recycle,
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25  phase stream from the oxidizing means and directing the withdrawn portion of the oxidized
heavy phase stream to a portion of the system selected from the group consisting of the reaction
section, the purification section, and both the reaction section and the purification section.

The oxidation of the acetaldehyde in any stream to be treated in accordance with this
invention may be accomplished with any oxidizing agent capable of converting acetaldehyde to

30  acetic acid or further to CO, and H,O.

Suitable oxidizing agents may be gaseous at normal temperature and pressure (“NTP”).
Examples of such oxidizing agents are air or pure oxygen. Alternatively oxygen diluted with air
or an inert gas such as nitrogen or even air diluted with an inert gas such as nitrogen is suitable.
Other examples of suitable oxidizing agents, which are gaseous at NTP, are ozone or ozone

35  diluted with an inert gas such as nitrogen or argon.

When a gaseous oxidant such as ozone, oxygen, or air is employed, the oxidation may be

carried out by bubbling the oxidant through a volume of the stream being treated. The oxidation



25 phase streamfrom the oxidizing means and directing the w thdrawn
portion of the oxidized heavy phase streamto a portion of the system
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pr essuthe qidation process will be within the range from about 10 minutes to about 10 hours, with
25 most processes being within the range from about 1 hour to about 3 hours.
For most processes and equipment using peracetic acid and hydrogen peroxide as
oxidants, the oxidation temperature will fall within the range of from about 15° to about 75° C.
For most processes and equipment using oxygen and/or air as oxidants, the oxidation
temperature range will be from about 100° to about 250° C. When ozone is used as an oxidant,
30 inmost processes and equipment, the oxidation temperatures will range form about 15° to about
- 75°C.
The oxidation treatment of this invention may be carried out on substantially the entire
amount or only a portion of the acetaldehyde in any of the streams described previously, either
by oxidizing substantially all the acetaldehyde in only a portion of the stream, or oxidizing only a

35  portion of the acetaldehyde in the entire stream, or a combination of the two approaches.

Moreover, it may be desirable in some instances to practice the oxidation treatment of the



whi ch oxi dation occurs is dependent on the particular oxidant. Generally,
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25  recycled through line 7 to reactor 3 while the vapors from flasher 6 are fed through line 8 to light
ends or “splitter” column 9 where most of the lower boiling components including methyl
iodide, methyl acetate, and acetaldehyde, and a portion of the water are removed overhead. A
crude aqueous acetic acid liquid is withdrawn from light ends column 9 through line 10 and sent
to the acetic acid recovery system (not shown). A bottoms fraction comprising some acetic acid
30  and higher boiling components is withdrawn from light ends column 9 through line 11 and
recycled to the reaction section. The overhead vapor stream from the light ends column is
condensed and fed through line 12 to separator/decanter 13, where the condensate separates into
a light aqueous phase containing a preponderance of water, a substantial although minor
proportion of acetic acid and much lower amounts of methyl iodide, methyl acetate and
35  methanol, and a heavy organic phase containing a minor amount of water, a much larger
percentage of methyl iodide and a smaller percentage of acetaldehyde than are present in the

light aqueous phase. The light aqueous phase is fed through line 14 to oxidation vessel 15, to
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18, or to both the purification sect%' ﬂMqugllreacti on section, while the
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25 Examples 1-11 (Run No. 1-11) set forth in Table I demonstrate control experiments

using nitrogen and the use of air as an oxidizing agent in accordance with the present invention
over various temperatures and pressures. Specifically, Examples 1-2 are comparative examples
demonstrating the low levels of acetaldehyde conversion in the absence of an oxidizing agent
used in accordance with the present invention. The words “Example” and “Runs” or “Run No.”
30  and “Example No.” are used interchangeably herein
Examples 1-11 are experiments using a batch autoclave conducted on light phase streams
removed from a separator/decanter 13 from the overhead condensate of light ends column 9
shown in Figure 1 and employed in the purification of the product of a typical process for
producing acetic acid by the carbonylation of methanol with carbon monoxide utilizing a

35  rhodium catalyst, methyl iodide as halogen promoter, and lithium iodide as salt

stabilizer/copromoter.



