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PCT/ US97/ 18 %/17619 REMOVAL OF PERYANGANATE REDUCI NG RENEEYINBTIAND
ALKYL | ODI DES FROM A CARBONYLATI ON PROCESS
STREAM FIELD OF I NVENTION 5 This invention relates to
a novel process for the renoval of pernmanganate reducing conpounds

and "al ky REMOViEE COPERMANGANATE REDUGING COXIPOUNDEAND M LRYIPIGHEHES
of a Goup VIl netal carbonyl ation catal yst. Mre specifically,

this invention rel at esFROMANGHBBONYLATIQN BRGCESSSTREAM ng and/ or
renovi ng per manganat e reduci ng conpounds and al kyl iodides from

I ntermedi ate streans during the formation of acetic acid by said

car bonyl FIEDD QFANSFNFIONO BACKGROUND OF THE | NVENTI ON

Anong currently enpl oyed processes for synthesizing acetic acid one of the
nostS useful  This inventionmalates tald novekprotess fartthd serevralcafipennatgahite fedvkinget hanol
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cat al yst processtiberedacingaetipl reinbeitlg ygrmiaighidte reducing corAfbiRls ardd 81k R ddTREAN
be introduced into the reaction systemin any of many forns, and it Is

not r el elpdsrmedjate stigams duiing the formtion jof acetis ariddiytsaidycattonylesian pravesses.e of t he
rhogi um noi ety within the active catal yst conplex. Likew se, the
nature of the halide pronoter is not critical. The 20 pat ent ees di scl ose
a very | BAGKGROUNDIOF FHE ANVENYIOWt er s, nost of which are organic

i odi des. Most typically and usefully, the reaction is conducted with
the catal yst DH&long ca:rgrg& sreployad processes for dynthesiding eeetici asid oredifuhe tmbstaisgful

whi ch carhon nonRoxi de s continuously bubbl ed. . An .

i mpr oven%oﬁWFWI%és g’nf’i‘%?%fyﬁ‘?c BW&%&OW%FX@P@C’EM'SS?F?P%NOBHXISF agtpughtdsdsl to
produce 3,769,329 {shedas PRONY 2 0RO ' n ;Hxl?r% he

al cohol in the presence of a rhodi%t?rgh@%%rlgwcg?g%%&@%g%c g{sece& neg
conion| yrhadisimy ihendissPived nt otNewvisesdigktsedsn a liqailreattivh meddiukd or 4188 dupported
5,026,908, iss edl.c\guagle 25, 1;;%1 and 5,144,068, issued Septenber 1, 1992 and
Eur opeanCh3t Bt solid, along,ith ghalogen contaiping fatalyst promater aspysmphidied by aeghsd d

t herein ; i o P tiqn jum
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r hodi um gteslevent, ifindeedhit & possible] loyidedtife die exectanneeof tha thodium Thsety Rvigm tHen

therein resides 30 riyiarily jn the discovery that catalyst stability
and the ﬁ?‘Bﬁﬁ@?kyﬁ QOF‘Hng-tﬁge‘ﬁ‘é%B%%%t‘éﬁeiqgﬁmr@éﬁ promoter 1s notatiicple Thei nt ai ned
at Hyur pri-siReicy: i I ter .concentrations, i.e. 4
e ht | PR Yo ke nEHEE: BB pt O e ST RBER ot et

i ndust r i Mlstypicsilycandofsefulliynthargaictigh is conducted with the catalyst being dissolved in a

liquid reaction medium through which carbon monoxide gas is continuously bubbled.

An improvement in the prior art process for the carbonylation of an alcohol to produce
. the carboxylic acid having one carbon atom more than the alcohol in the presence of a thodium
25 catalyst is disclosed in commonly assigned US Patent Nos. 5,001,259, issued March 19, 1991;
5,026,908, issued June 25, 1991 and 5,144,068, issued September 1, 1992 and European patent
161,874 B2, published July 1, 1992. As disclosed therein acetic acid is produced from methanol
in a reaction medium comprising methyl acetate, methy] halide, especially methyl iodide, and
rthodium present in a catalytically effective concentration. The invention therein resides
30 primarily in the discovery that catalyst stability and the productivity of the carbonylation reactor
can be maintained at surprisingly high levels, even at very low water concentrations, i.e. 4 weight

(wt) % or less, in the reaction medium (despite the general industrial practice of maintaining
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mai ntaining in the reaction nmedium along with a catal ytically
effective anount of rhodium at least a finite concentration of water,
met hyl acetate and nethyl iodide, a specified concentration of

| odi de iapproximvaely dddvtlib@v @5 th &s ivatti)dey maintaiihg in the reactidhi rabdium, ploag ith 22
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t he | npygfefehes Whi ch decrease the permanganate tinme of the acetic
acid are carbonyl conpounds, unsaturated carbonyl 25 conpounds, and
organi ¢ i odi didsas been fsind that pdow waten carbpmidation nrageso foy ithe freductipe nflecttic acidean
conpounds, whi ch, cont ai n. al dehyde. or . ket.one .f unct.ional groups whic
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i odi de, but 8/1761
PCT/ US9dedBast the permanganate time of the acetic acid are carbonyl compounds, unsaturated carbonyl

25 compounds, and organic iodides. As used herein, the phrase “carbony]” is intended to mean
compounds which contain aldehyde or ketone functional groups which compounds may or may
not possess unsaturation.

The present invention is directed to removal of permanganate reducing compounds
(PRC’s) such as acetaldehyde which leads to formation of unsaturated aldehydes and other

30 carbonyl impurities such as acetone, methy! ethyl ketone, butyraldehyde, crotonaldehyde, 2-ethyl
crotonaldehyde, and 2-ethyl butyraldehyde and the like, and the aldol condensation products
thereof. Other PRC’s include alkyl iodides such as ethyl iodide, propy! iodide, buty! iodide,



3 pentyl iodide, hexyl iodide, and the like. Still other PRC s

i ncl ude pMWEHIBHNIEY? aci d, a by- product of the acetic BETHSH§édss.
PRC s typically have boiling points very close to those of iodide catalyst
pronoters (e.g., Mel) and it is difficult to sufficiently renove
alkyl iodides. It is desirable to renove alkyl 5 I odi des fromthe
reactio fridah '

product;begm%&&e %Jgﬁ? %d1g€%§§rt]l{%tlhﬁe gi?aqt{;/%;# Ruésée luﬁla? Flotep produ ct |%ﬁﬁoﬁ u(\:/t i nyl
acet at e, ofttheaqetiodcidtprogess. commonl y produced from acetic acid. The
present invention is thus also directed to rempval of alkyl I odi des,

in particul ar @ér’fﬂflc%lbklgﬁve |bBH§nE€P§mé%)H§SBGWG§t° thpge Qfaecbémqtalvﬁmn@m@ﬁeess(emay

further ters,to form nmul ti rbon
iyl 1 OEREa ivs girmod AR 8Rb5: B BRREE' R Rl 4L and
thesli ondﬁ'eQﬁr@mr{ﬁéWeab m&mtﬁ%m@é trait R Ehedd r@nﬁtﬁﬁ& @hdehweBe adill pkciuct)
therefore a primary objective to renove or uce the acetaldehyde and

al kyl i cendito pmsqndhc catmlyst used in théy praduetdon erVlB}Sl a‘cﬁme, the product most commonly
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distillation of the acefi’c acid. The nhost typi ca | catio
t r eat menwith mzh)da/cfasalyst@mcasrsmcﬁ fuinshulltﬁcaatbmﬁkyiﬁodﬂes egnathyliodide butyit is
known to renmove carbony | mpurities from org{anlc streans by treating

t helor galﬁﬁ@eslﬂerx@h’r?éi% aPﬁ ﬂ&dﬂ@mwe&wdm@&ngsﬁ:wa%a e with acetpldghydeyitisyi ne
whi ch
nich r 21?18 efor%%tp%rr a.li]f @@&B@% ken? &ﬁl%e bR ch{afﬁegﬁ%e{%?r 01&1 h‘%ﬂ‘é\@eocxo?x#gt in

distillation he pur organlc pro
react i onthpr&adtieh Systdewever, 20 the additional treatnment of the final
product adds cost to the process and it has been found that

