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1. 

PROCESSES FOR IMPROVING ACETC 
ACID YELD BY REMOVING RON 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This patent application claims priority from U.S. Provi 
sional Patent App. No. 62/080,024, entitled “Processes For 
Producing Acetic Acid, filed Nov. 14, 2014, the disclosure 
of which is incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

This invention relates to processes for producing acetic 
acid and, in particular, to processes for improving the yield 
of acetic acid from a carbonylation reaction by removing 
iron from the carbonylation reaction medium. 

BACKGROUND OF THE INVENTION 

Among currently employed processes for synthesizing 
acetic acid, one of the most useful commercially is the 
catalyzed carbonylation of methanol with carbon monoxide 
as taught in U.S. Pat. No. 3,769,329, incorporated herein by 
reference in its entirety. The carbonylation catalyst contains 
rhodium, either dissolved or otherwise dispersed in a liquid 
reaction medium or Supported on an inert Solid, along with 
a halogen-containing catalyst promoter as exemplified by 
methyl iodide. The rhodium can be introduced into the 
reaction system in any of many forms. Likewise, because the 
nature of the halide promoter is not generally critical, a large 
number of Suitable promoters, most of which are organic 
iodides, may be used. Most typically and usefully, the 
reaction is conducted by continuously bubbling carbon 
monoxide gas through a liquid reaction medium in which the 
catalyst is dissolved. 

In the operation of the process for the carbonylation of 
methanol to acetic acid on a continuous basis, a Solution 
containing the Soluble catalyst complex is separated from 
the reactor effluent and recycled to the reactor. However, 
with operation over extended periods of time, corrosion 
products dissolve from the vessels of the metallurgy stream, 
e.g., iron, nickel, molybdenum, chromium, and the like, and 
build up in the catalyst recycle stream. Such corrosion 
metals, if present in Sufficient quantities, are known to 
interfere with the carbonylation reaction or accelerate com 
peting reactions such as the water-gas shift reaction (carbon 
dioxide and hydrogen formation) and methane formation. 
Thus, the presence of these corrosion metal contaminants 
has an adverse effect on the process, in particular, a conse 
quent loss in carbon monoxide productivity. Further, corro 
sion metals can react with ionic iodine thus making this 
component of the catalytic system unavailable for reaction 
with rhodium and causing instability in the catalyst system. 
In view of the high cost of the rhodium-containing catalyst, 
replacement of spent catalyst can be effected only at a 
prohibitive cost. 

U.S. Pat. No. 8,242,040, herein incorporated by reference, 
teaches a process for the removal of corrosion metal con 
taminants from a carbonylation catalyst Solution comprising 
an iridium and/or rhodium carbonylation catalyst, an alkali 
and/or alkaline earth metal and corrosion metal contami 
nants. The catalyst Solution is contacted with a cation 
exchange resin having its active sites partially loaded with a 
sufficient amount of alkali and/or alkaline earth metal to 
maintain the concentration of said alkali and/or alkaline 
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2 
earth metal in the catalyst solution. The catalyst solution of 
reduced corrosion metal contaminant content is then recov 
ered. 

U.S. Pat. No. 5,466,876, herein incorporated by reference, 
teaches that corrosion metal contaminants are removed from 
a liquid composition comprising a carboxylic acid and/or an 
anhydride thereof, a rhodium carbonylation catalyst, and a 
carbonylation catalyst co-promoter by using a chelating 
resin selective for the removal of corrosion metals rather 
than carbonylation catalyst and co-promoter. Additional 
methods of removing corrosion metal contaminants are also 
disclosed in U.S. Pat. Nos. 4,985,383 and 5,124,290. 

U.S. Pat. No. 4,894,477, herein incorporated by reference, 
teaches the use of a cation exchange resin in the lithium form 
to remove metallic corrosion products from a carbonylation 
catalyst Solution which contains a rhodium component and 
a lithium component. The process described in U.S. Pat. No. 
477 is particularly applicable to those processes which are 
useful for the carbonylation of methanol to acetic acid under 
low water conditions, such as those set forth in U.S. Pat. No. 
5,001,259. U.S. Pat. No. 477 further teaches that while low 
water conditions improve the acetic acid purification/pro 
duction process, as lithium concentrations in the low water 
conditions carbonylation reactor are increased to increase 
rhodium stability and as the water levels in the reaction 
system are decreased, the capacity of the ion exchange 
corrosion metal removal process per cycle is diminished. 

Similarly, U.S. Pat. No. 5,731,252, herein incorporated by 
reference, teaches a process for treating low water content 
carbonylation catalyst Solutions which contain a rhodium 
component and an alkali metal component to remove metal 
lic corrosion products. The process comprises contacting the 
catalyst Solution with an ion exchange resin, preferably in 
the lithium form, and a sufficient amount of water to 
decrease the concentration of alkali metal ions to optimize 
removal of corrosion metal products. 

While the above-described processes have been success 
ful in generally removing some corrosion metals using an 
ion exchange resin, the need exists for improving acetic acid 
yield by setting an iron threshold and removing iron when it 
is above the threshold. 

SUMMARY OF THE INVENTION 

This invention relates to processes for the production of 
acetic acid. In one embodiment, the present invention is 
directed to a process for producing acetic acid comprising 
carbonylating at least one member selected from the group 
consisting of methanol, dimethyl ether, and methyl acetate in 
a reactor in a reaction medium comprising water, a rhodium 
catalyst, methyl iodide and a halide salt, wherein the rho 
dium catalyst is present in the reaction medium in an amount 
from 200 to 3000 wppm as rhodium; separating a portion of 
the reaction medium in a flash vessel to form a less volatile 
stream and a vapor product stream comprising acetic acid; 
recycling a liquid stream to the reactor, wherein the liquid 
stream comprises a portion of the less volatile stream and 
wherein the liquid stream comprises iron; and removing a 
portion of the iron from the liquid stream to maintain an 
effective SpaceTime Yield (STY) of the rhodium catalyst of 
at least 80% of the maximum STY, e.g., at least 90% of the 
maximum STY. In one embodiment, the liquid stream, after 
removal of iron, comprises iron in an amount from 1 to 1200 
wppm. Also, at least 5% of the iron may be removed from 
the liquid recycle. The process further maintains an iron 
concentration in the reaction medium of no more than 1200 
wppm, and in one embodiment from 100 to 500 wppm. The 
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iron concentration in wppm is maintained to be less than the 
concentration of the rhodium catalyst in wppm. In one 
embodiment, the process further comprises maintaining at 
least 85% of the rhodium needed for the effective Space 
Time Yield to achieve 100% of the maximum STY. In one 
embodiment, the less Volatile stream comprises acetic acid 
in an amount from 60 to 90 wt.%, rhodium catalyst in an 
amount from 0.01 to 0.5 wt.% as rhodium, corrosion metals 
in a total amount from 10 to 2500 wppm, lithium iodide in 
an amount from 5 to 20 wt.%, methyl iodide in an amount 
from 1 to 25 wt.% (e.g. from 1 to 5 wt.%), methyl acetate 
in an amount from 0.1 to 5 wt.%, and water in an amount 
from 0.1 to 8 wt.%. In one embodiment, the material of the 
reactor and/or flasher, and the respective associated fittings 
and various lines, comprises a transition metal or transition 
metal-based alloy. In one embodiment, the process further 
comprises separating the vapor product stream comprising 
acetic acid in a primary purification train to obtain an acetic 
acid product and one or more recycle streams. The liquid 
stream may comprise a portion of the one or more recycle 
streams. In addition, at least one of the one or more recycle 
streams comprises iron. In one embodiment, the process 
further comprises directing at least one stream to a perman 
ganate reducing compound removal system to obtain a 
stream enriched in acetaldehyde. The reaction medium may 
comprise acetaldehyde in an amount of no more than 1500 
wppm. In one embodiment, iron is removed from the liquid 
stream by contacting a portion of the liquid stream with a 
cation exchange resin. 

In another embodiment, the present invention is directed 
to a process for producing acetic acid comprising carbo 
nylating at least one member selected from the group 
consisting of methanol, dimethyl ether, and methyl acetate in 
a reactor in a reaction medium comprising a rhodium 
catalyst, methyl iodide and a halide salt, wherein the rho 
dium catalyst is present in the reaction medium in an amount 
from 200 to 3000 wppm as rhodium, separating a portion of 
the reaction medium in a flash vessel to form a less volatile 
stream and a vapor product stream comprising acetic acid, 
recycling a liquid stream to the reactor, wherein the liquid 
stream comprises a portion of the less volatile stream and 
wherein the liquid stream comprises iron, and removing a 
portion of the iron from the liquid stream to maintain an iron 
concentration in the reaction medium of no more than 1200 
wppm, and in one embodiment from 100 to 500 wppm. The 
iron concentration in wppm may be maintained to be less 
than the concentration of the rhodium catalyst in wppm. In 
one embodiment, the process further comprises directing at 
least one stream to a permanganate reducing compound 
removal system to obtain a stream enriched in acetaldehyde. 
The reaction medium may comprise acetaldehyde in an 
amount of no more than 1500 wppm. In one embodiment, 
iron is removed from the liquid stream by contacting a 
portion of the liquid stream with a cation exchange resin. 
The less volatile stream comprises acetic acid in an amount 
from 60 to 90 wt.%, rhodium catalyst in an amount from 
0.01 to 0.5 wt.% as rhodium, corrosion metals in a total 
amount from 10 to 2500 wppm, lithium iodide in an amount 
from 5 to 20 wt.%, methyl iodide in an amount from 1 to 
25 wt.% (e.g., from 1 to 5 wt.%), methyl acetate in an 
amount from 0.1 to 5 wt.%, and water in an amount from 
0.1 to 8 wt.%. 