20 The followi ng detailed exanples illustrate the practice of the present
invention in various forns. The principles of the invention and
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typigal process for producing acetic acid by the carbonyl ati on of nethanol
wi th carbon nonoxide utilizing a 35 ri gigim catal yst, nethyl iodide as

hal ogen pronoter, and lithiumiodi de a8 ~stabilizer/copromter. WO
03/ 089397 PCT/ %%QéftQZﬂéﬁmraﬁRﬁ ng @Qin% Nﬂfu e hil O8datifIFRGATDSMLIAPN Of the
MU ag'r Sy | SR G 0 GRNG 11 90, KhACT UiARGalde-

t enper at U nder each ,exper i ment

run
was conchlt\I%d FEdile Py so reportis 1céAi TI) ghy JIeACﬁ)r?verm (E E a
percentade__decreasle of t hﬁe_a.c.e.t_aJ_ -een@gﬁtrﬂ* -6+ +he—FPORE O;?hase
stream f dl llow ntp® hle dRi3datli o2 priocéss. |Al | 0&6nposn ti 88 wele dglt2er m ned
by GC angtysi Dl?id) mqg@ I ResyI ts| ofjpgcomtrop lRuns|{UsipBitro en znd
1 N

Oxidatio Ny g r_Run Pressiire—-Oddant—Run—w—9% s L %
Fi nal % Acet al d&50 No. 1¢-4C) | ( Bd¥is) Ti ¢et aPdé- Aget 4B hyde §9m' n.)

\

hyde hyde Cpn /e§l§d o 3410 [ 1343, N2 Il% é 17 @3@5 12 20230 13.3 Ng 120)0. 17
0.13 23 3 150 14 4L Aiy 120 017 0003994 150344Ai+—6616-39-0-—21146
5 1150 | 144 Alr 120 039 0.02 9
6 175 14.4 Air 60 0.39 0.07 82
7 175 14.4 Air 120 0.39 0.03 92
8 175 34.6 Air 120 0.39 0.004 99
9 125 34.6 Air 180 0.58 0.10 83
10 | 175 34.6 Air 90 0.58 0.02 97
11 | 200 68.1 Air 60 0.58 0.01 98
15 Examples 1-2 are control runs showing the level conversion of acetaldehyde (“AcH”) in

the absence of an oxidizing agent. In these runs, nitrogen, rather than air, was charged in the
batch autoclave reaction section. These experiments resulted in acetaldehyde conversion levels
12% and 23% for runs 1 and 2 respectively.
Examples 3-11 demonstrate acetaldehyde conversion levels ranging from 46% to 99%
20  when air, as the oxidizing agent, is charged to the system at the various temperatures and
pressures set forth in Table I. At an air pressure of 14.4 Bars, a temperature of 150° C, and a
reaction time of one hour, 46% of the acetaldehyde was converted in Example 4. In Example 8,
at an air pressure of 34.6 Bars, a temperature of 175° C, and a reaction time of two hours, 99%
of the acetaldehyde was converted.
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5 150 14.4 Air 120 0.39 0.02 95 6 175 14.4 Air 60 0.39 0.07 82 7 175 14.4
Air 120 0.39 0.03 92 8 175 34.6 Air 120 0.39 0.004 99 9 125 34.6 Air 180
0. 58 0. 10WwB33/084392175 34.6 Air 90 0.58 0.02 97 11 200 68. PCAUSOH07106 58 0. 01
98 15 Exanples 1-2 are control runs shqwi ng the |evel conversion of

acet al dehyde ("AcH') in the absence of an oxidizing agent. In these runs,
nitrogen, rather than air, was Crﬁm&%ﬁ bat ch autocl ave reaction
secti on. These experinents result ehyde conversion levels 12%
and 23%for f 1&s g3 %]I{ﬁﬁ%sf@ﬁ)' ¥efoYth ifPfapR egendonbiad ehDRROT il €rogen

acet al dehyde conversion | evel s ranging from46%to 99% 20 when air, as the
oxi di zi pgoxide (B,04) as ehaxigéxing agenhim ssyatiareatith the preseitaugentionpeersegioss and
pressures set forth in Table |I. At an air pressure of 14.4 Bars, a