distillation ©¢nventonal ée&b@au@sdetrmeoxé@cmupmewekudeanatmgmftacﬁm\c aaidiMithonal

i mpurities,bein VWhile. it 0 _obt
oo o L Ea R hon® Wi mehanol, activated-cartl) afinkd, ehd RIS, BhER bR SRRy
forpged byt hiendhe\combama rwlﬂﬁdistmammr tHe aceddny. | Piid aBstRY6R pErifdddion

purification treatnent, freq uentlé remai ns deficient with respect to

t he per nmmn@tlevqlvm semhs of digfillatiens of the nﬁrmfg@melt IrknowntthgerapyYe eitbanyh| |

proportlons esi dual. urltles nce a.s |C|e t pernan anat tlne i s
it i oreatin ARt Y R g R cRe g icem

many US egydrdR8arking $AREErehdt® With the carbonyl 8dmSdilds td%%'o&irﬁ’e% fbh@«bedj%?r ease
per manganate ‘time i s objectionable. The renoval of mnute guantities

of t hesedistilfationttd eq:afat@ﬁnetphaﬁat eltgamcmdilct)ﬂromdhwemtneamhon pegiunts nHosvesler,
by i st | e 4iGRnalrelEeh Bt B PG oS0 the mAee AGH B oRhpentplk SRy ¢
ot er i i THLD o SRR B R On Syl n i AR Bt Ko
renoved. |t i Whilestdsipogsitle tndbtiio ackicercitd ofaelativeli Aighgmiaing thecaketiy acid ahddact
gr 0cess }o% &d L)t | the above describgd o, yeasey Cfgbpfzﬁmon procgss and purification treatment,
frequently remains deficient with respect to the permanganate time. This is due to the presence
25 | therein of small proportions of residual impurities. Since a sufficient permanganate time is an
important commercial test which the acid product must meet for many uses, the presence therein
of such impurities that decrease permanganate time is objectionable. The removal of minute
quantities of these impurities from the acetic acid by conventional treatment and distillation
techniques is not economically or commercially feasible by distillation since the impurities have
30 boiling points close to that of the acetic acid product.

It is important to determine where in the carbonylation process impurities can be

removed. It is also important to determine by what economically viable process impurities can



be renoved without risk of further contam nation to the final product or
unnecessaMP BHEI&? cost s. JP patent appli catBGIUHINEID0O5

di scl oses a nethod for manufacture of high purity acetic acid by
adj usting the acetal dehyde concentration of the reacti.on solution bel ow
1500 ppm By mai nt ai ni ng the acet al dehyde concentration in the

react i Obeg&thbddoitisik ek éBfihBNBntAntinAtfontd MeSthal Productiod Bhndcesdafy RIS e 10 -
suppress the formation of inpurities and manufacture high purity acetic
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col sim  alratiitie pdssitde to sppeds thie tftrnationof nepueiviep andwdahufecture high purity acetic acid
hydr oxyl am ne which reacts with the carbonyl conmpounds to al?ovv_ such

car bony |5 repfopaing only basicaistiliation opsratians during prrifination of/be Kedg apstic acid
distillaf] 1 resulting in an acetic acid product which has i nproved
per manganate ti nme. EP 0 687 662 A2 describes a process for
produci ng hi @P 487184y BacgiblichedcAstilviae 1 B3y states &at carb@Hy® A SRIRY Peesent in the
concentration of 400 ppmor less is naintained in the reactor by renoval

t her eof acetic acid profduej ganerpliyeancentratgiintthe evashpad diost theellight ends poluoess. Streans
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heavy ph3afxgRbihé Whidd rdcts Wit the BB cohPeiutli to AESW WhehAGf Rl R Jagg acetic
aci d; an over head stream conprising primarily nmethyl fodide and
met hyl asecpsrated fropy the remaining oiverhéatgbysdisté btin2,Gesultinghinpniasétivgacidprotiug iwhiend
heavy pffﬁse conb(jr ned. Al tpou h four streans are suggested for
pr ocessi Ay MRRECG REEPREANE "Mt hes and exenplifies use of the heavy phase.
No teaching ' | | N4 L Gl
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r eact i otheagyngliake corapridig/ primarilg esthyl iadide, methyl acetate asdadtibgeify adoreihead speed
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the di s¢HEBEOPPHEE guppanlyggsinyljgdide and methyl aceiais; Opa recpreplgting|stzedm hes

opLi m zati ' : T Qi .
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PCT/ US97/ 18711 . | i .
suggestion is given regarding which stream(s) possesses the greatest concentration of

acetaldehyde.

Also disclosed in EP ‘662 is management of reaction conditions to control the formation
25 of acetaldehyde in the reactor. By controlling the formation of acetaldehyde, it is stated that
reduction of by-products such as crotonaldehyde, 2-ethylcrotonaldehyde, and alkyl iodides are
reduced. However, it is pointed out that management of reaction conditions “have a defect to
increase a by-production speed of propionic acid.” indicating that propionic acid is a problem
with the disclosed process of ‘662.
30 Hence, EP’662 describes optimization of reaction conditions to avoid formation of
acetaldehyde as well as removal of any acetaldehyde beyond a level of 400 ppm formed in the

reactor.



VWil e the above-described processes have been successful .in renoving
carbonyl wo98/176i9npurities fromthe carhonylation system aPCEI/U8Y7/18Hd nost
part controlling acetal dehyde |evels and pernmanganate tinme problens
in the final acetic acid product, further inprovenents can still be
made. There remains a need to determ ne where in the carbonyl ation process
the 5 pe [ ' ' | al dehyde
and al kyl iOgﬁgg@ﬁg?@ﬁﬁéggHﬁka9nﬁ£§§%ggﬁﬁﬁggggmg%gﬁﬁag%ggi G%Q%S%e renoved
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di stil | afcufingosubstamnti# addidsndl opsrethiy edses. acet al dehyde from net hyl i odi de and
met hyl acetate and essentially serves to concentrate and purge the
actt al dehyde fromthe process. Optionally, in anot her aspect of the
i nvent i Mg,gR I-Itﬁﬁl QE? i te fromthe second distillation is

di rect egﬁ% {(%gn ex?yac orIHtI\g;1 separate out concentrated acetal dehyde
and return altisndWwdees distiveteddhatradight ends phase from dhedezhs ohdstdistillation thlemn
carbonyl ati on reactor. | n, anot her aspect of the invention,
al kyl i eenteies eshpalsastaining pramengaprigredycmgrqompengdspand in particufas gesteldekde
significantly reduced enpl qyi t.he descsi bed dual cniiﬂstillat'o rocess.
't has BREH T e Cokema et RO MR e mrach i iRl Gl i n
pafs i culentidif tHSlight efdsSitabd Bidistilled BAETERCE ROPHRAAIstIck BEuRMESIAEE sRVQABSS,
pol ynmers of acetal dehyde tend to form and build up in the base of

t he secepdratothermetaldabydeemethybiodidepdnd methpk asstatet from regticiagid addswateth dhea
method to deal with this problem 1t ha en f.ound f hat constant fl ow of
ol vent g disiltaion éofutin feh 6 Repeise BTG A RO oty (g A0 DA et
di still g4d QReRRANNYBHRNE BneéQitvR Undlfusss tA8 adeMI8sHat from the prozbdsC VPHORME) ifS
one that containS a large percentage of acetic acid or nethyl acetate

r esul t sanather a3pect of theligvention, theresultingdistilate fuppothe senond disvitlatidn isdiected to. By

havi ng the base devoid of pol yner bui | d up, one y shut down and
o ok B YA 4 Sormets At DraHFater acstaldehyileiand rofhin AU bptBpied orgamic

ef fici ety ' . WD 98/ 17619
6 %’d%ﬂl&%%ﬂg&%tn&ﬁg& &Y 16711 | The present
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removed or significantly reduced employing the described dual distillation process.
It has been found that when shutting down the carbonylation system, in particular the
25 ' distillation columns employed in the present process, polymers of acetaldehyde tend to form and
build up in the base of the second column. Another aspect of the present invention describes a
method to deal with this problem. It has been found that a constant flow of solvent to maintain
contact between the stream within the second distillation column and a solvent from an internal
stream (such as one that contains a large percentage of acetic acid or methyl acetate) resuits in a
30 polymer-free column base upon shut down of the unit. By having the base devoid of polymer
build up, one may shut down and subsequently start up the column in a relatively trouble free,

efficient, and cost effective manner.



