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Case 8026(2)

ABSTRACT OF THE DISCLOSURE

PROCESS FOR THE PRODUCTION OF ACETIC ACID

In a process for the production of acetic acid by carbonylation
of methanol in the presence of a rhodium carbonylation catalyst,
methyl.iodide and an iodide salt stabiliser the improvement resides
in maintaining a finite concentration of water of up to about 107%
by weight and a methyl acetate concentration of at least 2% 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 vapour fraction which is passed to a single

distillation column from which an acetic acid product is removed.
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Case 8026(2)

1
PROCESS FOR THE PRODUCTION OF ACETIC ACID

PROCESS FUR L L e e R S

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 methanol.

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 rhodium catalyst. '

When it is desired to obtain pure carboxylic acid from such
processes it 1s 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

- of monocarboxylic acxd streams containing water and alkyl halide

and/or hydrogen iodide contaminants, which process.comprises (a)

jdintroducing a monooarboxylic acid'stream.containing'water and alkyl

20

.25 |

'hdlidedand/ordhydrogen‘halide contaminants into the upper half of a
distillation zone, (b) removing an overhead fraction containing a
major proportion of the water and any alkyl halide charged to the

‘zone, (¢) removing a stream from the middle portion of the zone and

ebelow the point of 1ntroduction in (a) oontaining a major proportion

of any hydrogen halide present in the zone, and (d) removing a
product'monocarboxylio ac1d stream from the lower part of the zone,

the'product aoid stream being substantially dry and substantially
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free of any alkyl halide or hydrogen halide contaminants charged to
the zone. Although in the examples a product acid stream containing
87 to 132 ppm water was obtained from a process stream containing
fFrom 17.86 to 19.16 percent by weight water in a single, 4O0-plate
distillation column, it is our belief that such a system would
require significantly large column feed and overhead process stream
flow rates and therefore large energy and column diameter |
requirements.

UK patent GB 1,343,855 describes a similar system for the
purification of carboxylic acids but uses two separation stages.

In a process for the production of acetic acid by carbonylation
of methanol, described by R.T. Eby and T.C. Singleton in Applied
Industrial Catalysis, Vol 1, p275-296, 1983, crude acetic acid
product 1is purified in three separate distillation stages (a) a
light 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 distillation, the separated water being
recycled to the reactor, and (c) a heavy ends column in which
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 1O
the process for producing pure, dry acetic acid.

European published patent application number EP-A-0161874
describes a reaction system by means of which an alcohol, as
exemplified by methanol, cén be carbonylated to a carboxylic acid
derivative such as acetic acid while using a liquid reaction medium
having a low water ~ontent. This is achieved by the use of defined
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 component of the crude acetic acid and that the more
water there is in the stream the greater will De the operating costs

and required capital investment in the product recovery-purification
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system. However, in example 1 of EP-A-0161874, although the water
concentration of the liquid reaction medium is reduced to 4 to 5
weight percent from a prior art value of approximately 15 weight
percent, the waier concentration of the crude acetic acid from the
methyl iodide-acetic acid splitter column is only reduced to
approximately 4 to 7 weight percent and would therefore require
further purification to remove the remaining water. According to
Eurbpean patent application number EP-A-0265140 which describes the
same process as in EP-A-0161874, one such method of drying the acid
is a drying column. | |

We have now found that by operating a liquid-phase
carbonylation reaction with a defined iiquid reaction medium
composition it is possible to use an imprbved product reco#ery |
system which uses a single distillation zone.

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.

reaction zone in which there is maintained during the|

course of the process a liquid reaction composition
comprising:

(i) a rhodium carbonylation catalyst;

(ii) methyl iodide; '

(iii) a carbonylation catalyst stabiliser cdmprising an iodide

salt which is soluble in the reaction composition;

(iv) a finite amount of water at a concentration of'uP to

about 10%Z by weight preferably up to about 8% by weight;

(v) methyl acetate at a concentratioh of at least 2% by

weight; and

(vi) acetic acid,

(b) withdrawing liquid reaction composition from the

reaction zone and 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 from the flash zone feed, and

a liquid fraction comprising involatile rhodium catalyst,

3
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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,

(c) recycling the liquid fraction from the flash zone to the
reaction zone, and
recovering acetic acid product from the flash zone vapour
fraction by use of a single distillation zone by:

(d) introducing the wvapour fraction (as a vapour and/or liquid)
from the flash zone into the distillation zone,

(e) removing from the head of the distillation zone a light ends
recycle stream comprising water, methyl acetate, methyl iodide
and acetic acid, and

(f) removing from the distillation zone at a point below the
introduction point of the flash zone vapour fraction, an acid
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

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 process, preferably as a continuous process.

