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specification.
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(57) Claim
1. A process for removing iodide compounds from a liquid
composition comprising a carboxylic acid having 2 to 6 carbon atoms
and/or a corresponding carboxylic acid anhydride thereof, and metal
ion contaminants, which process comprises contacting the liquid
composition with a metal-exchanged ion exchange resin having strong
acid cation exchange sites at least 1% of which are occupied by at
least one metal selected from the group consisting of silver,
mercury, palladium and rhodium wherein prior to contacting with said
metal-exchanged resin, the liquid composition is contacted with a
cation exchanger in the acid form to remove at least a portion of
the metal ion c:ontaminants.
3. A process as claimed in claim 1l or claim 2 in which the metal
ion contaminants comprise at least one of iron, potassium, calcium,
manganese and sodium.
5. A process as claimed in any one of the preceeding claims in
which the acid-form cation exchanger comprises an acid-form strong
acid cation exchange macroreticular, mesoporous or gel resin, or is
an acid-form chelating resin or an acid-form zeolite.
6. A process as claimed in any one of the preceeding claims in
which the metal-exchanged resin is a macroreticular, mesoporous or
gel resin.
7. A process as claimed in any one of the<preceeding claims in
which at least 1Z of the strong acid cation exchange sites of the
metal-exchanged resin, are occupied by silver.
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COMPLETE SPECIFICATION
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Invention Title: PROCESS FOR REMOVING IODIDE
COMPOUNDS FROM CARBOXYLIC ACIDS AND
CARBOXYLIC ACID ANHYDRIDES

The following statement is a full description of this invention, including

the best method of performing it known to us:
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::L.: PROCESS FOR REMOVING IODIDE COMPOUNDS FROM CARBOXYLIC ACIDS
T AND CARBOXYLIC ACID ANHYDRIDES

The present invention relates to a process for removing iodide
compounds, eg alkyl iodides and the like, from carboxylic acids
and/or carboxylic acid anhydrides. 1In particular the present
invention is suited to purifying acetic acid and/or acetic anhydride

, 5 prepared by the rhodium catalysed, methyl iodide promoted
carbonylation of methanol and/or methyl acetate.

It is known that a problem associated with acetic acid and/or
acetic anhydride produced by carbonylation of methanol and/or methyl
acetate in the presence of a rhodium/methyl iodide catalyst system

10 is that even after distillation, the acetic acid and/or acetic
‘h e anhydride frequently contains small amounts of iodide impurities.

i . Whilst the exact nature of these impurities is not known for

certain, they probably comprise a mixture of iodide compounds such
as methyl iodide and other higher alkyl iodides eg hexyl iodide,

i 15 hydrogen iodide and iodide salts. Such impurities are particularly
troublesome since they poison many of the catalysts which are

employed in subsequent chemical conversions of the acetic acid

g and/or acetic anhydride. A case in point are the catalysts used to
f prepare vinyl acetate from ethylene and acetic acid which are
| 20 extremely sensitive to iodide impurities.

Several methods of removing iodide impurities from acetic acid

and/or acetic anhydride are known. GB-A-2112394, for example,

teaches the use of anion exchange resins. EP-A-0196173 describes
the removal of iodide impurities from non aqueous organic media such

25 as acetic acid by the use of a silver or mercury containing
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macroreticular strong acid cation exchange resin such as Amberlyst
15 (Amberlyst is a Registered Trade Mark).

EP-A-2968584 also describes using silver exchanged
macroreticular resins to purify acetic acid contaminated with iodide
impurities.

I+ has been found that a problem associated with the use of
silver-exchanged strong acid cation exchange resins such as
described in EP-A-0196173 is that the silver may be displaced by
metals which may be present as contaminants in the carboxylic acid
and/or anhydride. This displacement of silver is undesirable as it
may result in a lowering of the capacity and/or efficiency of the
resin and it may also result in unacceptable product contamination
with silver.

The technical problem to be solved therefore is to provide an
improved process for the removal of iodide compounds from carboxylic
acids and/or carboxylic acid anhydrides.