t he proce | ead of a heavy phase (as suggested in EP ' 662 for
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carbonylation are separated into a volatile phase comprising product, and a less volatile phase
25 comprising Group VIII metal catalyst, acetic acid, and iodide catalyst promoter; said product
phase distilled in a distillation tower to yield a purified product and an overhead comprising
organic iodide, methyl acetate, water, acetic acid, and unreacted methanol, directing at least a
portion of the overhead to an overhead receiver decanter which separates the overhead into a
light phase, comprising acetic acid and water, and a heavy phase comprising methyl acetate and
30 organic iodide; and recycling the heavy phase to the carbonylation reactor, the improvement
which comprises

(a) directing the light phase comprising acetic acid and water to a distiller which separates the
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Once the inventive process was operational and shut down of the system was on-going, it
25 was discovered that polymers of acetaldehyde tended to build up in the second column and plug
the column. It was found that this problem could be avoided by contacting the stream flowing
through the second distillation column with about 1 gpm solvent stream flow in an amount
sufficient and at a flow rate sufficient to avoid aldol condensation polymer formation or to avoid
formation of polymers of acetaldehyde. The solvent may be selected from acetic acid, methyl
30 acetate, methanol, water, methyl iodide, acetaldehyde and the like or combinations thereof with
acetic acid being preferred in view of the abundance of an internal stream to utilize. Generally,

amounts sufficient to avoid aldol condensation reactions from occurring are rates of about 0.25-5
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Th f ed t 1761
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carboxyllc acid pro uct. I'n the car tion anol to
aceti c @edsent ih i formiof n ceddmatimecdmpaind of thodiume with a halogen component pro\Mitlr@’ is
CON a1 NEd ol one of the ligands of Sach cbrdinAtion compousd. Ta addidion t5 The coordinahon pf
20 rhodium and halogen, it is also believed that carbon monoxide coordinates with rhodium. The
rhodium component of the catalyst system may be provided by introducing into the reaction zone
rhodium in the form of rhodium metal, rhodium salts such as the oxides, acetates, iodides, etc., or
other coordination compounds of rhodium, and the like.
The halogen promoting component of the catalyst system consists of a halogen
25 compound comprising an organic halide. Thus, alkyl, aryl, and substituted alkyl or ary! halides
can be used. Preferably, the halide promoter is present in the form of an alkyl halide in which
the alkyl radical corresponds to the alkyl radical of the feed alcohol which is carbonylated. Thus,
in the carbonylation of methanol to acetic acid, the halide promoter will comprise methyl halide,
and more preferably methyl iodide.
30 The liquid reaction medium employed may include any solvent compatible with the

catalyst system and may include pure alcohols, or mixtures of the alcohol feedstock and/or the

desired carboxylic acid and/or esters of these two compounds. The preferred solvent and liquid
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25 contacting the methanol feed, which is in the liquid phase, with gaseous carbon monoxide

bubbled through a liquid acetic acid solvent reaction medium containing the rhodium catalyst,
methyl iodide promoter, methyl acetate, and additional soluble iodide salt, at conditions of
temperature and pressure suitable to form the carbonylation product. It will be generally
recognized that it is the concentration of 1odide ion in the catalyst system that is important and
30 not the cation associated with the iodide, and that at a given molar concentration of iodide the
nature of the cation is not as significant as the effect of the iodide concentration. Any metal

iodide salt, or any iodide salt of any organic cation, or quaternary cation such as a quaternary
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sufficient to tain the desired total reactor pressure.

25 there are continuously introduced fresh methanol, carbon monoxide, sufficient water as needed to

maintain at least a finite concentration-of water in the reaction medium, recycled catalyst solution

from the flasher base, a recycled methyl iodide and methyl acetate phase, and a recycled aqueous

acetic acid phase from an overhead receiver decanter of the methyl iodide acetic acid light ends

or splitter column 14. Distillation systems are employed that provide means for recovering the
30 crude acetic acid and recycling catalyst solution, methyl iodide, and methyl acetate to the

reactor. In a preferred process, carbon monoxide is continuously introduced into the

carbonylation reactor just below the agitator which is used to stir the contents. The gaseous feed
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saiig |10t | iTakichdwWBe dicadbied tiaftierd i blgiil SdrckhiPloRMariat ¥ Bihes WD

distillation is 30 ~ operative to forma second vapor phase acetic acid
product BRG'sand Whparticuler asataidehede cointent in the lightyhdsdthele in the Healykphasd sutanie s

wth res t to sai [ rst_vapor phase.acetic .acid stream . .C) ,

condensi eﬁ‘g‘ﬁ‘ 5% i%-nih\‘ﬁab‘b?ccgﬁa‘%‘% ‘gﬁl? (8 PrISHNLIN KGR SRR PSn SUPPLSIRE PRC’s

bi phasi Galir¥cted to an overhead receiver decanter 16 where the léght ends pha%f:? %)tre%n §@,r]§l ?ﬂ@ét&p
and’ bi pha i

sai d second vapor phase streamin a second condenser si'ca
separ at itpgistillatien ¢adummd8second heavy |iquid phase product and a second

or @Bt Cont AT PrERehl HETIon Ay rpRdH ob Forsieaie as sling PR3 cesrpil ldpbydisn
sai d seGaRQIKyl HHides! HothS VAPGShaly RAHE boid 3¢hm. The vapor phase stream is twice
distilled and optionally extracted to remove PRC’s. Disclosed is a method of removing
aldehydes and alky! iodides and reducing levels of propionic acid, from a first vapor phase acetic
acid stream comprising:

25 a) condensing said first vapor phase acetic acid stream in a first condensor and biphasically
separating it to form a first heavy liquid phase product and a first light liquid phase product
wherein said first heavy liquid phase contains the larger proportion of catalytic components than
said first light liquid phase product;

b) distilling said light liquid phase product in a first distillation column, which distillation is

30 operative to form a second vapor phase acetic acid product stream which is enriched with
aldehydes and alkyl jodides with respect to said first vapor phase acetic acid stream;

c) condensing said second vapor phase stream in a second condensor and biphasically



5 d) distilling said second light Iiquid phase product in a second
di still at WoP86@618rm wher ei n sai ¢, process is oper aticT&I®y1§7¢hove at
| east .50% - rocrde and al dehyde inpurities and at | east
20% of t hp Th® BHEET HASCBREN hpurities in said first vapor phase acetic acid
streamingan REPLACGBdehydp and al kyl iodi de waste stream '
Referri ! ; 1] ; Eﬂiﬁ ti ' = 92381%
conpri sgg r?et y 10 2 iodi}%jeg‘?} %%?ﬁ?lﬁa% et atcg%ﬁadcééggﬁ}gh;gg&g?g ot rg?uct
car bony|wleseincaidistsond Heawy Squid pimse praduetcontains a highen geopsetibnasfdambprer ated (in
vessel 16) to forma first vapor phase streamto separate the heavy |
phase pr@&lﬁ?ﬂefg6ﬂtaﬁis?ﬂidﬁ§°qnﬁélgﬁh]#‘§§ﬁiquséﬁﬁf?dﬂ-‘%ﬁn%f catal ytic conponents -

ot pRleee (1% s bons gt sREpREA TS LB USHAH Go wrlh°
Thi g |1 glaid Base is cflative terehfme ueRRhdt SO oftthd AlRgl ibAHE end Qdél@'&?‘i’r_ﬁi_ﬁ&r‘iﬁé_saﬁ@ S

and 15 primarily the acetal dehyde conponent of the stream e |ight
phase (30)east2Qip oéthearonionie a¢id impurities in saig firspiapsh phaserestic agid sreamangecond

vapor ph 36 ri.ched in al dehydes and al kyl iodides with
respect a?%e?’gﬁ?gliqﬁgﬁl.logﬁﬁgﬁfq%&?@'condensepl (vessel 20) and biphasically
separated to g&EMnd to figure 1, RFFXVApHEHAYe AdeBblhdd Wg@; eSHfised Rektgy Second

| i ght phase liquid product. This second heavy I qui d” phase cont ai ns
a hi gheriogidejpoethi/loacefe, aattaldyhyde and openearbenyl bampdnestss dbisstkehmghthehi qui d