In yet another embodiment, the present invention is 
directed to a process for producing acetic acid comprising 
carbonylating at least one member selected from the group 
consisting of methanol, dimethyl ether, and methyl acetate in 
a reaction medium comprising water, a rhodium catalyst, 
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4 
methyl iodide and a halide salt, wherein the reaction medium 
comprises water in an amount from 0.1 to 14 wit. '%, 
separating a portion of the reaction medium in a flash vessel 
to form a less volatile stream and a vapor product stream 
comprising acetic acid, recycling a liquid stream to the 
reactor, wherein the liquid stream comprises a portion of the 
less volatile stream, setting a threshold value of iron for the 
portion of the reaction medium, wherein the threshold value 
of iron concentration is a value selected within the range 
from 500 wppm to 1200 wppm, determining an iron content 
in the portion of the reaction medium, and removing at least 
a portion of the iron from the liquid stream when the iron 
content exceeds threshold value. In one embodiment, the 
process further comprises directing at least one stream to a 
permanganate reducing compound removal system to obtain 
a stream enriched in acetaldehyde. The reaction medium 
may comprise acetaldehyde in an amount of no more than 
1500 wppm. In one embodiment, iron is removed from the 
liquid stream by contacting a portion of the liquid stream 
with a cation exchange resin. The less volatile stream 
comprises acetic acid in an amount from 60 to 90 wt.%. 
rhodium catalyst in an amount from 0.01 to 0.5 wt.% as 
rhodium, corrosion metals in a total amount from 10 to 2500 
wppm, lithium iodide in an amount from 5 to 20 wt.%. 
methyl iodide in an amount from 1 to 25 wt.% (e.g., from 
1 to 5 wt.%), methyl acetate in an amount from 0.1 to 5 wt. 
%, and water in an amount from 0.1 to 8 wt.%. In one 
embodiment, the process may further comprise separating 
the vapor product stream comprising acetic acid in a primary 
purification train to obtain an acetic acid product and one or 
more recycle streams. The liquid stream may comprises a 
portion of the one or more recycle streams. In one embodi 
ment, the process further comprises determining an iron 
content in the portion of the one or more recycle streams, 
and removing at least a portion of the iron from the portion 
of the one or more recycle streams when the iron content 
exceeds the threshold value. 

Further embodiments provide a process for producing 
acetic acid comprising carbonylating at least one member 
selected from the group consisting of methanol, dimethyl 
ether, and methyl acetate in a reaction medium comprising 
water, a rhodium catalyst, methyl iodide and a halide salt, 
wherein the reaction medium comprises from 0.1 to 14 wt. 
% water, determining an iron content in a portion of the 
reaction medium, separating the reaction medium into a less 
Volatile stream comprising iron and a vapor product stream, 
and removing at least a portion of the iron from the less 
volatile stream when the iron content in the reaction medium 
exceeds 1200 wppm. 

In a further embodiment, a process is provided for 
improving the productivity of a less volatile stream com 
prising a set water and alkali metal ion concentration and 
greater than 1200 ppm iron, wherein the process comprises 
contacting the less volatile stream in a contacting cycle with 
a cation exchange resin and water in an amount Sufficient to 
bring the water concentration of the less volatile stream as 
it proceeds through the contacting cycle within a range of 
O25 to 50 wit. 9%. 

In a further embodiment, a process is provided for 
improving the productivity of a less volatile stream 
employed under low water conditions, said solution con 
taining rhodium and alkali metal and further containing 
greater than 1200 ppm iron, wherein the process comprises 
contacting the less volatile stream with an ion exchange 
resin and water in an amount Sufficient to bring the water 
concentration of the less volatile stream as it proceeds 
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through the contacting cycle within a range of 0.25 to 50 wt. 
% and, recover a stream comprising less than 1200 ppm iron. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be better understood in view of 
the appended non-limiting figures, wherein: 

FIG. 1 illustrates an exemplary carbonylation scheme: 
FIG. 2 illustrates the total corrosion metals concentration 

versus acetaldehyde concentration; 
FIG. 3 illustrates the iron concentration versus acetalde 

hyde concentration; 
FIG. 4 illustrates the effect of iron concentration on 

carbon dioxide inefficiency; 
FIG. 5 illustrates the effect of iron concentration on 

methane inefficiency; 
FIG. 6 illustrates the percent change in space time yield 

for acetic acid versus iron concentration; and 
FIG. 7 illustrates the change in space time yield for 

methanol as a percentage of acetic acid space time yield 
versus iron concentration. 

DETAILED DESCRIPTION OF THE 
INVENTION 

At the outset, it should be noted that in the development 
of any Such actual embodiment, numerous implementa 
tion—specific decisions must be made to achieve the devel 
oper's specific goals, such as compliance with system 
related and business-related constraints, which will vary 
from one implementation to another. In addition, the pro 
cesses disclosed herein can also comprise components other 
than those cited or specifically referred to, as is apparent to 
one having average or reasonable skill in the art. 

In the Summary and this detailed description, each 
numerical value should be read once as modified by the term 
“about' (unless already expressly so modified), and then 
read again as not so modified unless otherwise indicated in 
context. Also, in the Summary and this detailed description, 
it should be understood that a concentration range listed or 
described as being useful, suitable, or the like, is intended 
that any and every concentration within the range, including 
the end points, is to be considered as having been stated. For 
example, a range “from 1 to 10” is to be read as indicating 
each and every possible number along the continuum 
between about 1 and about 10. Thus, even if specific data 
points within the range, or even no data points within the 
range, are explicitly identified or refer to only a few specific 
data points, it is to be understood that inventors appreciate 
and understand that any and all data points within the range 
are to be considered to have been specified, and that inven 
tors possessed knowledge of the entire range and all points 
within the range. 

Throughout the entire specification, including the claims, 
the following terms have the indicated meanings unless 
otherwise specified. 
As used in the specification and claims, “near is inclusive 

of “at. The term “and/or refers to both the inclusive “and 
case and the exclusive 'or' case, and is used herein for 
brevity. For example, a mixture comprising acetic acid 
and/or methyl acetate may comprise acetic acid alone, 
methyl acetate alone, or both acetic acid and methyl acetate. 

All percentages are expressed as weight percent (wt.%), 
based on the total weight of the particular stream or com 
position present, unless otherwise noted. Room temperature 
is 25° C. and atmospheric pressure is 101.325 kPa unless 
otherwise noted. 
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6 
For purposes herein: acetic acid may be abbreviated as 

“AcOH: 
acetaldehyde may be abbreviated as “AcH': 
methyl acetate may be abbreviated “MeAc': 
methanol may be abbreviated “MeOH: 
methyl iodide may be abbreviated as “MeI': 
hydrogen iodide may be abbreviated as “HI”: 
carbon monoxide may be abbreviated “CO'; and 
dimethyl ether may be abbreviated “DME'. 
HI refers to either molecular hydrogen iodide or dissoci 

ated hydriodic acid when at least partially ionized in a polar 
medium, typically a medium comprising at least some water. 
Unless otherwise specified, the two are referred to inter 
changeably. Unless otherwise specified, HI concentration is 
determined via acid-base titration using a potentiometric end 
point. In particular, HI concentration is determined via 
titration with a standard lithium acetate solution to a poten 
tiometric end point. It is to be understood that for purposes 
herein, the concentration of HI is not determined by sub 
tracting a concentration of iodide assumed to be associated 
with a measurement of corrosion metals or other non H+ 
cations from the total ionic iodide present in a sample. 

It is to be understood that HI concentration does not refer 
to iodide ion concentration. HI concentration specifically 
refers to HI concentration as determined via potentiometric 
titration. 

This subtraction method is an unreliable and imprecise 
method to determine relatively lower HI concentrations (i.e., 
less than about 5 weight percent) due to the fact that it 
assumes all non-H+ cations (such as cations of Fe, Ni, Cr, 
Mo) are associated with iodide anion exclusively. In reality, 
a significant portion of the metal cations in this process can 
be associated with acetate anion. Additionally, many of these 
metal cations have multiple Valence States, which adds even 
more unreliability to the assumption on the amount of iodide 
anion which could be associated with these metals. Ulti 
mately, this method gives rise to an unreliable determination 
of the actual HI concentration, especially in view of the 
ability to perform a simple titration directly representative of 
the HI concentration. 

For purposes herein, an “overhead' or “distillate of a 
distillation column refers to at least one of the lower boiling 
condensable fractions which exits at or near the top, (e.g., 
proximate to the top), of the distillation column, and/or the 
condensed form of that stream or composition. Obviously, 
all fractions are ultimately condensable, yet for purposes 
herein, a condensable fraction is condensable under the 
conditions present in the process as readily understood by 
one of skill in the art. Examples of noncondensable fractions 
may include nitrogen, hydrogen, and the like. Likewise, an 
overhead stream may be takenjust below the upper most exit 
of a distillation column, for example, wherein the lowest 
boiling fraction is a non-condensable stream or represents a 
de-minimis stream, as would be readily understood by one 
of reasonable skill in the art. 
The “bottoms” or “residuum' of a distillation column 

refers to one or more of the highest boiling fractions which 
exit at or near the bottom of the distillation column, also 
referred to herein as flowing from the bottom sump of the 
column. It is to be understood that a residuum may be taken 
from just above the very bottom exit of a distillation column, 
for example, wherein the very bottom fraction produced by 
the column is a salt, an unusable tar, a solid waste product, 
or a de-minimis stream as would be readily understood by 
one of reasonable skill in the art. 

For purposes herein, distillation columns comprise a 
distillation Zone and a bottom sump Zone. The distillation 
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Zone includes everything above the bottom Sump Zone, i.e., 
between the bottom sump Zone and the top of the column. 
For purposes herein, the bottom sump Zone refers to the 
lower portion of the distillation column in which a liquid 
reservoir of the higher boiling components is present (e.g., 
the bottom of a distillation column) from which the bottom 
or residuum stream flows upon exiting the column. The 
bottom Sump Zone may include reboilers, control equipment, 
and the like. 

It is to be understood that the term “passages”, “flow 
paths”, “flow conduits', and the like in relation to internal 
components of a distillation column are used interchange 
ably to refer to holes, tubes, channels, slits, drains, and the 
like, which are disposed through and/or which provide a 
path for liquid and/or vapor to move from one side of the 
internal component to the other side of the internal compo 
nent. Examples of passages disposed through a structure 
Such as a liquid distributor of a distillation column include 
drain holes, drain tubes, drain slits, and the like, which allow 
a liquid to flow through the structure from one side to 
another. 

