PROCESS FOR THE; PRODUCTI ON OF ACETIC ACID This invention relates to a
process for the production of acetic acid and in particular to a process
for the production of acetic acid by carbonylation of nethanol. Processes
for the production of acetic acid by carbonylation of 5 nmet hanol are

wel | known and are operated industria-y—Thus—UK patent GB 1,%8 §826(2)
descri bes a process for the producti onT% rganpc.acid or its

a

correspondi ng ester by carbonyl ati on usi gmq_ %&a]yst. When it is
desired to obtain pure carboxylic acid-j‘ H ' processes it is
necessary to renove contam nants such a [ conpounds and hi gher
boi |i ng contam nants such as propionic acid as-in the case of carbonyl ation
processes for the production of acetic acid. UK patent GB 1, 350, 726

descri bes a process for the purification 15 of nonocar boxylic acid
streans contai ning water and al kyl halide and/or hydrogen iodide

contam nants, which process conprises (a) introducing a nonocarboxylic acid
stream cont ai ni ng water and al kyl hal i de and/ or hydrogen hali de

contam nants into the upper half of a distillation zone, (b) renoving an
overhead fraction containing a 20 maj or proportion of the water and any
al kyl. halide charged to the zone, (c) renpbving a streamfromthe mddle
portion of the zone and bel ow t he poi nt oflintroduction in (a) containing a

maj or proportion of any hypRocEsSNFd rHeE ceROPBCIION oM Atimerczacey and (d)
removi ng a product nonocarboxylic acid streamfromthe | ower part of the

zone, 25 t he product acid stream being substantially dry and
substantially . 2 fFEkés dhvenhion|jellktémitiode rocésadfoydipehedaddet imantfim nant s

charged to the zpO&;cALdfAOUED 1hNpdMEEXATRS &5 pRodls8UEGt AL I odid 83 of
containing 87 to 132 ppm water was obtained froma process stream

cont ai ni ng from 35etd6 G187 regrpevdahion ¢t \Ratgatodat er in a single,
40-pl ate Processes for the production of acetic acid by carbonylation of

5 methanol are well known and are operated industrially.

Thus, UK patent GB 1,233,121 describes a process for the
production of an organic acid or its corresponding ester by
carbonylation using a rhodiuﬁ catalyst.

- When it is desired to obtain pure carboxylic acid from such
10 processes it is necessary to remove contaminants such as water,
iodide compounds and higher boiling contaminants such as propionic
acid as in the case of carbonylation processes for the production of
acetic acid.

UK patent GB 1,350,726 describes a process for the purification

15 of monocarboxylic acid streams containing water and alkyl halide -
and/or hydrogen iodide contaminants, which process comprises (a)
introducing a monocarboxylic acid stream containing water and alkyl
halide and/or hydrogen halide contaminants into the upper half of a
distillation zone, (b) removing an overhead fraction containing a

20 major proﬁortionlof the water and any alkyl halide charged to the
zone, (c) removing a stream from the middle portion of the zone and
below the point.of introduction in (a) containing a major proportion
of'any hydrogen halide present in the zone, and {(d) removing a
product monocarboxylic acid stream from the lower part of the =zone,

25 the product acid stream being substantially dry and substantially



2 i
5° distillation -colum, it is our belief that such a system woul d
require significantly large colum feed and overhead process smow

rates and therefore large energy and col utm di anmet erf®
patent GB 1, 343, 855 describes a simlar sgstemfor t atlon of
carboxylic aci ds but uses two separation $tages al ‘
production of acetic acid by carbonylation of nethanol, descri
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1983, crude acetic acid product is pur|f| ed in three separate distillation
stages (a) a 15fred jofhanyenpdkylcdalide on hydirogena hakbiigscéntghinardsclstrgedmoand

a base heavy endg,. EggmA{iEﬁov%gx{D% %E.%deia%hé@%yﬁl»&u&ﬁ 418 &%ﬁfnoéon%ﬂﬂﬂné

wet acetic acid side stream I Ng stage I n e wet acetic
acid is dried b§7disdp?|Rpm weter; Hies 9@%@1@&%@%9errosﬁmgtreeweP@elpéns he

reactor, and (C)Eran heasy t’N0s. 160pedant rb)WQlaEé'htZQaterpiﬂ)FH emgaeacmplate
by- product gg ed fromthe dry acetic_aci rocess the
t ra

wat er conce ﬁtjc"f?ec&%ﬂ“i?m% afi S PaLtad B’i‘natrréﬂ?thr’?r F%s"reg‘l Wyldel v
hi gh, for exarrplrequnrret srigihd!man’td.ylfar\g/eltl;d‘lhmmeﬂ’eeen!tndaathnhead)\m'loceﬁs shream

vat er relorese”t§1S’w§1a9£‘%fahﬁa€ﬁer89 }bﬁ ﬂéeg%né’fggrcﬁéé ?&nnmd?%(él pg pure, dry

acetic acid. 25 ur opean pu pat I'cati on nunber
EP- A- 0161874 degeavisemerts.eacti on system by neans of whi ch an al cohol, as

exenplified by methaRopatendnea, S8 ,285Ydedl8bds0ade Al DOXYkidn 265 the
derivative f(gch as cetl C agl d while usi ng ali gur d reaction nmedi um havi ng

a | ow wat er ontpg’r'ljtf cFhian PE SATRPENME BSAICHRUNL LBV VANPAEYF 195 Stages.
concentrations of arini adirdeesnlfor etlekproduodiate ofingbeest eicid rbyt her&dnqwadion
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productivity. EP: recogni sé€s t
~conponent of théndysfgdahCetptysdsr Vadnd: th2d6-2%e hif%e ownderaceatdeeadid in the

stream the grea %dwtl ks RRriPRJORPRrb0Gepasite 3Psti12aonClitigesd(HaRi t al

i nvestnment in t product recovery- PUI‘I fication
15 llght ends column in which a heads light ends stream and a base

heavy ends stream are separated for recycle to the reactor from a
wet acetic acid side stream, (b) a drying stage in which the wet
acetic acid is dried by distiilation, the separated water being
recycled to the reactor, and (c) a heavy ends column in which

20 propionic acid by-product is separated from the dry acetic acid. 1In
such a process the water concentration in the carbonylation reaction
medium is relatively high, for example up to about 14-15 weight
percent and removal of this water represents a significant cost to
the process for producing pure, dry acetic acid.

25 European published patent application number EP-A-0161874
describes a reaction system by means of which an alcohol, as
exemplified by methanol, can be carbonylated to a carboleic acid
derivative such as acetic acid while using a liquid reaction medium
having a low water content. This is achieved by the use of defined

30 concentrations of an iodide salt, alkyl iodide and ester in the
liquid reaction medium to maintain rhodium catalyst stability and
reactor productivity. EP-A-0161874 recognises that water is an
undesirable coﬁponent of the crude acetic acid and that the more
water there is in the stream the greater will be the operating costs

35 and required capital investment in the product recovery-purification



3’systém However, in exanple 1 of EP- A-0161874, al though the water

concentration of the liquid reaction nediumis reduced to 4 to 5-wetght——
percent froma prior art value of approximtely 15 wei ght ,Beg laced
wat er concentration of the crude acetic acid fromthe 5

| odi de-acetic acid splitter colum is onl§ reduced to appr ﬁﬁ@‘m

wei ght percent and would therefore require further purlflc

the remai ning water. According to European patent application nunber

EP- A- 0265140 whi ch describes the same process as in EP-A-0161874, one such
met hod of dryi ngystem. adiawetex, ipsexample/ilngf dB-4n.o18WA halthovgly theuwaterhat

by operating a be?é&n‘ﬂrm%ﬁeoﬁﬂhboﬁ)ﬁh@&'&Qc£ﬁ§:ciné&%mwi§ Redudf tHQd ¢higui d
reaction medi um conposition it is possible to use an inproved Eroduct

recovery systenPMBRhPERAESE £ romng | RFigF ALt Yakueopf f@ﬁé”“fstely 15 wefghl
according to th@eﬂi’e&ﬁenﬁhel e b&{behbﬁitﬂohsoﬂ)ﬂ:ﬁ&(ldiﬁde Sacet O€ @%%d ffromt HiR

producti on of agebl 6ldenblaN. NAGeRR CRIPLLIES: 1l Uulerglagy T8l hanol and

-car bon nonoXi de™ 6 ai’ned during
t he course of thppmmelsaslyalrIhoqmlwbigbamqreemh:@npo&utd Gthecefnrei sequjre 20