t enper ategweragires iy RQUOGHEAIQNS.r eaction tine of one hour, 46% of the

acet al dehyde . if j I bBdbted, 8kaidbrAlight ph@Rsur e
of 34.6 Bar s?@%%%éﬁ%ﬁ%ﬁ%@?@@g@%ﬁ%dz}ltﬁﬁlg}}i on ti megof tvvoghh?urs, 99%
of the acahalrdabysbirwas epmumiriechnte?’3 HOn0de08adez] RoTeusrasdizhpends13 5
EXAMPLES 12-23 Exanples 12-23 (Runs,K 12-23) .set. forth in. Table, Il

denonst pAENOHROWEAD FISWES 428 éﬁ‘ﬁj‘)ﬁéﬁl Buhea ﬁﬁ%‘??o gleﬁo%%%a%%mbca@@ﬁ?ssi n
accor d a?o%%r%u%&g%@ti@%%& §2 the J&Ykﬁ)'ﬁglaﬂan BV BletMAGl vAHS carbGIRBh&HEE 86liARE a
concent rations. ns - are experinments using the batch autocl ave
conduct gghdivagditalystmelliyl ididdmdmloge psimeenysnd kimwe tbdidaors salt
separator/decanter 13 fromthe overhead condensate of |ight ends colum 9
shown | ptabiliger/e@pIoaeigr-enpl oyed in the purification of the product of a
typi,cal proc Q i 1 i i 0 tthanol
w DS Gar bon nanis AV dae P 5] Ao R D AR Y0 St B ehitbihng TaRAr

hal ogen s@& ¥t 186 coiilons irddetwhich daderuasvas abhducttda iiablezé elso oquoois et er . 15
Table IV identifies the conposition of the |ight hage stream used i.n.each
run. Tabeasaldehyds epmversien ps @ Rercenseas dertsass Qlribricelpleinde spusepiaiionda the light

per cont ageeatara elo Bd M aRklD AiRsr R ARNIR, aPHELARAR) BT T
analysis.
20
Table II
Results of Oxidation Runs Using Hydrogen Peroxide

Run | Temp. | Run Time H,O, H>0,. %

No. ° C) (hr.) mmols Acetaldehyde | Acetaldehyde

mole ratio Conversion

12 25 <1 0 0 0

13 25 24 0 0 7

14 60 24 0 0 7

15 25 <1 3.2 0.6 0

16 25 24 3.2 0.6 22

17 60 24 3.2 0.6 41

18 25 <1 6.3 1.1 0

19 25 24 6.3 1.1 46

20 60 24 6.3 1.1 54

21 25 <1 12.4 2.6 0

22 25 24 12.4 2.6 28

23 60 24 12.4 2.6 62




phase stream follow ng the oxidation process. Al conpositions were
determ ned by GC analysis. 20 Table Il Results of Oxidation Runs Using
Hydr ogen Wwerogxsae7 Run Tenp. Run Tinme . H202 H202: 9% No. ( PCI/ySas/oj126mol s
Acet al dehyde Acetal dehyde nole ratio Ggnversion 12 25 <1 0 0 0 13 25 24
007 146024007 1525 <1 3.20.60 16 2524 3.2 0.6 22 17 60 24

21775 <1 12, HhodEa i ToyeyR dsnonsuies 3 P berteidf is Gterie ledivi - ©
03/ 0893 Q%+ HSRBARA 36 d phdtivetidingrodas BirédinsT ablsagen thati@RpREkhBlBTerkidalof

hydrogen peroxide 1s effeCtive to convert acetal dehyde in acetic acid

pr oduct acetaldehyde genesallyedses withtingreassregshydrdgsn petixidseAcd mole miipetisie @l of

acet al dehyde gggleral |y rises with increasing hydrogen peroxide: AcH nol e
ratio, IRHE Feé‘gl?f%/tﬁ‘i‘? and tenperature. 10 EXAMPLES 24-35 Exanpl es 24-35
(Runs 24-35) set forth in Table Il denonstrate the use of peracetic acid
("AcQ2H') as an oxidizing agent in accordance with the present invention
overo various tenperatures and coBEAMPBES@AIS Runs 24-35 are experinents

roroved {1 ontSBEpARAT O B AnT &l <1 BrPbribhallgarhete S5 tafetF Fidgn
ends C%%@H@ééﬂwihﬁi@'e%gﬁﬁn%c%@a&mmﬁ@pfegerﬁ veRtbnh biGakdions for the

pr oduct pi cal pro
temperatures and concentrations.