Average residence time is defined as the Sum total of all 
liquid volume hold-up for a given phase within a distillation 
Zone divided by the average flow rate of that phase through 
the distillation Zone. The hold-up volume for a given phase 
can include liquid volume contained in the various internal 
components of the column including collectors, distributors 
and the like, as well as liquid contained on trays, within 
downcomers, and/or within structured or random packed 
bed sections. 
Effective Space Time Yield (STY) of Rhodium Catalyst 
The present invention relates to processes for producing 

acetic acid by maintaining corrosion metal content, such as 
iron, nickel, chromium, or molybdenum, to reduce the 
adverse effect on an effective STY of the rhodium catalyst. 
Although operating the reaction in equipment that is corro 
sion resistant and reducing the corrosion contributing com 
pounds, Such as hydrogen iodide, may help reduce corrosion 
metals, eventually in a continuous process corrosion metals 
build up in the reaction medium. In particular iron without 
being bound by theory is believed to have an adverse effect 
on the effective STY of the rhodium catalyst. This adverse 
effect may be the result of poisoning the rhodium catalyst or 
deactivation of the rhodium catalyst. Maximum STY refers 
to the acetic acid space time yield (STY) that would be 
achieved without any poisoning or deactivation of the rho 
dium catalysts. The effective STY is measured by acetic acid 
STY in the carbonylation reaction when there is poisoning 
the rhodium catalyst or deactivation of the rhodium catalyst. 
Advantageously it is desirable to operate the process with an 
effective STY near the maximum STY. 

In one embodiment, there is provided a process for 
producing acetic acid comprising carbonylating at least one 
member selected from the group consisting of methanol, 
dimethyl ether, and methyl acetate in a reactor in a reaction 
medium comprising water, a rhodium catalyst, methyl 
iodide and a halide salt, wherein the rhodium catalyst is 
present in an amount from 200 to 3000 wppm as rhodium, 
separating a portion of the reaction medium in a flash vessel 
to form a less volatile stream and a vapor product stream 
comprising acetic acid, recycling a liquid stream to the 
reactor, wherein the liquid stream comprises a portion of the 
less volatile stream and wherein the liquid stream comprises 
iron, and removing a portion of the iron from the liquid 
stream to maintain an effective STY of the rhodium catalyst 
of at least 80% of the maximum STY, e.g., at least 85%, at 
least 90%, at least 95%, or at least 97%. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
Acetic acid STY is expressed in gram-moles of acetic acid 

produced per hour per liter of the reaction medium contained 
in the carbonylation reactor, and may be greater than or 
equal to 5 mol/L/h, e.g., greater than or equal to 10 mol/L/h, 
greater than or equal to 12 mol/L/h, greater than or equal to 
15 mol/L/h, or greater than or equal to 20 mol/L/h. In terms 
of ranges, the acetic acid STY may be from 5 to 50 mol/L/h, 
e.g., from 10 to 40 mol/L/h, from 10 to 35 mol/L/h, from 12 
to 30 mol/L/h, from 12 to 28 mol/L/h, or from 12 to 25 
mol/L/h. In an exemplary embodiment, the maximum STY 
may be 15 mol/L/h and the process may remove a portion of 
the iron from the liquid stream to maintain an effective STY 
of the rhodium catalyst that is at least 12 mol/L/h, e.g., at 
least 80% of the maximum STY. In one embodiment, there 
is provided a process for producing acetic acid comprising 
carbonylating at least one member selected from the group 
consisting of methanol, dimethyl ether, and methyl acetate in 
a reactor in a reaction medium comprising water, a rhodium 
catalyst, methyl iodide and a halide salt, separating a portion 
of the reaction medium in a flash vessel to form a less 
Volatile stream and a vapor product stream comprising acetic 
acid, recycling a liquid stream to the reactor, wherein the 
liquid stream comprises a portion of the less volatile stream 
and wherein the liquid stream comprises iron, and removing 
a portion of the iron from the liquid stream to maintain an 
effective STY of the rhodium catalyst from 5 to 50 mol/L/h, 
provided that the effective STY is at least 80% of the 
maximum STY e.g., at least 85%, at least 90%, at least 95%, 
or at least 97%. 
When the effective STY is less than the maximum STY 

the carbonylation process may be adjusted by increasing the 
amount of rhodium to achieve 100% of the maximum STY. 
Rhodium is loaded into the reactor at a loading amount from 
200 wppm to 3000 wppm as rhodium. As rhodium becomes 
deactivated more rhodium is added so that the effective STY 
is close to 100% of the maximum STY. Although this 
increases the effective STY, there are significant capital costs 
associated with replacing the rhodium catalyst to compen 
sate for the deactivation caused by excessive iron in the 
reaction medium. In addition, without controlling the iron 
concentration, the carbonylation process may require ever 
increasing amounts of rhodium to replace the deactivated 
rhodium catalyst. This becomes highly inefficient, especially 
when the effective STY is less than 80% of the maximum 
STY. As a result, the embodiments of the present invention 
are able to reduce the amount of rhodium that is needed to 
be added by maintaining iron levels in the reaction medium. 
In one embodiment, the process comprises maintaining at 
least 85% of the rhodium needed for the effective STY to 
achieve 100% of the maximum STY. More preferably, 
maintaining at least 90% of the rhodium, e.g., at least 92% 
of the rhodium or at least 95% of the rhodium. In an 
exemplary embodiment, the loading of rhodium may be 
1000 wppm and the present invention reduces the amount of 
rhodium that is needed to achieve an effective STY that is at 
least 97% of the maximum STY, and thus less than 150 
wppm of rhodium is added to maintain the maximum STY. 
In one embodiment, there is provided a process for produc 
ing acetic acid comprising carbonylating at least one mem 
ber selected from the group consisting of methanol, dim 
ethyl ether, and methyl acetate in a reactor in a reaction 
medium comprising water, a rhodium catalyst, methyl 
iodide and a halide salt, wherein the rhodium catalyst is 
loaded a concentration from 200 to 3000 wppm as rhodium, 
separating a portion of the reaction medium in a flash vessel 
to form a less volatile stream and a vapor product stream 
comprising acetic acid, recycling a liquid stream to the 
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reactor, wherein the liquid stream comprises a portion of the 
less volatile stream and wherein the liquid stream comprises 
iron, removing a portion of the iron from the liquid stream, 
and maintaining at least 85% of the rhodium needed for the 
effective STY to achieve 100% of the maximum STY. 
Advantageously, reducing deactivation caused by iron may 
prolong rhodium catalyst life reduces overall catalyst expen 
diture. 

Although it has been generally disclosed in the art that 
corrosion metals such as iron, nickel, chromium, nickel and 
molybdenum may adversely affect the rate at which acetic 
acid is produced and the overall stability of the process, the 
effect of iron on acetic acid yield at specific levels in the 
reaction medium (or liquid stream that is recycled to the 
reactor) has not been fully explored or understood. It has 
now Surprisingly and unexpectedly been discovered that the 
effect of iron on acetic acid STY and metal catalyst deacti 
Vation is much greater than previously expected, as com 
pared to other corrosion metals, e.g., nickel, chromium and 
molybdenum. Further, in one embodiment, it has been 
discovered that by monitoring iron content and removing 
iron when it reaches a threshold level, acetic acid STY loss 
is minimized. Thus, because the iron content is monitored 
and removal is only triggered when the iron content reaches 
a certain threshold level, the iron removal step is preferably 
used on demand, resulting in cost savings as compared to 
existing corrosion metal removal processes. For purposes of 
the present invention, the iron content may be measured in 
the reactor or in the liquid stream that is recycled to the 
reactor. The liquid stream may comprise a portion of the less 
volatile stream from the flash vessel and one or more recycle 
streams from the primary purification train. Iron concentra 
tions in the liquid stream may be measured when measuring 
the iron in the reactor is difficult. 

The threshold level may be set to achieve an iron con 
centration in the reaction medium that leads to less deacti 
vation and poisoning. Setting the threshold level too low 
may cause the iron removal step to operate too frequently 
causing exhaustion of the cation exchange resin. Conversely, 
setting the threshold level too high may cause higher levels 
of iron to build up in the reaction medium and leads to 
further decreases in effective STY. In one embodiment, the 
threshold value of iron concentration is a value selected 
within the range from 500 wppm to 1200 wppm. Preferably 
iron concentrations in the reaction medium are lower than 
the threshold value. For example, when the threshold value 
is 1200 wppm, the iron concentration in the reaction medium 
is less than 1200 wppm, e.g., from 1 to 1200 wppm. In 
another exemplary embodiment, a low threshold of 500 
wppm may be desired to maintain iron concentrations in the 
reaction medium of less than 500 wppm, e.g., from 1 to 500 
wppm. In one embodiment, there is provided a process for 
producing acetic acid comprising carbonylating at least one 
member selected from the group consisting of methanol, 
dimethyl ether, and methyl acetate in a reaction medium 
comprising water in a concentration from 0.1 to 14 wt.%. 
a rhodium catalyst, methyl iodide and a halide salt, sepa 
rating a portion of the reaction medium in a flash vessel to 
form a less Volatile stream and a vapor product stream 
comprising acetic acid, recycling a liquid stream to the 
reactor, wherein the liquid stream comprises a portion of the 
less volatile stream, setting a threshold value of iron for the 
portion of the reaction medium, wherein the threshold value 
of iron concentration is a value selected within the range 
from 500 wppm to 1200 wppm, determining an iron content 
in the portion of the reaction medium, and removing at least 
a portion of the iron from the liquid stream when the iron 
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10 
content exceeds the threshold value. Advantageously, setting 
a threshold value and removing iron in excess of the 
threshold value may reduce deactivation caused by iron and 
thus maintain an effective STY of the rhodium catalyst at a 
level that is at least 80% of the maximum STY, e.g., at least 
85%, at least 90%, at least 95%, or at least 97%. 
Acetic Acid Production Systems 
An exemplary acetic acid production process is described 

below. In the interest of clarity, not all features of an actual 
implementation are described in this specification. It will of 
course be appreciated that in the development of any Such 
actual embodiment, numerous implementation-specific 
decisions must be made to achieve the developers specific 
goals. Such as compliance with system-related and business 
related constraints, which will vary from one implementa 
tion to another. Moreover, it will be appreciated that such a 
development effort might be complex and time-consuming, 
but would nevertheless be a routine undertaking for those of 
ordinary skill in the art having the benefit of this disclosure. 
The purification processes described herein may be useful 

in carbonylation processes that use methanol and/or methyl 
acetate (MeAc), methyl formate or dimethyl ether, or mix 
tures thereof, to produce acetic acid in the presence of a 
Group VIII metal catalyst, such as rhodium, and a halogen 
containing catalyst promoter. A particularly useful process is 
the low water rhodium-catalyzed carbonylation of methanol 
to acetic acid as exemplified in U.S. Pat. No. 5,001,259. 
Other metal catalysts, e.g., iridium-based catalysts, are con 
templated as well. 