(i) a rhodi um.eﬁ@emnwﬁtfa@m%ﬁt@cl ¥ehove the reﬁﬂmg vbﬁ@kde’Acébfdﬂagato

carbonyl ati on catalyst stabiliser conprising an iodide salt which

soluble in the Femneﬁarpa&aﬁb@Mmﬁ’fiomwbeﬁ Erﬁﬂ%%‘rﬂmﬁtckbﬁeﬁm@ﬁaﬁhea
concent rat | on OEazhlsp ptrecé’éi as in EP-A-016187ah0sHe $00% Ryt ghtarnytisg @habidsdup
t o about @ é nethyl acetate at a concentration of at |east
2% by wei gh ar’iﬁ ‘% Fyite,c8 ™ acid, (b) withdrawing liquid reaction
conposition f r om t hafer bact oow odnBEthat by opénttlimgimtlmyﬁdt-phadet h or w thout

the addition of Q?@Jn 910?1 I-%]aa&'ﬁo&%@hbfd%{r@dal QUfedct 3Gt W@Bs P MPY 1 SI NG

water up to about 8% referably up to about 6% by weight, acetic
acid product, pFB‘bN?ﬁFémhéFdiﬂoPDﬁﬁhiGctﬁ afe %émmve#mrydb?t frReovery
system which uses a single distillation zone.
15 Thus according to the present invention there is provided a
process for the production of acetic acid which process comprises:
(a) feeding methanol and carbon monoxide to a carbonylation zone in
which there is maintained during the course of the process a
liquid reaction composition comprising:
20 (i) a rhodium carbonylation catalyst;
(ii) methyl iodide;
(iii) a carbonylation catalyst stabiliser comprising an iodide
salt which is soluble in the reaction composition;
(iv) a finite amount of water at a concentration of up to
25 about 10% by weight preferably ﬁp to about 8% by weight;
(v) methyl acetate at a concentration of at least 2Z by
weight; and
(vi) acetic acid,
(b) withdrawing liquid reaction composition from the reactor and
30 introducing it, with or without the addition of heat, to a
flash zone to form a vapour fraction comprising water up to
about 8% by weight preferably up to about 6% by weight, acetic
acid product, propionic acid by-product and the majority of the
methyl acetate and methyl iodide ffom the flash zone feed, and

35 a liquid fraction comprising involatile rhodium catalyst,



H g .
_m{t hyl acetate and nethyl iodide fromthe flash zone feed, and 35 ~~a
liquid fraction conprising involatile rhodiumcatal ysts——4 involatile
catal yst stabiliser, acetic acid, water and the renmi rpﬁ@gheaf}{aibenlmi

dusd
acetate, methyl iodide and propionic acid by-product fq | Wikt one
feed, (c) recycling the liquid fraction fromthe flas
ash zone

reaction zone, and recovering acetic acid product from
vapour fraction by use of a single distillation zone by: (d) introducing
t he vapour fraction (as a vapour and/or liquid) fromthe flash zone into
the distillation zordayolgyile (catalystnetalidifenmacetdcheaisl,ovatdreand $hel | ati on

zone a light ends reeygifiest &£LaHE GRITRYL SlcBPatAl Rlehyd Bl ditke 2GRL BESp 100EL NY!
i odide and acetic acid, and (f) renoving from'the gl stillation zone at a

poi nt bel ow t he i nt RS&HATBROYSE Erams the, £1ast 209 F98dyapour fraction, an
acid 15 P& PdutetySlihg atheC QIRIIdS FPdr ta6£ tHrom el s Nt Béhed tBaiIRY
concentratign of Ieg,% ;t“_‘h.ac‘rrl1 105n00 F!g‘{n preferably | ess than 500 ppm and a
propionic acid concénffat of>6r ss than 500 ppm preferably |less than 200
ppm |In the present repgyaringracehic 1redd giroduche ffirpre dhe eflzshozpre gapahr20
reaction conpositi on,angdnl B 134 YRLCL1HACEINT 1 4tA08n  Sbnkhsy f | ash zone
vapour fraction allows the product acetic acid to be purifi'‘ed by use of a
singl e distillaffbn ipbrrducing theorapour frachien (ag envapeive Ard/o8 ige
perfornmed as a bat Clered sHeNEld¥hORSniRES The distiEIaalby Rep CONti nuous
process. 25 The et hanol fe to the r bgn tion zone be
essential | y*Hur éegs rﬁ?’%‘fo’%‘e%r%%gﬁ&mgi?fdggf r‘ﬁéﬁ 5AR £gBe a?ﬁiglbtarﬁﬂgﬁ
nonoxi de fed to the neepcleostrman bonpadsing watdr, petrhyloacetaye metbyln iodibdet

I mpurities such as Ca%ﬁbQ&tQLOQQQ?’adEEt hane,

(£) removing from the distillation zone at a point below the

introduction point of the flash zone vapour fraction, an acid
15 product stream comprising acetic acid having a water

concentration of less than 1500 ppm, preferably less than 500

Ppm and a propionic_acid concentration of less than 500 ppm,

preferably less than 200 ppm.

In the present invention the use of a defined reaction liquid

20 reaction composition and limited water concentration in the flash
zone vapour fraction allows the product acetic acid to be purified
'by use of a single distillation zone.

The process of the present invention may be performed as a
batch or continuous brocess, preferably as a continuous process.

25 The methanol feed to the carbonylation Zone may be essentially
pure as preéared by known industrial processes.

The carbon monoxide fed to the reactor may be essentially pure
or may contain inert impurities such as carbon dioxide, methane,
nitrogen, noble gases, water and C) to C; paraffinic hydrocarbons

30 such as are known in the art. The partial pressure of carbon
monoxide in the reactor is suitably maintained at 2.5 to 100 bara,
preferably at 3 to 20 bara. Hydrogen present in the reactor as
a result of the water gas shift reaction and optionally as part of
the gas feed is preferably maintained at a partial pressure of at

35 least 2 psi, preferably up to a maximum partial pressure of about



niftrogen, nobl e gases, water and Cl to C4 paraffinic hydrocarbons 30— such
as are known in the art. The partial pressure of carbon m@m

reactor is suitably maintained at 2.5 to 100 bara, prefera

bara. Hydrogen present in the reactor as 3 result of the I@Eﬁ
reaction and optionally as part of the gas feed is prefera at
a partial pressure of at 35 | east 2 psi, preferably up to a maX| nmum
partial pressure of about 150 psi. The carbonylation zone is preferably

mai ntained at a pressure in the range 17 to 100 bara, preferably in the
range 20 to 40 B&P&RsiThe carbonyl ation zone is preferably naintained at a 5

temperature in the rmg@arla‘éﬁyialkﬁrgdne rm%treﬁr&fo@i aliNediRed N aaﬁms&@ to
[err]. The rhodi,um carbon tIOB é tal yst jntratbon in trbe %ub
reaction conposiiti tif |r§n%)¥é erunpP ant% EBRERET &Y 5 4 PetRe
rlg(r)\ge 1210 t0h<29500 pmmerd:m:rtlogmam_sgzqneefelpabfgtabnytdeagpta?ge al-.59 10 to

PP she 1Ogolum,cATR P%Ja%%iég 1581 ¥84. dm:}{?aﬁepg r e_er#}g‘ig ‘t’}bonyﬁ'gatl on

carbonyl ati on zone 1 n any Sul of m known 1’n car
cat al yst st abil ild8rtq 3297G&ferably an iodide salt of an alkali or alkaline

earth netal or is aﬁuafﬁ&rlaaraar@mwawm Ichalci»%wéoz@em&%mwtmqae@wI um
i odide. The al kali 15 nmetals are 1ithi & 30|u pot assi um rubi diumand

cesium The al K&RFHOncSomPRS fikon is pref YI"fal}ﬁf n%%l ufgneenteatinp in
stronti um bari whe arakge atbioued Boefﬁmabhydmhhendsatﬁeysfa!ﬂtyam |the erange P50

i odide salt . of Lit odj Qi asslum C [ ef I n
i odi de salt lgf I5° twdbg})p@h &g%trgﬁ Hb"?li%%lro n%ai/{:qzha %%%pb ig{x%%uXe@
quarternary amvéei tin icodbahylstion !‘s?ﬂﬂ”l ia wawréwahilsef@rarﬁmvn 3y theliars,

pyrrolidine or inm dagQl €arvdnd]at¥oh cé%'a@%fhlﬂ:aﬁﬁ'lg@tzqg' bRk P 1GCaR 1 cREHET
het er ocyclic ni trggen cont ai ni ng conpound. Suitable heterocyclic iodide

catal yst st abi | i®8F LR %&?l%eﬂlk‘ﬂllif-’ SATERPPERD it P GBAHEFRRY t he use
of catal yst st alimhés##nSiodide or a quaternary phosphonium iodide. The alkali

15 metals are lithium, sodium, potassium, rubidium and cesium. The
alkaline earth metals are beryllium, magnesium, calcium, strontium,
barium and radium. Preferably, the catalyst stabiliser is an iodide
salt of lithium, sodium, potassium or calcium, most preferably an
iodide salt of lithium. The catalyst stabiliser may also be a-

20 quarternary ammonium iodide salt such a quarternised amine,
pyridine, pyrrolidine or imidazole, e.g. N,N' dimethyl imidazolium
iodide or other heterocyclic nitrogen containing compound. Suitable
heterocyclic iodidé catalyst stabilisers are described in
EP-A-0391680 which describes the use of catalyst stabilisers