20 hase and i s subs ently reciyculated to the reactor (not shown in
fidﬂrel)o c @Sggeﬁﬁpﬁa&@ﬂﬁl vessel 16) @Efrg uag‘Fﬁéé’%m’(r@iiﬂseéHﬁ%?it%F aérc@ﬁar:@@/h'yde,
met hyl i.gdi : ' i : ond
Gt | s o cbtiing 1P fr il flor@ SRR component{l WEEh RffehiftutuBEty

ot her  the reactogandndight phaSa {3 yompricngrpeeteddehyde, maltargdmdraettiy/acid. oTthig éighmet hy
acet ate, .nethanol, and Wa,tler. ] This inventive process has been found
to rempwRbass isispbssguentiy,dastilied gvige taemoye thed Rin g and primarily the agetpldghyde

I mpuriti f ' cabl ¢ Acl I . R

hoot al dcEpett e ot &RaACThe eRif 07 A el RAGIBRT IS MR oo form

60% second vapor phasé\(3%) efufchied th sidblodesRil allofl iddidespritseipect RWERAM®S. | S
shown in Figure 1; fromthe t the light ends or splitter

f
col unm, Stgam gfdweondersed £yaseed 88% biphasigphlnseparatsd de fsep sesprrd brave diquid t o

16. Th il . . i G .
L8 e SRR A PSRBT S i RSk GRDESHRE e,

and ot hes highéripopdrtiswsnneyicconipotdemtian theecoddiipht liquid pha¥dandss The |i ght

phase is directed to distillation colum 18. Columm 18 serves to
concent rsibgequently recir¢idated iorthe traptpr e Thasesenddiguidbght phassr(#9ematrisingr eam 30,

ig B eaa@et%ﬁleh?de? me Cy 1eo%i e?%%&%ge}gg% rllxlgggaacetate is directed to a s\é\Q)nQQB éis:l.’tl?lpajfi%n
column (22) wherein the acetaldehyde is separated from the other components. Catalytic

(o9

components include methyl iodide, methyl acetate, methanol, and water. This inventive process
has been found to remove at least 50% of the alkyl iodide and acetaldehyde impurities found in
an acetic acid stream. It has been shown that acetaldehyde is removed by at least 50%, most
25 | often greater than 60%.
A preferred embodiment of the present invention is shown in Figure 1; from the top of
the light ends or splitter column, 14, gases are removed via stream 28, condensed, and directed to
16. The gases are chilled to a temperature sufficient to condense and separate the condensable
methyl iodide, methyl acetate, acetaldehyde and other carbonyl components, and water into two
30 phases. The light phase is directed to distillation column 18. Column 18 serves to concentrate
the acetaldehyde in stream 32. A portion of stream 30, as stream 34 is directed back to the light

ends column, 14, as reflux. A portion of stream 28 comprises noncondensable gases such as
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car bon di oxi de, zhydrogen, and the |like and can be vented as shown in stream

29 on Fi gWQ98117619 Not illustrated i\ Figure 1, |eavi nBCHUSIHEA
recei ver decanter 16 is also the heavy phase of ' stream 28.
Odinarily this heavy phase is recirculated to the reactor. However, in
anot her aspect of the invention, a slip stream generally a snmall

amount , Qrithn, digdd¥, Hydroben Pndftld Bl ahdl @8 Be vBRBd aPshowndR W 99 ¥RIFigue @f the
heavy phase is direCted to a carbonyl treatnment process of this invention

and t he Netitlustciad indtigwt ddlenving heerhemloeeniver Tacantex| 1i6ps also tharheaty phase bfavy
phase may be treated . ) i ndi vidually, or conmbined with the |ight phase,
st r eam 30epR28 [Prdmerilythis heayyp F\‘Sdrﬁ‘d“‘é%t?‘i\&tgﬁﬁaﬁﬁor- H‘oweverclgragg T aspect

i mpuriti : : : 0 i.n. about
tho i dd e PYgRion, 3 lp steamgb M2 1 H RBUEOLETDS V. 9 pRi By 1Ag b

al dehy deatoatrp@neinVsofithe kéavepimsdds biresebwradarimylrénetgocsest Misdavehtion

In a preferred process of the present_invention, stream32 is distilled in

18, wheranditbe ramaindessecycled to thgseactpri dhisallip stream phths heawyophasemey e treated anges

herein f 283. J.F. (139, C P o .ab
191 [ er rPRVUBNS rapppi St e hEBhen e 3P on Rher g R B |
stream 3Girbonyl impuR¥Rr i sing PRC s and in particul ar acetal dehyde, nethyl

i odi de, nethyl acetate, and nethanol, 15 and al kyl iodides. Exiting the
bott om of 18 $tseast 3G emte3obwrply asi strgamP@rin abomt the middiofithe eolumn. Coluramdi8 30%

acetic acid. Stream 38 ;i s ol,ed utilizi a h exchanger and ultjmajely
s PecycieBtFs g concentrate heal B35 Srrpcse o agpm 32 by SRR G gl id
appr oxi ngt r¥feﬁ%%§ﬂi&émhérﬁre%n@irﬁ@m&€ STt ??fsl distilled in 8, Wferd hfccgftﬁﬁiﬁgl €

t hrough col'um 1 t has been found that recycling a portion o ream3 8
i dent i f i sppraxsmatetyedintrdys, batiempbrabug angés thareirefism abedtf288 P16 (I89.40C) ahibe

i nventive process and al 20 for. nore acetal dehyde to be present in
the Ii gh‘fong’ﬁh@é‘,b%% }%la%(géz)g\@@tart thsteR 8% the “Pﬁ’é'ﬁ‘- JixitRg thy teryof 18 is 836% 36

over hea ' . L ' : \ bl e
gases p?ceog n??n\éem{é% aiﬁtu?f)aﬂlt:ul%xa%f ?%H%%& |5.dscldg’ti %&edg(%ﬁc’ %q?grﬁr%rt ?gl aﬁ‘g%gﬁmﬁ
acefsal dediddgkylidgiies. Hxithigibe bordrh vk | &isdt@bmg, 3 8avaehprising approRinhaélg|70%Awaer t i on
of stream40, i.e., side stream42 is_returned to 18 as reflux. Stream 40

enters k30 agatighcido | SeAmSS 18 coerbtilizing:a heat exhanger epd uktisnaiel is reaydlemton2
serves t ra | OF Jd 1 gr

Cores, | Be PRI ErAT 2 vl HRnTORE it Cln Gl APNER ORI o
enbodi medfter tedretiole thiophruohinns 16 bio bhs B4R fourrthatadeyclifig 8 portioh&f siéana38
tenperature. rangl ng?f rom about 224[err]F (106.6[err]C) at the bottom
t o aboutidemfedrasistregm g bpek trquehd6 ingreasepefficiencypf the inventivd prepesaeed allows

di 22 ' ' in pl f Pr.ef d
oachi ng.1ob meFE aceRadYRF iR e RXnP B, e, et 3L "5and S e SREAIRT
ft[err]/{d dRikcad réticplepnaRity iR et ElMlled fRloakitdse aﬁ@condeﬁiab@gtats]ést&ﬁees%ﬁﬂ5 or

other |ike packing material, provided they are conpatible w

conposi t i ons. Exiting28 isdiwamAcotprising assipldehydenmathybivdideamethyl 4cstate,@oflum

| oadi ngs equi red . fo god .separ at.ion, wer tter, W structured
packi ng BRATRY vhPyiay of s i 284 Hg8 SpabEks Rrentto TELE Mgy heSny

14 enters distillation column 22 REdBMEME/bbREM IS the column. Column 22 serves to separate