Generally, the metal component, e.g., the rhodium com 
ponent, of the catalyst system is believed to be present in the 
form of a coordination compound of rhodium with a halogen 
component providing at least one of the ligands of Such a 
coordination compound. In addition to the coordination of 
rhodium and halogen, it is also believed that carbon mon 
oxide coordinates with rhodium. The rhodium component of 
the catalyst system may be provided by introducing into the 
reaction Zone rhodium in the form of rhodium metal, rho 
dium salts such as the oxides, acetates, iodides, carbonates, 
hydroxides, chlorides, etc., or other compounds that result in 
the formation of a coordination compound of rhodium in the 
reaction environment. 
The metal catalyst may comprise a Group VIII metal. 

Suitable Group VIII catalysts include rhodium and/or 
iridium catalysts. When a rhodium catalyst is used, the 
rhodium catalyst may be added in any suitable form Such 
that rhodium is in the catalyst Solution as an equilibrium 
mixture including Rh(CO)I-anion, as is well known in 
the art. Iodide salts optionally maintained in the reaction 
mixtures of the processes described herein may be in the 
form of a soluble salt of an alkali metal or alkaline earth 
metal, quaternary ammonium, phosphonium salt or mixtures 
thereof. In certain embodiments, the catalyst co-promoter is 
lithium iodide, lithium acetate, or mixtures thereof. The salt 
co-promoter may be added as a non-iodide Salt that gener 
ates an iodide salt. The iodide catalyst stabilizer may be 
introduced directly into the reaction system. Alternatively, 
the iodide salt may be generated in-situ Since under the 
operating conditions of the reaction system, a wide range of 
non-iodide salt precursors reacts with methyl iodide or 
hydroiodic acid in the reaction medium to generate the 
corresponding co-promoter iodide Salt stabilizer. For addi 
tional detail regarding rhodium catalysis and iodide Salt 
generation, see U.S. Pat. Nos. 5,001,259; 5,026,908; 5,144, 
068 and 7,005,541, the entireties of which are hereby 
incorporated by reference. The carbonylation of methanol 
utilizing iridium catalyst is well known and is generally 
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described in U.S. Pat. Nos. 5,942,460, 5,932,764, 5,883,295, 
5,877,348, 5,877,347 and 5,696,284, the entireties of which 
are hereby incorporated by reference. 
The halogen-containing catalyst promoter of the catalyst 

system consists of a halogen compound comprising an 
organic halide. Thus, alkyl, aryl, and Substituted alkyl or aryl 
halides can be used. Preferably, the halogen-containing 
catalyst promoter is present in the form of an alkyl halide. 
Even more preferably, the halogen-containing catalyst pro 
moter is present in the form of an alkyl halide in which the 
alkyl radical corresponds to the alkyl radical of the feed 
alcohol, which is being carbonylated. Thus, in the carbo 
nylation of methanol to acetic acid, the halide promoter may 
include methyl halide, and more preferably methyl iodide. 
The reaction medium contains the rhodium catalyst in an 

amount from 200 to 3000 wppm as rhodium, e.g., from 500 
to 2000 wppm, or from 600 to 1500 wppm. To prevent the 
deactivation of the rhodium the present invention reduces 
the iron concentration in the reaction medium to a concen 
tration that is less than the rhodium catalyst. When the iron 
concentration exceeds the rhodium catalyst concentration 
the adverse effect on catalyst deactivation accelerates. Thus, 
in one embodiment, there is provided a process for produc 
ing acetic acid comprising carbonylating at least one mem 
ber selected from the group consisting of methanol, dim 
ethyl ether, and methyl acetate in a reaction medium 
comprising water, a rhodium catalyst, methyl iodide and a 
halide salt, wherein the rhodium catalyst concentration in 
the reaction medium is in an amount from 200 to 3000 
wppm as rhodium; and maintaining an iron concentration in 
the reaction medium that is less than the rhodium catalyst 
concentration. 

In embodiments, the iron concentration in the reaction 
medium is maintained to be no more than 1200 wppm, e.g., 
no more than 1100 wppm, no more than 1000 wppm, no 
more than 900 wppm, no more than 800 wppm, no more 
than 700 wppm, no more than 600 wppm, no more than 500 
wppm, no more than 400 wppm, or no more than 300 wppm, 
and/or the iron concentration in the reaction medium is 
maintained to be greater than or equal to 0 wppm, e.g., 
greater than or equal to 1 wppm, greater than or equal to 5 
wppm, greater than or equal to 25 wppm, greater than or 
equal to 50 wppm, greater than or equal to 100 wppm, 
greater than or equal to 200 wppm, greater than or equal to 
300 wppm or greater than or equal to 400 wppm. In one 
embodiment, there is provided a process for producing 
acetic acid comprising carbonylating at least one member 
selected from the group consisting of methanol, dimethyl 
ether, and methyl acetate in a reactor in a reaction medium 
comprising water, a rhodium catalyst, methyl iodide and a 
halide salt, wherein the rhodium catalyst is present in an 
amount from 200 to 3000 wppm as rhodium, separating a 
portion of the reaction medium in a flash vessel to form a 
less Volatile stream and a vapor product stream comprising 
acetic acid, recycling a liquid stream to the reactor, wherein 
the liquid stream comprises a portion of the less volatile 
stream and wherein the liquid stream comprises iron, and 
removing a portion of the iron from the liquid stream to 
maintain an iron concentration in the reaction medium of no 
more than 1200 wppm. 
As described herein controlling the concentration of iron 

in the reaction medium is advantageous to prevent further 
deactivation of the rhodium catalyst. In some embodiments, 
there may be other corrosion metals that accumulate in the 
reaction medium. These corrosion metals include nickel, 
molybdenum, and chromium. In one embodiment, the total 
concentration of nickel, molybdenum, and chromium is less 
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12 
than the iron concentration in the reaction medium. In 
embodiments, the total concentration of nickel, molybde 
num, and chromium in the reaction is maintained to be no 
more than 800 wppm, e.g., no more than 700 wppm, no more 
than 600 wppm, no more than 500 wppm, no more than 400 
wppm, no more than 300 wppm, no more than 200 wppm, 
or no more than 100 wppm, and/or the total concentration of 
nickel, molybdenum, and chromium in the reaction is main 
tained to be greater than or equal to 0 wppm, e.g., greater 
than or equal to 1 wppm, greater than or equal to 5 wppm, 
greater than or equal to 10 wppm, greater than or equal to 20 
wppm, greater than or equal to 25 wppm, greater than or 
equal to 50 wppm, greater than or equal to 300 wppm or 
greater than or equal to 100 wppm. In some embodiments, 
the total corrosion metal concentration, including iron, 
nickel, molybdenum, and chromium, in the reaction medium 
may be from 10 to 2500 wppm, e.g., from 20 to 2000 wppm, 
from 50 to 1500 wppm, from 50 to 1000 wppm, or from 50 
to 500 wppm. 

In one embodiment, there is provided a process for 
producing acetic acid comprising carbonylating at least one 
member selected from the group consisting of methanol, 
dimethyl ether, and methyl acetate in a reactor in a reaction 
medium comprising water, a rhodium catalyst, methyl 
iodide and a halide salt, wherein the rhodium catalyst is 
present in an amount from 200 to 3000 wppm as rhodium, 
separating a portion of the reaction medium in a flash vessel 
to form a less volatile stream and a vapor product stream 
comprising acetic acid, recycling a liquid stream to the 
reactor, wherein the liquid stream comprises a portion of the 
less volatile stream and wherein the liquid stream comprises 
one or more corrosion metals selected from the group 
consisting of iron, nickel, molybdenum, chromium, and 
mixtures thereof, and removing a portion of the one or more 
corrosion metals from the liquid stream to maintain a total 
corrosion metal concentration in the reaction medium from 
10 to 2500 wppm. In a preferred embodiment, iron concen 
tration in the reaction medium is maintained to be no more 
than 1200 wppm. 