Runs 24-35 are experiments using the batch autoclave conducted, again, on light phase
15  streams removed from a separator/decanter 13 from the overhead condensate of light ends
column 9 shown in Figure 1 and employed in the purification for the product of a typical process
of producing acetic acid by the carbonylation of methanol with carbon monoxide utilizing a
rhodium catalyst, methyl iodide as halogen promoter, and lithium iodide as salt
stabilizer/copromoter. Table IV identifies the composition of each light phase stream used in
20  each run.
Table III sets forth the conditions under which each run was conducted. Table III also
reports the acetaldehyde conversion as a percentage decrease of the acetaldehyde concentration
in the light phase stream following the oxidation process. All compositions were determined by

GC analysis.



of producing acetic acid by the carbonyl ati on of nmethanol w th carbon
nonoxi de utilizing a rhodiumcatalyst, nethyl iodide as hal ogen pronoter,
and lithiwmososilge as salt stabilizer/copronoter. Tabl e PUTIUSeRDI1Ré es t he
conposi tion of each light phase streamjysed in 20 each run. Table IIIl sets
forth the conditions under which each run was conducted. Table IIl also
reports the acetal dehyde conversion as a percentage decrease of the

acet’al dehyde concentration in the |ight phase streamfollowing the

oxi dation process. Al conpositions wergpeigr m ned by GC analysis. WO

03/089397 PCT/US03/07126 15 5 Table Ill Results of Oxidation Runs Using
Peracetic ACIdPEUQ IgEggmEhﬂg??m?%f@fﬂﬁfﬁ@??&%PeﬂmbucAxfb4(hrn) nnggsz5 ”
050 4 156" 6ol S blonpsy Bun bine Jo AT bh 3506 0 5. 1%7 2b 60 24
5.0 2.1 99 BONp5 kX°€). ¢ 4.(r-300 | 31mPBlsp4 1@%@@6@%( Acgialdghydyl 10. 0 4.1
100 33 25 <[l 20.5/8.5 100 34 75(24 20.5 8.5 Ingerg® 60 £onpgsigng 5 100
Table IV 10 [i ght Ph@ge Conpeagi tigns Light Phase @nposiitionw % Runs |
-3 Runs 4-8 IE; 9 1%5Runs 1%435 Acetqidehyje C.%)O.4 66 12P

26 60 24 0 0 9

27 25 <1 5.0 2.1 74

28 25 24 5.0 2.1 77

29 60 24 5.0 2.1 99

30 25 <1 10.0 4.1 100

31 25 24 10.0 41 100

32 60 24 10.0 4.1 100

33 25 <1 20.5 8.5 100

34 75 24 20.5 8.5 100

35 60 24 20.5 8.5 100

Table IV
10 Light Phase Compositions
Light Phase Composition (wt %)
Runs1-3 Runs 4-8 Runs 9-11 Runs 12-35

Acetaldehyde 0.2 0.4 . 06 1.5

Methyl Iodide 1.4 2.2 1.2

Methyl Acetate 34 43 53 6

Methanol 2.6 33 34
Water & Acetic 92.4 89.8 89.5 89.5
Acid

As shown by the data in Table III, under certain conditions, peracetic acid is a more
effective liquid oxidant of acetaldehyde than is hydrogen peroxide. At an AcO,H:AcH mole
15  ratio of 2.1, most of the acetaldehyde is converted at reaction times less than 24 hours at 25°C,
and substantially all the acetaldehyde is converted at 60°C. At AcO,H:AcH mole ratios of at
least 4.14, 100% of the acetaldehyde was converted at less than 24 hours regardless of the

temperature.
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t enper at'ur e. CI/US03/ 07126 ~ 16 5 The Exanpl es described above
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four vard abl e orfielide X AR ik ARARALIS: FtATRIE SorsRexdeptRTRRRIdiaE el Ne
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economi cal | ttractive. ditionall wh i: i ive
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The foregoi ng disclosure and description of the invention are illustrative

and2exphsngpateytialtyhepisive aad dlanaabla ¢odigingiagpnt sudisaxyetn and ReFddde: ski | | ed
ICII’I ait ngd(a).(g%iﬁga rﬁ?%%:ll.‘rée} S}?O%Tg {‘)9 g’lgs%(rjvetdc\)?vh%% OVPMCI'taE{’lg at ﬁlghe te%%'e%e'ttﬁreg ngd EI‘%QS%?CSO]C the

The foregoing disclosure and description of the invention are illustrative and explanatory

thereof, and variations will be apparent to those skilled in the art, and are considered to be within

the spirit and scope of the Claimed invention.