25 the majority of acetaldehyde from the methyl iodide, methyl acetate, and methanol in the stream
40. In an embodiment, column 22 contains about 100 trays and is operated at a temperature
ranging from about 224 °F (106.6°C) at the bottom to about 175°F (79.4°C) at the top. Inan
alternate embodiment, 22 contains structured packing, in place of trays. Preferred packing is a
structured packing with an interfacial area of about 65 fi*/f%, preferably made from a metallic

30 alloy like 2205 or other like packing material, provided they are compatible with the
compositions. It was observed during experimentation that uniform column loadings, required

for good separation, were better with structured packing than with trays. The residue of 22,



stream 44, exits at the bottomof the tower and is recycled to the

car bonyl aw#s/13619cess. Acet al dehyde pol ynerBCragss7istihe

presence of nmethyl iodide to form netal dehyde and par al dehyde. Thus
an inhibitor is needed, preferably in tower 22, to reduce the formation of
these inpurities, i.e., netaldehyde and paral dehyde. Inhibitors generally

consi st £ L g@en&; the t ic acid
and the |e e uég%jltslaérs | VI étlfl)gi y &ﬂ%%ﬁ%{:%&%@?éﬁﬁ%ﬁaﬁoﬁ@%ﬁ&n ptg%g%- ot her or
with one or nAcetaldetiyele polymepizesinshe fHesonasrofificthyphiodide its foamnaéthideRydefando! um

18 resi due_and a_ side stream of stream 38, conprises water and
aceti c apareldeliygdendhasanmhibiler is@egdedgpreferably in towmr 22, toreduss the femupgion of shown

ot um. S5ete REkigs 1.8, bR AE AN Baabe el Bty bo R oF i atkanal
Si nge t hgrefepstlpHRthbfol, watk, adetid &id AeMBEE BRe 4RAINBVIESAB @'in cfWinafibh Rithor S

added must be conpatible with the reaction chemstry. It has been
found t heach other br withgne or wprevgshas inhibitarh abiosam 46, ovhiich s eipgrtior ofpolumn 18

corts ety LU ol SECTBELILSK et Ll e D SIS L
Stream Fﬁgjb?toﬁl Steeal] 6 89 MY if P@u?é’?%l%to%gg Istreams Agidbot (Srtreﬁlinrﬁﬁﬁ :ﬁgﬂeﬁ

mat eri al does not change the reactor water ance. Water as an in I tor
is 15 totcohnire23to iphibitdomeation of wetdldehfydé arhi pairdldehyds immeitiear §ince timnesittie s
are generglly need ctive inhibitor and as such it

d to bean ... ef { !
tenlds t o®lesdt’P é??@"’]ﬁg G ECacHE A lﬁh‘b‘é@éﬁé‘f‘?&éﬂ\}%é‘? C‘P@%’@(if%ﬁlﬂﬂmﬁ reaction pyrijty

of stre it | Egﬁm i1 f 22 is
stream g@e%ﬁiﬁﬁ%e& S. tl%t%rsrélglrln leltg og?;v?tgg,t e h%’fgﬂ%c‘;&ea&&?%{:gndenser and
then to conbihaig thaeef, dehotddterfidetveith the feheticmthedtistripaid piadiicaldy eldntaty the

materials 20, are vented fromreceiver 24. Exiting 24 is stream 54.

St r eam Sormatiey efanetpldehydesnd paraldghydsy Stieam S0 is also prederably emplaygst as ap 22,
Exi ting +he.hot. f ] i si | i.odi . [7et. | |
1119 BP0 AR RS, SR o5 BRI

andsdi r ek @hst grefefred solvent of irhditi® since large quantities are deheraBy hegded t@bd ad Or t he
extraction mechanismthat the top streamof 22 remain cold, 25  generally
at a tengféactiveinhitator gadeag suely ittends teextmast & lasge apgnnhalacsaldshy &g, meducing the

mai nt ai ned..at rr] C by conventional techniques known to

bout " 13
t hose ofPWIOfS FRM ?129678??% °°c§?m5%g- mechani sm general |y accepted by

the industry.Exiting the top of 22 is strBar 5P c6hSisiRs PRUPO Beramt 5206 dirB&@edtces ent
i nvention, upon exiting 24, stream 54/58 is sent t hrough a

condens evondemser and thewte eierheadregivenitd Afierreondensatione sy eost-eondersable mateniale
o0t VG450 o b D s TS 54, O 8 AR BUT SRR
extract Ofised 4s rdfiu for 20 AEaliKy the (bORbH ®F 22 iLstR% " AICdoRipridink eti$196dide, methanol,
preferably water froman internal streamso as to rmai ntain water "bal ance
Wi t hi n tinethybanetate methanol and water. This stream is combined with stream 66 and directed to the
reactor.
It is important for the extraction mechanism that the top stream of 22 remain cold,
25 | generally at a temperature of about 13 °C. This stream may be obtained or maintained at about
13 °C by conventional techniques known to those of skill in the art, or any mechanism generally
accepted by the industry.
In a preferred embodiment of the present invention, upon exiting 24, stream 54/58 is sent
through a condenser/chiller (now stream 62) and then to the extractor 27 to remove and recycle
30 small amounts of methyl iodide from the aqueous PRC stream. Non-condensable gases are

vented from the top of 24. In extractor 27, RPC’s and alkyl iodides are extracted with water,

preferably water from an internal stream so as to maintain water balance within the reaction



preferablé water froman internal streamso as to naintai n%&ll | ance
i

within t h8OPEZ%IP on, system Asia result of this & 1 met hyl
i odi de separates fr ﬁHi&lSHEE]DH@BSBEEﬂC s and al kyl i odi de phase. In
a.preferred enbodi mpnt, RAPLAEEpSettler with a water-to-feed ratio of 2 is
enpl oyed. 5 Ext+rg-t-he lextractor is stream 66 conpri sing

met hyl isysteste Add rebult sf thisogtiaetibr, methiyé iodide separates &otOthe adisduaRREM S ddIky@am
of 64, |eaves the extractor fromthe top thereof. This PRC-rich,

and in padide phassy In a prafereambadimentna Bixreserienwitk a waterde-feadiratio of2 isast e
treatment, o The PRC (52) and al kyl iodide-rich phase (44) of
t he st reg}ﬁgjfldl‘ pped fromthe |ight phase may optionally be directed
to an extractpyitif2ihk ekRadt6ie ¥Reht 66 BoBpHank MRthyPIARIENAHcH A recyclddgs gfe om
The present inventive process has been found to isolate nmethyl iodide from
acef al dehgatier. flte aquenpsisireain bE 64 leayes the exwantordirom hkdtop ithenenif] ThisdARGHrich odi des
such as h ve been, reduc, nificantly via the dual

| i.0did h d sj
Gt T P PrtiGlat Sceipldeivele A PGRENR Bhi. firstiad ( vaste teatméntus. boon

(S0arr oY 2 TR ol aRPPISkiAL e pp A Healr® MR n AR b Yhay

usual |y greater than o "Furt hernore, ritres s

cr ot onal opeibyally, bedigdcted| to an exiwavadrde hgmevevseganid odidd compbendkSherefremgMhei cant |y
reduced or renoved conpletely fromthe gr ocess.. Crotonal dehyde and et hyl

cr ot onal HIeKpHEVERvE DRSS has e fapd e solsie methyldadide fomy a ehyda @8 greater
th 75% ' 009 PLOp QR | ti has .been
fond r dyaveine pack o AOMELLEEAHHRIHRP! B8l Agh S FRRF RN BBeARpig

| east 2QHgnificandl lvia tie dailelistilifadon ploeds didlosed KQSMmWIRRYICIOdIda hesibded rédiRed by
initial streamrenoved fromvessel 14 (w thout processing). Total iodides

wer e fourféctorefabogt 2,0r a pepgntrefuctionrof ebow 5%, usially greates drandidfs.r Bettherinore, of

t | t. 50%. | | t bout % .