Thus, according to the present invention there is provided a
process for removing iodide compounds from a liquid composition
comprising a carboxylic acid having 2 to 6 carbon atoms and/or a
corresponding carboxylic acid anhydride thereof, and metal ion
contaminants, which process comprises contacting the liquid
composition with a metal-exchanged ion exchange resin having strong
acid cation exchange sites at least 1% of which are occupied by at
least one metal selected from the group consisting of silver,
mercury, palladium and rhodium wherein prior to contacting with said
metal-exchanged resin, the liquid composition is contacted with a
cation exchanger in the acid form to remove at least a portion of
the metal ion contaminants.

By using a cation exchanger to remove metal ion
contaminants prior to use of a resin having metal-exchanged strong
acid cation sites, the displacement of silver, mercury, palladium
and/or rhodium from the metal-exchanged sites by the metal ion
contaminants is reduced.

The metal ion contaminants in the acid and/or anhydride may

arise from corrosion or the use of reagents in the up stream
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process. Any metal ion capable of displacing silver, mercury
palladium and/or rhodium from the metal-exchanged resin should be
removed at least in part by the acid-form exchanger. Such metal
ions may comprise, for example, at least one of iron, potassium,
calcium, manganese and sodium. The metal ion contaminants may be
present typically at less than 1 ppm but higher concentrations may
be present.

The acid-form cation exchanger reduces the concentration of
metal ion contaminants present in the carboxylic acid and/or
anhydride to typically less than 100 ppb preferably less than 50
ppb. The concentration to which it is necessary to reduce the metal
~ontaminants depends upon the capacity of the metal-exchanged,
iodide removing resin bed to tolerate the residual metal
contaminants within its operating life for iodide removal.

Suitable acid-form cation exchangers for removing metal ion
contaminants in the present invention may comprise strong acid
cation exchange resins for examnle strong acid macroreticuler
resins, for example Amberlyst 15 manufactured by Rohm and Haas;
strong acid mesoporous resins, for example Purolite Cl45 or CTl45
manufactured by Purolite and strong acid gel resins, for example
IR120A manufactured by Rohm and Haas. Chelating resins and zeolites
may also be used.

The liquid composition comprising carboxylic acid and/or
anhydride is suitably passed through an acid-form cation exchanger
bed at a flow rate sufficient to achieve the desired reduction in
metal ion contamination. This flow rate will depend upon such
factors as the level of metal ion contamination, the efficiency and
capacity of the cation exchanger and the like. Suitably, a flow
rate of 1 to 40 bed volumes per hour, preferably 5 to 15 bed volumes
per hour may be used.

The temperature of the cation exchanger for metal ion
contamination removal should be suitable to maintain the acid and/or
anhydride in the liquid state. A suitable operating temperature is
in the range 20 to 120°C, preferably 30 to 80°C.

Any suitable pressure may be used for the metal ion
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contamination removal step.
Metal-exchanged resins suitable for removing iodide compounds
in the process of the present invention include metal-exchanged ﬁ
strong acid macroreticuler resins for example Amberlyst 15; |
5 metal-exchanged strong acid mesoporous resins for example Purolite
Cl45 or CT145 or Bayer K2411 and metal-exchanged gel resins for
example IR120A in which the metal is at least one of silver,
mercury, palladium and rhodium.
eee e The metal occupying the at least 1% of the strong acid cation
Teoeet 10 exchange sites of the metal-exchanged, iodide-compound-removing
resin of the present invention comprises at least one metal selected
from the group consisting of silver, mercury, palladium and
rhodium. Preferably the metal is silver.
Operating temperature of the metal-exchanged resin will
oo 15 generally be determined by the operating range of the resin but
cnee should be in a range to maintain the acid and/or anhydride in the
n liquid state, typically 20 to 120°C, preferably 30 to 80°C.
onoee Any suitable pressure may be used for the metal-exchanged resin
) ‘ bed operation.
20 The liquid composition having reduced metal-ion contamination
o o0, is suitably passed through a metal-exchanged resin bed at a flow
; rate sufficient to achieve the desired reduction in iodide
: compounds. The flow rate of acid and/or anhydride through the
metal-exchanged resin bed will depend upon such factors as the level
25 of iodide compound impurity, the efficiency and capacity of the
resin and the like. Suitable flow rates are 1 to 40 bed volumes per
hour, preferably 5 to 20 bed volumes per hour.
The carboxylic acid used in the process of the present
invention may comprise one or more of acetic acid, propionic acid,
30 butyric acid, isobutyric acid, pentanoic acid and hexanoic acid.
The carboxylic acid anhydride used in the process of the present j {f
invention may comprise one or more anhydrides of acetic acid, , @
propionic acid, butyric acid, isobutyric acid, pentanoic acid and ﬁ
hexanoic acid. Mixed carboxylic acid anhydrides may also be used,