WO 03/ 089397 PCT/US03/07126 17 CLAIMS W Claim 1. A process for the
production of acetic acid by the catal ytic carbonylation of nmethanol wth
carbon nmOWOXiBAI8Y39T N a system conprising a reaction secti oRCINH0307126
purification section, conprising the i%eps of . (a) producing a stream
conprising acetic acid and acetal dehyde, (b) reducing the acetal dehyde
content of at |least a portion of the streamby treating at |least a portion
of the streamwith an oxidizing agent; and (c) directing at |east a portion

of the treated streamto a portion o Eﬁﬁssystem selected fromthe group
consi sting of the reaction section, ification section, and both the

reaction section and the purification section. 2. The process of Caiml
wherein the treatnent with the oxidizing agent takes place at a
t enper aWgr@aintt t he range of about 15 C to about 250 C and at a pressure in

the range of about 1 Bar to about 70 [ T QG asnvRk i 1
wher ei ngt he bxiAdPerssy faglnPrquctyy %%cht?g?cﬁ%ﬁipﬁe&garlﬁ&p co%%?lgﬁoﬁg{%%m

oxygen, _ajr L $aur Aine thea@loacesonaind @ mirific2timhectom t he
oxi di ziWgh%Iéjﬁﬁﬁfdgogfdgé@o%x%yg%ﬁ%é%p%he gpr ocess of Claim4 wherein the

per oxi dgyrhsrissigd @etsegs bbrm t he group consisting of peracetic acid, hydrogen
peroxi de, and ni xtures thereof. 6.. Th@g@rdocgt RS aim 2 wherein the

oxi di zi (g BegSHEInE & SEEPREOPIISHE ACHEFAAGH TG M ™2 wherei n the oxi dati on

takes place jn.f Obnt@ft of WA hippRichAIfahy steamBoy éatinpablvess: of
Claim Zhahé?d&chngtqﬁee&%ﬁﬂﬁlﬁ%n 1}iger(l)t is a Ipi@qui d and the nolar ratio of the
liquid gxitdant tiesteaatwitidahyddizing dgentreabout 0.5:1 to about 4:1. 9. A

f h duct i f [ id h i I,
R R e O e

conprising the .ste WS FichBAE §cBBn, @A botithp readtied sestivram
conpri sf%fPSlPa?é’B?lF‘%ngZ‘ES:fitQ%re&é‘g‘%na 3@%3@ an%:lc water in a reaction section

conpr i shAgR fiedehsn @odom flasher; (b) directing at |east a portion of the
reaction section product streamto

i a purificati sect i.on ISl
light ends di2stThe proress of Glawwl v efg%g‘? HF@“?H%W’?EQ&W% = %8%?‘%{?&63 g(l}%g?t
stream Iar’gélgpé/ya)tu?g 1/11Q[ e9 §a%7ge EF;%OLA?‘%%J 8%3‘ g@ou’c 250° C and at a pressure in the range of about

1 Bar to about 70 Bars.

3. The process of Claim 2 wherein the oxidizing agent is selected from the group
consisting of oxygen, air, and mixtures thereof.

4. The process of Claim 2 wherein the oxidizing agent is a peroxide.

5. The process of Claim 4 wherein the peroxide is selected form the group consisting of
peracetic acid, hydrogen peroxide, and mixtures thereof.

6. The process of Claim 2 wherein the oxidizing agent is ozone.

7. The process of Claim 2 wherein the oxidation takes place in the presence of an
oxidation catalyst.

8. The process of Claim 2 wherein the oxidation agent is a liquid and the molar ratio of
the liquid oxidant to acetaldehyde is from about 0.5:1 to about 4:1.