per mngdEbEtes SR ot Yeles BeRlac, 2ol BnafiHce e o o b sigmiopi et
t hrough or removedt ddgnplétsl Im&megﬁ@dwﬂ CREIRRRRHAE thy clofdddeRyde KavBha&P Ut
50% to greater than 75% or 85% fromthat product stream not

pr d& ess ddurgbreducedi by af dsast J0ednosbaften predicr tar I5% 40 samdtiBss 5¥3enBropionic
ti t ' . bout ' t ti ly. 25 .
A t hougreRreapabin BRs biendr R e SR SRRy AT Rtreting of st ng

the 1ighios, usually geser RS0 B0 6PLOMRHEA coMPitred td 88 TitiR ShBEmGahBAWAGhHI ON
process having a high concentration of PRC s and al kyl 1 odi des may

be treatvessel 4 Geitioudt arocessimg) h Totabiodides evete fonndredizead by a factor of about 3, or a
Illustrative alternate Fnb%naigrent of the present invention, not shown in
Fi gure PETEB}sduction of at legg SUXy, usyally af?%‘}?ftﬂ@ﬁ*% 9t e ol | owi ng: 30 a)
di Lgcting an ; : L, S i I C
e ol t o TRePeRREaBME SR L0 K TR soctOadd BRI s o0X piBDASE BEAR, |

di r ect i nhe disclesdddnethsd ireseasaiabpnt Sifold, drdeny alpiua S@%ptoqaedter that 2% ak 85%0om

vessel 16 tq WO 98/ 17619 | . Lo 16
PCT/ US9Arong thaj product stream not processed as herein described. Data indicates a 50 and 35 second

time to increase to about 6 and 5 minutes respectively.
. Although the present invention has been generally described above utilizing the light
25 ends phase of column 14, any stream in the carbonylation process having a high concentration of
PRC’s and alkyl iodides may be treated in accordance with the present invention.
Ilustrative alternate embodiments of the present invention, not shown in Figure 1 include

but are not limited to the following:

a) directing an overhead steam from vessel 16 comprising light phase organic material to
30 column 18 and proceeding as described above;
b) directing a residue stream comprising heavy phase organic material from vessel 16 to

column 18 and proceeding as described above;
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c) directing a stream preferably a residue stream froma |ight ends

recei ver WSms/i1dedant er _ using strggm 29, and proceedqTURF18d5cri bed
above; d) directing a streamfromthe |ight ends vent stripper
col um and proceedi ng as descri bed above; 5 | e) any

conbi nation of the above streans (a - d) which conprise a high '
concent r gt i OngiRfoting a streank Preferablf LiR5iA0E Siredf, Ho Ii%h ‘éx{is ﬂeQQ{/%q/eh{@&iﬁtH es.
Opti m zat’i on of th% I nventi ve process when enploying alternate streans nmay
requi r e using streami2fl, find piocerdingf aselgsoribed abovep achi eve nmaxi mum ef fi ci ency of
PRC s ang al kyl iodide renoval . fromthe carbony] ation process. For
exanpl e, 4 f t HEcHAgB SEeAR E’P@rfl‘e Jightesads went dtripger coluran and rroaeyding asdescaifed  as
for the erred streamdescribed (i.e. use of stream 28), a taller

di stillation colum 18 may be required to achi eve maxi num

ef fisci engy of adyasseabihatioh fof GR@bEVEtRYmHs a SEY WEGh comprise a KigHBEricEARAioRREY Y
phase conponents in the inventive process, renoval of acetal dehyde may not
be as efﬁ@isemopmm%@ldt%ﬂlé%%mmmﬁ&&-et al dehyde strictly froma |ight
phase stream, .. . . . 1t has been found that when shutting down the
car bonyl at i onPR§RR{ZHen pHbR VRN péscets?lgﬂi%empg&n&aﬁtfﬂfnﬁ'teiSHﬁ‘”E%F‘ﬁ &U8fp| oyed
in the phegigRhtidl HeRaPmeRPloViRicte RlaxAhimh aifEAY6f PROS 4@ afl&?}fﬂd?&qrempval
build up in the base of the second colum. This is due to the reaction of
acet al defiymdgheacrmibatiylation procegs: doe axampietifithesaing equipmentiasmpyad Seattemater eact

when the tenperature is about 102 rr].C. 1n yet not her  aspect of

t helPpre s%’r?f“r}g’rﬂfgﬁf fhg Nfe%?rfedf%mfigi@ﬁ% L‘oe P?Fa‘i’f%g cUPASH &ﬁ‘lﬂ?eF 8&?\‘1&6“?0"5‘%{?‘6‘%t to
mai nt ai n IRELR S e 0 S t| col um
and a so}%@ﬁigﬁeﬁﬁgn ZOMBQEiH%%Jer nal msc%érﬂgg%f?glagﬁﬁag%ggg {p}é tsgcsgg%héi ns a

| ar ge pecorgisagpehealy phast campariedtsan theeinbetitive pedcagseiemoval of acetaklshyde iy ot

pol yner-free caolum base during, shut do of .the colum aor the PRC al kyl

i odi de beas efﬁ?levwwpaf?ﬁé%Eé%qvgh‘;)q%avf%gﬁierﬁéﬂ%gfs@% ighiphase Peragver bui | d
up, one may Sj H%ﬁ are) otﬁ{adth?t when shmngﬂgwﬂ e éé:t?#nga{ioﬁ'gysrtéﬁ? ift ?M@la} the?
relatively trouble tree, efficient, and cost e ctrve nanner.

Pr efser r edistiitdtiof RbRimn3 @hipiteyet irothe ptasenn prodess, palyniky sfaastaklenydritond g o ard i | y
acetic acid, 25 met h acetate, nethanol, water, nethyl acetate, nethyl

I
i odi de, aikiup 1adhg base obthe serapr sakumsn dhus is due tothgreagiion of aostaldehysdiesnd Bler nal
bal i _ . ; L .
al ance eéem fh tyé' g?lmta%g‘haé ‘Beeh %ee)%{ t§ rgz{cF %eﬁ ﬁxggér%%%ﬁtglg%g %%‘%32%%5?‘ r?’ce(ta

stream owever solvent roman e rnal sour

aceti c adiother 8specOdY the present inventidn) 4, hab bedhetbsd thit 4 ¢onkiast AGe bAsIRdY d6

over head. However, any non-reactant solvent with a normal boiling
poi nt griagintin eoTHect Getwegy Hie stream pdthiptheiseepnd distillatign sabyrmy and & gplvent iftom an
acceptable. 30 i ol vent e . sendin residue to
P g G (oSS BRoL e DERBIELES RUORIE NG DR BB ue
Gener al | @sulfsGh ¥QRlynei-fle@RbREinhst Buril HEPEEWn e celufilor ki PRC/alky! Bdfded

al dol condensation reactions fromoccurring and added at a rate to obtain a
r esi dencremoivaleprocess. By having the base devoid of polymer build up, one may shut downand 17
subsequently start up the column in a relatively trouble free, efficient, and cost effective manner.
Preferred solvents include those from internal streams containing primarily acetic acid,
25 | methy! acetate, methanol, water, methyl acetate, methyl iodide, acetaldehyde, or combinations
thereof. To maintain internal balance within the system, it is preferred to utilize an internal
streatn, however solvent from an external source may be employed. Since acetic acid is high
boiling, it helps strip the acetaldehyde overhead. However, any non-reactant solvent with a
normal boiling point greater than or equal to the boiling point of methyl iodide is acceptable.
30 This solvent could be recovered by sending the residue to a recovery device (e.g., stripper,
decanter, or permeable membrane). Generally, solvent is contacted in an amount sufficient to

avoid aldol condensation reactions from occurring and added at a rate to obtain a residence time



avoi d al dol condensation reactions fromoccurring and added at a rate to
obt ai n a weIsdw | of |ess than about 2 hours. HaIv@ssns7i1 he
sol vent is contadtBH#SBHRET isavaey ¢ preferably about 1 gal | on per
mnute (gpm although Rapgasmef 0.25-5 gpm nmay be enployed. Although

I ngress of any position throughout the

di still ati I 9 b yed : hRQress e.ha of
the. col e 4l a2 hburk 7B EL T B s WK ot WO BrbeabBGROREE .11 e
process galléd pteninute (gpm) dlthdughedingps 600.25H5GpaCey be employdd. ARMRIghdA@EsY ofOf