35 for example the mixed anhydride of acetic and propionic acids. ;
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Mixtures of carboxylic acids and carboxylic anhydrides may be used.

Preferably the process of the present invention is used for
purifying acetic acid and/or acetic anhydride. The process of the
present invention is particularly suitable for purifying acetic acid
and /or acetic anhydride prepared by the carbonylation of methanol
and/or methyl acetate as described, for example in our published
European Patent Application EP-A-0087870, the contents of which are
hereby incorporated by reference.

The iodide impurities present in the liquid composition
comprising carboxylic acid and/or anhydride may be C; to Cjg alkyl
iodide compounds, hydrogen iodide or iodide salts. The process of
the present invention is particularly suitable for removing C; to
Cio alkyl iodide compounds such as methyl iodide and hexyl iodide.

The present invention will now be illustrated by reference to
the following examples.

Experiment 1 (Comparative Example)

To show the effect of metal ion contaminants on the performance
of a silver-exchanged iodide-removing ion exchange resin the
following experiment was performed.

A silver-exchanged Purolite Cl45 ion exchange resin
(approximately 35% of cation exchange sites in silver form) was
operated at 79°C with a feed of acetic acid to which had been added
hexyl iodide equivalent to a concentration of about 500 ppb iodide
and which also contained about 30 ppb iodide equivalent of other
unidentified iodide compounds. The feedrate of acetic acid was
initially 5 liquid hourly space velocity (LHSV) and then increased
to 10 LHSV. Assuming that all the acid was fed at a 10 LHSV, the
time on stream before iodide breakthrough was calculated to be 950
hours.

This lifetime is shorter than would be expected from the amount
of silver present on the resin. The resin was examined and found to
be contaminated with an amount of calcium ion equivalent to an
average of 0.7 ppm in the feed. Analysis of silver, calcium and
iodide at different positions in the resin bed are given in Table

1., The figures show that silver is moving down the resin bed, as
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TABLE 1
Concentrations % by weight Silver
Position in (figures in brackets mol Utilisation
Resin Bed per kg of resin) (1)
(%)
Silver Calcium Iodide
Top of resin bed| 6.2 (0.57)[2.85 (0.70){2.5 (0.20) 35
(feedpoint)
One third from 8.2 (0.76)12.05 (0.51)|1.7 (0.13) 17.1
top
Two thirds from |[14.9 (1.38)[1.65 (0.41)]|0.6 (0.05) 3.6
top
Bottom of resin |[13.1 (1.21)|0.24 (0.06)|0.1 (0.008) 0.6
(outlet)

(1) defined as iodide concentration/silver concentration x 100%

on a molar basis.