The methanol feed to the carbonylation zone may be essentially

- pure as prepared 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 C4 paraffinic hydrocarbons

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

least 2 psi; preferably up to a maximum partial pressure of about
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150 psi.

The carbonylation zone is preferably maintained at a pressure
in the range 17 to 100 bara, preferably in the range 20 to 40 bara.

The carbonylation zone is preferably maintained at a
temperature in the range 150 to 250°C, most preferably in the range
170 to 220°C.

The rhodium carbonylation catalyst concentration in the liquid
reaction composition is preferably maintained at a concentration in
the range 100 to 2500 ppm rhodium, most preferably in the range 150
to 1000 ppm. The rhodium carbonylation catalyst may be introduced
to the carbonylation zone in any suitable form known in the art.

The carbonylation catalyst stabiliser is preferably an iodide
salt of an alkali or alkaline earth metal or is a quarternary
ammonium iodide or a quaternary phosphonium iodide. The alkali
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
gsalt of lithium, sodium, potassium or calcium, most preferably an
iodide salt of lithium. The catalyst stabiliser may also be a
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 iodide catalyst stablilisers are described in

EP-A-0391680 which describes the use of catalyst stabilisers

selected from the group consisting of quarternary ammonium iodides

having the formula:-
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(1) | +)>_Rl -
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R
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(2) Rl  1-
y §+
R
and (3) OH
1~ 1~
e
I;rl" OH I\'rl'
R R

wherein the R and Rl groups are independently selected from hydrogen
or Cy to C9p 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 comprising the organic
moiety of the alcohol, iodide derivative-and'carboxylic acid. The
Rl.groups on the other hand are Suitably hydrogen or Cj tb Cg alkyl,
bfeferably hydrogen-or C;1 to Cg alkyl with the proviso defined

above. Examples of preferred catalyst stabilisers in each of

classes (l) and (2)'are those where the R groups are selected from

hydrogen, methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec~butyl

_‘and-t—bﬁtyl.

- One particularly preferred class of catalyst stabilisers are

jodide salts of the cation:-
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where (i) Rl and R? are methyl
(ii) R-° is hydrogen
(iii) R3 is Cy to C9g alkyl or hydrogen, and
(iv) R% is C; to C9q alkyl
Most preferred examples of this'class are where (1) R3 = CoHsg,
R1,R? and R% = CH3 and R° = H or (2) R3 and R = H and R!,R2 and R
= CHj3. '
Another particularly important class of catalyst stabiliser is

comprised of iodide salts of the cation

where RO is either hydrogen or methyl, R7 is C; to C4 alkyl and R
is methyl Preferred examples are where (l) R6 = H and R’/ = CoHg,
(2) R6 = H and R7 = t-C4Hg and (3) R6 and R7 = CHj.

Suitable quaternary phOSphinlum.lodides 1nc1ude methyl trlbutyl

‘,‘(phosphonlum 1od1de, tetrabutyl phosphonlum iodide, methyl trlphenyl
haf 1phosphon1um ieodide and the llke |

| The iodide catalyst stabillser may be 1ntroduced dlrectly to
the carbonylation reactor. Alternatively, the iodide ealt may be

"ﬁd”“generated 1n~situ 31nce under the operating condltlons of the

carbonylatlon reactor a w1de range of precursors will react W1th

;'methyl iodlde to generate the 1odide stablllser. Metal iodide

~g-stablllsers may be generated from Ci to C6 carboxylate salts, e.g.

acetate or proplonate salts and quarternary 1odidee may be generated
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The concentration of carbonylation catalyst stabiliser in the
liquid reaction composition should be sufficient to maintain at a
gsuitable level, the activity and stability of the rhodium
carbonylation catalyst at the water concentrations in the liquid
reaction composition. Preferably the catalyst stabiliser is present
at a concentration of at least 0.4 mol per litre of liquid reaction
medium measured at cold degassed conditions and up to the solubility
limit of the stabiliser, most preferably 0.8 mol/l to 1.8 mol/l.