25 selected f£rom the group consisting of quarternary ammonium iodides

having the formula:-

30

35



25 é%lected fromthe group consisting of quarternary annnm%gﬁiiodides
gt ¢

having the formula:- 30 6 [err] or [err] to [err] alkyl mﬂﬁlm&d

provi so that at | east one group is other than hydrogen. Accor
EP- A-0391680 it is preferred that at Ieasg one of the R grou

as the R2 group conprising the organic 25 noi ety of the al cohol, iodide
derivative and carboxylic acid. The [err] groups on the other hand are
suitably hydrogen or [err] to [err] alkyl, preferably hydrogen or [err] to
C6 al kyl with the proviso defined above. Exanples of preferred catal yst
stabilisers in each of classes (1) and (2% are those where the [err] groups

are selected from 30 hydr ogen, mgthyl,_gthyl, n-propyl, iso-propyl,
n-butyl, -sec-butyl and t-butyl. One ﬁTEZ arly preferred class of
f

cat al yst stabi | (&ers are iodide salts *t c8ti of: - 7 [err] where (i)
[err] and [err] are methyl (ii) [emd]”T>MRydrogen (iii) [err] is [err] to
C20 al kyl Oé hydrogen, and 10 (ivl R4 is [err] to C20 al kyl Mbst
preferred exanples of this class are where (1) [err] = [err], and [err] =
[err] and [err] = Hor (2) [err] and [err] = Hand [err] and R4 = [err].
Anot her particularly inportant clgiss of catalyst stabiliser is

(2) rRI  1-
" O
N+
)
R
and (3) . OH
15 I~ I~
- e
oo o i
R R

20 wherein the R and Rl groups are independently selected from hydrogen
or C; to Cgp alkyl groups with the proviso that at least one rl
group is other than hydrogen.

According to EP-A-0391680 it is preferred that at least one of
the R groups is the same as the R2 group cbmprising the organic

25 moiety of the alcohol, iodide derivative and carboxylic acid. The
Rl groups on the other hand are suitably hydrogen or C; to Cg alkyl,
preferably hydrogen or C) to Cg alkyl with the proviso defined
above. Examples of preferred catalyst stabilisers in each of
classes (1) and (2) are those where the Rl groups are selected from .

30 hydrogen,_methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl
and t-butyl.

One particularly preferred class of catalyst stabilisers are

iodide salts of the cation:-

35



15 conprised of i
ei ther hydrogen or
Preferred exanpl es
R7 = [err] and (3)

odide salts of the cation R7 [err] 20 where ferr}—+S—m8m—

methyl, R7 is [err] to [err] alkyl and [ erfts shs: fatgLy]
are where (1) R6 = Hand R7 [err] 25 _(25 HES'BL¥ Replaced
R6 and [err] = [err] Suitable quaternary ph !mumm "

i odi des include nethyl tributyl phosphoni Umi odi de, tetrabutyl
i odi de, nethyl triphenyl phosphoniumiodide and the |ike. The iodide

catal yst stabiliser

may be introduced directly to 30 t he carbonyl ati on

reactor. Alternatively, the iodide salt ngy be generated in-situ since
under the operating conditions of the carE nyl ation reactor a w de range of
precursors will react with nmethylg4 odi de.§o generate the iodide stabiliser.
Met al iodide stabilisers may be generatged onhgfrr] to C6 carboxyl ate
salts, e.g. 35 acetate or propionatelsél and quarternary iodides may be
gener at ed 8 fromthe corresporrd am me or phosphine. The concentration
of carbonyl ation catalyst stabiliser in the liquid reaction conposition
shoul d be sUfficient .to maintain at a suitable level, the activity and
stability of the rhodium5 . carbonylation catalyst at the water

concentrations p the;ligdubgl Reagtd aeriyAMPosi tion. Preferably the catal yst
stabiliser is present at acconcentration of at least 0.4 nmol per litre of
liquid reaction nmedi &#hed3utelydEoeesl d degassed conditions and up to the
solubility limt of theisRAbid cjeto cHpSd1kpl efrehpdatoge), ndol /| to 1.8 nol /.
10 Ig has bee?,fou g 1hat ce%tauﬂk$§lected i odi de salts suppress the
volatility B water f&7htRve't S1t¥ac2012%5&&tic acid and so their, presence
in the I.iquid react Most gowpesiedi exanpdes cds thire céasrc ene reeror 1of Rt €2Hs,

relative to ace‘thRﬁQL&i l{m=té}% UAPHY = H or (2) R3 and R3 = H and Rl,R? and R4
= CHg.

Another particularly important class of catalyst stabiliser is

i5 comprised of iodide salts of the cation

m - ©Q

where R® is either hydrogen or methyl, R is C; to C4 alkyl and rl
is methyl. Preferred examples are where (1) R6 = H and R7 = CoHg,
25 (2) RS = H and R7 = t-C4Hg and (3) R® and R’ = CH3.

Suitable quaternary phosphinium iodides include methyl tributyl
phosphonium iodide, tetrabutyl phosphonium iodide, methyl triphenyl
phosphonium iodide and the like.

The iodide catalyst stabiliser may be introduced directly to

30 the carbonylation reactor. Alternatively, the iodide salt may be
generated in-situ since under the operating conditions of the
carbonylation reactor a wide range of precursors will react with
methyl iodide to generate the iodide stabiliser. -Metal iodide
stabilisers may be generated from C; to Cg carboxylate salts, e.g.

35 acetate or propionate salts and quarternary iodides may be generated



fractlon produced when the |liquid reaction conpositionis |ntroduced 15

into the flash zone. These iodide salts are iodides of & e
earth nmetals or of hydrogen or alum nium preferably i odi d ﬂ
sodi um or potassium Such iodide salts rTEy be present in|

| odi de catal yst stabilisers or where the relative volatility suppre55|ng

| odi de salt can also act as a 20 catal yst stabiliser such a salt may be
present for both functions of relative volatility suppression and

carbonyl ation catal yst stabilisation. The presence of these relative

vol atility suppfedsithe qoggesronding $nénm of| PhegPRie-concentrati on of water in

the flash zone vapoghe fdodeéhtHatisn be mbﬁﬂdtedn tcgtai%tl SVRi1DeHeI8 e 25
to achi eve acetk‘ élgﬁf@ duct ur|f|ca|og\g| f& Ie distillation

col um in situattBh: FeO% (FOERYS hAeR FR8 1 PenEt éf’a‘i“l vEC PSiaEHn gy 2
suppressant t heswiitadle Clewebntthat acrivity tahé dtlaqmii:tyr efiather ripdiiposi ti on woul d

produce an ”aCSEH:t ﬁgié’tsigh %%nce o eQLf] ?ﬂkenﬁlr{ﬂ%ng'&SQPZOE]]%;;%’?F’OW

fraction. SucC ative vol atl
suppr essant s thee%ﬁtlen coopeitient i Eneferabhe tIth%ﬂfelY%ta@tthﬁ—iéeW@sPWmt

shoul d be maint ai @@oﬁéedﬂ?ai@neof haniaheub. S%UPYpesel BYle b 194HEd Abeticd

wat er concentrati on of to 8% can be achieved in the vapour fraction from
the flash zone BfHE reh At spisufestehy sRerghtonss e Rtk thg solubility
concentrati on olimip bH tRs statidider ,anbdtepeefedrablnd. 8Imhlzme.s'aqmm 9

the water concentration In reaction conp ncreased
up to 10% by wetkmhtvolatHdnky eafevapen sebdidie ®uthgt wél g?ﬁtiﬂ/a*!‘éﬂ pnd tspethdigsh

zone vapour fragiddacOriniRhé qiauid ra BOLilon8%6nps Vi ol te duRe fGiHleeVE UP tO
about 6% by wei | ash zone vapour fraction. The use of such

ht water in
i odi de salts i sgﬁ'écseé"r"r'?)teitﬁ"n ?1‘% Jﬂfeﬁf%f)te’é'ﬁ BAESAELABRIT dBt Fish VBRI cat i on
nunber EP050624frackiphimadihcsd Moen $R301iRRARd Freabtiidnabbmpoadtixantis atntebducei

15 into the flash zone. These iodide salts are iodides of alkali or

fraction. Wgh an effegld \SE?}E‘EBF{% Lil::i%t VRYEL 5] %Lf‘éct‘éﬁ %’o% ﬁ‘éiéﬁg%é’ b%‘ﬁ??ésesssa”t

alkaline earth metals or of hydrogen or aluminium, preferably
iodides of lithium, sodium or potassium. Such iodide salts may be
present in addition to iodide catalyst stabilisers or where the
relative volatility suppreésing iodide salt can also act as a

20 catalyst stabiliser such a salt may be present for both functions of
relative volatility suppression and carbonylation catalyst
stabilisation. The presence of these relative volatility
suppression iodide salts can allow the concentration of water in the
flash zone vapour fraction to be controlled to the level necessary

25 to achieve acetic acid product purification with a single
distillation column in situations where in the absence of the
relative volatility suppressant the water concentration in the
liguid reactor composition would produce an unacceptably high water
concentration in the flash zone vapour fraction. Thus, in the

30 absence of such water relative volatility suppressants the water
concentration in the liquid reaction composition should be
maintained at no more than about 8% by weight in order that a water
concentration of up to 8% can be achieved in the vapour fraction
from the flash zone or no more than about 6% by weight if a water