calcium accumulates at the top of the resin bed.
Experiment 2

A silver exchanged Bayer K241l resin (about 35% of cation
exchange sites in silver form) was operated at 79°C with a feed of
the same composition as Experiment 1. Acetic acid was fed at a LHSV
of 10. For the first 1200 hours of operation the concentration of
silver in the acetic acid leaving the bed was <30 ppb. The
concentration of silver then steadily increased such that after 1800
hours it was 350 ppb and after 2200 hours it was 700 ppb. After
2200 hours the resin was examined and found to be contaminated with

calcium ion equivalent to an average concentration in the feed of
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0.6 ppm for the duration of the experiment. Analysis of silver,

calcium and iodide at different positions in the resin bed is given

in Table 2.
TABLE 2
5
Concentrations % by weight Silver
Position in (figures in brackets mol Utilisation
.o Resin Bed per kg of resin) (1)
B @)
he 10
:?°' Silver Calcium Iodide
e Tt Top of resin bed| 3.9 (0.36)|4.9 (1.23) [2.5 (0.19) 53
(feedpoint)
o 15
Rk One third from | 6.9 (0.64)|3.6 (0.90) [3.0 (0.24) a7
e top
Two thirds from |[13.5 (1.25)|1.6 (0.40) (2.4 (0.19) 15
ﬁ top

k 20

L Bottom of resin |19.0 (1.76)]0.6 (0.15) ]0.4 (0.03) 2
';.é (outlet)

(1) defined as iodide concentration/silver concentration x 100%
25 on a molar basis.

Again, as in Experiment l, the silver has migrated down the

bed. In this case it has been so severe that unacceptable levels of

silver have leached into the liquid acetic acid during the latter
30 part of the Experiment.
Experiment 3

To show the benefits of removing metal ion contaminants from

iodide-contaminated acetic acid prior to removing the iodide
impurities using a silver-exchanged resin the following experiment : ﬁ

35 was performed.
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Acetic acid to which had been added hexyl iodide equivalent to
an average of 1105 ppb iodide, 170 ppb iron, 75 ppb potassium and ]
which also contained an average of 430 ppb calcium, (not added) was %
pussed through two sets of resin beds at 79°C at a LHSV of 10.
5 Experiment 3A used 30 ml of silver-exchanged Purolite Cl45
similar to Experiment 1 only and is a comparative experiment.
Experiment 3B used 30 ml of silver-exchanged Purolite Cl45
similar to Experiment 1 and upstream of this was 30ml of Purolite
C145 in the acid form. This is according to the present invention.
seoe’ 10 The iodide breakthrough occurred after 5190 hours for
:o" ) Experiment 3A and after 5000 hours for Experiment 3B.
The silver-exchanged resins were analysed for silver, potassium
ion and iodide but by a different technique to that used for
Experiment 1 which did not allow for calcium determination. The
15 results are shown in Table 3.

The results in Table 3 show that the resin bed in Experiment 3B

has less metals than in Experiment 3A such as potassium and iron,

| o these having been removed by the acid-form resin pre-bed. The

: ' lifetime of the silver-exchanged resin bed without the acid-form

20 resin bed was comparable with that of the resin bed with the

! acid-form resin pre-bed because the concentration of metal ion
contaminants was rather low, so that the resin bed could accommodate

their build-up within the lifetime dictated by its silver loading.

Similarly, the distribution of silver within the two resin beds was
25 not significantly affected. Had the metal ion contaminants teen

present at higher concentrations it is expected that in the absence

of the acid-form resin pre-bed they would have had a adverse effect

on the lifetime of the silver-exchanged resin bed for iodide

compound removal. This is illustrated by the shorter lifetimes of
30 the silver-exchanged resin beds in Experiment 1 compared to those of

Experimeat 3 (low metal ion contaminants).
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TABLE 3
Concentration % by weight Silver
Position in (figures in brackets mol per kg of resin) Utilisation
Resin Bed (1)
Silver Potassium Iron Iodide (%)
3A 3B 3A 3B 3A 3B 3A 3B 3A 3B
Top of bed |7.6 (0.70)|7.7 (0.70){ 0.42 0.04 1.8 0.6 6.5 (0.51) 8.0 (0.63) 73 89
(feedpoint)
One third 8.0 (0.74)18.3 (0.77)| 0.33 0.02 1.5 0.5 6.5 (0.51) |10.6 (0.83) 69 108 ©
from top
Two thirds |7.7 (0.72)]8.4 {0.78)] 0.32 0.02 1.2 <0.5 5.9 (0.46) 5.8 (0.46) 65 59
from top
Bottom of 8.5 (0.79){9.5 (0.88)| 0.21 0.02 {<0.7 0.7 2.6 (0.21) 1.0 (0.08) 26 9
resin bed