It has been found that certain selected iodide salts suppress
the volatility of water relative to that of acetic acid and so their
presence in the liquid reaction composition reduces the
concentration of water relative to acetic acid in the vapour
fraction produced when the liquid reaction composition is introduced
into the flash zone. These iodide salts are iodides of alkali or
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 volatlility suppressing iodide salt can also act as a
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

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

ligquid reactor composition would produce an unacceptably high water

concentration in the flash zone vapour fraction. Thus, in the

~ 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

concentration of up to 6% is to be achieved in the flash zone vapour
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fraction. With an effective amount of water relative volatility
suppressant the water concentration in the liquid reaction
composition may be increased up to 10Z by weight to achieve up to
about 82 by weight water in the flash zohe vapour fraction or up to
about 8% by weight to achieve up to about 6% by weight water in the
flash zone vapour fraction. The use of such iodide salts is -
described in our European Patent Application Publication number
EP0506240. Suitable concentrations of

relative volatility suppressing iodide salts are in the range 0.17%
to 502 by weight subject to the limit of solﬁbility of the salt. It
will be appreciated that the relativé volatility suppression effect
may be as a result of a reduction in the volatility of the water or
an increase in the volatility of the acetic acid or a combination of
both effects.

- The methyl acetate concentration in the liquid reaction
composition is preferably in the range 22 to 152 by weight,
preferably in the range 3% to 10% 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
least 272 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. '

The water concentration in the reactog 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
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

corrosion metals such as iron and nickel is increased, the
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concentration of by-product propionic acid in the liquid reaction
composition increases. Therefore, whilst the total amount of
corrosion metals should be maintained at a low level, it is
preferable to selectively maintain particular corrosion metals such
as iron, manganese and nickel at the lowest values possible. The
concentration of corrosion metals which have an adverse effect on
the process should be maintained as low as pbssible, for example
typically less than 1000 ppm, preferably less than 500 ppm, most
preferably less than 200 ppm in total. The adverse effect of iron
and nickel in increasing by-product propionic acid production may be
off-set to some extent by increasing the methyl acetate
concentration. Methods for removing metal iodides from
carbonylation catalysts are known in the art, for example methods
which might be used are described in US 4,007,130; US 4,628,041 and
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 preferably maintained at a pressure below
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
or fﬁlly condensed and the vapour fraction may be introduced as a
mixed vapour/liquid 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
about 0.7 or 50 actual stages with an efficiency of about 0.5. Most
préferably 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. Preferably, the
distillation zone has up to about 14 theoretical stripping stages

bélow the feed point and above the base of the zone, most preferably

10



10

15

20

25

30

35

20974770

11

about 3 to 14 theoretical stages. A suitable distillation zone, may
have 18 theoretical stages with feed at theoretical stage 3 to 8
from the base and a crude acetic acid product take off as a liquid
from the base of the zone. Another suitable distillation zone may
have 20 theoretical stages with feed at theorectical stage 8 to 15
from the base and a crude acetic acid product take-off as a liquid
from the base of the zone.

Preferably, the product acid stream may be removed at the base
of the distillation zone or at a point 2 actual stages above the
base of the distillation zone. The acid product may be withdrawn as
a liquid or a vapour. When the acid product is withdrawn as a

vapour preferably a small liquid bleed is also taken from the base

of the zone.

Suitably the distillation zone may be operated at a heads
pressure of about 1.3 barg and a base pressure of about l.4 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
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

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
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 hydrogen

iodide to methyl iodide which is removed in the light ends recycle

stream.

11

it “dRh = Ll
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- It will often be the case that the vapour stream passing
overhead from the distillation zone will be two phase when it is
cooled. When the overhead stream is two phase it is preferred that
reflux to the distillation zone be provided by separating the phases
and using only the light, aqueoue phase; the hea?y, methyl
iodide-rich phase being recycled to the reactor with the remaining
light, aqueous phase ae light ends recycle. The light ends recycle
may comprise less than 5% by weight acetic acid. '

Iodide impurities in the acetic acid product from the single
distillation zone may conveniently be remeved by passing ihe acid
through one or more ion exchange resin beds. Alternatively, the
lodide impurities may be removed by use of a silver salt‘scavanger
as described in EP 0361785.

The acetic acid product may be purified to remove anionic
iodide contaminants by passing it through an anion exchange resin
bed such as described in UK patent application GB 2,112,394, A
particularly preferred resin for removing anionic iodide is a
macroreticular weak base resin such as Reillex 425 (trade mark)
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 e macroporous anion
exchange resin with tertiary amine groups (mono functional).