35 concentration of up to 6% is to be achieved in the flash zone vapour



rél atlve volatility suppressing iodi de salts are in the_T‘a'ﬁge—-Q—L-/o_lO\

50% by wei ght subject to the limt of solubility of the ’ﬁ'ﬁlsﬁéetpas W |
appreciated that the relative volatility suppression effe

result of a reduction in the volatility o; the water or aﬁlﬂm @ﬁif he
volatility of the acetic acid or a conbination of both ef

The nmethyl acetate concentration in the liquid reaction conposition is
preferably in the range 2% to 15% by weight, preferably in the range 3%to
10%.by weight. As the neth acetate concentration in the liquid reaction
conposition is F’F?&té%%edm{%é“a?ﬁﬁ?ﬁf’ ivy apewi ohivetey-gelatine vakahidates. By
operating with aippzassaﬂteaﬁé wz%mbhyént&eeiﬁtentm rmﬁenidaauém of

propionic acid roduct in.the |i reac |on
sufficiently | ow‘;/“f"ﬁaft’l'J ST keI AET % hggf}, i §¢ ﬁ?‘%d% P%e"beeluﬁvm hat
| evel at which akauth®% byuvefghtavatem irs theoﬁjlalsbdzomhmpous f@ssittrhan abacot
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present in the désduibed GACHIIOBuLSPERASPteAt) APl bcdtadn/|HubDicatabh GfinBEr Of t he

i i - 30. ' | I b | ed
he reacti on zoRRPTR Brersanisr Boct iasins ebrite: Hrenet Srionty e ©
conpri se one orrettéveivolatility hsuppresninguivgddeswltniaeein tire| sardentrbzand
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beneficial to the carbonylation reaction. However, as the concentration of
35 corrosion YEabe %iﬂ?fﬁ“’a?steflr*d’ﬁtamf Fptatdre; wolahilitysewpreppion effpct
concentration o:ﬁa;bmepmdue&mmow QNi&duReh én iR {ﬁevblmudti FCthdWater or

COMpOSl L o0 e A 232 g Sh U Sl 3 o i 4TS o SHALELN oo
both effects.

15 The methyl acetate concentration in the liquid reaction’
composition is preferabiy in the range 2% to 15% by weight,
preferably in the range 3% to 107 by weight. As the methyl acetate
concentration in the liquid reaction composition is increased, the
amount of propionic by~product decreases. By operating with at

20 least 2% methyl acetate the concentration of propionic acid
by-product in the liquid reaction composition is sufficiently low
that its concentration in the acid product is Below-that level at
which further purification is required, that is less than about 500
ppm.

25 The water concentration in fhe reactor is up to about 10% by
weight preferably up to about 8% by weight, preferably up to 6% by
weight, most preferably about 1 to 5% by weight.

Metal iodides may be present in the liquid reaction composition
as a result of corrosion of the reaction zone and associated

30 equipment as well as being recycled to the reaction zone with
returned process streams. Corrosion metals may comprise one or more
of iron, chromium, manganese, nickel, molybdenum and the like.
According to EP-A-0384652, chromium and molybdenum may be beneficial
to the carbonylation reaction. However, as the concentration of

35 corrosion metals such as iron and nickel is increased, the



preferable to selectively maintain particular corrosi on—fetals—-such-5 - .as
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concentration of corrosion metals which have an adverse ef N
process shoul d be maintai ned as | ow as pogsi ble, for exa Imﬂm %”less
t han 1000 ppm preferably less than 500 ppm nost preferabl I 00 -
ppmin total. The adverse effect of iron 10 and ni ckel in increasing

by- product propionic acid production may be off-set to some extent by

i ncreasing the nethyl acetate concentration. Mthods for renoving netal

i odi des from cafBEAYFEALISR WaPBIRFOAEct PEoRIANA 35§dt M thetligudd reaghinme

met hods whi ch ntgdpios beions etk reagedle SThédo@drd Nwhifl s, OB 5881 akSudk 628, 041 and
15 EP-A-0265140. Acetic id onpr.i se the bal ance of. the Jiquid
reaction conposititon CogeFtiar St\}\?n‘?]‘r)é g? %ﬁn{?ﬁllﬁgg Tolp °r?'e§?‘§e i’nctudi ng

by- product propbxafecabls o sEiectivaihn medmbains ppridicel &blcprnesioh anateds atuch

pressure be ow 20 1roh Naan@indsBCad®AELueANad ARG oLt A d1MedlpoBs PERSSURR Of 1
to 6 bara. The flash zone is preferably maintained at a tenmperature of 100

to 160 C. The VEIRSEPL¥LALR|Bn cAErPsien inetattiyRécth have 2 adaree| efifiesh Pone as
a vapour or thetiopdedwisbbRoulanyy aathtainbe 4 Doy Peuspdld, &bl Yexdhple OF
fully condensed_and e.va r f tion nay. be jntrodyced a mxe
vapour/liquid o‘f'ypggagp ilteqﬁ?g’lﬂ\?\nnt%&ﬁo -mdoﬁﬁ%fﬁ B jlyeé?ssr%g‘aﬁi%tﬁi PE™4t PS%’ zone
preferably has pyefeoally tesortben 290 pimdestot8inchdi siveksateffectz ofickramny
have differjgg LELENC ' > i : hL N
an effici enicd; ofﬁl{%(%%ﬂz}bgﬁtﬁ%%%a%@§5 g?tg %{g:?{: {s’%e gjig;slP?M t§ h@g{#%ﬁ?ggﬁ%ﬁyﬂﬂ%f
about 0.5. Mstffyset dicappye ekkenti §7i incaeevine thre maty lupcetdtabout 18
theoretical stagasentrafiehablMgtnddacesh Fenbd ki Mdtalofsuibas mbaut 4 to 15

theoretical rectifying stage bogve the feed pgint. Preferabl th
i stillation zoHPREETAEIOR SEBHTCS1 7S ASTECCER® SFF1 (SF rif 0P it Sevhags
bel ow t he feed yoicht might bbosedtdre Deswribéd tineUS dnB7,18081 Usr &f{ &8PLY and

15 EP-A-0265140.

Acetic acid may comprise the balance of the liquid reaction

composition together with other minor components including
by-product propionic acid.

The flash zone is préferably maintained at a pressure below

20 that of the reaction zone typically at a pressure of 1 to 6 bara.
The flash zone is preferably maintained at a temperature of 100 to
160°C.

The vapour fraction may be introduced to the distillation zone
as a vapour or the condensible components therein may be partially

25 or-fully condensed and the vapour fraction may be introduced as a
mixed vapour/liéuid or as a liquid with non-condensibles.

The distillation zone preferably has up to 25 theoretical
stages. Since distillation zones may have differing efficiences
this may be equivalent to 35 actual stage with an efficiency of

30 about 0.7 or 50 actual stages with an efficiency of about 0.5. Most .
preferably the distillation zone has up to about 18 theoretical
stages. Preferably, the distillation zone has about 4 to 15
theoretical rectifying stages above the feed point. ZPreferably, the
distillation zone has up to about 14 theoretical stripping stages

35 below the feed point and above the base of the zone, most preferably

10



about 3 to 14 theoretical stages. A suitable distillation—zene, nmay ha#e_La_

theoretical stages with feed at theoretical stage 3 to 8 frgugf se
a crude acetic acid product take off as a liquid fromthe b:ﬁﬂ@ CER
|

Anot her suitable distillation zone may 5 have 20 theoret

feed at theorectical stage 8 to 15 fromthé base and a crud

product take-off as a liquid fromthe base of the zone. Preferably, the
product acid stream nay be renoved at the base of the distillation zone or
at a point 2 actual stages above the 10 base of the distillation zone.