9. A process for the production of acetic acid by the carbonylation of methanol, in a
system comprising a reaction section and a purification section, comprising the steps of:
(a) producing a reaction section product stream comprising acetic acid, acetaldehyde, and water
in a reaction section comprising a reactor and a flasher;
(b) directing at least a portion of the reaction section product stream to a purification section

comprising a light ends distillation column to separate the reaction section product stream into



18 conponent streans conprising a heavy phase streamand a |ight phase
stream wherein the Iight phase streamis conprised of acetic acid,

acet al dehwoasasdonat er; (c) directing at |east a portion @cCTtuseshiight phase
streamto an oxidation nmeans to oxidize at |least a portion of the |ight
phase stream and (d) w thdrawi ng at | 8st a portion of the oxidized Iight
phase stream fromthe oxidizing neans and directing the w thdraw %l% tion
of the Qxifheadukiabtonpases shemgphne sreporand enight phase sisgan wheredpihg dighy
fromthe group consisting of the reaction secti on,. t he purification

sect i omhasmsirdant i§ COPTIS Plinacd @PFthﬁle PRI fi cation section. 10.
The process. of. C al m el heli a8 afbxidagord nghds tp loakkzesdtd epsm

t akes p@gcé‘re(’&?ggﬁe%%%é)ra %%%ﬁpiﬁgﬁ??gn%%hgf about 15 C to about 250 C and
af paessé’ﬁ&éibfvi\ﬁ&”h@Hg%ﬂﬁlsasefstrzdmmd 1 Bar to ?boEt 7g Bars. 11. The process
o] aimil erein the oxidjzation of. t i ght as ace
in the @hesdthdmvang adewsk ﬁ@P%}OH@fQEe?ﬁlglgﬁci]ﬁ%l}t@ga?er%W ﬁz%o%ﬁhgﬁdgl%%ﬁ ?%Qta?%]g of
oxygen, ajt., and. mxtur - sRSEresh t€h pbrich®ftiesysiem t he
oxi di zi ﬂ'@‘é@%ﬁf‘g |ﬂ§e ng&bdé?@Péﬁfﬁﬁlibgfthe_rﬁéd%g&;%%gg of Claim 1% wherein the

per oxi dg. i GeFEbRAhE Srolpicthdifimeathipreadivsissetiang theghurifigafiasgientife s Pad, the
peracetic acid, and m xtures thereof. 14. The process of Cl aim 10 wherein
sai d oxiactomsectigeand the pyrBaRIonSCliothe process in accordance with Caim 10
wherein the oxidation ta ] I i afohBphdd¥ is@lédnh Gikes place
catal yst. 1680'1' ﬂge B?O(fg%ssoﬁ?&t?g\l%fcr#e%&l\?ﬁé}%aﬁﬁtﬁﬁgﬁlc?xigda i on agent i <a
l'iquid gggl eg{b%m[{%e% HeAbh ofebotieseld BUibdurs0d dhind oprasseteindbhipage PEaliqubm
about O. 1Z'L 0 about 4:1. 17. A process for the production acetic acid by

t he car h@whabban76Banet hanol , in a system conprising a reaction section
and a purification sectio conpri.sing.the.s: Lo Qauei

reaction sectlilonlls BaERSE ng}aé@ c%?lgél?encgﬂg%gt?llc&fat%? ggﬁt cgt al dg%?/%lge,s ar:id
water in a.r | | R4 bisBgctad Feache srapdonsiftirpsifexygdd ir, an
directi M cgtmﬁ%%%s(%gce;%dgﬁdl%?g{a %lﬁr eaction secfgioglﬁ product streamto a
puri fi cahik@iesStBetebfin conprising a light ends distillation colum to

separate the reaction section product. ream into C streans
conpri si ng a 1Realke pr&es 0§pﬁ)9é1§n{0a‘ﬁ rﬁmlsqtleg??flg}ﬁﬁ&ag%ttl?g%%%%fei n the heavy
phase stream ]:32 gﬁe"%roicés% de @flaiﬂlgﬁ’i \hﬁer@i‘ﬁi tHe p@6Lli8iiRica fond thuadreny cdmsisting

a p 0

directing at ortion e heavy phase streamto an oxi dation
means t Qfoxiidiéepabxidegpsicetic pads dmimixturehidetrebivy phase stream and

14. The process of Claim 10 wherein said oxidizing agent is ozone.

15. The process in accordance with Claim 10 wherein the oxidation takes place in the
presence of an oxidation catalyst.

16. The process of Claim 10 wherein the oxidation agent is a liquid and the molar ratio
of the liquid oxidant to acetaldehyde is from about 0.5:1 to about 4:1.

