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An alternative to the “high water” carbonylation process is the “low water” carbonylation
20  process as disclosed in United States Patent Nos. 5,001,259; 5,026,908; and 5,144,068. Water
concentrations below 14 weight percent and even below 10 weight percent can be used in the
“low water” carbonylation process. Employing a low water concentration simplifies
downstream processing of the desired carboxylic acid to its glacial form.

It is desirable in a carbonylation process for making acetic acid to minimize the number
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of distillation operations in order to minimize energy usage in the process. In this respect there
is disclosed in United States Patent No. 5,416,237 to Aubigne et al. a process for the production
of acetic acid by carbonylation of methanol in the presence of a rhodium catalyst, methyl iodide,
and an iodide salt stabilizer. The improvement according to the ‘237 patent resides in
maintaining a finite concentration of water up to about 10 percent by weight and a methyl

30  acetate concentration of at least 2 percent by weight in the liquid reaction composition and
recovering the acetic acid product by passing the liquid reaction composition through a flash
zone to produce a vapor fraction which is passed to a single distillation column from which the
acetic acid product 1s removed. The drawback of eliminating distillation stages is that the level

of purity of the product suffers. In particular the distillation columns tend to remove high boiling
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20  for use in iodide removal from acetic acid.

United States Patent No. 5,227,524 to Jores discloses a process for removing iodides
using a particular silver-exchanged macroreticular strong acid ion exchange resin. The resin has
from about 4 to about 12 percent cross-linking, a surface area in the proton exchanged form of
less than 10 m?*/g after drying from the water wet state and a surface area of greater than 10m%/g

after drying from a wet state in which the water has been replaced by methanol. The resin has at
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least one percent of its active sites converted to the silver form and preferably from about 30 to
about 70 percent of its active sites converted to the silver form.
United States Patent No. 5,801,279 to Miura et al. discloses a method of operating a
silver exchanged macroreticular strong acid ion exchange resin bed for removing iodides from a
30  Monsanto type acetic acid stream. The operating method involves operating the bed silver-
exchanged resin while elevating the temperatures in stages and contacting the acetic acid and/or
acetic anhydride containing the iodide compounds with the resin. Exemplified in the patent is

the removal of hexyl iodide from acetic acid at temperatures of from about 25° C to about 45° C.
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Other impurities in acetic acid made by way of the rhodium catalyzed carbonylation of
methanol, notably aldehydes and propionic acid, are likewise known. It is proposed in an article
by Watson, The Cativa™ Process for the Production of Aceric Acid, Chem. Ind. (Dekker) (1998)

75 Catalysis of Organic Reactions, pp. 369-380, that acetaldehyde undergoes reduction by
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hydrogen in the rhodium-catalyzed system to give ethanol which subsequently yields propionic
acid. [t is postulated that enhanced rhodium catalyzed systems have increased standing levels of
rhodium-acyl species which will form free acetaldehydes at a higher rate.

The precise chemical pathway within the methanol carbonylation process that leads to
the production of crotonaldehyde, 2-ethyl crotonaldehyde and other permanganate reducing
30 compounds is not well understood. One prominent theory for the formation of the
crotonaldehyde and 2-ethyl crotonaldehyde impurities in the methanol carbonylation process is
that they result from aldol and cross-aldol condensation reactions that involve acetaldehyde.

Substantial efforts have been directed to removing acetaldehyde.
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SUMVARY r&ams! tHIYEINEE Gbétdldeliviel Hnpettidaslin thedggandance with the present
invention a | ow energy carbonylation process utilizing in the primary
puFification train at nost two distillation colums. In accordance with the
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preferably controlled by renoval of al dehydes fromthe system or by
oper ati ng t Meepropwyiledur hccarthatcelvomh the pedssnicfivealtide by oe energyarai rant=ioand
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accordance with the inventive process, the amount of aldehydes in the product stream is
20  preferably controlled by removal of aldehydes from the system or by operating the process such
that low levels of aldehyde contaminants and their derivatives, such as organic iodides are
generated. Moreover, high boiling iodides are removed by way of a high temperature ion
exchange resin such that the product exhibits high levels of purity.
More specifically, there 1s provided in accordance with the present invention a
25  continuous process for producing acetic acid including:
(2) reacting methanol with a carbon monoxide feed stock in a carbonylation
reactor holding a catalytic reaction medium while maintaining in said
reaction medium during the course of said reaction at least a finite
concentration of from about 0.1 weight percent up to less than 14 weight
30 percent of water together with: (i) a salt soluble in the reaction medium at
the reaction temperature in an amount operative to maintain a
concentration of ionic 10dide in the range of from about 2 to about 20

weight percent effective as a catalyst stabilizer and co-promoter; (ii) from

about 1 to about 20 percent methyl iodide; (ii1) from about 0.5 to about 30



exchange resin such that the product exhibits highlevels of purity. Mre
specifically, there is provided in accordance with the present invention a
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majority of or at least 50% of the rhodium in the Rh(I) oxidation state at water concentrations of
less than 14%, it 1s a “salt”, as defined herein. Salts may be used alone or in combination to
20  maintain the requisite level of ionic iodide. Compare, U.S. Patent No. 5,817,869 with U.S.
Patent No. 6,031,129, the disclosures of which are incorporated by reference.
Iodides are removed from the liquid acetic acid product residue stream such that the

product has an iodide content of less than about 10 ppb iodide. The iodides are removed by one

of two processes:
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(a) a first process involves contacting the liquid acetic acid product residue
stream with an anionic ion exchange resin at a temperature of at least
about 100° C followed by contacting the liquid acetic acid product residue
stream with a silver or mercury exchanged ion exchange substrate wherein
at least one percent of the active sites (i.e., sulfonic acid moieties) of the

30 resin have been converted to the silver or mercury form;

(b) a second process involves contacting the liquid acetic acid product residue

stream with a silver or mercury exchanged ion exchange substrate at a
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reactor. particular, at a total pressure in the reactor of 15 to 40
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particular, at a total pressure in the reactor of 15 to 40 atmospheres absolute a partial pressure of
from about 0.1 to about 4 psia of hydrogen may be employed. A partial pressure of hydrogen of

20  from about 1 to about 4 psia may be preferred. Relatively low level of methyl iodide in the
reactor may be about 5 weight percent or less. A level of methyl iodide of from about 1 to about
5 weight percent may likewise be employed.

In another aspect of the invention, there is provided an acetic acid made by the process
described herein, wherein the product has a propionic acid content of less than about 500 ppm.

25  Typically, the product acid has a propionic acid content of less than about 250 ppm, with less
than about 150 ppm being preferred.

Particularly preferred processes are those utilizing a silver-exchanged cationic substrate
for removing iodides and relatively low hydrogen partial pressures in the reactor for controlling
aldehyde impurities. The product stream in many cases includes organic iodides with a C10 or

30 more aliphatic chain length which need to be removed. Sometimes more than 25% of the
iodides present, or even 50%, have an organic chain length of more than 10 carbon atoms.

Decyl iodides and dodecyl iodides are especially prevalent in the absence of heavy ends
and other futislthlg apparatus and are difficult to remove from the product stream as will be

appreciated from the data hereinafter appearing. The silver-exchanged cationic substrates of the
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George A. Blay et al., entitled “Method of Removing Organic Iodides from Organic Media”.

The foregoing and further features of the present invention will be further appreciated
20  form the discussion that follows.
Unless otherwise indicated by the context or explicitly, as used herein, “%”, “percent” or

bR 13

the like refers to weight percentage. Likewise, the terminology “ppm”, “parts per million” and
the like and “ppb” refers to parts per million by weight or parts per billion by weight,

respectively, unless otherwise defined. The terminology “active sites” of an ion exchange resin

25 refers to the ion exchange sites available in such a resin. For example, in a cationic ion
exchange resin having a cation exchange capacity of 2 meq/g, 2 meq/g constitutes 100% of the
active sites, 1 meq/g constitutes 50% of the active sites and so forth.