The acid producfftty 3pt® Wit FRfcanhiced stasequi & SPitePIesigt Ll iatden 2eee actay
product is wt hdéwmsa&zearuamurswgefseﬁﬁhl yeeat stedHeotdtjeiatl dtlage®B its &l so

taken fromthe base f the zone. i tabl d| stil]ation zone b
operated at a hga gLt sﬁraegssﬁr‘emore 3‘5% %%dﬁcgatdﬁ‘ sespﬁ'ngégﬁ’rede of
about 1.4 barg Buoem hhgﬁasemf [theszongr es&mtw wRtdbde ubied 11 [4td onpromat mayy

t enper at ureg of | n I p
t he feed, hiadshaa{t% 2%;?%'0&?%&;%3-%%39 etlhof)%r%ag?%éﬂgir)%ségglegq%g| ca%og’a

tenperatures ar ¥ Fhe PIeer#fd antrudeatretientrdfapindest diake 19 ee 2@ iquider r]
The distillati oar&@mﬁemeb@f apersdned W th suitable return of reflux to the
head of the distill for nmpl e.at a rate I mes .t he heads
broduct take-off rabseterehfyy eng BroBieieta Melet BT B shicke B e BSoon:
in the feed to bfre:her distlilbation zareecor Hicalphintd Lpcodal lstsgetsoratmreenhe may 25
be_prevent gy by pLgl LRGLE] Adpdd gg@tJn Legd othmtb@q,%dtﬁ By ol G2l 08

zone, preferably | ow the ol nt, to.convert rogen 1o
met hyl i odi de wAi Eiauid ‘-'rreﬁo‘{/%ﬁ?“r‘-'n tWFTEnI"rhght‘cjé‘nE@W‘éy’fﬁ eisltdrreamas Bt is

expect ed t hat ueaﬁ&ﬁpﬁ&ewmﬁudémenn@dadﬁerea ihericadremyrbe dneesiqd in
this way. Alternﬁtrvel%/ in 30 addition, by operating the distillation
zone at suffici®@ ttll'V lee\lat ed pressure, the operating tenperatures in the
distillation zone népitablyutlid distitllhbion henea ehpthey epgratedmtc anisexdsr at i on

of methyl agetapeeddirebnge dbsdd il #1608 ZRNG §eCHMARE e W2CENA! P9 Barg but

higher or lower pressures may be used. The operating temperatures
of the distillation zone will depend upon the composition of the
feed, heads and base streams and the operating pressure. Typical
base temperatures are 147 to 149°C and heads temperatures are 115 to

20 118°C. The distillation zone may be operated with suitable return.
of reflux to the head of the distillation zone, for example at a
rate of 1.5 times the heads product take-off rate.

It is expected that hydrogen iodide may be present in the

feed to the distillation zone. The build up of this component may

25 be prevented by introducing a small feed of methanol to the
distillation zone, preferably below the feed point, to.convert the
hydrogen iodide to methyl iodide which is removed in the light ends
recycle stream. It is expected that up to 5000 ppm hydrogen iodide
in the feed may be treated in this way. Alternatively, or in

30 addition, by operating the distillation zone at sufficiently
elevated pressure, the operating temperatures in the distillation
zone may be sufficient for the relatively high concentration of
methyl acetate in the distillation zone to convert the hydrogeﬁ
iodide to methyl iodide which is removed in the light ends recycle

35 stream.
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i 6di de to met hyl iodide which is renoved in the |ight ends recycle 35
stream 12 It will often be the case that the vapourThstSh®
overhead fromthe distillation zone will be two phase vvh ﬁ
he
u

When the overhead streamis two phase it i preferred th
distillation zone be provided by separating the phases 5 S|ng only
the-light, aqueous phase; the heavy, nethyl iodide-rich phase bei ng
recycled to the reactor with the remaining light, aqueous phase as |ight

ends recycle. The I| rec conpr.i se |l ess than 5% wei ght
acetic acid. |odide’ ﬁfl dﬁstg ‘T% *’T‘le"aﬁ etthiaé th Ha‘b‘?‘ﬁdﬁﬁeaf"rB‘?ﬁ)stl\ﬁ% singl e

10 distillat imrhe)fda frrery the ndiartii it ipn bepne ewiiletle [tyo ppisssienghenhét aics d
through one or (Hyigq! Olnex CAINGRrhERd RePEds 1o AoChill Y2 phdke LodIdgs
impurities nmay be renove dP/ use of a silver salt scavanger as described in
EP 0361785. Therefdexite ah¢ digtbdaéiomapne deppraviided byoserarstvingathe mbases

i odi de contsam najat 8sihg Bﬂﬁﬁ'tﬁg 1ilght hraqug&;saghm ;OPhe e BANdRe£Bal N bed . such
as described in, UK patent application t he contents of which

are hereby i ncotydf T‘Eﬁhb‘i}“’rséf‘é‘?ié‘ﬁc’é“yﬂl?)dartf’l tin 5??‘3};°[5r‘éjfté’r PR rPBRIT g r

renovi ng ani oni ighogdi deebss phamec adr EightUerils YWaaic1bas @he ckiight Sarcils Ascydee | | ex

425 (trade mar Qd,zgo%_\y?gcﬂss B BE bgr[ﬁ%I |h%uji% Qoic\id4 vinyl pyridi ne weak

base resin havin enpera ure st S0 preferred is the weakly
basi c resin LewatitI9dge {mwaé@mﬁk)them%ﬁm%ﬁia rreduob dirousthenpinele

exchange regin dmstttmaecribhai&eaﬂaw%om&qaﬁtlm@qekm b sk ingl RBe 258l C
acid may be purified to renove organi ¢ iodide 25 contam nants by passing

it through a sitRrare} $RGeF MeEs noBetRhgRse é§sﬂé§’6?1¥ beblterrghivedye offiean
pat ent applicat maridpu‘mipueﬁﬂﬂeennﬁPeé&aa?n%Ved aPphiecCati HRiMuEORE1O k3aPanizr9
whi ch descri bes A Broc.%gg ocﬂprmyégg | odi de conpounds from a carboxylic

aci d u3|ng an |0n exchnang e resi
The acetic ac1d product may be purified to remove anionic

15 jodide contaminants by passing it through an anion exchange resin
bed such as described in UK patent application GB 2,112,394 the
contents of which are hereby incorporated b& reference. A
particularly preferred resin for removing anionic iodide is a
macroreticular weak base resin such as Reillex 425 (trade mark)

20 which is a macrorecticular poly 4-vinylpyridine weak base resin
having high temperature stability. Also preferred is the weakly
basic resin Lewatit MP62 (trade mark), which is a macroporous anion
exchange reéin with tertiary amine groups (mono functional).

The acetic acid may be purified to remove organic iodide

25 contaminants by paséing it through a silver-loaded resin bed such as
described in our European patent application publication EP0482787;
application number 91309235.9 which describes a process for removing
iodide compounds from a carboxylic acid using an ion exchange resin
having functional gfoups which each have at least one sulphur-donor

30 atom and which resin has at least 1% of its sulphur-donor functional
groups occupied by silver, palladium and/or mercury. Preferably the
resin has thiol or substituted thiol groups. Preferred thiol groups
comprise -SH grdups, aliphatic thiol groups, aryl thiol groups,
alicyclic thiol groups and/ér thiouronium groups and preferred

35 substituted thiol groups comprise isothiou}onium groups.
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havi ng functional groups which each have at |east one sul phur-donor 30
atom and which resin has at least 1% of its sul phur-donor fu
occupi ed by silver, palladiumand/or nmercury. Preferably the I l
thiol or substituted thiol groups. Pref erfgd t hi ol groups co '

groups, aliphatic thiol groups, aryl thiol groups, alicyclic thiol groups
and/ or thiouroniumgroups and preferred 35 substituted thiol groups

conpri se i sot hi ouroni um groups. 13 Ot her suitable resins for renoving
organi c iodides are _described.in EP-A-0296584 which descripes a method of
produci ng sil ver- exeﬁlé‘?fggﬂlwg&?o?eﬁif‘&ﬁ%r TeMOYIng oFBRR IS, FRITSF Fhovi ng

hal i des from | i descdtibedt HoxFR-iAe 0296584 catriichnd el Eoksiat dethoti aifi geodueppgi ty. 5
Sui t abl e resinsgay. 1| ' o} . a [ '

P A 0196173 whi oy AosapapEar mhORitet itk OREAR, NAEIRERE (SRbIOR RifEISE |
non- aqueous or giFarc 1 fetfiduptrhexEbin geid wgntvminatedrwdtiy rebpkigeatinmitritng aci d

cation exchainge resgfitdpierdddfis drel 887 addérQbed tih BEddp¥sn Patest i N the
silver or nercur Yet anogt ass of resins suitable for

0 form er._cl
AR e L CRTRA RS LHEL VR e A I X
appl i cati on pubtématihgrioERid)484pAMds afxini & atonoaqueen®d errghiid 18@B/HBy 9 whi ch
describes a progasetly WPyl Bedoddl e derdoiahd eta (ATl ieHhthebposdoet i C
acid using a strong acid cation exchange resin having from about 4%%70
about 12% cr ossYhifki hRg ah Laastabk ofr ks iaativeespran an hechblivgedor GeAsWY | ess
than [err] aftegodr.ying fromthe water wet state and a surface area of
greater than [err] after dr%/rig froma t state in which t(féd_ as been

e

. wa
repl aced by met hanof®t &4°H? OOt T9fi0F AP ihEPleAeY TPISHIS| Etive
sites convert eddétivabivesi hivedesoribed Plicfoar rizdopem pstemteapiliiohtioa C145,

oo e A, N 4 o, KRSAL P BNRS BEdeddgng e )

describes a process for removing iodide derivatives from liquid

15 acetic acid using a strong acid cation exchange resin having from
about 4% to about 12% crosslinking, a surface area in the proton
exchanged form of less thaﬁ IOmZg‘1 after drying from the water wet
state and a surface area of greater than 10m2g"1 after drying from a
wet state in which water has been replaced by methanol, said resin

20 having at least 1% of its active sites converted to the silver
form. Preferred resins are Purolite Cl45, Purolite CT145, Bayer
K2441, Bayer K2431 and Bayer K241l (trade marks) which have at least
1Z of their active sites in the silver form. '