17. A process for the production acetic acid by the carbonylation of methanol, in a
system comprising a reaction section and a purification section, comprising the steps of:
(a) producing a reaction section product stream comprising acetic acid, acetaldehyde, and water
in a reaction section comprising a reactor and a flasher;
(b) directing at least a portion of the reaction section product stream to a purification section
comprising a light ends distillation column to separate the reaction section product stream into
component streams comprising a heavy phase stream and a light phase stream wherein the heavy
phase stream is comprised of acetic acid, acetaldehyde and water;

(c). directing at least a portion of the heavy phase stream to an oxidation means to oxidize at

least a portion of the heavy phase stream; and



WO 03/ 089397 PCT/US03/07126 19 (d) withdrawing at | east a portion of the
oxi di zed heavy phase streamfromthe oxidizing neans and directing the

wi t hdr awwpasssn? of t he oxi di zed heavy phase streamto apgartsosoriod the
system sel ected fromthe group consisting of the reaction section, the
purification section, and both the rddction section and the purification
section. 18. A process for the production acetic acid by the ¢ r.bo?l{l ation

of et RN@kthdlafvids atIyBt & potiomof i axidized keawy pbase SEeam Siouihg oxt 9t i on

section, conprising the steps of.. (a).preducin i et pr oduct
st r eammclodipeiisg thy vadedraEn aeitign 0&8&%%‘&5‘?%@&6@ gﬁacf %g?%? & ?ﬁmgl%? tgggj{éi on

section conpri s age Lofind of hiRsB&dtion (sbotiod] the utifigatitn seetérst, and
porti OWSWN%)%%C%‘?C{;@%%t%%&?ggf?%%q% oduct streamto a purification section
CONr i §iMGhSrehbtitit scefictbardi the phiifitation sedlopnm to separate the reaction

section product streaminto conponent stre C |8 hase
stream and #8J i4yhtocpisderthepredistiomaseds ﬁ(’]fit]i’é’afﬂeg%a\f@%’%%? gﬂ gt?e rﬂ%glﬁqy’i)%g

conprised of acetic aci ' den R n\WBRI, cdb)rishig e tsiepgofit | east a
porti oﬁyséﬁfmtcﬂ‘é‘pﬂﬂﬁgﬁlf)%gg%g%?l%fe}ggn&t% an extractof means to extract

acet al gghyde; Lrm fhidiesionitadet stieamacompisipaetin goidnacaASEYLc: BRA TEter
stream o?fr)prl sing sone acetal dehyde, gﬂg directing and circul ating at
| east an@wabﬁoms@tionhemaqﬁéléﬁaéeaﬁ%@édé‘ to an oxidizing neans to

oxi di ze_at | east rtion of &Rt SlréLam apdification sgtian
oxi di zé®) efirectiahit e%‘??(ggﬁion ef)tﬁ%%?@g#%?@é%a}t | east a polr&?i on of the

effl ue bR A8H [R8H WRANIANE%h belatmIto Femmate hedcadion sestiofinzpdgt FERHLING 1 )

wi thdrawng at | east a portion of the oxidi z&d Agueous tge@ﬁf%@%fneﬁmg\g’m

t he extdoapboent streams caEnpllyig 2 beavi PhasesTRPRIRY ks ﬁ@?ﬁ?% 0 % S oxr dr zéd .
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means to oxidize at least a portion of the aqueous phase stream and forming an oxidized effluent

stream,
(¢) circulating at least a portion of the effluent stream between an extractor means and the
oxidizing means;
(f) withdrawing at least a portion of the oxidized aqueous phase stream from the extractor
means and directing the withdrawn portion of the oxidized aqueous phase stream to a portion of
the system selected from the group consisting of the reaction section, the purification section,
and both the reaction section and the purification section.

19. The process of Claim 18 wherein an aqueous stream is contacted with the
circulating aqueous phase and purged from the oxidized effluent stream.

20. The process of Claim 18 wherein the oxidization of the heavy phase stream takes

place in the presence of an oxidizing agent selected from the group consisting of oxygen, air, and

mixtures thereof.