B SRR E R

(1) defined

as iodide concentration/silver concentration x 100% on a molar basis
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Claims:

Tenee 1. A process for removing iodide compounds from a liquid

‘ composition comprising a carboxylic acid having 2 to 6 carbon atoms
and/or a corresponding carboxylic acid anhydride thereof, and metal
ion contaminants, which process comprises contacting the liquid

KL 5 composition with a metcl-exchanged ion exchange resin having strong
. acid cation exchange sites at least 1% of which are occupied by at

least one metal selected from the group consisting of silver,

Lo, mercury, palladium and rhodium wherein prior to contacting with said
.:::: metal-exchanged resin, the liquid composition is contacted with a
v 10 cation exchanger in the acid form to reinove at least a portion of

o av the metal ion contaminants.

2. A process as claimed in claim 1l in which the liquid composition
comprises acetic acid and/or acetic anhydride.
3. A process as claimed in claim 1l or claim 2 in which the metal
15 ion contaminants comprise at least one of iron, potassium, calcium,
manganese and sodium.
4. A process as claimed in any one of the preceeding claims in
which the iodide compounds comprise C; to Cjg alkyl iodides.
5. A process as claimed in any one of the preceeding claims in
20 which the acid~form cation exchanger comprises an acid-form strong
acid cation exchange macroreticular, mesoporous or gel resin, or is
an acid-form chelating resin or an acid-form zeolite. &
6. A process as claimed in any one of the preceeding claims in %
which the metal-exchanged resin is a macroreticular, mesoporous or

25 gel resin. v; :g

10
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7. A process as claimed in any one of the preceeding claims in

which at least 1% of the strong acid cation exchange sites of the

metal-exchanged resin, are occupied by silver.

8. A process for removing C; to Cjg alkyl iodides from a liquid

composition comprising acetic acid and/or acetic anhydride, metal

ion contaminants and C; to Cjg alkyl iodides whiclh process comprises
the steps of:

(a) passing the liquid composition through a resin bed comprising
acid-form strong acid cation exchange resin at a flow rate of 1
to 40 resin bed volumes per hour and at a temperature in the
range 20 to 120°C to remove 2t least a portion _f the metal ion
contaminants, and

(b) passing the product of step (a) through wn ion exchange resin
bed comprising an ion exchange resin havi g strong acid cation

15 exchange sites at least 1% of which are oc‘:upied by silver, at

a flow rate of 1 to 40 resin bed volumes pe.. hour and at a

temperature in the range 20 to 120°C.

9. A process for removing iodide compounds from a
liquid composition comprising a C2--C6 carboxylic acid

20 and/or a carboxylic acid anbhvdAride thereof and metal
ion contaminants, the process being substantially as
herein described with reference to any non-comparative
Example.

25

Dated this 13th day of October 1992

BP CHEMICALS LIMITED and THE.BRITISH PETROLEUM
30 COMPANY P.L.C.

By their Patent Attorney

GRIFFITH HACK & CO.
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::“ ﬂ: ABSTRACT
:°”°‘ PROCESS FOR_REMOVING IODIDE COMPOUNDS FROM CARBOXYLIC ACIDS
:,?‘: AND CARBOXYLIC ACID ANHYDRIDES
In a process for removing iodide compounds from a liquid

e e composition comprising carboxylic acids having 2 to 6 carbon atoms
E,:f or anhydrides thereof, by passing the liquid composition through a
et silver, mercury, palladium and/or rhodium-exchanged strong acid
e cation exchange resin, prior to contacting with the metal-exchanged
‘::': resin the composition is contacted with a cation exchanger in the

K acid form to remove at least a portion of the metal ion contaminants
oo, in the liquid composition which have been found to displace the
) ; silver, mercury, palladium and/or rhodium from the metal-exchanged