In addition to the rhodium catalyst and iron concentration, 
the other components of the reaction medium are maintained 
within defined limits to ensure sufficient production of acetic 
acid. The concentration of water in the reaction medium is 
maintained to be no more than 14 wt.%, e.g., from 0.1 wt. 
% to 14 wt.%, from 0.2 wt.% to 10 wt.% or from 0.25 wt. 
% to 5 wt.%. Preferably, the reaction is conducted under low 
water conditions and the reaction medium contains water in 
an amount from 0.1 to 4.1 wt.%, e.g., from 0.1 to 3.1 wt.% 
or from 0.5 to 2.8 wt.%. The concentration of methyl iodide 
in the reaction medium is maintained to be from 1 to 25 wt. 
%, e.g., from 5 to 20 wt.%, from 4 to 13.9 wt.%. The 
concentration of iodide salt, e.g., lithium iodide, in the 
reaction medium is maintained to be from 1 to 25 wt.%, e.g., 
from 2 to 20 wt.%, from 3 to 20 wt.%. The concentration 
of methyl acetate in the reaction medium is maintained to be 
from 0.5 to 30 wt.%, e.g., from 0.3 to 20 wt.%, from 0.6 
to 4.1 wt.%. The following amounts are based on the total 
weight of the reaction medium. The concentration of acetic 
acid in the reaction medium is greater than or equal to 30 wt. 
%, e.g., greater than or equal to 40 wt.%, greater than or 
equal to 50 wt.%, or greater than or equal to 60 wt.%. The 
concentration of acetaldehyde in the reaction medium is 
preferably maintained to be in low concentrations and in one 
embodiment the acetaldehyde concentration is in an amount 
of no more than 1500 wppm, e.g., no more than 1200 wppm, 
no more than 1000 wppm, no more than 900 wppm, no more 
than 800 wppm, no more than 700 wppm, no more than 600 
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wppm, no more than 500 wppm, or no more than 400 wppm. 
Accordingly, there is provided a process for producing acetic 
acid comprising carbonylating at least one member selected 
from the group consisting of methanol, dimethyl ether, and 
methyl acetate in a reactor in a reaction medium comprising 
water, a rhodium catalyst, methyl iodide, a halide salt, and 
acetaldehyde, wherein the acetaldehyde concentration in the 
reaction medium is in an amount of no more than 1500 
wppm, separating a portion of the reaction medium in a flash 
vessel to form a less volatile stream and a vapor product 
stream comprising acetic acid, recycling a liquid stream to 
the reactor, wherein the liquid stream comprises a portion of 
the less volatile stream and wherein the liquid stream 
comprises iron, and removing a portion of the iron from the 
liquid stream, and preferably the iron is removed to maintain 
an effective STY of the rhodium catalyst of at least 80% of 
the maximum STY. 

In embodiments, the process for producing acetic acid 
further includes introducing a lithium compound into the 
reactor to maintain the concentration of lithium acetate in an 
amount from 0.3 to 0.7 wt.% in the reaction medium, 
wherein in an exemplary embodiment, in the reaction 
medium the concentration of the rhodium catalyst is main 
tained in an amount from 200 to 3000 wppm as rhodium in 
the reaction medium, the concentration of water is main 
tained in amount from 0.1 to 4.1 wt.% in the reaction 
medium, and the concentration of methyl acetate is main 
tained from 0.6 to 4.1 wt.% in the reaction medium, based 
on the total weight of the reaction medium present within the 
carbonylation reactor. 

In embodiments, the lithium compound introduced into 
the reactor is selected from the group consisting of lithium 
acetate, lithium carboxylates, lithium carbonates, lithium 
hydroxide, other organic lithium salts, and mixtures thereof. 
In embodiments, the lithium compound is soluble in the 
reaction medium. In an embodiment, lithium acetate dihy 
drate may be used as the Source of the lithium compound. 

Lithium acetate reacts with hydrogen iodide according to 
the following equilibrium reaction (I) to form lithium iodide 
and acetic acid: 

LiOAc--HIesLiI+HOAc (I) 

Lithium acetate is thought to provide improved control of 
hydrogen iodide concentration relative to other acetates, 
Such as methyl acetate, present in the reaction medium. 
Without being bound by theory, lithium acetate is a conju 
gate base of acetic acid and thus reactive toward hydrogen 
iodide via an acid-base reaction. This property is thought to 
result in an equilibrium of the reaction (I) which favors 
reaction products over and above that produced by the 
corresponding equilibrium of methyl acetate and hydrogen 
iodide. This improved equilibrium is favored by water 
concentrations of less than 4.1 wt.% in the reaction medium. 
In addition, the relatively low volatility of lithium acetate 
compared to methyl acetate allows the lithium acetate to 
remain in the reaction medium except for volatility losses 
and Small amounts of entrainment into the vapor crude 
product. In contrast, the relatively high volatility of methyl 
acetate allows the material to distill into the purification 
train, rendering methyl acetate more difficult to control. 
Lithium acetate is much easier to maintain and control in the 
process at consistent low concentrations of hydrogen iodide. 
Accordingly, a relatively small amount of lithium acetate 
may be employed relative to the amount of methyl acetate 
needed to control hydrogen iodide concentrations in the 
reaction medium. It has further been discovered that lithium 
acetate is at least three times more effective than methyl 
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acetate in promoting methyl iodide oxidative addition to the 
rhodium I complex. However, it has been discovered that 
lithium cations derived from and/or generated by the lithium 
compound in the reaction medium may be entrained or be 
Volatile enough to concentrate with the crude acetic acid 
product after purification in the primary purification trains. 

In embodiments, the concentration of lithium acetate in 
the reaction medium is maintained at greater than or equal 
to 0.3 wt.%, or greater than or equal to 0.35 wt.%, or greater 
than or equal to 0.4 wt.%, or greater than or equal to 0.45 
wt.%, or greater than or equal to 0.5 wt.%, and/or in 
embodiments, the concentration of lithium acetate in the 
reaction medium is maintained at no more than 0.7 wt.%. 
or no more than 0.65 wt.%, or no more than 0.6 wt.%, or 
no more than 0.55 wt.%. 

It has been discovered that an excess of lithium acetate in 
the reaction medium can adversely affect the other com 
pounds in the reaction medium, leading to decreased pro 
ductivity. Conversely, it has been discovered that a lithium 
acetate concentration in the reaction medium below about 
0.3 wt.% is unable to maintain the desired hydrogen iodide 
concentrations in the reaction medium of below 1.3 wt.%. 

In embodiments, the lithium compound may be intro 
duced continuously or intermittently into the reaction 
medium. In embodiments, the lithium compound is intro 
duced during reactor start up. In embodiments, the lithium 
compound is introduced intermittently to replace entrain 
ment losses. 

Accordingly, in one embodiment there is provided a 
process for producing acetic acid comprising carbonylating 
at least one member selected from the group consisting of 
methanol, dimethyl ether, and methyl acetate in a reactor in 
a reaction medium comprising water, a rhodium catalyst, 
methyl iodide, a halide salt, and lithium acetate, separating 
a portion of the reaction medium in a flash vessel to form a 
less Volatile stream and a vapor product stream comprising 
acetic acid, recycling a liquid stream to the reactor, wherein 
the liquid stream comprises a portion of the less volatile 
stream and wherein the liquid stream comprises iron, and 
removing a portion of the iron from the liquid stream to 
maintain an effective STY of the rhodium catalyst of at least 
80% of the maximum STY. 

In some embodiments, the desired reaction rates are 
obtained even at low water concentrations by maintaining in 
the reaction medium an ester of the desired carboxylic acid 
and an alcohol, desirably the alcohol used in the carbo 
nylation, and an additional iodide ion that is over and above 
the iodide ion that is present as hydrogen iodide. A desired 
ester is methyl acetate. The additional iodide ion is desirably 
an iodide salt, with lithium iodide (LiI) being preferred. It 
has been found, as described in U.S. Pat. No. 5,001,259, that 
under low water concentrations, methyl acetate and lithium 
iodide act as rate promoters. 
The carbonylation reaction of methanol to acetic acid 

product may be carried out by contacting the methanol feed 
with gaseous carbon monoxide bubbled through an acetic 
acid solvent reaction medium containing the rhodium cata 
lyst, methyl iodide promoter, methyl acetate, and additional 
soluble iodide salt, at conditions oftemperature and pressure 
suitable to form the carbonylation product. It will be gen 
erally recognized that it is the concentration of iodide ion in 
the catalyst System that is important and not the cation 
associated with the iodide, and that at a given molar con 
centration of iodide, the nature of the cation is not as 
significant as the effect of the iodide concentration. Any 
metal iodide salt, or any iodide Salt of any organic cation, or 
other cations such as those based on amine or phosphine 
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compounds (optionally, ternary or quaternary cations), can 
be maintained in the reaction medium provided that the salt 
is sufficiently soluble in the reaction medium to provide the 
desired level of iodide. When the iodide is a metal salt, 
preferably it is an iodide salt of a member of the group 
consisting of the metals of Group IA and Group IIA of the 
periodic table as set forth in the “Handbook of Chemistry 
and Physics” published by CRC Press, Cleveland, Ohio, 
2002 March (83rd edition). In particular, alkali metal iodides 
are useful, with lithium iodide being particularly suitable. In 
the low water carbonylation process, the additional iodide 
ion over and above the iodide ion present as hydrogen iodide 
is generally present in the catalyst Solution in amounts such 
that the total iodide ion concentration is from 1 to 25 wt.% 
and the methyl acetate is generally present in amounts from 
0.5 to 30 wt.%, and the methyl iodide is generally present 
in amounts from 1 to 25 wt.%. The rhodium catalyst is 
generally present in amounts from 200 to 3000 wppm as 
rhodium. 
The reaction medium may also contain impurities that 

should be controlled to avoid byproduct formation. One 
impurity in the reaction medium may be ethyl iodide, which 
is difficult to separate from acetic acid. Applicant has further 
discovered that the formation of ethyl iodide may be affected 
by numerous variables, including the concentrations of 
acetaldehyde, ethyl acetate, methyl acetate and methyl 
iodide in the reaction medium. Additionally, ethanol content 
in the methanol source, hydrogen partial pressure and hydro 
gen content in the carbon monoxide source have been 
discovered to affect ethyl iodide concentration in the reac 
tion medium and, consequently, the propionic acid concen 
tration in the final acetic acid product. 

In one embodiment there may be trace amounts of iron 
(wppb) in the methanol source that is present particulate 
matter or soluble iron in the form of rust. In addition, in the 
carbon monoxide feed there may be trace amounts of iron, 
in particular iron pentacarbonyl, that is also introduced into 
the reactor. 

In embodiments, the propionic acid concentration in the 
acetic acid product may further be maintained below 250 
wppm by maintaining the ethyl iodide concentration in the 
reaction medium at no more than 750 wppm, without 
removing propionic acid from the acetic acid product. In one 
embodiment there is provided a process for producing acetic 
acid comprising carbonylating at least one member selected 
from the group consisting of methanol, dimethyl ether, and 
methyl acetate in a reactor in a reaction medium comprising 
water, a rhodium catalyst, methyl iodide, a halide salt, and 
ethyl iodide, wherein the concentration of ethyl iodide is at 
no more than 750 wppm, separating a portion of the reaction 
medium in a flash vessel to form a less volatile stream and 
a vapor product stream comprising acetic acid, recycling a 
liquid stream to the reactor, wherein the liquid stream 
comprises a portion of the less volatile stream and wherein 
the liquid stream comprises iron, and removing a portion of 
the iron from the liquid stream to maintain an effective STY 
of the rhodium catalyst of at least 80% of the maximum 
STY. 