DESCRIPTION OF DRAWINGS
30 The invention is described in detail below in connection with the various Figures. In the

Figures:
Figure 1 is a schematic diagram of a first apparatus useful for practicing the

present invention;



15 Inpurity Profile"; UsS. Serial No. 09/386,561, fiTed August 31, 1999 of
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15 DETAIE D DESCRIPTION
It will be appreciated that the rhodium catalyzed process for preparing acetic acid is well
known. Thus, the invention will be described in terms of differences from prior art processes
such as are described in United States Patent Nos. 5,001,259; 5,026,908; 5,144,068, the
disclosures of which are hereby incorporated by reference. There are two criteria which are
20  desirably satisfied to maintain optimum performance of reaction system for the rhodium
catalyzed carbonylation of methanol to acetic acid. This is over and above the maintenance of a
stable catalyst system from which the rhodium catalyst does not precipitate during the course of
product recovery. First it is desired to maintain a high productivity in the carbonylation reactor

itself as measured by the quantity of acetic acid formed per unit time per unit volume or weight

o
wh

of liquid reaction medium contained in the reactor. This might be termed “reactor productivity”
or “reactor space time yield”, also referred to as “STY™. Second, the present process
improvement contemplates the maintenance of optimal productivity as measured by the
ultimately-recovered glacial acetic acid in the combined system including both the carbonylation
reactor and the purification train. It will be recognized by one skilled in the art that water is an
30  undesirable component of the crude acetic acid and that the more water there is in the product
stream the greater will be the operating cost and required capital investment in the product
recovery purification system. Thus, there is also a system productivity to be considered in
addition to the reaction productivity with the system productivity depending upon the degree to

which water is kept out of the residue of the crude product stream. The drier this stream is, the
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medium for the process of this invention comprises acetic acid.
Water is also maintained in the reaction medium but at relatively low concentrations; that
1s concentrations below about 14%. It has been shown (United States Patent Nos. 5,001,259;
5,026,908; and 5,144,068) that reaction rate substantially equal to and above reaction rates
25 obtained with water concentrations above about 14% can be achieved with water concentrations
below 14% and as low as 0.1 weight percent. In accordance with the present invention the
desired reaction rates are obtained at low water concentrations by maintaining in the reaction
medium an ester which corresponds to the alcohol being carbonylated and the acid product of
the carbonylation reactant and most preferably an additional iodide ion which is over and above
30 the iodide which is present as a catalyst promoter such as mefhyl 10odide or other organic iodide.
Thus, in the carbonylation reaction of methanol to acetic acid, the ester is methyl acetate and the
addirional iodide co-promoter is an iodide salt with lithium iodide being most preferred.

[t has been found that under low water concentrations, methyl acetate and iodide ion act

as rate promoters when relatively high concentrations of each of these components are present
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bel ow 14% and as low as 0.1 weight percent. In accordance with the present
invention the desired reaction rates are obtained at | ow water
.concentrations by maintaining in the reaction nediuman ester which
corresponds to the al cohol being carbonylated and the acid product of the
carbonyl ati on reactant and nost preferably an additional iodide ion which is
over and above 30 the iodide which is present as a catal yst pronoter such as
nmet hyl iodide or other organic iodide. Thus, in the carbonylation reaction
of nmethanol to acetic acid, the ester is nmethyl acetate and the additional

i odi de co-pronoter is an iodide salt with [ithiumiodide being nost
preferred. It has been found that under | ow water concentrations, nethyl
acetate and iodide ion act as rate pronoters when relatively high '
concentrations of each of these conponents are present WO 02/ 062740

PCT/ US02/ 03145 10 04 di " ,? and that the pronotion is higher when both of
t hese conponents are present sinultaneously as disclosed in United States
Pat ent Nos. 5,001, 259; 5,026,908; 5,144,068. Additionally, it has been shown
that in reaction nediunms having a nmethyl acetate concentration of greater

t han about 2 wei ght percent, iodide ion is necessary not only to increase 5
the reaction rate but also to stabilize the rhodium catal yst due to the

del eterious effect of high
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Suitably stable ion exchange resins utilized in connection with the present invention for

142

10 preparing silver or mercury-exchanged resins for iodide removal typically are of the “RSOsH”
type classified as “strong acid”, that s, sulfonic acid, cation exchange resins of the
macroreticular (macroporous) type. Particularly suitable ion exchange substrates include
Amberlyst®15 resin (Rohm and Haas) suitable for use at elevated temperatures. Other stable
ion exchange substrates such as zeolites may be employed, provided that the material is stable in

15  the organic medium at the conditions of interest, that is, will not chemically decompose or
release silver or mercury into the organic medium in unacceptable amounts. Zeolite cationic ion
exchange substrates are disclosed for example, in United States Patent No: 5,962,735 to
Kulprathipanja et al., the disclosure of which 1s incorporated herein by reference.

At temperatures greater than about 50°C, the silver or mercury exchanged cationic

20  substrate may tend to release small amounts of silver on the order of 500 ppb or less and thus the
silver or mercury exchanged substrate is chemically stable under the conditions of interest.

More preferably silver losses are less than about 100 ppb into the organic medium and still more
preferably less than about 20 ppb into the organic medium. Silver losses may be slightly higher
upon start up or if the process is conducted with exposure to light since silver iodide is believed

photoreactive and may form soluble complexes if contacted by light. In any event, if so desired,

38
W
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Rel atively high degrees of crosslinlcing in the

20  divinylbenzene, copolymers of 2-vinylpyridine and divinylbenzene, copolymers of styrene,

vinylbenzene and divinylbenzene, copolymers of vinylmethylpyridine and divinylbenzene and
copolymers of vinylpyridine, methyl acrylate and ethyl diacrylate. Particularly preferred
polymers are described in United States Patent No. 5,334,755 to Yoneda et al., the disclosure of
which is incorporated herein by reference. Relatively high degrees of crosslinking in the

25  polymer is most preferred.

The terminology “pyrrolidone resin”, “pyrrolidone ring-containing polymer”,
pyrrolidone polymer and the like used herein is intended to refer to a polymer containing
substituted or non-substituted pyrrolidone rings. The substituents may include those inert to the
methanol carbonylation medium such as alkyl groups or alkoxy groups. Typical examples of

30  insoluble, pyrrolidone ring-containing polymer include those obtained by reaction of vinyl
pyrrolidone with a di-vinyl monomer-containing vinyl monomer such as a co-polymer of a viny!
pyrrolidone and divinyl benzene. Pyrrolidone polymers are discussed in United States Patent
No. 5,466,874 of Scates et al. as well as United States Patent No. 5,286,826; 4,786,699 and

4,139,688, the disclosures of which are incorporated herein by reference. A preferred
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nurrer al %bod‘égé{jﬁ%d”é@f%qerﬁ?l ar parts. There is shown in Figure 1 a first

appar at us 10Tpsgksnt hiffention is further described in connection with Figures 1 and 2 wherein
20  like numerals designate similar parts. There is shown in Figure 1 a first apparatus 10 useful for
practicing the process of the present invention. Apparatus 10 includes a reactor 12, a flasher, a
splitter column 16, as well as optionally, a high temperature resin bed 20, heat exchanger means
22 and a resin bed 24. There is further provided a condenser 30 for collection the light ends

from the splitter column. In Figure 1, column 16 operates as both a light ends and dehydration

o
n

distillation column.