Preferably the acetic acid is passed through one or more resin

25 beds to remove anionic iodide contaminants before being passed
through a resin bed to remove organic iodide contaminants thereby
increasing the operating life of the organic iodide-removal resin
beds which would be rapidly saturated by anionic iodide contaminants
which are generally preseﬁt in greater quantities than organic

30 iodides. _

The operating lives of the silver-loaded resins are preferably
extended by the use of strong acid cation exchange resin in the
proton form to remove metal ion contaminants as described in our
European patent application publication EP 0538040, application

35 npumber EP 92309425.4.
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Preferably the acetic acid is passed through one or nore resin.25
renove anioni c iodi de contam nants before being passed thrﬂ_glig a i egeeg

to renmove organi c i odide contam nants thereby increasing t

of the organic iodide-renoval resin beds i ch woul d be rap| iﬂ u

by ani oni c iodide contam nants which are ggneral Iy present

quantities than organic 30 | odi des. The operating lives of the .
silver-loaded resins are preferably extended by the use of strong acid
cation exchange resin in the proton formto renove netal ion contanihants
as described in ourT\‘_‘Urlﬁiiéher‘&‘E’é’l‘i‘t theyJriide rerreptiprticasisne privssdsodd,
application 35 deﬂauahwonE(Ejhézlalf)&fhza dse of thi I&uzl:ey&Jd gfbdubtcp Ibﬁﬂdé odi de
concentrations ar ed w nd upon the ten use o e . acetic
Gl produce ToenE R rm{el iR e BRfchr e et Shan Arvete) bHSefa,
several hundredpmplendrereferdtdyats Yleso thessl® pab. 10 ppb. 5 The

I nvention Il now t b e t npl es.
Met hanol vv\;!s conti ngtﬁ;%s ygl?:%rogoﬁfﬂla%(%%%ren{t %gﬁ%tgge%gggééegl%ﬂ%dl%ﬁ%
carbonyl ation cétldPrying exersdes-iodide, |ithiumiodide catalyst stabiliser,

a finite water concgefyaabi %sof:oﬂﬂinﬁ&xﬁpoégrb%gy@al:@d iD¥h&\QirgBénce8E hy !
acetate at a co ceggtratl n of at least 2% %f’ﬁjg ’%ﬂé‘é giacetlc acid, in a6

litre zirconi unfRStPP RIPPRHAts GrtHyEtnd? Yhipg g8 ured at
anbi ent tenper atata@¢yst saabiltisee, fa €énitleavaeratomvept etsion eofolap b laamg; ang a
tenperaturegqn e e I gt r was
mai nt ai ned d )E%eg%? ;é%lj 3%: gu 4ed %on%gprrg{]ag?ﬂ :bfwgts 1?%5£t 0 t

react or on preswrgétd%ﬁﬂe‘iﬁicaa‘aldspé¥gfe5bbﬁéw %#fé°§%‘¥‘bré¥irrEFq{ﬁa&t?’éa‘éf‘hon

conposi ti on wasa GRkiA@ESE Yo LI (A¥Ekufre@MBtt BEb 18 Clcbe Pt rPaSS @.dbti‘:ﬂala

flash nk :
ash tank opergled gl 3 B eSguS ol J doREhg AN ALgTPAALLS L ahou

180 - 190°C. The temperature in the reactor was maintained by a hot
15 oil jacket. Carbon monoxide was fed to the reactor on pressure
demand via a sparge below the stirrer. Liquid reaction composition
was continuously withdrawn from the reactor and passed to a flash
tank operated at a pressure of 1.4 barg and a temperature of about
130°C. A vapour fraction comprising acetic acid product, propionic
20 acid by-product, methyl iodide, methyl acetate and up to about 8% by
weight water was passed overhea@ from the flash tank through an '
irrigated packed section and through a demister. The vapour
fraction was condensed and introduced as a liquid into a
distillation column operated at 1.2 ~ 1.3 barg. The liquid fraction
25 from the flash tank comprising involatile rhodium catalyst,
involatile lithium salt stabiliser, acetic acid, water and the
remainder of the methyl iodide, methyl acetate and propionic acid
was recycled to the reactor. |
In the distillation column the acetic acid product was remowved
30 from the base. The methyl iodide, methyl acetate and water,
together with some of the acetic acid passed overhead and were
condensed ipto two phases. The light, aqueous phase was split: some
was used as reflux to the column, the remainder was recycled to the
reactor together with the heavy, methyl iodide rich phase as light

35 ends recycle. Methaﬂol could be fed into the column to react with
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[err]. A vapour fraction conprising acetic acid product, edeas(Be’e’,DRe laced
acid by-product, nethyl iodide, nethyl acetate and up to a ht
wat er was passed overhead fromthe flash tank through an | d
section and through a dem ster. The vapouggfraction was con ens

introduced as a liquid into a distillation colum operated at 1.2 -

barg. The liquid fraction 25 fromthe flash tank conprising invol atl I e
rhodi um catal yst, involatile lithium salt stabiliser, acetic acid, water

and the remai nder of the nethyl iodide, '&%/l acet at e and&Propl oni ¢ acid
was recycl ed toaP%é“yldé%"t“oPd‘ldﬁ PFRSeRF 5 (hhe| MEhSh 1ogidenfnteAtss eRsodused d
product was renbeftg Femovedr ovarhbed base. The nmethyl iodide, methyl acetate

and et er .t oget her gl (1L SQUEsRL1bAIS BESE o Wit MASRhrBLP S othe A Rlee

condensed into two phases aqueous phase
used as reflux thetdistéblayien qOhemr vape ridast msleceeycmedm@%ﬁ tthe Yasgcebr

together w sh t ke gauy, sioRt ie prolisde r’.ﬂhﬁhréH%@EﬁnganfngQts@%am vﬁ‘é&dﬁhen -
recycle. Methanol could be fed into the colum to react with

hydr ogen i odi de PRF¥Iefif:2 FREVRREC¥Reeoll Fa° SARtaRshas °‘b‘f”c§8ﬁ‘é‘e'd'eﬁﬁyn§1?‘ermved
over head. The nehirl@dde&atiahbes Themethandll asivihgnﬂheva@swam s&mubhen drasf

the distillation 80(1 yan. e gef |agls£ angol e L9 4;\ Qltng %Fe trbee Jcoss of 5
vol atil es fromtﬂe process. e resul of gas stream was then passed
to a scrubber where The garbonpinrtier @dldcd)kﬁttiélmonewakys wift hhe prp¢esd of the

methanol . The matbadipl 1 waYiHg webe N35cQked Ny BAE tflah?%wm@smddegnptle.pure
nmet hanol and used as feed to the reactor. The carbonyl ation and

distillation st3§ shetafdeprbEssedyret tE1iped aBP¥Rsent | nvention were
illustrated by 1E gmplel L ow ng tvvo exanpl es using the general procedure

out| i ned above. Exanple oyl a5 ehehsd ofF' 1138 Uer20% dhnd? dobhlacc LR Red

continuously into the reactor held at an average of 186.6°C. The

15 average composition of the reactor contents was: 2.6 wti methyl
acetate, 5.6 wt% water, 14.0 wtZ methyl iodide, 61.9 wt% acetic
acid, 0.55 wt% lithium (present at least in part as iodide salt) and
11.6 wt% iodide with 580 ppm rhodium, 190 ppm iron and 50 ppm
chromium. The lithium iodide in the reactor composition functioned

20 both as a carbonylation catalyst stabiliser in the reactor and a
water relative volatility suppressant in the flash tank.

A feed to the distillation column of about 4.3.1h~1 containing
3.8 wt% water, 43.3 wt% methyl iodide, 5.3 wt% methyl acetate and
48.8 wtZ acetic acid was obtained. The disﬁillation column in this

25 example contained 35 PTFE sieve trays (stages) with the feed point
at tray 20 (numbering from the bottom) with methanol fed at tray 8.
A reflux ratio of 1.5 on a volume basis was employed. An acetic
acid product stream of 2.26 kgh"1 was obtained from the base ef the
column which contained 460 ppm water, 180 ppm propionic acid and 1.7
30 ppm iodide.