In embodiments, the ethyl iodide concentration in the 
reaction medium and propionic acid in the acetic acid 
product may be present in a weight ratio from 3:1 to 1:2. In 
embodiments, the acetaldehyde:ethyl iodide concentration 
in the reaction medium is maintained at a weight ratio from 
2:1 to 20:1. 

In embodiments, the ethyl iodide concentration in the 
reaction medium may be maintained by controlling at least 
one of the hydrogen partial pressure, the methyl acetate 
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concentration, the methyl iodide concentration, and/or the 
acetaldehyde concentration in the reaction medium. 

In embodiments, the concentration of ethyl iodide in the 
reaction medium is maintained/controlled to be no more 
than 750 wppm, or e.g., no more than 650 wppm, or no more 
than 550 wppm, or no more than 450 wppm, or no more than 
350 wppm. In embodiments, the concentration of ethyl 
iodide in the reaction medium is maintained/controlled at 
greater than or equal to 1 wppm, or e.g., 5 wppm, or 10 
wppm, or 20 wippm, or 25 wppm, and no more than 650 
wppm, or e.g., 550 wppm, or 450 wppm, or 350 wppm. 

In embodiments, the weight ratio of ethyl iodide in the 
reaction medium to propionic acid in the acetic acid product 
may range from 3:1 to 1:2, or e.g., from 5:2 to 1:2, or from 
2:1 to 1:2, or from 3:2 to 1:2. 

In embodiments, the weight ratio of acetaldehyde to ethyl 
iodide in the reaction medium may range from 20:1 to 2:1, 
or e.g., from 15:1 to 2:1, from 9:1 to 2:1, or from 6:1. 

Typical reaction temperatures for carbonylation may be 
from 150° C. to 250° C., e.g., from 160° C. to 240° C., from 
170° C. to 230° C., and with the temperature range from 
180° C. to 225° C. being a preferred range. The carbon 
monoxide partial pressure in the reactor can vary widely but 
is typically from 2 to 30 atm, e.g., from 3 to 10 atm. The 
hydrogen partial pressure in the reactor is typically from 
0.05 to 2 atm, e.g., from 1 to 1.9 atm. In some embodiments, 
the present invention may be operated with a hydrogen 
partial pressure from 0.3 to 2 atm, e.g., from 0.3 to 1.5 atm, 
or from 0.4 to 1.5 atm. Because of the partial pressure of 
by-products and the vapor pressure of the contained liquids, 
the total reactor pressure may range from 15 to 40 atm. As 
described herein, the production rate of acetic acid, as 
determined by acetic acid STY, may be from 5 to 50 
mol/L/h, e.g., from 10 to 40 mol/L/h, and preferably 15 to 
35 mol/L/h. 

Exemplary reaction and acetic acid recovery system 100 
is shown in FIG. 1. As shown, methanol-containing feed 
stream 101 and carbon monoxide-containing feed stream 
102 are directed to liquid phase carbonylation reactor 104, 
in which the carbonylation reaction occurs to form acetic 
acid. 

Carbonylation reactor 104 is preferably either a stirred 
vessel or bubble-column type vessel, with or without an 
agitator, within which the reacting liquid or slurry contents 
are maintained, preferably automatically, a predetermined 
level, which preferably remains substantially constant dur 
ing normal operation. Into carbonylation reactor 104, fresh 
methanol, carbon monoxide, and Sufficient water are con 
tinuously introduced as needed to maintain Suitable concen 
trations in the reaction medium. 
The material of carbonylation reactor 104 and its associ 

ated fittings and various lines may be made of Suitable 
materials such as glass, metal, ceramic, or combinations 
thereof, and is not particularly limited to a specific one. 
Associated fittings include but are not limited to associated 
piping, pumps and heat exchangers. According to the present 
invention, the material of the carbonylation reactor 104 and 
its associated fittings and various lines may be a transition 
metal or a transition-metal-based alloy Such as iron alloy, 
e.g., nickel or nickel alloy, Zirconium or Zirconium alloy 
thereof, or titanium or titanium alloy thereof. Suitable iron 
based alloys include those containing iron as a main com 
ponent, e.g., a stainless steel that also comprises chromium, 
nickel, molybdenum and others. Suitable nickel-based 
alloys include those alloys containing nickel as a main 
component and one or more of chromium, iron, cobalt, 
molybdenum, tungsten, manganese, and others, e.g., HAS 
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TELLOYTM and INCONELTM. Corrosion-resistant metals 
may be particularly Suitable as materials for carbonylation 
reactor 104 and its associated fittings and various lines. Even 
when corrosion-resistant metals are used for carbonylation 
reactor 104, the associated fittings and various lines of the 
reactor may be made of a less corrosion-resistant metal 
which may be the source of the corrosion metals, including 
iron. Accordingly, in one embodiment, there is provided a 
process for producing acetic acid comprising carbonylating 
at least one member selected from the group consisting of 
methanol, dimethyl ether, and methyl acetate in a reactor in 
a reaction medium comprising water, a rhodium catalyst, 
methyl iodide and a halide salt, wherein the reactor com 
prises a transition metal or a transition-metal-based alloy 
Such as iron alloy, e.g., nickel or nickel alloy, Zirconium or 
Zirconium alloy thereof, or titanium or titanium alloy 
thereof, separating a portion of the reaction medium in a 
flash vessel to form a less volatile stream and a vapor 
product stream comprising acetic acid, recycling a liquid 
stream to the reactor, wherein the liquid stream comprises a 
portion of the less volatile stream and wherein the liquid 
stream comprises iron, and removing a portion of the iron 
from the liquid stream to maintain an effective STY of the 
rhodium catalyst of at least 80% of the maximum STY. 

In a typical carbonylation process, carbon monoxide is 
continuously introduced into the carbonylation reactor, 
desirably below the agitator, which may be used to stir the 
contents. The gaseous feed preferably is thoroughly dis 
persed through the reacting liquid by this stirring means. 
Gaseous purge stream 106 desirably is vented from the 
reactor 104 to prevent buildup of gaseous by-products and to 
maintain a set carbon monoxide partial pressure at a given 
total reactor pressure. In one embodiment, the gaseous purge 
stream 106 contains low amounts of hydrogen iodide of no 
more than 1 wt.%, e.g., no more than 0.9 wt.%, no more 
than 0.8 wt.%, no more than 0.7 wt.%, no more than 0.5 
wt.%, no more than 0.3 wt.%. Hydrogen iodide in excess 
of these amounts may increase the duty on the scrubber to 
prevent hydrogen iodide from being purged. The tempera 
ture of the reactor may be controlled and the carbon mon 
oxide feed is introduced at a rate sufficient to maintain the 
desired total reactor pressure. Stream 105 comprising the 
liquid reaction medium exits reactor 104. 
The acetic acid production system preferably includes 

primary purification train 108 employed to recover the acetic 
acid and recycle catalysts, methyl iodide, methyl acetate, 
and other system components within the process. In recy 
cling those components however, the process may also 
recycle corrosion metals to the reactor 104, further contrib 
uting to the buildup of corrosion metals. Primary purifica 
tion train 108 include light ends column 120 and drying 
column 125, and the associated pumps, overhead receivers, 
condensers, etc. The separation system also preferably con 
trols water and acetic acid content in the carbonylation 
reactor, as well as throughout the system, and facilitates 
PRC removal. In one embodiment, a liquid recycle 137 
comprising a portion of the less Volatile stream 111 and a 
portion one or more recycle streams 138 from the primary 
purification train 108 are introduced into the reactor 104. 
The iron that builds up in reactor 104 may be introduced by 
liquid recycle 137. Thus, it is important to remove iron, in 
addition to other corrosion metals, from liquid recycle 137. 
Flash Vessel 
The reaction medium is drawn off from the carbonylation 

reactor 104 at a rate sufficient to maintain a constant level 
therein and is provided to flash vessel 110 via stream 105. In 
flash vessel 110, the crude product is separated in a flash 
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separation step to obtain a vapor product stream 112 com 
prising acetic acid and less volatile stream 111 comprising a 
catalyst-containing Solution (predominantly acetic acid con 
taining the rhodium and the iodide salt along with lesser 
quantities of methyl acetate, methyl iodide, and water), 
which preferably is recycled to the reactor, as part of the 
liquid recycle 137. The respective flow rates of vapor 
product stream 112 and less volatile stream 111 may vary, 
and in one exemplary embodiment from 15% to 55% of the 
flow into flash vessel 110 is removed as vapor product 
stream 112, and from 45% to 85% of the flow is removed as 
less volatile stream 111. Corrosion metals, including iron, 
concentrate in the less volatile stream 111 and are returned 
to carbonylation reactor 104, thus causing these corrosion 
metals to undesirably build up in the reaction medium. 
The material of flash vessel 110 and its associated fittings 

and various lines, each communicating to the distillation 
system may be made of Suitable materials such as glass, 
metal, ceramic, or combinations thereof, and is not particu 
larly limited to a specific one. According to the present 
invention, the material of the foregoing flash vessel 110 and 
its associated fittings and various lines may be a transition 
metal or a transition-metal-based alloy Such as iron alloy, 
e.g., a stainless steel, nickel or nickel alloy, Zirconium or 
Zirconium alloy thereof, titanium or titanium alloy thereof, 
or aluminum alloy. Suitable iron-based alloys include those 
containing iron as a main component, e.g., a stainless Steel 
that also comprises chromium, nickel, molybdenum and 
others. Suitable nickel-based alloys include those alloys 
containing nickel as a main component and one or more of 
chromium, iron, cobalt, molybdenum, tungsten, manganese, 
and others, e.g., HASTELLOYTM and INCONELTM. Cor 
rosion-resistant metals may be particularly suitable as mate 
rials for flash vessel 110 and its associated fittings and 
various lines. Accordingly, in one embodiment, there is 
provided a process for producing acetic acid comprising 
carbonylating at least one member selected from the group 
consisting of methanol, dimethyl ether, and methyl acetate in 
a reactor in a reaction medium comprising water, a rhodium 
catalyst, methyl iodide and a halide salt, separating a portion 
of the reaction medium in a flash vessel to form a less 
Volatile stream and a vapor product stream comprising acetic 
acid, wherein the flash vessel comprises a transition metal or 
a transition-metal-based alloy such as iron alloy, e.g., a 
stainless steel, nickel or nickel alloy, Zirconium or Zirconium 
alloy thereof, titanium or titanium alloy thereof, or alumi 
num alloy, recycling a liquid stream to the reactor, wherein 
the liquid stream comprises a portion of the less volatile 
stream and wherein the liquid stream comprises iron, and 
removing a portion of the iron from the liquid stream to 
maintain an effective STY of the rhodium catalyst of at least 
80% of the maximum STY. 
The vapor product stream 112 also comprises methyl 