Acetic acid is manufactured in a liquid phase reaction typically at about 150°C - 200°C
in reactor 12 at a pressure of from about 30 to about 60 bar. Carbon monoxide and methanol are
introduced continuously into the back-mixed reactor wherein carbon monoxide mass transfer
into the liquid phase is maximized with adequate mixing, indicated at 32, at a high carbon
30  monoxide partial pressure. Non-condensable by-products are vented from the reactor to
maintain an optimum carbon monoxide partial pressure in the reactor, as indicated at 34. The
reactor off-gas is treated to recover reactor condensables, e.g., methyl iodide, before flaring.

Catalyst solution, containing the product acetic acid, as well as the various components

of the reaction mixture, such as rhodium complexes and iodide salts, is drawn off and provided
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20  preferably, resin bed 20 is a bed of particulate pyridine resin or pyrrolidine resin described
above, suitably crosslinked so that it will withstand processing at elevated temperatures and
pressures.

The product leaves high temperature resin bed 20 via line 54 and conveyed to heat

exchanger 22 wherein the product is cooled to a temperature of about 100°C or less.

[\
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A silver-exchanged cationic macroporous resin bed 24 is used to further remove iodides.

Product acetic acid leaves the system at line 56.

Figure 2 shows an alternate apparatus 10 wherein the inventive process may be
practiced. Parts are numbered in Figure 2 as in Figure 1 and operated in substantially the same
manner, except that there is further provided a separate dehydration column 18 for receiving the
30  product acetic acid stream from column 16 via line 52 as well as a different iodide removal
system as described below. The overhead of vessel 18 is condensed at 58 and becomes two
phases, aqueous and organic, both of which are recycled to reactor 12. The aqueous stream is
also refluxed to column 18 via line 62. The dry crude acetic acid exits column 18 as a residue

stream at 64 and is provided to heat exchanger 22 which cools the product such that the average
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20

The following Examples 1-5 and comparative Examples A through F used the
procedures described below. Unless otherwise noted, Iodide removal was performed using
silver exchanged Amberlyst® are 15 resin. The resin (100 ml wet) was loaded into a 22 mm OD
glass column and acetic acid containing iodides was eluted at a flow rate of 13.3 ml/min. Iodide
levels in the eluate were measured every two (2) hours. Total iodides are measured in the eluate
by any suitable technique. One suitable technique is by way of neutron activation analysis
(NAA) as is well known in the art. The 1odide levels for particular species were also measured.
A preferred method in this latter respect is gas chromatography utilizing an electron capture

detector.

Comparative Examples A and B

Samples of the residue from the drying column of a conventional Monsanto type acetic
acid plant containing 540 ppb total iodide and 238 ppb total iodide were treated at room

temperature using a silver exchanged bed of Amberlyst® 15 resin and the total iodides in the



with respect to Figure 2othe primary purification t+ain includes |ight ends
colum 16, dehydration'colum 18 and resin beds 24.and 28. 15 Particularly
pref erregog®icheds of operating the resin beds, especially peatdy@disi R
descri bed below. Further, it is seen that al dehyde inpurities are cﬁr& r.olil €din
by optimzing conditions in reactor 12%as hereinafter descri bed. Exanpl es
20 The foll ow ng Exanples 1-5 and conparative Exanples A through F used the
pr ocedelue was crdabedd be bk Gunction loé smemsisbownse Figired, Asodinde seemfival Figuse
perforpged. uysi silver exchanged Anber | are 15 resin. The resin (100 m
wet ) \Ag"setofaiéﬂfg‘ge feﬂiod’agwészé'ﬂﬁ‘?ﬂ?ffss aélsazpo}ég{;&%’?t ﬁ“ﬁcf’%%ftstbﬁ et A8 cont ai ni ng

| 0di degropassiOblt Rdald el b @M Kotk @in® pekidd 3o FhicHliBwer RHH09El effiBXGLRs! N the

el uate were neasured every two (2) hours. Total iodides are neasured in the -
el uat e 25 b{hanyrisus ibdidk sompoharitsymethe Gred werk iddotified ecimiugae i s by way -of

neut ron activation anal ysis %L&%A%idas is well known in the art. The iodide
l evel s for particul ar speci® P¥91 so nmeasured. A preferred method in
this latter respect is gas eg{},qgﬂﬁaé)gr aphy utilizing an el ectron capture
detector. 30 Conparative Exanpl es.A and B Sanples of the residue fromthe
dryi ng col um of a convent i2eiedd-2Moathahppaype acetic acid plant containing
540 ppb total iodide and 238 b tal iodide were treated at room
tenperature using a silver pé%gﬁé%%g% bed of Anberlyst(r) 15 resin and the
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as a function of time as shown in Figure 3. As can be seen fromFigure 3
t ottal iodide removal was typigadige | ess than about 90% at the start of the
‘test and progressively de(i: over a ten hour time period to much | ower
‘renmoval efficiencies. The varrous iodide conponents in the feed were
identified to include: 5 mehtyylodidedi de et hyl iodide 2-iodo-2-nethyl
propane propyl iodide 2-butyl iodide 10 butyl iodide iodine

hexyl iodide
octyl iodide

15 decyl 1odide
dodecyl iodide

hexadecyl iodide

The predominant high molecular weight organic iodide components identified were

20  decyl iodide and dodecyl iodide.

Comparative Examples of C and D and Example 1

Following the procedure outlined above, the temperature dependence of the guard bed

25  performance was measured for relatively high (ppm) levels of organic 1odides in acetic acid.
Results for dodecyl 1odide (Example C) and hexyl iodide (Example D) at 25°C and for dodecyl
iodide at 100°C are shown in Figure 4. Results indicate that guard bed performance is greatly
enhanced at 100°C over 25°C, particularly for dodecyl iodide. Performance improvements
include both removal efficiency and useful life of the bed.

30

Comparative Examples E.F
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Example 5
Following the procedures outlined above, samples of acetic acid (drying column residue)
from a Monsanto type acetic acid plant containing respectively 540 ppb total iodide (Example

15  A), 238 ppb total iodide (Example B) and 259 ppb total iodide (Example 5). The acid was )
treated, as before, using a silver exchanged Amberlyst®15 guard bed at 25°C and 50°C. Ascan
be seen from Figure 7, performance at 50°C was far superior to removal efficiencies at 2S°C.
Indeed the guard bed removed greater than 99% (nearly quantitative removal) of the total iodide
at 50°C.

20 As part of the present invention it 1s desirable to control the amount of acetaldehyde
carbonyl impurities that are included in the product stream. Some techniques involve the
treatment of acetic acid with oxidizers, ozone, water, methanol, amines and the like. These
techniques might include, for example, the removal of carbonyl impurities from organic streams
by treating the organic stream with an amine compound such as hydroxylamine which reacts

25 with the carbonyl compounds to form oximes followed by distillation to separate the purified
organic product from the oxime reaction products. As noted above, this method adds cost to the
process.

There is disclosed in United States Patent No. 5,625,095 to Miura et al. and PCT
International Application No. PCT/US 97/18711 Publication No. W098/17619 various methods

30 ofremoving aldehydes and other impurities from a rhodium catalyzed acetic acid production
process. Generally these methods involve extracting undesirable impurities from the process
recycle streams to reduce acetaldehyde concentrations in the system. The disclosure of the ‘095

patent and International Application No. PCT/US97/18711 are hereby incorporated into this
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a sting &qomde/hydrogen feed is continuously introduced into the carbonylation reactor just below the

20  agitator which is used to stir the contents. The mixed gaseous feed is, of course, thoroughly
dispersed through the reacting liquid by this means. A gaseous purge stream is vented from the
reactor to prevent buildup of gaseous by-products and to maintain a set carbon monoxide partial
pressure at a given total reactor pressure. By controlling the venting of gases, it is also possible

to control the hydrogen partial pressure in the reactor. The temperature of the reactor is con-

3]
n

trolled automatically, and the carbon monoxide/hydrogen feed 1s introduced at a rate sufficient
to maintain the desired total reactor pressure.