The acetic acid may be purified to remove organic iodide
contaminants by passing it through a silver-loaded resin bed such as
described in our European patent applicatien publication EP0482787
which describes a process for removing
iodide compounds from a carboxylic acid using an ion exchange reein
having functional groups which each have at least one sulphur-donor
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 groups, aliphatic thiol groups, aryl thiol groups,
alicyclic thiol groups and/or thiouronium groups and preferred

substituted thiol groups comprise isothiouronium groups.

12
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Other suitable resins for removing organic iodides are
described in EP-A-0296584 which describes a method of producing
silver-exchanged macroreticular resins suitable for remdving halides
from liquid carboxylic acid contaminated with a halide impurity.

Suitable resins are also described in European patent
application number EP-A-~0196173 which describes a method for
removing iodide compounds from a non-aqueous organic medium by
contacting with a macroreticular strong acid cation exchange resin
which has at least 1% of its active sites in the silver or mercury
form.

Yet another class of resins suitable for removing iodide
derivatives are described in our‘European-patent application
publication EP 0484020 which
describes a process for removing iodide derivatives from liquid
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 than 101112g"’1 after drying from the water wet
state and a surface area of greater than lOrnzg'l after drying from a
wet state in which water has been replaced by methanol, said resin
having at least 1%Z of its active sites convefted to the Silver .
form. Preferred resins are Purolite Cl45, Purolite CT145, Bayér
K2441, Bayer K243l and Bayer K2411 (trade marks) which have at least
12 of their active sites in the silver form.

Preferably the acetic acid is passed through one or more resin
beds to remove anionic iodide contaminants before being passed
through a resin bed to rémove'organic iodide contaminants thereby
increasing the operating life of the organi¢ iodide—-removal resin
beds which would be rapidly saturated by anionic iodide contaminants
which are generally present in greater quantities than organic
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.

13
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The level to which the iodide concentrations are reduced will
depend upon the intended use of the acetic acid product. Iodide
contaminants may typically be reduced to less than several hundred
ppb and preferably to less than 10 ppb.

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

Methanol was continuously carbonylated in the presence of a
rhodium carbonylation catalyst, methyl iodide, lithium iodide
catalyst stabiliser, a finite water concentration of up to about 10%
by weight, methyl acetate at a concentration of at least 2% by
weight and acetic acid, in a 6 litre zirconium, stirred reactor with
a working mass of 4 kg (measured at ambient temperature in a bubble
free state) at a pressure of 30 barg and a temperature in the range
180 - 190°C. The temperature in the reactor was maintained by a hot
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
acid by-product, methyl iodide, methyl acetate and up to about 8% by
weight water was passed overhead 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
from the flash tank comprising involatile rhodium catalyst,
involatile lithium sélt 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 removed
from the base. The methyl iodide, methyl acétate and water,
together with some of the acetic acid passed overhead and were
:condensed into 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

ends recycle. Methanol could be fed into the column to react with

14
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any hydrogen iodide present; the methyl iodide and water produced
being removed overhead.

The non-condensibles from the flash tank vapour and the head of
the distillation column were first cooled to minimise the loss of
volatiles from the process. The resulting off-gas stream was then
passed to a scrubber where it was contacted countercurrently with
chilled methanol. The methanol leaving the base of the scrubber was
added to pure methanol and used as feed to the reactor.

The carbonylation and distillation stages of the process of the
present invention were illustrated by the following two examples
using the general procedure outlined above.

Example |

1.25 kgh“l methanol and 1.36 kgh“l carbon monoxide were fed
continuously into the reactor held at an average of 186.6°C. The
average composition of the reactor contents was: 2.6 wt% methyl
acetate, 5.0 wt%Z water, 14.0 wt% 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
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 wtz water, 43.3 wt% methyl iodide, 5.3 wt% methyl acetate and

48.8 wtZ acetic acid was obtained. The distillation column in this
example contained 35 PTFE sieve trays (stages) with the feed point
at tray 20 (numbering from the bottbm) 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“l'was obtained from the base of the
column which contained 460 ppm water, 180 ppm propionic acid and 1.7
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 wtZ water, <1 wt% acetic acid and 12.9 wt%

methyl acetate and an aqueous stream containing 1.3 wt% methyl

iodide,'8.8 wt%Z methyl acetate and <1 wt% acetic acid. Light,

15
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aqueous phase from the cooled column overhead vapour was fed to the

column as reflux at a rate of 3.4 1lh-1i,.