The light ends recycle stream from the head of the distillation
column was recycled to the reactor as two streams; methyl iodide
rich stream containing <1 wt% water, <1 wt% acetic acid and 12.9 wt%
methyl acetate and an aqueous stream éontaining 1.3 wt% methyl

35 iodide, 8.8 wt% methyl acetate and <1 wt% acetic acid. Light,
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continuously into the reactor held at an average of [errf_frT

1 a
conposition of the reactor contents was: 2.6 w % nethyl ac t it .
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(present at least in part as iodide salt);and 11.6 wt % i odi
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reactor conposition functioned 20 both as a carbonyl ation catal yst
stabiliser in the reactor and a water relative volatility suppressant in

the flash tank. A feed to the di stillftion col um _of about 4.3 erré
containing 3.8 RARNAIRRASe4570R FhocRRTs col B gEerhsad SapotnafytedatRthee

and 48.8 wt % acet¢iumnags crefitisx @bt ainaed. ofTRes dinsti| | ati on colum in this 25
exanpl e contain PJFE sieve trays (stages) with the feed point at tray
20 (nunbering fﬁ)qa 1 érbott m wth nmethanol fed at tray 8. Areflux ratio
of 1.5 on a vol une Ba2$ fehas metpenslednd Andadehi t caeben mopeitide werecnd of

2.26 [err] yas ebiindsgkly’ oMd e N336L&H nbIVE a€OkAIMReWHC s CRAL @éc1dTAS0 Ppm
wat er, 180 ppm propionic acid and 1.7 30 ppm i odi de. e light ends _
recycl e stream FYUBEnEPmRasHtior oh&baj caactrncrBents| VAR ded WEARRHMEY to the
reactor as two atétadsp;s.Aewily lwatexsl de.7 vkl sdtheRnodddd 2561 Mart%ladsitYe wat er ,
<l wt % acetic acigd, and, 12 wt % et hyl acetate _and_an aqueous.stre

. containing 1.3 ﬁf’f’%’mlaf h%l“gShtéli%%i(EieL?seé‘%a‘('Ntl&o et ﬁy?a%cg ailtégla?]usaigl W
acetic acid. LEgmtioning]@searbony! apion catalystt skabddbderd and|ngdat veer head

vapour was fegd EQlJtHQi?'s‘dg‘ﬁ'ré&%aﬁ@)f ¥ B 78wl Sa e with L85 om MATRLE 2
1.26 [err] methanol and 1.34 [err] carbon nonoxide were fed
continuously i nf9® RPfeiFaepd 1Py chromiy®ayer age of [err] The average
conposition of the meaeddrtocE @DitSi1DBEionScdlunh Y% iMmboy 43T elhTt ecord adn iMgo
water, 14. 7 wt%npthyl,1Qdl 05 0°3cd mfhR0PG8IdS, 2049 wix B8 bl Mg
(present at leaSt in partt as”1-od! de "S&ft AR P v

43,9 wt? acetic acid was obtained. The distillation column was

15 configured as described for Example 1. An acetic acid product
stream of 2.31 kgh‘l was obtained from the base of the column which
contained 303 ppm water, 130 ppm propionic acid and 0.38 ppm iodide.

The light ends recycle was again recycled to the reactor as two
streams. The methyl iodide rich stream contained <1 wt% water,

20 <1 wt% acetic acid and 22.4 wt% methyl acetate. The aqueous stream
contained 2.3 wt% methyl iodide, 9.6 wt% methyl acetate and 1.9 wt%
acetic acid. Light, aqueous phase reflux was fed te the column at a
rate of 3.3 1lh~l.

It is expected that the acetic acid products from Examples 1

25 and 2 may be purified of iodide contaminants by passing'through
suitable ion exchange resin beds. 1In this way pure acetic acid may
be obtained using a single distillation zone without excessive
recycle of acetic acid overhead. '

Examples 3 to 5

30 Further examples uéing the general procedure outlined above for

Examples 1 and 2 were performed using the reaction conditions given

in Table 1 below:

35
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functioni ng as carbonyl ation catal yst stabiliser and reI ative 10
vol atility suppressant) and 15.7 wt % i odi de with 425 ppm r hoThiiSheet B@s eplaced
iron and 15 ppmchromum A feed to the distillation coI unm o

[err] containing 2.4 wt% water, 36.0 vvt%i{rethyl i odi de, 16.7

acetate and 43.9 wt % acetic acid was obtai ned. The disti IIatlon CO urm

15 configured as described for Exanple 1. An acetic acid product stream
of 2.31 [err] was obtained fromthe base of the colum which contai ned 303
ppm wat er, 130 ppm propionic acid and O, 38 Eﬁ)m i odide. The light ends
recycle was again recycled to the react two streans. The nethyl iodide
rich stream contai ned <1 w % wat e REAGOR coifmmdﬁsaceti c acid and 22.4 wt %

met hyl acetate. The_aqueous streamcontained 2.3 w% nethyl iodide, 9.6
wt % net hyl acetate and 1.9 wt % acetic acid. |Light, Fqueous ppase ref|l ux was

fed to the colum af Example of 3.3 [err]. I i3 expectéd thay tlhe agetic
acid produgfs from Exanples 1 25 and 2 may be puryfied of |odide

contam nants by pasging through suitable iof exchange resin peds. Ir this
way pure acetic aci{l ¥%888be obtained using 4 single| distillafion zorle

W t hout excessive r Ecymbenm‘olag%t/he)aaci d over hpad. anpd es B tig2h 30
Furt her exanpl es us

ner al ur ¢ Lin appve ftor anpl es .1
and 2 were perfornmed uglaﬁg° ﬁ 38t{k§zgg)onc|tft2 \}ég in fadr&*1 lbel ow

35 17 TABLE 1 Ramnpre 3
4 10 ° > Fe 3Ch’i:actor
Temperature (°C) 188.5 189.1 186.9
Pressure (barg) 30 30 26

Liguid Reactor Composition

15 Methyl Acetate (%) 2.9 3.1 7.3
Water (%) 2.0 1.9 4.2
Methyl Iodide (%) 15.2 12.0 13.9
Acetic Acid (%) 63.3 67.4 53.4
Lithium (%) 0.76 0.63 0.88

20 Iodide (%) 12.0 13.8 15.1
Rhodium (ppm) - 550 550 320
Iron (ppm) 290 270 - 80
Chromium (ppm) 70 80 60

25

%* Including methanol fed to the distillation column.

30

35
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Nét har{c')l (kg/ hr)* 1.26 1.23 1.24 Car bon ox g
(kg/ hr) 1.26 1.18 1.14 10 . ff e
[err] 188.5 189.1 186.9 Pressure “
30 30 26 Liquid Reactor,gonposition 15 thyI
Acetate (% 2.9 3.1 7.3 vater
2.0 1.9 4.2 Methyl lodide (% 15.2 12 0
13.9 Acetic Acid (9 63.3 67. 4 53.4 Lithium
(9% 0.76 . .0.63. 0. 88,20 .l odi de ,
(% 12.0 The d13f3]_.§1t10n col%_cfnﬂﬁ}aPﬁrﬁre given :u'( Hﬁﬁj}e 2 below:550
550 320 Iron (ppn)  TABLE 2290 270 80
Chr om um (ppm 0 25 * Including
Tt hanol fed to he Histil| adisiuarior ot c % distillation col um
conditions are giverf Tm 1apre Z Derow.  TABLH Z OF ST{CCATION QOCUVN
CONDI TI ONS & Exdmpalpl e 3 4 3 5 4
5 Nunber of Actual 'irays 26 26 28 Fe¢ed at Tfay*
7 15 20 10 Methanol Feed Tr ayj 6
6 8 Rate (Jgfimiber of Actual Trays 5526 3% 28 50] 15
Feed (1/hr) 3.7 4.0 5.1 Feed Conpokition
(%
. Feed at Tray* 7 15 20
10
Methanol Feed
Tray - ' 6 6 -8
Rate (g/hr) 55 55 50
15 Feed (1/hr) | 3.7 4.0 5.1

Feed Composition (%)

Methyl Acetate 6.2 8.8 15.7
Water . 1.0 1.9 2.6
20 Methyl Iodide 43.8 47.7 39.7
Acetic Acid 51.7 45.6 39.0
Reflux {1/hr) 2.3 3.4 4.6
25
* Numbered from the base.
30
35
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Met hyl Acetate 6.2 8.8 15. 7 Water

1.0 1.9 2.6 20 Met hyl | odi de Thls SheetHas Been Reflabed

47.7 39.7 Acetic Acid 51.7 .

Reflux (1/hr) 2.3 304 Jﬂgﬂlﬂ from
t he base. 30 35 The conpositions and flow rates of: the p

fromthe distillation colum are given in Table 3 below. TABLE 3
DI STI LLATI ON COLUWN PROCESS STREAMS Exanpl e

?% 5 Q/er heaﬂ NEtmngn'!i%gIsd néleiC:h St{eﬁc{%jtqle pr%c(%ss strLams frorb t&xe
0.7 1. 1 N’ésmlam gbbumn( 8hel FiBen in Table 3 below:l4. 5 26. 2
Overhead Water Rich Stream 15 I\/Bf&y}g godl de (% 1.4
1.5 1.7 Methyl Acetate (Tﬁ 11. 2 Acetic
Acid (% 4, 2_I§__M_T@stduct 20 Rat e
(kg/ hr) 5 —2-33 210 ~33—Y
470 670 3%0 Propl oni ¢ Acid (ppr’r)3 100
64 | odide (ppm (. F="P 0. The
acetic acid proq“ucr—ﬁ-umﬂmrhr?ﬁ-oﬂn—rd-m passed
t hrough a bed of Ld WERSE 1L88dd at [[err] af i n bed
vol umes of acetijc _ our fto renoye
Rich Stream
10 Water (%) 0.6 0.6 1.3
Acetic Acid (%) 0.4 0.7 1.1
Methyl Acetate (%) 13.8 | 14.5 26.2
Overhead Water Rich Stream
15 Methyl Iodide (%) 1.4 1.5 1.7
Methyl Acetate (%) 7.0 8.3 11.2
Acetic Acid - (%) 4.2 7.0 5.8
. Acid Product
.20 Rate (kg/hr) 2.33 2.19 2.33
Water (ppm) 470 670 320
Propionic Acid (ppm) 120 100 . 64
Iodide (ppm) 0.7 0.4 0.3
25 The acetic acid product from the distillation column in Example

5 was passed through a bed of Lewatit MP-62 resin at 80°C at a rate
of 10 resin bed volumes of acetic acid treated per hour to remove
anionic iodide contaminants to less than 1 ppb. The combined
overhead streams forming the light ends recycle stream were

30 calculated to have 0.96% by weight acetic acid and 1.33% by weight
acetic acid in Examples 4 and 5 respéctively, that is less than 5%

by weight acetic acid.