Liquid product is drawn off from the carbonylation reactor at a rate sufficient to maintain
a constant level therein and is introduced to the flasher at a point intermediate between the top
and bottom thereof. In the flasher the catalyst solution is withdrawn as a base stream
30  (predominantly acetic acid containing the rhodium and the iodide salt along with lesser
quantities of methy! acetate, methyl iodide, and water), while the overhead of the flasher
comprises largely the product acetic acid along with methyl iodide, methyl acetate, and water. A
portion of the carbon monoxide and hydrogen along with gaseous by-products such as methane,

hydrogen, and carbon dioxide exits the top of the flasher.
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concentration of water in the reaction dium recycled catal yst 15 sol ution
fromthe flasher base, and recycl ed nethyl iodi de and net hyl acetwn}e Mfir oAt

t he over hea e net hyl i odi eaelca,c ter colum.. Al'ternate”
distillati o&hg ‘ﬁ%a@&ﬁa g‘%’d i’ 359 B%Yﬁné%ﬁi{ id5-BRAIG ACIHSREEST or
rec OV%augmt(g%yaﬁ AT ?e%ﬁﬂrﬁvﬁﬁé Qsﬁ@ deE &6 KA tHQbés@?]{shﬁeﬂ SR for Al ¥St

solution, ne , and net hyl acetate. rocess, a m xed carbon
nonoxi peffigationge ldeimaddm reetbodst walll Goewy 1n thteramhmdezdnclmtm cutsidecthe boope @ftthen

reactor just below fhe 2 t at or [ used t ir the contents. The
m xed BESEBLRVeREER &‘Ee 0‘6?1"9 i‘%%%‘é hg WS%& ‘ff“'acﬁf‘%ﬁ §8 T SRS IRE B E c t i ng
g dyy ggﬁpéﬁ eth§ gfé&?@&gsreeyéle@mle%@ohﬁaﬂ@a}e%&otrOmthe reactor to

pr event gaseous by-products and to maintaln a set carbon nonoxi de
parti al pr @hs pnmaay rmctgm/@mtmbmﬂmdeammrsespmceﬂamuﬂ@ arRyyzimgnthe dikqlidnepritdres

vent i ng 8 ases, al so OSSI bl.e ég qc_r ontrol .the dr og{g parti al

pr essuP I ASACHY a5 a<§rthe elaﬁléo E‘r‘?’B@f‘&?ﬁ? OB FRCqnie! 5 Fie the Fgagteryant 4
aut omagd £ 3k ke bARItHE GRAPHE, @@ﬁmnmfh@xﬂ)&@mﬁﬁﬁﬂoh&uwm&%u&@Olugttn arate
sufficiedt to nmaintain thée desired total reactor pressuré. Liquid pr oduct

| S dr avstiahél, ﬁnd)meﬂiyéa ishddiomydintairothe speaified reactien madigmsesidriositiont It ghowdd nt ai n
Ieel e S rod dt flasher .at a, poj nt
O e g RT i Beinddy w B 0T §F P caboby Bribh 2ERE" 1$ sy RO} fitan

(cat al y Sl 5 dr!‘ftl'tsoébn'te?ltéf‘fot: hileane] Bs AdRASE SlalRaFosthelliy] G6kAX: BaRtELY MBSLdTC
acid containing the rhodi um and the iodide salt along with | esser

quant i thiegsethdnoit ¢oplveresbalatost imraedigtelyi toanaly! aaefdtensarif entatithecarhendetiohead
of theref | asher conprises |argely the product acetic acid along wth nethyl
i odi de, ARt hyl acetate, and water. A portion of the carbon nonoxi de and

hydrogen al bngcotdnogas@oess whiclpisaitsaitedaibove, dise cardlpanestemhy habg&ifed, avith

car bon dioxide exits the top of the flasher. K W 02/062740 PCT/ US02/ 03115
1913 f : thepeactands pripg a%rttmalegftly suRRiied tey #si—‘\mathgrﬁ%ﬁéorﬁa@@gothe eﬁ@ywmsem at

i odi deg u

st ean B ety @prAlbhE bres G T blaERR A RNty WLNANR, B0adofbEF,
by net iiiﬁdzs bweifﬂthdmwmg a portitreofatht salutionlebthinargethe uﬁ&lyﬂésyshm siacaetedffedd)e

present invention. The overhead. f om.t he odi.de-acetic amaéi splitter,
Compr | STHE i Py ogTReE YR Lieglie el A o g1 dobee BPL S r R s5rer Ber 9% he
car bonyatsh Riioh 88 SLHit rewamtarmﬁé Yathl a%haﬂuﬁg 86168bn WRIdRAHCIGAHRIHr SR Sed
continually analyzing the liquid confents

20  feed and also equilibrium components.

The following examples are included to demonstrate methods of controlling the level of
aldehyde impurities in accordance with the present invention. It should be appreciated by those
of skill in the art that the techniques disclosed in the examples which follow represent
techniques discovered by the inventors to function well in the practice of the invention, and thus

25  can be considered to constitute preferred modes for its practice. However, those of skill in the
art should, in light of the present disclosure, appreciate that many changes can be made in the

specific embodiments which are disclosed and still obtain a lilke or similar result without

departing from the spirit and scope of the invention.

50  Examples 6-9
A continuous pilot plant equipped generally as described above with a 4-liter reactor
operating at 1.5 liter reaction volume was used to investigate the effect o%hydro gen partial
pressure on the formation of by-products while carbonylating methanol. Operating conditions

and results appear in Table 2 below. “Column Residue Impurities” refers to impurities in the



of the reactor as well as™the carbon nonoxide and hydrogen content of the
gas in the reactor vent —~and, on the basis of theseanalyses, controlling

t he fl owwad ox@ehion nonoxi de, hydrogen, water, methanol, ar@r/oeeopk+s odi de
to maintain the specified reaction nmedipgm conposition. It should 10 be
further explained that the nethanol addition to the carbonylatiod}ﬁeaﬁﬁoﬁﬂ@$

based not, on an .analysis of.,dits contents for, nethan ut, rather, on

anal ysoeareriod PRglR S i oF R Fokirih AR Rt tlen & s il

al nost viesRER iy pdraqiRhydh #a8Rid e when it enters the carbonyl ation
reactor. In a continuous process which is described above, the catal yst
systemis nmaintained, with 15 the reactants being continuously supplied to
the reaction zone containing the catal yst systemat the desired tenperature-
and pressure. The products are continuously w thdrawn, as described above
by withdrawi ng a portion of the solution containing the catalyst system
unreacted feed, equilibriumconponents, and the desired product. The
desired product is then separated from such solution to permt recycling of
t he catal yst containing solution which includes unreacted 20 feed and al so
equi i brium conponents. The foll owng exanples are included to denonstrate
nmet hods of controlling the | evel of aldehyde inpurities in accordance with
the present invention. It should be appreciated by those of skill in the
art that the techniques disclosed in the exanples which follow represent

t echni ques di scovered by the inventors to function well in the practice of
the invention, and thus 25 can be considered to constitute preferred nodes
for its practice. However, those of sldll in the art should, in light of
the present disclosure, appreciate that many changes can be made in the
speci fic enbodi nents which are disclosed and still obtain a |like or simlar
result without departing fromthe spirit and scope of the invention. 30
Exair_ules 6-9 A continuous pilot plant equi pped generally as descri bed
above with a 4-liter reactor operating at 1.5 liter reaction volunme was
used to investigate the effect of hydrogen pattial pressure on the
formati on of by-products while carbonyl ati ng net hanol. Operating conditions
and results appear in Table 2 below. "Colum Residue Inpurities" refers to
inmpurities in the WD 02/062740 PCT/ US02/ 03135 20 crude acetic acid product
and "H2pp" refers to the partial pressure of hydrogen in the reaction

vessel in pounds per square inch absolute. WO 02/ 062740 PCT/ US02/ 03445
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Tabl e 2~ Hydrogen Parti al
Reactor H2pp (psia) 20 3.3 9.4 14.6 Met hanol
15. 0 15.W0 oReactoor Conposition Met hyl