iodide, methyl acetate, water, and permanganate reducing 
compounds (PRC’s). Dissolved gases exiting the reactor and 
entering the flash vessel comprise a portion of the carbon 
monoxide and may also contain gaseous by-products such as 
methane, hydrogen, and carbon dioxide. Such dissolved 
gases exit the flash vessel as part of the overhead stream. In 
one embodiment, vapor product stream 112 comprises acetic 
acid, methyl iodide, methyl acetate, water, acetaldehyde, and 
hydrogen iodide. In one embodiment, vapor product stream 
112 comprises acetic acid in an amount from 45 to 75 wt.%. 
methyl iodide in an amount from 20 to 50 wt.%, methyl 
acetate in an amount of no more than 9 wt.%, and water in 
an amount of no more than 15 wt.%, based on the total 
weight of the vapor product stream. In another embodiment, 
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vapor product stream 112 comprises acetic acid in an 
amount from 45 to 75 wt.%, methyl iodide in an amount 
from 24 to less than 36 wt.%, methyl acetate in an amount 
of no more than 9 wt.%, and water in an amount of no more 
than 15 wt.%, based on the total weight of the vapor product 
stream. More preferably, vapor product stream 112 com 
prises acetic acid in an amount from 55 to 75 wt.%, methyl 
iodide in an amount from 24 to 35 wt.%, methyl acetate in 
an amount from 0.5 to 8 wt.%, and water in an amount from 
0.5 to 14 wt.%. In yet a further preferred embodiment, vapor 
product stream 112 comprises acetic acid in an amount from 
60 to 70 wt.%, methyl iodide in an amount from 25 to 35 
wt.%, methyl acetate in an amount from 0.5 to 6.5 wt.%. 
and water in an amount from 1 to 8 wt.%. The acetaldehyde 
concentration in the vapor product stream may be in an 
amount from 0.005 to 1 wt.%, based on the total weight of 
the vapor product stream, e.g., from 0.01 to 0.8 wt.%, or 
from 0.01 to 0.7 wt.%. In some embodiments the acetal 
dehyde may be present in amounts no more than 0.01 wt.%. 
Vapor product stream 112 may comprise hydrogen iodide in 
an amount no more than 1 wt.%, based on the total weight 
of the vapor product stream, e.g., no more than 0.5 wt.%. 
or no more than 0.1 wt.%. Vapor product stream 112 is 
preferably Substantially free of, i.e., contains no more than 
0.0001 wt.%, propionic acid, based on the total weight of 
the vapor product stream. 

Less Volatile stream 111 comprises acetic acid, the rho 
dium catalyst, corrosion metals, as well as other various 
compounds. In one embodiment, less Volatile stream 111 
comprises acetic acid in an amount from 60 to 90 wt.%. 
rhodium catalyst in an amount from 0.01 to 0.5 wt.% as 
rhodium; corrosion metals (e.g., nickel, iron, molybdenum, 
and chromium) in a total amount from 10 to 2500 wppm; 
lithium iodide in an amount from 5 to 20 wt.%: methyl 
iodide in an amount from 1 to 25 wt.% (e.g., from 1 to 5 wt. 
%); methyl acetate in an amount from 0.1 to 5 wt.%; water 
in an amount from 0.1 to 8 wt.%; acetaldehyde in an amount 
of no more than 1 wt.% (e.g., from 0.0001 to 1 wt.% 
acetaldehyde); and hydrogen iodide in an amount of no more 
than 0.5 wt.% (e.g., from 0.0001 to 0.5 wt.% hydrogen 
iodide). 
Iron Detection and Removal 
As described herein, when the carbonylation reaction is 

run over extended periods of time, e.g., over several days, 
weeks, months or years, corrosion metals dissolve from the 
carbonylation reactor and/or flash vessel, its associated 
fittings and various lines, into the reaction medium, and less 
volatile stream 111 causing undesirable build up therein. 
Additionally, there are corrosion metals in the various 
recycle streams 138 from primary purification train 108, as 
described herein, that also accumulate in the reaction 
medium. A portion of these various recycle streams 138 are 
combined with a portion of the less volatile stream 111 to be 
treated in the corrosion metal removal unit 115. Since the 
process is continuous, the corrosion metals continue to build 
up in the reactor 104. Although the particular corrosion 
metals depend on the metallurgy, they commonly include 
iron, nickel, molybdenum and chromium. The corrosion 
metals are known to interfere with the carbonylation reac 
tion, to accelerate competing reactions such as the water-gas 
shift reaction and methane formation, and to deactivate the 
rhodium catalyst. As corrosion metal concentration 
increases, then PRC concentration also increases in a pro 
portional relationship. While it is recognized in the art that 
removal of corrosion metals is desirable, the corrosion 
metals are generally removed from reactor 104 to reduce 
total corrosion metals concentration, as opposed to targeted 
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reduction of any one specific corrosion metal, e.g., iron. 
FIG. 2 is a plot of total corrosion metal concentration 
(reported in weight parts per million (“wppm) as compared 
to change in acetaldehyde concentration (wppm) in reactor 
104 for a rhodium based system under low water conditions 
as previously described. FIG. 2 shows that as total corrosion 
metal concentration increases, acetaldehyde concentration 
increases. A similar relationship is shown in FIG. 3, where 
the iron concentration (wppm) is compared to the change in 
acetaldehyde concentration (wppm) in reactor 104. As pre 
viously described, increases in acetaldehyde content lead to 
purification increases, which lead to cost increases and 
production rate limitations. Additionally, as the total corro 
sion metals concentration increases, the content of other 
PRC's including butyraldehyde, crotonaldehyde, and 2-eth 
ylcrotonaldehyde, as well as butyl acetate also increased. 
Thus, the conventional strategy to reduce total corrosion 
metal concentration in order to reduce PRC concentration is 
supported by the data in FIGS. 2 and 3. 

Further evaluation of the individual corrosion metals 
shows that, unexpectedly, of all the corrosion metals, the 
presence of iron above a threshold level has a dispropor 
tionally large effect on acetic acid STY. Thus, measuring 
total corrosion metal concentration may not provide a reli 
able indicator of iron concentration. For example, FIG. 6, 
discussed further herein, illustrates the poisoning effect of 
iron on a rhodium catalyst system. An increase from 
approximately 450 wppm iron to 1750 wppm iron results in 
a decrease in acetic acid STY of greater than 10%. 

In view of this greater than expected significance of iron, 
the inventors have discovered that it is important to deter 
mine a threshold level of iron in less volatile stream 105, and 
thus in the reaction medium (when the process is run 
continuously), and to Subsequently use the threshold level 
during the iron removal process. It should be understood that 
less volatile stream 111, due to the corrosion, may comprise 
iron in excess of the set threshold. For purposes of the 
present invention, the iron concentration in less volatile 
stream 111 would be more concentrated than the iron 
concentration in reaction medium due to vaporization of a 
portion of the reaction medium. In one embodiment, the 
threshold iron concentration is set at a value selected within 
the range from 500 wppm to 1200 wppm, e.g., 1200 wppm, 
1100 wppm, 1000 wppm, 900 wppm, 800 wppm, 700 
wppm, 600 wppm, or 500 wppm. When the iron in less 
volatile stream 111 reaches the threshold level, at least a 
portion of the iron is removed from the less volatile stream 
111, e.g., iron is removed until the iron concentration in the 
less volatile stream 111 reaches a point below the threshold 
level. For example, if the threshold level is 1200 wppm and 
less Volatile stream 111 comprises iron in a concentration of 
1300 wppm, then at least 100 wppm iron is removed from 
less volatile stream 111, e.g., at least 200 wppm, at least 500 
wppm, at least 1000 wppm or at least 1200 wppm. In terms 
of percentages of iron removed from less volatile stream 
111, at least 5% of iron may be removed, e.g., at least 10%, 
at least 15%, at least 20%, at least 40%, at least 60% or at 
least 80%. To control the amount of the iron removed, the 
flow through slipstream 114 may be increased or decreased 
as needed to remove iron and achieve an iron concentration 
that is less than the threshold value. 

Although removing all iron would be advantageous to 
prevent deactivation of the rhodium catalyst, the removal of 
iron is balanced with costs related to removing the iron as 
compared to the cost of replacing the rhodium catalyst that 
is deactivated by the iron. In some embodiments, after 
removing the iron through the slipstream 114, the reaction 
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mixture may comprise iron in a concentration from 1 to 1200 
wppm, e.g., from 1 to 1100 wppm, from 1 to 1000 wppm, 
from 10 to 1000 wppm, from 50 to 800 wppm, from 100 to 
500 wppm, or from 300 to 500 wppm. 
One important aspect of the aforementioned processes is 

the use of the threshold level of iron to determine when iron 
should be removed from less volatile stream 111. It is within 
the contemplation of the invention to employ the general 
principles of separation, e.g., guard bed separation, to imple 
ment the use of the threshold level of iron in this regard. The 
exemplary iron removal systems disclosed herein are merely 
exemplary and are not intended to limit the scope of the 
invention. Any other specific iron removal systems are 
within the scope of the invention, as long as the concept of 
the threshold level of iron is employed. 