Rh may be used for the carbonylation reaction; 3. lower total iodides
in the pheowlent maxbeanyppeition ghroughput |thedistildasion satum, itdnprsferrRad dave 5.
i ncreased perngnganatg.ti t est val ues. The follow ng Table 1
i || ustrdtE Ssc?é%g‘?aﬁ? °€‘:§‘Fi°8 RC s and permanganate tine before and
after the i N\ QRREVEnREAGDSEVURWIR MR M08 desthibedidbs¥ iRt ai ned from a
reactor, residue or side streamonce the reactor was operating at

st eady ¢t dveermnplionicaesl, 15 Table 1: Data From Reactor, Residue, or
Si de Stream Under Re or era inqhat t eady State

Condi ti (;I'l (_)WCI' amount o may, sed forthe car ony athgé'F%ﬁIl@n'Pr ocess After

Process o g(ﬁm/g&- . 1480 ppm 596
ppm 20 3. lower total 1odéc}eg?1:f)ﬁ¥aeﬁ45 ehyde %ur: ggﬁi’ 8 ppm 0

2- et hyl 4crewenaindehyation of BRL's; 7 ppm 0 et hyl

| odi de . 622 ppm 245 ppm hexyl

i 0d? de (sdycreased permanganalgtiggfiest values. 22 ppb

250 ppb . ot alyni-edi de (res . 225
ppm The fﬁ%ovg%ﬁ]%glg I illustrates data ff))F Bépr!lotg% iP(l:{d;sCz’.ng p(e?rg%r}g)anate time bef%rs ppm
150; 13Qn@Rffer the inventive process Pak BRPDFE@! Ehe datBwhs Stdined from2reBQ6LREAM once

6 mn ) . 35 seconds 5 mn
ss = si dke repetenwas operating at steady giate eonditionsue

15 Table 1: Date From Reactor Stream Under Reactor Operating at Steady State Conditions.

PRC Before Process After Process
acetaldehyde 1480 ppm 596 ppm
crotonaldehyde 8 ppm 0
2-ethyl crotonaldehyde 7 ppm 0
20 ethyl iodide 622 ppm 245 ppm
hexyl iodide 140 ppm 22 ppb
250 ppb 30 ppb
total iodide 225 ppm 100 ppb
propionic acid 250 ppm 150; 130 ppm
permanganate time 50 seconds 6 min
35 seconds 5 min
25
A few distinctions between the present invention and EP ‘662:
L. EP ’662 employs a heavy phase; a light phase has been suggested, but no teachings for its
use are given; it is merely a suggestion for its use along with 3 other possible streams;
2. EP ’662 attempts to optimize reaction conditions to achieve its objective of 400 ppm
30 acetaldehyde in the reactor. By optimization of reaction conditions. it is believed that the

This Sheet Has Been Replaced

R




30 A few distinctions between the present invention and EP ' 662

18 WO 98/17619 EP '662 enploys a h;avy phasc; a Ilng’I]ﬂFﬂﬂsléB’lhhs been
suggested but no teachings for its use are given; it is nerely a
suggestlon for its use along with 3 other possible streans: 2.

EP ' 662 attenpts to optimze reaction conditions to achieve its objectlve

of 400 ion .
conditi gér%is}a on?' xrnp m@@fﬁ@@é@%ﬁg ﬂmﬂ/gﬂnfe %or?y}aop ur |%‘|§}élg §:%“?’I bu?]gz?ﬁér
form Thﬁstill&\@ﬂﬂie\imppﬂmsefsmc&)é&enﬁvezmpé pmcm i€ difettdd to dealinguiitlf fkher
distills out the inpurities fornmed. The inventive process is directed to
deal i ng ipurtieseresent, and nphayigiding fosmptiensedparboarironisiniag bnpiritigs/Fompeuriden of
carbonyl cont.ai ni n

i scovarka  nERPUEheRTEr s AERTBEHRERm ot pebmperidtion et o8 S "¢

dowg of dd%ﬁ, SRRSO oA afstiliAtivni toWer %pmﬂéhﬁnﬂ&@}&ﬁgm&i AQtp '6gEOogni zed in
EP ' 662 What is cl ained . A nethod for

reducti on and/or renoval of permanganate redu0|ng conpounds
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(PRC s) and C'[er-r] al kyl i1 odi de conpounds fornmed in the carbonyl ation of .
met hanol W® %1pé18duct of acetic acid, erein said net handfCT/ES74BHaényl at ed
in a suitable liquid phase reaction nmedium conprising a Goup VIII netal

catalyst, an org odi de salt catal yst pronoter; the products
of said carbonyl ;Illm"amﬂﬁ Emled into a vol atil ri sing '
product, and a |ess volatid e sphase cefRiMy N9 G opgH SHEFEHAK yst,
acetic aci d, and iodide catalyst pronoter; said pfoductRappas 'S i;I led in
a di stiwhatisehimhedist to yield a purified product amn—weﬁad_ cgnpri sing

or gani c i odi de met hyI acet at e, %ter acetic acid, and unreacted nethanol,
directing atll enmethod orredesiiogman éf“(ﬂ‘é’lah%faﬂer(%WQaéF gAuGNR EerapRnds ecei ver

decant e ) ch ht

conpr i s@&g % cagwa& ‘2aacl|ﬁ§|q gé \?%Péa& %Hésglggah\?y%% glghg% @H‘Rj(t )Ph‘gﬂ“"t

acet at eofaRetidiGdRiterdif diid enetiind] iseaohylagd ihe sﬂ%lé‘.\’hdﬂi@ Ieask Geactiéh medium
carbonyl ati on reactor. the inprovenment which conprises (a) directing the
li ght peeaensisirg0) Genppéilkmetg] easalystcangreeniaiodideeandriodide salttiatalyst bramdtardhenhi ch

separat es , t he

and- acetptucitotrafybor Rl e RaRaTR e A OB It PR ORI sl
met hyl \ﬂﬁ@&l@ Rase %ﬁx?ﬂ&ﬂh Gr&;{ VIH }ne@dl EXthlykPQ&e@ﬁ%%cldaﬂﬂi ibide %atﬁﬁ@? l%ro{nmer

circul ating tream st'ep (a) rf her processing an i mately
back t osaidyrodecphase, distdied izt dsaHat(cm) tow&r ts:tyeq:id @qa)mﬁed proslectcund adiogethkader (22)
whi ch serves . to strip the PRC s fromthe optlonallyx

f or war diORRPTISHE G8RA e methylpeetate gr%?rn@cepﬁeﬂg %ﬁslzyv@ﬁteét%hw} dirgCting
ext r act Qlie g %oxitlgn LE AR Q@ﬁ'eﬁl @ﬂieg@r&agggq&%g%ma ép%patesatﬂg over&gegd

separating out concentrate or disp returning t

or gani cintooallighet phhses eorigrdsing acﬁﬁ¢ amﬂ a(xdb)av(atb#)andra l(ea\)}( fifase aamprisifig mathyl
cont ai ni ng?a | oner percentage of. PRC s and err] 12 alkyl iodides to the
car bonyacstateoandraganigjodide; and recyclingie ?ﬁ%@é@%@ the|carbenylatiprereastar. the

PRC/aIklyA %‘%%q]?ﬁcrhlc% glsggxture of step (b) (52) is directed to an

extractor renove organi c i odi de conpounds. 3. The process of

cl ai m Japher @ﬂrébhﬁ@@xéih%m ghasdeompeibing dedtydeid andeiadiao a @estillyd which ¥épdsgttone,
but yral dehyde, crotonal dehyde, 2-ethyl crotonal dehyde and propionic acid.
4. The the ousEES ibto CYoativrmsimaEdes yirepmc] scomprsingyateranshacatic ridand sysghead

. The é?rr gmef) prxslln Im@tﬁbl%&ee I&ﬂ?ﬁgcaatgrrgethgnn?vé 2. ,zbgik}?ltlo(lhﬁg anc? PI{C S,

() circulating stream (1) of step (a) back to the reactor, and stream (2) of step (a) to a second

distiller which serves to strip the PRC’s from the mixture;
(c) optionally, forwarding the PRC- stripped mixture of step (b) to an extractor to remove
organic iodide compounds therefrom; and,
(c)] separating out concentrated PRC’s for disposal and returning the organic iodide phase of
(e) as a stream containing a lower percentage of PRC's and C,,, alkyl iodides to the
carbonylation reactor.