PressureiRata Exanples 6 7 8 9
Feed (gans/mn) 14.9 15.0

| odirde, wt % 10. 6 1RCODULQR/B+410. 9

Met hyl Acetate, wt % 2.6 2.5 2.5 2.5 \Mater, wt %4.0 4.0 4.1 4.3 Rh, ppm

631 652 657 651 Lil, wt %6.6 8.2 8.4°8.7

Rat. Tenp. deg C 195.2 194.0

191.8 192.3 Colum Residue Inpurities Propionic Acid, ppm 1400187363590
Cr ot onal dehyde, ppm1 4 6 8 2-ethyl-Crotonal dehyde, ppm1 3 68 Butyl

Acetate, ppm 3 6 13 16 Aspg@m.

| ower hydrogen partial pressur

bey8R88n PAE] PERME DYtaprofile is inproved at
es'in_ 5 the reactor. Wiile the foregoing

exanpl es Befmsiss rate the redug
be appreciated by one of skill

tion6of crotohal dehyde8and the li%ke, it wll

inthe art that other inmpurities and

bypr oduct Bedctorrilgnh @) cat al yz

ed @4k bonyl aBidn systéhé i ncl udd4sut ane,

e R,

hexyl io0 ‘
to mnimze production of the
controlling the acid al dehyde
| ow conceReacher Enmpofitioat hy|

which is | oyed. for .t he foll
above anﬁgﬁﬁ%dg%%“(“a)j’ a liqu
flasher, m@thy(grettey®itbyl i odi
carbonyl ation reactor is typi
reacting WakhiHt @ontents are 1

Rh, ppm
Lil, wt %
Rx. Temp. deg C

Column Residue Impurities
Propionic Acid, ppm
Crotonaldehyde, ppm
2-ethyl-Crotonaldehyde, ppm
Butyl Acetate, ppm

i Udiﬁ?‘?»’[i et hal;%é, o ctﬁ"i?;%.o_abct ate—ethyt—i odi de,

i np es. ese i nvent i dn-Y10 appears
e inmpurities as well. «<Anot her met hod of

i nvol ves operating the process at relatively
odi de A typical honbgeneous reaction system
ow 6exarrpl 0i S gep@gal ly as 1? scri bed

i d-phiase carbonyl ati on"react or, %) a 15
de-ageti c acid splitters colum. Jhe

cally a stirred autocl4a1ve Wi t hi n4§/\,hi ch the

|i nt*ad ned :
631 652 657 651
6.6 8.2 8.4 8.7
195.2 194.0 191.8 192.3
140 197 363 500
1 4 6 8
1 3 6 8
3 6 13 16

As can be seen, the impurity

the reactor.

n

While the foregoing examples demonstrate the reduction of crotonaldehyde and the like

it will be appreciated by one of skill

catalyzed carbonylation systems inc

profile 1s improved at lower hydrogen partial pressures in

3

in the art that other impurities and byproducts in rhodium

lude butane, butanol, butyl acetate, butyl iodide, ethanol,

ethyl acetate, ethyl iodide, hexyl iodide and high boiling impurities. The present invention

Another method of controlling the acid aldehyde involves operating the process at

tion system which is employed for the following examples is

mprises (a) a liquid-phase carbonylation reactor, (b) a

10  appears to minimize production of these impurities as well.
relatively low concentrations of methyl iodide.
A typical homogeneous reac
generally as described above and co
15

flasher, and (c) a methyl iodide-acetic acid splitter column. The carbonylation reactor is

typically a stirred autoclave within which the reacting liquid contents are maintained



22 automatically at a constant level. Into this reactor there are
continuously introduced fresh nmethanol, sufficient water to nmintain at

| east a wonrb@746>50 ppm and preferably at | east about 0. 1PCWUBY2/03445
concentration of water in the reactiog medi um recycl ed catal yst 4sofjut nong
fromthe flasher base, and recycled n@thyl i odi de, nethyl acetate and water
fromthe overhead of the nmethyl 5 iodide-acetic acid splitter colum. A

di st i laustmanioaldy staeronstant lseele iploohesdeacor thereties cqutiowewsy iizoducehfiesis ed
overhead streapfromthe flasher. . The resi fromthe.flasher is

Fecl r Cuatich SEBTTE Vop S 48 ARG YT HOTOKCHD RS BRhPIeAiee % ot 1M Bde

I nto %%I)tcBﬂéeﬁinamﬂofiw&ﬂ@?ﬁ%@ r¥idiBh tnddien, S8y PQIVHAYHABIVHRAF RS the/flAASLOUS
purge streamis vented fromthe head of the Teactor to prevent buildup of .
gaseolssdynpreoseled methy] iodidei methihacatateandosztbofiomdho givetbeghbofithamegrdssur e at
a given 10 total. reactor pressure..The tenperature gnd pr re of the

Fedet Srdidrecdeaeitran By Rote RHOVERR CRE o e aess Buct | s
dr awn g ferksE P AIGRERATYIA O dheACTI refilud bl e SUEHdr ¢4 RBircliftedtBkHY ai N a
constant level therein and is intfoduced to the flasher at a point

i nt er meaditat €ajemweenoxidais coppnanislibotrodunedhetogof tharpugity dispershé withirethe

catal yst, solution is withdrawn as .a base stream 15.predepinantly acetic acid
cont al ARG FHER FREGE U SR AR PESTI S VHaT AGTb e CRAF SRy et @ eeyent
quant iduijgsy 6f g RBSRWy-Reehctaad toeidmthinia0@t S@bo@n¥¥ate bartidhplessurd gt £pRegNsed
over head of t%e flasher conprises largely the crude product, acetic acid,
all8ng telial tsagiet pressur s dl kpetempstaiyie angd peasae of Mirdrep@eieare caneliad ohmethodhe

car borllmnon%qh%%ﬂal ong with gaseous by-products such as nethane, hydrogen,
"and carbon dioxide exits the top of the flasher. 20 The dry acetic acid
(<1500 ppmOCradeliguippestivet isidvaen afinfrdm olm ¢dboyéanatadibreatmahieyufficient to

i odi de-acetic acid splitter colum (jt cﬁan al so be withdrawn as a side

st r eamiHBAR & PESBESIEYClBFro AddS IR e Hagher a%%P?@HI%Wgt%B@%P ch
are obyl gSak 8ok BRsRerss hetk AN ECARL ARG IRLER wiidaiGs h dasd fikaspope of
t he present 1nventions. The overhead fromthe nethyl 1 odide-acetic acid
spbi t tpegdontoamplyisskigacndicohtginmeg g Irhoddindetal yse td/theacdtiatat alodg wathdesser s
recycled to the 25 carbonyl ation.reactor The foll ow ng, speci f.i xanpl es
Lo SIS oF BEtohactie e EYb s 2ot Shier litfelt s iamct PGSR Those
exanplRshampAtes 1A8RARE critRWRY@lct, dcetid hdll talOHg WRE tdief] 16di8e Se&RH of the
invention in any way and shoul'd not be construed as providing conditions,
par aneeeints, angrwatgl ub Portihi efiheraarbop marpkide 2bangenigh gaseoes Yy-prpdueidsnch as

pract in%ﬁhe;ng,eh)pcﬁ'g ge%fltam& BMEOL 'd%r}.lde?’&lgﬁmh%? tl‘geoﬂajsﬁer.