35
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anf oni ¢ i odi de contaminants to |ess than 1 ppb. The conbi ned over head
streans formng the Iighr”éﬁ6§—F€EYET€-§?}ean1mere 30 cal cul ated to have
0. 96% by wei ght acetic aﬁkdhaﬁﬂmbﬁiaai wei ght acetic acid in Exanples 4

and 5 respectively, that % by wei ght -acetic acid. 35 802%&)
Cains: 1. A process fo on of acetic acid which process
conprises: (a) feeding and carbon nonoxide to a carbonyl ation

zone in which there is nalntalned during the course of the ocess a 5
|l iquid reaction conposition conprising: a rhodi um car bonyl ati on

catalyst; (ii) nmethyl iodide; (iii) a carb ﬁ“tﬁl t stabiliser
conprising an iodide salt which is soluble m\ ﬁmﬂw onposi tion; 10
(iv) a finite anount of water at a concentratlon bf "p %t o *about 10@6by
wei ght; (v) met hyl acetate at a concentration of at |east 2% by wei ght;
and (vi) acetic acid, 15 (b) wthdrawing liquid reaction conposition
fromthe reactor and introducing it, with or without the addition of heat,
to a flash zone to forma vapour fraction conprising water up to about 8%
by wei ght, acetic acid product, propionic acid by-product and the mgjority
of the methyl acetate and nethyl 20 iodide fromthe flash zone feed,
and a liquid fraction conprising involatile rhodiumcatalyst, involatile
catal yst stabiliser, acetic acid, water and the remai nder of the nethyl
acetate, nethyl iodide and propionic acid by-product fromthe

Claims:
1. A process for the production of acetic acid which process
comprises: ‘
(a) feeding methanol and carbon monoxide to a carbonylation zone in
which there is maintained during the course of the process a
5 liquid reaction composition comprising:
(i) a rhodium carbonylation catalyst;
(ii) methyl iodide;
(iii) a carbonylation catalyst stabiliser comprising an iodide
salt which is soluble in the reaction composition;

10 (iv) a finite amount of water at a concentration of up to

about 10%Z by weight;

(v) methyl acetate at a concentration of at least 2% by
weight; and

(vi) acetic acid,

15 (b) withdrawing liquid reaction composition from the reactor and
introducing it, with or without the addition of heat, to a
flash zone to form a vapodr fraction comprising water up to
about 8% by weight, acetic acid product, propionic acid
by-product and the majority of the methyl acetate and methyl

20 iodide from the flash zone feed, and 'a liquid fraction
comprising involatile rhodium catalyst, involatile catalyst
stabiliser, acetic acid, water and the remainder of the methyl
acetate, methyl iodide and propionic acid by-product from the
flash zone feed,

25 (¢) recycling the liquid fraction from the flash zone to the

20



fl’ash zone feed, 25 (c) recycling the liquid fraction fremthe flash————

zone to the 21 r a e recover! ng acet [ C aci d. pr o f
A o2

‘the flash zone vapou
i nt roduci ng the vapo

distillation zone as a vapour and/or liquid, (e) renoving fromthe head of
the distillation zone a light ends recycle stream conprising water, methyl
acetate, methyl iodide and acetic acid, and (f) renoving fromthe
distillation zone at a point bel ow the 10 i ntroduction point of the
fl ash zone vapour fr8¢Y8R, 2% a®Y product stream having a wat er
concentration of | esgcoteaing H2@t ppracad cbradp¢to ffiromithe afladhConechdpgoati on of
ess than 500 PPM Zyqce AnPLPG8%A% SLANTCE o3 1AL ok Myl oh the | i qui d
reaction conposition conprises a T fi F€%amount ot  wat ef "at ’a concentrati on
of 15  up to akélt i8ydspcies dhe, vapeur tfract {qms Bromtbe \igshirzohe afrtioothe
conprises water up 4Qs8PautiéeBYe We! §Rapodr andfoPegeRS as clained in
claim1l or clalg]Z in which the |iquid reactiaon .congoleon conpri ses an

i odi de salt whi éR) sEBPPER8eEramEhs eati9f the dhshitklerionzae \fo light Rads of
acetic acid. 20 4 recydlepsDfamScafprib figeatdn) méthyln acdtate\hmethineod fdi de
salt which suppress%%dtpceet\{glaatii I i§n¥1 of water relative to that of acetic
acid conprises one oOr nore I 001 8é salts of alkali or alkaline earth netals
or of hydrogen 6f) alrampvingnfrom the Aiptbldassomgont stnedaint drefowrtdieof t he
preceding ci@i M in ;2proqubbi&l pbie: BB 2581 3bfe %ﬁ&ﬁ”%&é&t‘i@ﬂ, iy Loy

| iquid reaction conpositionis in the range 2 to 15% by wei ght. 6. A
process as clai med PROSYRF 8HePapr baHespt é@gﬁﬁ" fgneentirakiqm ofintess thee 1500
concentration of COppASiHANaEicplionhiaeid RancemtBatibhcbSQess than 500 ppm.

2, A process as claimed in claim 1 in which the liquid reaction

composition comprises a finite amount of water at a concentration of
is5 up to about 8% by weight, and the flash zone vapour fraction

comprises water up to about 6% by weight.

3. A process as claimed in claim 1 or claim 2 in which the liquid

reaction composition comprises an iodide salt which suppresses the

volatility of water relative to that of acetic acid.

20 4. A process as claimed in claim 3 in which the iodide salt which
suppresses the volatility of water relative to that of acetic acid
comprises one or more iodide salts of alkali or alkaline earth
metals or of hydrogen or aluminium.

5. A process as claimed in any one of the preceding claims in

25 which the methyl acetate concentration in the liquid reaction
composition is in the range 2 to 15% by weight.

6. A process as claimed in any one of the preceding claims in
which the concentration of corrosion metals which have an adverse
effect on the carbonylation reaction is less than 1000 ppm in the

30 liquid reaction composition.

7. A process as claimed in claim 6 in which the corrosion metals
comprise iron, manganese and/or nickel.

8. A process as claimed in any one of the preceding claims in
which the single distillation zone has up to 25 theoretical stages.

35 9. A process as claimed in any one of the preceding claims in
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effect’ on the car boﬁ’?#fﬁfe&tmsée@ﬁﬁepllon is less than 1000 ppmin the 30
S

i quid reaction co ’M Tanganese andor n LELﬂl’lﬂﬂmﬂﬂmﬂm
S

the corrosion netal
as clainmed in any oneo di ng cI ims in which the’sifgl'e "

distillation zone has up to 25 theoretlca stages. 35 9. A process as
clainmed in any one of the preceding clains in 22 which the single
distillation zone has about 4 to 15 theoretical rectifying st ages above the

feed point. 10. A process as clained in any one t cedin lginms in
whi ch the si ngl‘g‘ldgs"tllel Firglgnd rhfdltHeP uf oh%sm? 1'12 f‘ﬁelgr e‘?l fgfg%aal

stripping stagesechetpist Seageeesipoenthe Tded popuiocess as claimed in any one
of clains 1 togg) i ”é@éc%?s tar;ecﬂlrr}lgl & d| %regélleagé Qﬂe%gegl WPl 80 waGLial

separation sta PScetamss W & in any one of the preceding
clai nms in whi chtieheimglet dvsia@ildtlpmom hpss Upats EtovhrlbubirosARIGH more ion

10 ~ exchange rgs;g ?:?gtd%tségsr smeetw@edep&%t aminants. 13 A process as
clalmadlnanyoneg recelngclalmslnvvhlchth sglés@orelon
0

exchange resi nsl’oonﬁr?@ésssar?saﬁ}%ﬁ‘e%x’dhéﬂbé’nfee%ﬁ GLaimg At°p 168 %ai ned
in any one of thfgheetRdinphtdbal #0hei Raslbp toM30 cdetuhe seperarionvstagesn

exchange resi nslf.oneri)rso%sesg' ai Li/alliné!ioadggy ro%%i Qf ti?lg #écg’&)in%Sclaims in

which the acetic acid product is passed through one or more ion

10 exchange resin beds to remove iodide contaminants.
13. A process as claimed in any one of the preceding claims in
which the one or more ion exchange resins comprises an anion
exchange resin.
14. A process as claimed in any one of the preceding claims in

15 which the one or more ion exéhange resins comprises a silver-loaded

resin.
20
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