2. The process of claim 1 wherein the PRC/alkyl iodide-stripped mixture of step (b) is
directed to an extractor to remove organic iodide compounds.

3. The process of claim 1 wherein PRC's include acetaldehyde, acetone, methyl ethyl
ketone, butyraldehyde, crotonaldehyde, 2-ethyl crotonaldehyde and propionic acid.

4. The process of claim 3 wherein PRC's are removed by at least 50%.

5. The process of claim 4 wherein PRC's are removed by at least 60%.

6. The process of claim 3 wherein acetaldehyde is removed by at least 50%.

7

. The process of claim 2 wherein crotonaldehyde and 2-ethyl crotonaldehyde are
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6. The process of claim3 \L\_hiéﬁ%i”WEHrmal Lehyde I's renmoved by at 'I eést 50%
7. The pr ooess176f9 cl ai m 2 wherein crot %al dehyde and 2- et BCT/USOU8TIAl dehyde

are renoved by at |east about 50% 8. The process of claim?7

wher ei n crotonal dehyde and 2-et hyl crotonal dehyde ed by at | east

about 75% 9. The process of claim8 V\herlymmmimm”#m’je and -
c L : process

2- et hyl I ro, r enoved by about 100% *
of clai ﬁ%‘%ﬁggéfﬁg g‘r"‘?]@% kyl iodides include ethyl iodideS propyl

i odi de, pent$l Tiedirdeesaoficlhigxy wherili etetonaldehyde and 2-ethk eropsratdEgdeddre cl ai m 10
wherein al kyl iodides are ‘r,ermved by at | east about 50% 12. The

pr ocessTeHoved By af leastghewtelSie.al kyl i odi des are renpved by at |east about
60%

at 1 cast aboflt 1earceeR LR LonGLR RhlBSIELR SRV QhuiEniR iy

i odi de [gndvedByadol108%.| east about 70% 15. The process of claim
1 wherein a permanganate tinme based on a permanganate time test is
i ncreased by 18t ThegsoceapoialaigObsvherein C;-y;, alleyl iodidespnahedesghyd fiodidgiproplyd

wherein, th er manganat e, ti Ls increased by at |east about 70%
17. The‘oﬂl“g’cgﬁgy PQ@F&?&?YWPQF‘%W propionic acid is reduced by (;bout 20%
18. The procggs ﬂi‘em%ﬁ oY FhdieihBY) Rides A d,gmgg@m ¢ BouR BEYL 30%

20. A method to In yneri zation acet I’n"a tower durin
shut down of 12sdltet process ofuigitroliewhéreintatiey] dcalides ayd retnovstl 1f atri@ishabivat 60%. a

Pl ot prase Sbaeshintl sl ol mpred i o
organi c iodi¢g and r&f%%éj?fe%é‘l%ﬁ‘ wﬁ&km%%(ﬂiemﬁgrremm% FRRUCE ol Al d

car bonyl ati on ar'e separa nto a vol atil e phase conprising product, and a

| ess vol ati | e5plaeereespss Gaingl Wherdin Mperhanginate tiaad akatSdn a pétiahgandfd tihne and
| odi de catal yst pronoter; said dproduct phase distilled in a distillation
t ower t Eship icgeasedby aflpasgabpupdliét and an overhead conprising organic

i rect g at ettt Ao YR PR A bmal Ul SR AT e

decant egbdul BdoowWhi ch separates the overhead into a |ight phase (30),
conprising acetic acid and water, and a heavy phase conpri si nmet hyl

acetate and &7gdiieroasss efeclaimntiwhereipanppignis arid ih@dvgﬁd&xabeutt?g)%‘b-h_e _
Che | ant. phate agposes o Tt VPR pagotbi oS SRR B B A ur e nto
two 19. A method of removing aldehydes and alkyl iodides from a first vapor phase splitter
acetic acid stream comprising;:
a) condensing said first vapor phase acetic acid stream in a first condensor and biphasically
separating it to form a first heavy liquid phase product and a first light liquid phase product
wherein said first heavy liquid phase contains the larger proportion of catalytic components than
said first light liquid phase product;
b) distilling said first light liquid phase product in a first distillation column, which
distillation is operative to form a second vapor phase acetic acid product stream which is
enriched with aldehydes and alkyl iodides with respect to said first vapor phase acetic acid
stream,;
c) condensing said second vapor phase stream in a second condensor and biphasically
separating it to form a second heavy liquid phase product and a second light liquid phase product
wherein said second heavy liquid phase product contains a higher proportion of catalytic
components than said second light liquid phase product; and

d) distilling said second light liquid phase product in a second distillation column wherein

This Sheet Has Been Repla

U




21 streans: residue stream (1) conprising water and acetic acid (38),
and over hwedsstaieam 2) conpri sing net hgi i odi de, net hyl a®aTAISY7/18M1t hanol ,
CJerr] alkyl iodides, and acetal dehydé (36); (b) circulating stream (1)
of step (a) back to the reactor, and stream (2) of step (a) to a second
distiller (22) which serves to strip the acetal dehyde fromthe m xture;

() ¢ REAMAGK AGpBLICEM icfbovDhe il sWeldh e AKVISAAUO AN Aol Sl ilficcRla ot o

fromthe group acetic acl acet at e,

acet at at lea®tt20% of the petpiorde ectxairdpmtd:e iDsaid Grep vaysdr iphile aebtey R4 strdath @nanount
sufficient to avoid formation of polyners of acetal dehyde; (d)
separ atal%ymdd’(ﬂﬁidé@ﬁlﬁ%’ﬂéﬂeé%%l dehyde (52) and return| ng an organi c

Pt o8 R o BBl SOOHR R 6528t in it i o B
proces %ai@ﬁoﬁkx%n'i@l&?ed’ﬁ%@éa?b&d?ﬁm%ﬁ loy ethans] 6 ArHrediceof yaeﬁ@aaa I'GRRiARaAl 2

rate of about 0.25-5 gallon per mnute (gpnm. . The process of
cl ai m Methvdret i carbonplated) in erstititde Bouid pbasedeantion medium odmmmm@mﬁr«atpo\am 0.5-2

\%‘pt h stni“ga'alrf:fi?é's&tant i fd%]ag% Wé; %Oﬁghr‘fﬁta ste ;r)r%lmrclnterht?le %?old\{lgtrs]tof Isa% contact ed
carbonylation are separated into a volatile phase comprising product, and a less volatile phase
comprising Group VIII metal catalyst, acetic acid, and iodide catalyst promoter; said product
phase distilled in a distillation tower to yield a purified product and an overhead comprising
organic iodide, methyl acetate, water, acetic acid, and unreacted methanol, directing at least a
portion of the overhead to a overhead receiver decanter which separates the overhead into a light
phase, comprising acetic acid and water, and a heavy phase comprising methyl acetate and
organic iodide; and recycling said heavy phase to the carbonylation reactor, the improvement
which comprises
(a) directing the light phase to a distiller which separates the mixture into two streams:
residue stream (1) comprising water and acetic acid, and overhead stream 2) comprising methyl
iodide, methy! acetate, methanol, C ,., alkyl iodides, and acetaldehyde;

(b) circulating stream (1) of step (a) back to the reactor, and stream (2) of step (a) to a second
distiller which serves to strip the acetaldehyde from the mixture;
(c) contacting stream (2) of (b) with a stream having a solvent selected from the group acetic
acid, methyl acetate, methanol, water, methyl acetate, methyl iodide, acetaldehyde or
combinations thereof, in an amount sufficient to avoid formation of polymers of acetaldehyde;
(d) separating out concentrated acetaldehyde for disposal and returning an organic iodide
phase to the carbonylation reactor.

21. The process of claim 19 wherein the solvent is primarily acetic acid.

22. The process of claim 19 wherein the solvent is contacted with stream 2b at a rate of
about 0.25-5 gallon per minute (gpm).

23. The process of claim 21 wherein the solvent is contacted at a rate of between about
0.5-2 gpm.

24. The process of claim 13 wherein the solvent is contacted with stream 2b at the base

of the column.
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