20 The dry acetic acid (<1500 ppm water) product is drawn from the base of the methyl
iodide-acetic acid splitter column (it can also be withdrawn as a side stream near the base) for
final purification as desired by methods which are obvious to those skilled in the art and which
are outside the scope of the present inventions. The overhead from the methyl iodide-acetic acid
splitter, comprising mainly methyl iodide, methyl acetate and water, 1s recycled to the

25  carbonylation reactor.

The following specific examples are supplied for the purpose of better illustrating the
invention. These examples are not intended, however, to limit or restrict the scope of the
invention in any way and should not be construed as providing conditions, parameters, or values

which must be utilized exclusively in order to practice the present invention.

Examples 10-12

Continuous methanol carbonylations were performed in a reaction system as described
above, which includes a stirred reactor, a flasher, and a methyl iodide-acetic acid splitter

column. Except for varying methyl iodide concentration the reaction conditions were repeated



Cont i nuous net hanol car-honyl ati ons were perforned in a reaction system as
descri bed above, which includes a stirred reactor, a flasher, and a methyl
i odi de- aced bzocaciod splitter colum. Except for varying nelt(WUSQ-dt}i#tﬁe

concentration the reaction conditions e repeated WO 02/ 062740

PCT/ US02/ 03445 23 in each of the fol I OW ng exanpl es so as to den@®rdst i at &5
the effect of reduced nethyl iodide acet al dehyde g achi eved

st eady 8teagleofdbn il M%ﬁ%e’é@‘%l%s%ﬁ fo ’rc‘r‘?ﬁt‘?‘tﬁﬁhﬁ &t ghiedu B{hr& Y’a‘loijﬁﬁ O} he

reactor, gﬁmtehg&ously to maintain constant target reaction conpositions and
condi tions 5 indicated in Table 3. Then, for at |east 12 hours
thereafter, Emhaumashioellseeatpdtamcomplioins bafore colimting ainperdtytdata bydomatting hat

t he car bonyI ation rea(itl on was. i n steady-state node. The resul ts.of Exanples
10- 12 dPeIS3FO0 FRRSHUPHS T&bP’éJI%alu\W’Pﬁa?téé‘éékﬁea‘Etﬁ’W@S%“mﬁ ARd copdiiiRns: 8% e mass

bal anc &, gialidg il ¥ Thef!fot £A8kst 32 bBuRAULeRRL! Bfla Hlas BIBRMA TGS were
condi tions resul P Exanpl es 10 and 12’ each represent si ngl e nmass
bal ancemainnine@he indésatd ﬁmtmbcﬁ&wmpla@onmeamomms ansteadyrségge nefdet wo mass bal ance

operatin i ods. AUOUS lts 10 2 EACTIO\I
CONDI TI ONS L¥e TESH ts(?g? %fémfb"s € %‘ﬁ% @?%%o’ g{%‘% ABRST t°(l(}ﬁbjf%/§ €0 4.1
3.9 Mkl AACRLANRIOVE A takeeB 021617 a@lcQst a'thhlaﬁf drili ﬂ@teﬁé%’_&ta?@cogdﬁlo%s 5Tﬁe 7
Hydrogen Partial Pressure (psia) 12 11 11 ACG%IC Acid -hr) 7 11 16
REACT OReODSICENXRAPIeON Avé aleel@hsp@ecswmnﬁlamasibalm ag. dhe rdselts ethxample
ac?bgl elqe de concer}Irat on reactor.is reduced with a reduction of

15 *NEl . R @{n?feilf‘ge WPH’%?‘SSE? 8? Og?ra?’?‘mp?rhgéntl on, there is provided a

 method of reducing the Color Value (Pt- Co) units of acetic aci d, hereafter

‘referred to as APHA Col or Val ue. Typically, this_ nmethod involves treating
acetic acid to achieve a cOomdF St &ARUPEHPPEFEIN BEsUNEl ow about 5 APHA
10 11 12
REACTION CONDITIONS
Lil (wt %) ' 10 10 10
Rh (ppm) 630 610 620
Water (wt %) 4.0 4.1 3.9
Methyl Acetate (wt %) 3.0 2.7 3.0
Methyl Iodide (wt %) 2.0 3.5 6.7
Hydrogen Partial Pressure (psia) 12 11 11
Acetic Acid STY (mol/L-hr) 7 11 16
REACTOR CONCENTRATION
Acetaldehyde (ppm) 540 610 660

As can be seen, the acetaledehyde concentration in the reactor is reduced with a reduction of

MEL

—
h

In a still further aspect of the invention, there is provided a method of reducing the Color

Value (Pt-Co) units of acetic acid, hereafter referred to as APHA Color Value. Typically, this
method involves treating acetic acid to achieve a consistently low level of below about 5 APHA

20  color units. To illustrate, 10 samples of acetic acid were examined at various levels of iodide

and color impurities. Only one sample, which was derived from material having an APHA



20 color units. To illustrate, 10 sanples of acetic-acid were exam ned at
various |levels of iodide and color inpurities. Only-one sanple, which was
deri ved wWoopnéateri al having an APHA C WD 02/ 062740 PCT/ BS0A/S0343:3524 W 1W
21n5 Col or Value of 65, exhibited a vazlhue of greater than 5 AP %0|9@;I§ s
units after treatment. This aspect of tThe present invention is bettef " <™

apprecjate ro he anpl es. anpl es 13- 5 resi n.bed was prepared
e AR IR e T T I S N
sites &@M%ﬂlﬁ%m BReftid VB bekA0ipprd R4tBd £rH6ahE ExaGbRsWas obtained fromthe
drying colum residue of a Monsanto-type plant (e.g., line 64 of Figure 2)

and froma residue streamof a heavy ends colum from a Monsanto-type

aceticEﬁ%; gfspbaﬁv_b_ As will be appreciated by one of skill in the art, the .-

heavy hi gher concentration of iodide and color 10 inpurities of
gederal | y tAeesmbed wypprepared endizing Réten & HamgA mbénlysti®rléshalereporbhatesirs,

including decyl iodide and dadecyl ipdide. The dryi. col um resi due and
dryi ngw%ﬂ@J%Pfﬁ%esw&ﬁaéoqugaot Silvep L AEb, firay et Sef QiTea < on ai e by
contr i3G ol M els Pt ' [€pa Sy ARV i ggtail ed
T e O B S e A A S b U

" Col orstigamtcs"e, heavigledskoelunen frionnd dpnsambeypa asedditdd pbotreAis vel beeppreceted o as

Ha Pt-Co color 15 units determ ned. i ce with. AST t nethod
dost it Pt eRiDagiE st et Rrrrd ek hoiEReF SOFGELTTGR SBTBHE B Glghar i qui ds
Usiong iRlatitiBYSE £aballlly (DbBhe Shapeaeasin the RRlin rdétduel Hah@, Rchidigabl e

spectroneter. WD 02/ 062740 PCT/ US02/ 03445 25 0 4 ,oF. 7Table 4 - Col or
Reductdesyil ibdide apéidpdecat iodidrot Hie digthigdeluman ssidva pae dryippeglumpiregdue priked

neavy AL ol s Rl R Ee Ao ttlic bt D SR Bve ) o°
pr oduct0eafds gtrthet @atailod guTable ddietigy 0 s Dssd hgeia ot Qutor Value”, “Pt-Co Color Units”,
“Color Units”, and like terminology refer to APHA, sometimes referred to as Hazen Pt-Co color
15  units determined in accordance with ASTM test method designation D1209-62 “Standard
Method of Test for Color of Clear Liquids Using Platinum-Cobalt Color Standards™, preferably

utilizing a suitable spectrometer.