Example 2
1.26 kgh‘l methanol and 1.34 kgh"1 carbon monoxide were fed

continuously into the reactor held at an average of 183.6°C. The
average composition of the reactor contents was: 5.6 wt% methyl
acetate, 4.4 wtZ water, 14.7 wt% methyl iodide, 55.0 wt% acetic
acid, 1.18 wtZ lithium (present at least in part as iodide salt and
functioning as carbonylation catalyst stabiliser and relative
volatility suppressant) and 15.7 wt% iodide with 425 ppm rhodium,
60 ppm iron and 15 ppm chromium.

A feed to the distillation column of about 4.7 1h~1 containing
2.4 wt% water, 36.0 wt% methyl iodide, 16.7 wt% methyl acetate and
43.9 wt% acetic acid was obtained. The distillation column was
configured as described for Example 1. An acetic acid product
stream of 2.31 lcgh"'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 <l wt% water,
{1l wt% acetic acid and 22.4 wt% methyl acetate. The aqueous stream
contained 2.3 wtZ methyl iodide, 9.6 wt% methyl acetate and 1.9 wt%
acetic acid. Light, aqueous phase reflux was fed to the column at a
rate of 3.3 1h~1l,

It 1s expected that the acetic acid products from Examples 1

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

Further examples using the general procedure outlined above for

‘Examples 1 and 2 were performed using the reaction conditions given

in Table 1 below:
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TABLE 1
REACTOR CONDITIONS

IE%H%HHHIIIIIIIIIIIIIIIIIIIIIIIII!IIIIIIIIIIIIIIIIIIHIIIII

Feeds
Methanol (kg/hr)*

Carbon Monoxide (kg/hr)

Reactor

Temperature (°C)

Pressure (barg)

Liquid Reactor Composition
Methyl Acetate (%)

Water (%)
Methyl Iodide (%)
Acetic Acid (%)

Lithium (%)
Iodide (%)
Rhod ium (ppm)
Iron (Ppﬁ)

Chromium (ppm)

* Inbluding methanol fed to

L7

1.26 1.23
1.26 1.18
188.5 189.1

30 30

the distillation column.

186.9
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The distillation column conditions are given in Table 2 below:
TABLE 2
DISTILLATION COLUMN CONDITIONS

Example

Number of Actual Trays 26

Feed at Tray#*

Lo
Oh ~IJ

15 20

Methanol Feed
Tray 6 8
Rate (g/hr) 55 55 50

Feed Composition (%)
Methyl Acetate
Water
Methyl Iodide
Acetic Acid

Reflux (1/hr)

# Numbered from the base.

18
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The compositions and flow rates of the process streams from the

distillation column are given in Table 3 below:

TABLE 3
DISTILLATION COLUMN PROCESS STREAMS

|IHHHHHIHIIIIIIIIIIIIIIIIIIIIIIIIIHIIIIIIIIIIIIII'IIEIIIII

Overhead Methyl Iodide

Rich Stream

Water (%) 0.6 1.3
Acetic Acid (%) 0.4 1.1
Methyl Acetate (%) 13.8 26.2

Overhead Water Rich Stream
Methyl Iodide (%)
Methyl Acetate (%)
Acetic Acid (%)

Acid Product
Rate (kg/hr)
Water (ppm)

Propionic Acid (ppm)

Iodide (ppm)

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'lo feSin 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 récycle stream were

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

by weight acetic acid.

19
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CLAIMS:

1. A process for the production of acetic acid which

process comprises:

(a) feeding methanol and carbon monoxide to a carbonylation
5 reaction zone 1n which there 1s maintained during the course

of the process a liquid reaction composition comprising:

(1) a rhodium carbonylation catalyst;
(11) methyl iodide;
(1id) a carbonylation catalyst stabiliser

10 comprising an 1odide salt which 1s soluble 1n the reaction

composition;

(1v) a finite amount of water at a concentration

of up to about 10% by weight;

(V) methyl acetate at a concentration of at

15 least 2% by welght; and
(vi) acetic acid,

(b) withdrawing ligquid reaction composition from the

reaction zone and introducing it, with or without the

addition of heat, to a flash zone to form a vapour fraction
20 comprising water up to about 8% by weight, acetic acaid
product, propionic acid by-product and the majority of the
methyl acetate and methyl 1odide from the flash zone feed,
and a liquid fraction comprising involatile rhodium
catalyst, involatile catalyst stabiliser, acetic acid, water
25 and the remainder of the methyl acetate, methyl iodide and

propionic acid by-product from the flash zone feed,

(c) recycling the liquid fraction from the flash zone to

the reaction zone, and recovering acetic acid product from

20
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the flash zone vapour fraction by use of a single

distillation zone by:

(d} introducing the vapour fraction from the flash zone

into the distillation zone, as a vapour and/or liquid

(e) removing from the head of the distillation zone a light
ends recycle stream comprising water, methyl acetate, methyl

iodide and acetic acid, and

(f) removing from the distillation zone at a point below
the introduction point of the flash zone vapour fraction, an
acid product stream having a water concentration of less
than 1500 ppm and a propionic acid concentration of less

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 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 2 in which the
liquid reaction composition comprises an iodide salt which
suppresses the volatility of water relative to that of

acetic acid.

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 at least one salt

selected from the group consisting of iodide salts of alkalx

and alkaline earth metals and hydrogen.

5. A process as claimed in any one of claims 1 to 4
in which the methyl acetate concentration in the liquid

reaction composition is in the range 2 to 15% by weight.
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6 . A process as claimed in any one of claims 1 to 5
in which the concentration of corrosion metals which have an
adverse effect on the carbonylation reaction 1s less than

1000 ppm in the liquid reaction composition.

7. A process as claimed in claim 6 in which said

corrosion metals comprise at least one metal selected from

the group consisting of 1ron, manganese and nickel.

8 . A process as claimed in any one of claims 1 to 7
in which the single distillation zone has up to 25

theoretical stages.

S. A process as claimed in claim 8 in which the
single distillation zone has about 4 to 15 theoretical

rectifying stages above the feed point.

10. A process as claimed 1in claim 8 in which the
single distillation zone has up to about 14 theoretical

strippling stages below the feedpoint.

11. A process as claimed in any one of claims 1 to 7
in which the single distillation zone has up to 50 actual

separation stages.

12. A process as claimed in any one of claims 1 to 11
in which the acetic acid product 1s passed through one or

more ion exchange resin beds to remove iodide contaminants.

13. A process as claimed in claim 12 in which the one
Oor more i1on exchange resins comprises an anion exchange

resin.

14 . A process as claimed 1n claim 12 in which the one

Oor more il1on exchange resins comprises a sllver-loaded resin.
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15. A process as claimed in claim 1 1n which the

liguid reaction composition comprises:
(a) up to about 8% by weight water, and
(b) 2 to 15% by weight methyl acetate

1n which the flash zone vapour fraction comprises up to
about 6% by welight water and 1n which the single

distillation zone has up to 25 theoretical stages.

22a



2097478

16. A process as claimed in claim 15 in which the liguid reaction

composition comprises an iodide salt which suppresses the volatility
of water relative to that of acetic acid.
17. A process as claimed 1n claim 16 in which the iodide salt

\ which suppresses the volatility of water relative to that of acetic

acid comprises at least one salt selected from the group consisting

10

15

20

25

30

35

Oof 10dide salts

18. A process

of alkall and alkaline earth metals and hydrogen.

as claimed in claim 17 in which the single

distillation zone has about 4 to 15 theoretical rectifying stages

above the feed point.

19. A process

as claimed in claim 18 in which the single

distillation zone has up to about 14 theoretical stripping stages

below the feedpoint.

20. A process

distillation zone has up to 50 actual

21.

the concentration of

on the carbonylation reaction is less

as claimed in claim 19 in which the single

separation stages.

A process as claimed in any one of claims 15 to 20 in which

corrosion metals which have an adverse effect

than 1000 ppm in the liquid

reaction composition.

22 . A process

as claimed 1n claim 21 in which the acetic acid

product 1s passed through one or more ion exchange resin beds to

remove 1o0dide contaminants.

23. A process

exchange resins
24. A process
exchange resins

25. A process

the acetic acid

resin beds to remove

26. A process
exchange resins
27 . A process

e¢xchange resins

as claimed in claim 22 in which the one or more ion
compr:.ses an anion exchange resin.

as claimed 1n claim 22 in which the one or more ion
compr.ses a sillver-loaded resin.
as claimed 1n any one of claims 15 to 20 in which
product 1s passed through one or more ion exchange
1odide contaminants.

as claimed in claim 25 in which the one or more ion
comprises an anion exchange resin.

in claim 25 in which the one or more ion

as <clailmed

comprises o sllver—-loaded resin.
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