residue +0.1 % heavy ends for: Feed 728.0 65.0 154 hours 12.3 4.6 9 hours
13.4 4.5 14 hours 3.6 5.6 20 hours 4.6 4.8 20.3hours 8.1 4.5 20 average
8.4 4.8 wRegimzBed outl et product after continuing feed WPCA/EHOPORYScol um
Resi due without heavy ends: 25 Continupfig with new feed 197.0 5.6 30 hours
5.3 4.4 36 hours 2.0 4.4 41 hours 83 4.2 30 average 5.2 4.3 Resi¥ %ed!!=205
Rohm & Haas Anberlyst (r it 0% sites in,the Ag+ form Continuous
operating conditions: Feé;éae\gft'éag}%ﬁ%m ncgb%l %Ftﬁcfrég?dhour 35 Bed Tenperature
= 75 degrees C Addition of 0.1 % heaviptgne&dé o t he Rrgibayarel um resi due

feed material was used to accelerate yexhausti onppbothigsy esin by

i ncreasi.ng the concentration of .the sa i odi de and col pr. body species

al r_eagf‘“"bag@é'é‘ﬂ’tg 40 Esuip Ialenaly As cgl§7be seen, treat®ent with the resin
particularly at elevated tenperatures is eff WO 02/062740 PCT/US0210 V 26

t han 1Bryieg ghlumpaes et %obeatends (b) wi’fdrawi ng a stre@ of the reaction
medi unffbr axceletated exdaoston tedis) vapori zing a portion of the withdrawn mediumin
a flashing step; (c) distilling the flashed vapor to forma liquid acetic
acid product streamutilizing ina primary purification train up to two
digt il kadih 084 6@ldiFRsdushiftee provi ding one or nore recycle streams to said

r eact of;n+ANehOfekdhe LEHYMhHGoluRMH des fromsaid liquid acetic acid product
stream.aid. $hT9h halsUat breontrol 1ing

Feed 728.0 65.0

15 4 hours 12.3 4.6
9 hours 13.4 4.5

14 hours 3.6 5.6

20 hours 4.6 4.8

20.3 hours 8.1 4.5

20 average 8.4 4.8

Resin bed outlet product after
continuing feed with drying column
Residue without heavy ends:

25
Continuing with new feed 197.0 5.6
30 hours 5.3 4.4
36 hours 2.0 4.4
41 hours 8.3 4.2
30 average 5.2 43
Resin bed = Rohm & Haas Amberlyst ®15 with 10% sites in the Ag+ form.
Continuous operating conditions: ~ Feed rate = 4 to 5 Bed Volumes/hour
33 Bed Temperature = 75 degrees C
Addition of 0.1% heavy ends to the Drying column residue feed material was used to accelerate
the exhaustion of the resin by increasing the concentration of the same iodide and color body
species already present in the stream.
40

As can be seen, treatment with the resin particularly at elevated temperatures is eff



the Col or Value of said-acetic acid stream such that~the product has an
i odi de content of |ess "than about 10 ppb iodide and a Col or Val ue of | ess
t han abou© 02/0627¢r ef erably | ess than about 5, wherein sai BCngfﬂﬁz/oﬁriegqvibqg
i odi des and controlling the Color Valug of said product stream c iStls 2008
essentially of contacting said liquid d%etic acid product streamwith a
silver or a 10 nercury exchan(gbed i.on exchange substrate at a tenperature of

at | edban kbhwigighs perogpicaiavaierat (0) vatslrawing agdreamnf thy reppfeoramediim Spmetbeof sai d

resin _have heen _copverted.to il or 0 T t.hod.. of
tr ot i H g R AR A i o F Al BleallRL S Mol 15 MR
Col or f\ahstevator @ eahed liglancahoatid groaﬁ& stieemudREinpdntageinhag puEchiisitir8n

acetic acid product stream 15 with a silver or a nmercury exchanged ion
ex chanpetoswp shistdtagion colymmns yhulearpyidingfongtor |Inaefs fecyplssresnEt s stastart ahdast

ong percent of t {1 .Sl e - Sal: esl e be ted to.the

ot Puerbronepiei RS AL S S S R okl B SR RS BB e
of | eshe Cowt \adv@sibf 2id adetie heldrserabmanth tH2o thet fro®st hiearsiodidecoatdnlohrss a Col or
Val ue of greater than _about 10 prtor to contacting the streamwth said

si | vertha abasi é0ppb ésddamseaCpion Vekusrtlgs thapahquad & Profpmblalasy thapeberied,acet i ¢
acid ' o :hedi aees¥ o ndi [ ment

N th e e e oL S e o b

i nventdoasishasseneelly desmitadiad said [deidadetibariel modhcabsaen wathi aotiserodafi cati ons
to specific enbodinments within the spirit and scope of the present

i fentPERUE PIChERESAdeR PXPanghHPRFEHE 2t & AIRRFSRG ek {925t B0RUL B Cavvberemme

Pr esentad BYPLLon drSnd8hivBefed JF LI -8RRENE 8L A AV ERed d%?mé?suééb B nled &Jya' med
is: 1. cont i nuous process For produci ng acetic acid conprisi ng: ?a

react ifognmet hanol with a carbon nonoxi de feedstock in a carbonyl ation

reactor haqlding.,a.catalytic reaction nmedium whi]e intaining {n said

Feact | on metAFHGR ORFREE Be Gt Cecd] SRS KB GHPRES Foa Sroah prvnEe
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(d) renoving iodides fromsaid |iqguid acetic acid product stream and
si nul teAsedE&Iment. Sometimes the acetic acid has a Color Value of greater than about 10 prior to

contacting the stream with said silver or mercury exchanged ion exchange substrate. Typically,

20  the acetic acid stream contains decyl iodides and dodecyl iodides prior to treatment with said
silver or mercury exchanged ion exchange substrate.
While the invention has been described in detail here and above various modifications to

specific embodiments within the spirit and scope of the present invention will be readily

apparent to those of skill in the art. The present invention is defined in the appended Claims.



controlling the Color Value of said acetic acid stream such that the product
has an iodide content of |ess than about 10 ppb iodide and a Col or Val ue of
| ess than about 10, wherein said stepdf renoving iodides and Bdnn}ﬁfgl 2080
the Col or Val ue of said product stream consists essentially of contacting
said liquid acetic acid product streamwith a silver or a nercury exchanged
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silver or mercury form.

2. A method of treating an acetic acid stream having a Color Value of
greater than about 10 comprising contacting said liquid acetic acid product stream with a
silver or a mercury exchanged ion exchange substrate at a temperature of at least about
50° C. wherein at least one percent of the active sites of said resin have been converted to
the silver or mercury form such that the treated acetic acid has a Color Value of less than

about 10 after treatment.

3. The method according to claim 2, wherein said acetic acid has a Color
Value of greater than about 5 prior to contacting said stream with said silver or mercury
exchanged ion exchange substrate, and a Color Value of less than about 5 after such

treatment.

4. The method according to claim 3, wherein said acetic acid stream contains
decyl iodides and dodecyl iodides prior to contacting said stream with said silver or

mercury exchanged ion exchange substrate.



portion of said withdrawn mediumin a flashing step; (c) distilling the
flashed vapor to forma liquid acetic acid product streamutilizing in a
primary purification train up to two d&tillation colums while providing
one or nore recycle streans to said reactor; and (d) renoving iodﬁcﬁesggﬁrm
said liquid acetic acid product stream such that the product has an iodide
content of |ess than about 10 ppb iodide, wherein said step of renoving
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stream ut iffgnZ the@cétit aRid product stream is selected from the group consisting of (i) contacting

said liquid acetic acid product stream with an anionic ion exchange resin at a temperature

of at least about 100° C. followed by contacting said liquid acetic acid product stream

with a silver or mercury exchanged ion exchange substrate wherein at least 1 percent of

the active sites of said resin have been converted to the silver or mercury form or (ii)

contacting said liquid acetic acid product stream with a silver or a mercury exchanged ion

exchange substrate at a temperature of at least about 50° C. wherein at least one percent

of the active sites of said resin have been converted to the silver or mercury form, and

further comprising controlling the level of aldehyde impurities in said product stream by

removing aldehydes from said recycle stream.

6. The process according to claim 5, wherein said aldehydes are removed

from a recycle stream by distillation.

7. A continuous process for producing acetic acid comprising:
(a) reacting methanol with a carbon monoxide feedatock in a carbonylation reactor

holding a catalytic reaction medium while maintaining in said reaction medium during the



primary purification train up to two distillation colums while providing
one or nore recycle streams to said reactor; and (d) rempving iodides from
said liquid acetic acid product strear@%uch that the pr oduct hasM ,,,o,
content of |ess than about 10 ppb iodide, wherein said step of vitng <O
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the I evel QfiJaRirbyl wiRdide hédiud gﬂgsqalg%ts% is maintained at a level of from
about 1 to about 5 wei ght percent. conti nuous process for producing
acetic aci(e) dstijimg therflpshqdayappeteciormg limvichagetic avidtproduct sirdson utihivescinge
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about 2 to about 20 wejght percent effective as a catalyst  stabilizer and
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contacting said liquid acetic acid product stream with a silver or a mercury exchanged ion
exchange substrate at a temperature of at least about 50° C. wherein at least one percent
of the active sites of said resin have been converted to the silver or mercury form, and
further comprising controlling the level of aldehyde impurities in said product stream by
maintaining in said reactor a methyl iodide concentration of about 5 weight percent or

less.

8. The method according to claim 7, wherein the level of methyl iodide in

said reactor is maintained at a level of from about 1 to about 5 weight percent.

9. A continuous process for producing acetic acid comprising:
(a) reacting methanol with a carbon monoxide feedstock in a carbonylation reactor
holding a catalytic reaction medium while maintaining in said reaction medium during the
course of said reaction at least a finite concentration of from about 0.1 weight percent up
to less than 14 weight percent of water together with (i) a salt soluble in the reaction

medium at the reaction temperature in an amount operative to maintain a concentration of



(d) controlling the level of iodide inpurities in said product stream by

mai ntai ning a hydrogen partial pressure of |ess than about 6 psia in the
reactor at a total pressure of from aout 15 to 40 at nospheres qu the oane
reactor; and (e) renoving iodides fromsaid liquid acetic acid pfodict: “*
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10. The method according to claim 9, wherein said product stream contains

organic iodides, at least about 25% have an aliphatic chain length of C10 or greater.

11. The method according to claim 10, wherein at least about 50% of the

organic iodide in said organic media comprise organic iodides having an aliphatic chain

length of C10 or greater.

12.  The method according to claim 9, wherein said organic iodides comprise
iodides selected from the group consisting of decyl iodide (C10) and dodecyl (C 12)
iodide.

13. The method according to claim 12, wherein said treatment is effective to
remove at least about 90% of the decyl (C10) and dodecyl (C12) iodides from the organic

medium.

14. The process according to claim 5, wherein said step of removing iodides
from said liquid acetic acid product stream comprises contacting said liquid acetic acid

product stream with a polyvinylpyridine resin.



out a tenperature of at |east about 150 C. 18. The process according to
claimb5, wherein said step of renoving iodides fromsaid liquid acetic acid
product stream conprises contacting sdld product streamwith a 04 Jm fgg
macroreticul ar, silver or nercury exchanged ion exchange resin wherein ‘
| east 1% of the active sites have been converted to the silver or rrercury
format a tenperature at |east about 50 C. 19. The process according to
claimb5, whereig sai n tic acid
product stream ?onprlﬁlggég%gﬁf;%%ﬁmwo%%q@%mlﬁ reg%&éoh&%& S
macr or et i cau¢ta:rqc1ctpﬂ0dw sgreanrevithusaid motphahgedineansiexcimmeboutesiempwherei n - at
| east 1% %ffat ?a &Ilgl(ﬁ,(/SIteS have been converted to the silver or nercury
format aténperatiUre’atleast about 60 C. 20. The process according to
claim19, wherein said |liquid acetic acid product streamis contacted with
said silver or rcury exchanged.,. roretjc in a t enperature of
at |east about lge u{hﬁinel‘l‘ﬁj:%f’%t‘@s &é’@é’d‘ﬁ'ﬁﬁnﬁ?@ﬂﬁ?ﬁ&ﬁm 1488 £ r om
about 25 tRnabadtiquia%ce adildralatt %%aﬁ'cbﬁpﬂges%hﬁict’i‘i?gcé'a% ahhigukalc 4cpi n have
been converted to the silver form 22. e process according to claim 21,
wher ei n atpirfucEhwaswithaepdrtinyipyrsglidene feéifl said macroreticular resin have
been converted to the silver form 32 4 23. The nethod to claim9, wherein
sai d product stream has from about 10 to about 1000 ppb total iodides prior
to treatnent wilfh sdihd rB@thQ(baccordmgatOCQ]m alaiyn & ovtenge daid cedpi dtiootatting idchange
substrate.. 24. The met hod acc. sai.d.non-.agueous
organic refidd ac&%%f‘cggﬁgo o 1§ Ebwltg S%{Bé’ﬁfy‘d?‘gy ﬁd(fngtrng AT pri or
to treat meata whipbrafiité 6f atSédsvaouOrSOMEY. cury exchanged catl oni ¢ ion exchange
substrate. 25. The nethod according to claim24, wherein said treatnent of
contacting said organic nedia with said silver or nercury exchanged
cationic ion e&@han%emwﬁicsrdnﬁgttomiﬁrﬁo%@;em £1i@5RALEFent Vi Bl 50 C.
is effective to renpve at | east about 99% of the total iodide present in
sai d or gariiom srediliuid 2@:tic Tibid prestuliodirean cometisey confadtingismidprodusestespm it d i on
exchange SURRLYEh&Ssifler SRR xBRlled KACLONL IARAAGR A 145 157BE et hod
according to claim?9, wherein's i 4 st ream prior to coneiactlng

the active sites have been converted to the silver or mercury form at a temperature at least

about 50° C.

19. The process according to claim 5, wherein said step of removing iodides
from said liquid acetic acid product stream comprises contacting said product stream with
a macroreticular, silver or mercury exchanged ion exchange resin wherein at least 1% of
the active sites have been converted to the silver or mercury form at a temperature at least

about 60° C.

20. The process according to claim 19, wherein said liquid acetic acid product

stream is contacted with said silver or mercury exchanged macroreticular resin at a

temperature of at least about 70° C.

21. The process according to claim 18, wherein from about 25 to about 75%

of the active site of said macroreticular resin have been converted to the silver form.

22. The process according to claim 21, wherein about 50% of the active sites

of said macroreticular resin have been converted to the silver form.



said i on exchange substrate, has an iodide content of greater than about 100
ppb organic iodide. 28. The nethod according to claim27, said stream
after contacting said ion exchange sudstrate, has an organic i iddd ottt
of less than 10 ppb.

23. The method to claim 9, wherein said product stream has from about 10 to
about 1000 ppb total iodides prior to treatment with said silver or mercury exchanged

cationic ion exchange substrate.

24, The method according to claim 23, wherein said non-aqueous organic
media contains from about 20 to about 750 ppb total iodides prior to treatment with said

silver or mercury exchanged cationic ion exchange substrate.

25. The method according to claim 24, wherein said treatment of contacting
said organic media with said silver or mercury exchanged cationic ion exchange substrate
at a temperature greater than about 50° C. is effective to remove at least about 99% of the

total iodide present in said organic media.

26. The method according to claim 9, wherein said ion exchange substrate is a

sulfonic acid functionalized resin.

27. The method according to claim 9, wherein said stream, prior to contacting
said ion exchange substrate, has an iodide content of greater than about 100 ppb organic

iodide.

28. The method according to claim 27, said stream, after contacting said ion

exchange substrate, has an organic iodide content of less than 10 ppb.