The concentration of iron in reactor 104 and/or less 
volatile stream 111 may be determined by off-line measure 
ment. In some embodiments, a sample is removed from 
reactor 104 and/or less volatile stream 111 and analyzed by 
inductively coupled plasma-optical emission spectrometry. 
In other embodiments, a sample from reactor 104 and/or less 
Volatile stream 111 is analyzed using inductively coupled 
plasma-mass spectrometry. In yet further embodiments, a 
sample from reactor 104 and/or less volatile stream 111 is 
analyzed by atomic absorption spectroscopy. In a further 
embodiment, there is provided a process for producing 
acetic acid comprising carbonylating at least one member 
selected from the group consisting of methanol, dimethyl 
ether, and methyl acetate in a reaction medium comprising 
water, a rhodium catalyst, methyl iodide and a halide salt, 
determining an iron content in a portion of the reaction 
medium, separating the reaction medium into a less volatile 
stream comprising iron and a vapor product stream, and 
removing at least a portion of the iron from the less volatile 
stream when the iron content in the reaction medium 
exceeds 1200 wppm. 

Regardless of the method used to determine the iron 
concentration in reactor 104 and/or less volatile stream 111, 
once an iron content at or above the threshold level of iron 
is measured, at least a portion, e.g., a slip Stream 114 of less 
volatile stream 111, is directed to corrosion metal removal 
unit 115 to form purified stream 116. Purified stream 116 has 
a reduced concentration of iron as compared to slip stream 
114. Purified stream 116 may be combined with the remain 
ing portion of less volatile stream 111 to form a liquid 
recycle 117 which is pumped into reactor 104. Corrosion 
metal removal unit 115 may comprise an ion exchange bed, 
such those disclosed in U.S. Pat. Nos. 4,894,477, 5,124,290, 
and 5,731,252, the entireties of which are incorporated by 
reference. 

In one embodiment, liquid recycle 117, after removal of 
iron, comprises iron in an amount from 1 to 1200 wppm, 
e.g., from 1 to 1100 wppm, from 1 to 1000 wppm, from 10 
to 1000 wppm, from 50 to 800 wppm, from 100 to 500 
wppm, or from 300 to 500 wppm. The iron concentration in 
liquid recycle 117 generally corresponds to the iron concen 
tration in the reaction medium in reactor 104. 

The resins useful for removing iron, and potentially other 
corrosion metals, including nickel, chromium, and molyb 
denum, are cation exchange resins of the strong-acid type in 
their acid or lithium form. Both types are readily available 
as commercial products. Strong-acid cation exchange resins 
which are the resins preferred for use in the present inven 
tion are constituted predominantly of Sulfonated Styrene 
divinylbenzene copolymers, although some of the available 
resins of this type are phenol-formaldehyde condensation 
polymers. Either the gel type or the macroreticular type resin 
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is suitable but the latter is preferred, since organic compo 
nents are present in the portion of the less volatile stream 111 
being treated. 

Contacting of the at least a portion of less volatile stream 
111 and the resin can be effected in a stirred vessel wherein 
the resin is slurried with sufficient agitation and the less 
volatile stream 111 is then recovered by decantation, filtra 
tion, centrifuging, etc. However, treatment of less volatile 
stream 111 is usually effected by passing at least a portion of 
less volatile stream 111 through a fixed-bed column of the 
resin. 
The cation exchange treatment can be effected at tem 

peratures in the range from 0 to 120° C., although lower or 
higher temperatures limited only by the stability of the resin 
can be employed. Preferred temperatures are those in the 
range from 20 to 90° C. If temperatures above the boiling 
point of the catalyst-containing solutions are employed, then 
operation under pressure will be required to maintain the 
Solution in the liquid phase. However, pressure is not a 
critical variable. Generally, atmospheric pressure or a pres 
Sure slightly above atmospheric is employed but Superat 
mospheric or Subatmospheric pressures can be used if 
desired. 
The rate of flow of the slip stream through the resin during 

the corrosion metal removal process may be control to 
remove iron and may range from 1 to 20 bed Volumes per 
hour. Preferably, lower flow rates from 1 to 12 bed volumes 
per hour may be employed. In addition, when the iron 
concentration is less than the threshold value, the flow rate 
of slipstream 114 may be less than 1 bed volumes per hour 
and may be closed until needed. After contacting, washing 
or rinsing of the resin bed with water or the carbonylation 
product from the process from which the catalyst being 
treated is derived such as acetic acid is essential for remov 
ing all the rhodium from the resin bed. The rinsing or 
washing is affected at similar flow rates as in the removal 
step. 

In one embodiment, there is provided a process for 
producing acetic acid comprising carbonylating at least one 
member selected from the group consisting of methanol, 
dimethyl ether, and methyl acetate in a reaction medium 
comprising water in a concentration from 0.1 to 14 wt.%. 
a rhodium catalyst, methyl iodide and a halide salt, sepa 
rating a portion of the reaction medium in a flash vessel to 
form a less volatile stream and a vapor product stream 
comprising acetic acid, recycling a liquid stream to the 
reactor, wherein the liquid stream comprises a portion of the 
less volatile stream, setting a threshold value of iron, 
wherein the threshold value of iron concentration is a value 
selected within the range from 500 wppm to 1200 wppm, 
determining an iron content in a portion of the reaction 
medium, and removing at least a portion of the iron from the 
liquid stream when the iron content exceeds threshold value. 

In some aspects, water may be added to corrosion metal 
removal unit 115, or to the slip stream 114 sent to corrosion 
metal removal unit 115, so corrosion metal removal unit 115 
comprises a water content from 0.2 to 50 wt.%, e.g., from 
5 to 30 wt.% or from 5 to 15 wt.%. The addition of water 
to the cation exchange resin may help to improve the 
removal of iron and other corrosion metal products. 
By removing iron from the reaction mixture until the iron 

content in less volatile stream 111 is less than the iron 
threshold level, the acetic acid STY is increased by at least 
1%, e.g., by at least 5% or by at least 10%. 

After the resin has become exhausted, i.e., when the 
corrosion metal contaminants are breaking through into the 
effluent, the resin can be regenerated by passing there 
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through a solution of alkali metals salts such as Sodium, 
potassium or lithium salts. Generally, the lithium salt used in 
the regenerating cycle has a concentration in the range from 
1% to 20%. Quantities employed and procedures are those 
well established in the art and recommended by the resin 5 
manufacturers. Aqueous lithium acetate is preferred as a 
regenerating agent since the acetate anion is employed in the 
reaction system and is readily available for use. A further 
advantage is that its use eliminates the rinsing step normally 
required after the regeneration process when other regener- 10 
ates are employed. 

To maximize corrosion metal regeneration capacity and to 
maximize resin bed column performance at relatively high 
concentrations of lithium acetate, the lithium acetate regen 
eration solution should contain some acetic acid to maintain 15 
the pH below 5.5 and avoid the formation of any insoluble 
corrosion metal compounds during the regeneration cycle. 
Precipitation of these compounds during the regeneration 
cycle could reduce the regeneration performance of the 
column and also cause plugging of the resin bed. Typically, 20 
acetic acid concentrations from 0.1 to 95 wt.% can be used, 
with acetic acid concentrations from 0.1 to 20 wt.% being 
preferred. 
Recovery of Acetic Acid 
The distillation and recovery of acetic acid is not particu- 25 

larly limited for the purposes of the present invention. In one 
exemplary embodiment, there is provided a process for 
producing acetic acid comprising separating a reaction 
medium formed in a reactor in a flash vessel to form a less 
Volatile stream and a vapor product stream, distilling the 30 
vapor product stream in a first column to obtain a side stream 
and a low boiling overhead vapor stream comprising water 
in an amount of greater than or equal to 5 wt.%, condensing 
the low boiling overhead vapor stream and biphasically 
separating the condensed stream to form a heavy liquid 35 
phase and a light liquid phase, optionally treating a portion 
of the heavy liquid phase and/or the light liquid phase to 
remove at least one PRC, distilling the side stream in a 
second column to obtain a crude acetic acid product in the 
from the second column, contacting the crude acetic acid 40 
product with a metal-exchanged ion exchange resin having 
acid cation exchange sites to produce a purified acetic acid. 
The process further comprises recycling a liquid stream to 
the reactor, wherein the liquid stream comprises a portion of 
the less volatile stream and one or more recycle streams 45 
from the first and/or second columns, and removing a 
portion of the iron from the liquid stream to maintain an 
effective STY of the rhodium catalyst of at least 80% of the 
maximum STY. Various embodiments of primary purifica 
tion train having up to 2 distillation columns is further 50 
described herein. 
First Column 
The overhead stream from flash vessel 110 is directed to 

the light ends column 120 as vapor product stream 112, 
where distillation yields a low-boiling overhead vapor 55 
stream 122, a sidedraw 123 that contains acetic acid, and a 
high boiling residue stream 121. In one embodiment, vapor 
product stream 112 may comprise acetic acid, methyl 
acetate, water, methyl iodide, and acetaldehyde, along with 
other impurities such as hydrogen iodide and crotonalde- 60 
hyde, and byproducts such as propionic acid. Acetic acid 
removed via sidedraw 123 preferably is subjected to further 
purification, such as in drying column 125 for selective 
separation of acetic acid from water. 

Light ends column 120 also preferably forms residuum or 65 
bottoms stream 121, which comprises primarily acetic acid 
and water. Although the concentration of acetic acid may be 
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relatively high in high boiling residue stream 121, the mass 
flow of the high boiling residue stream 121 relative to side 
stream 123 is very small. In embodiments, the mass flow of 
the boiling residue stream 116 is no more than 0.75% of side 
stream 128, e.g., no more than 0.55%, or no more than 
0.45%. Since light ends bottoms stream 121 typically com 
prises some residual catalyst, it may be beneficial to recycle 
all or a portion of light ends bottoms stream 121 to reactor 
104. Light ends bottoms stream 121 may be combined with 
the less volatile stream 111 and returned together to reactor 
104, as shown in FIG. 1. Due to the possibility of iron, as 
well as other corrosion metals, a portion of light ends 
bottoms stream 121 may be treated along with a portion of 
less volatile stream 111 to remove iron. In some embodi 
ments, the iron in bottoms stream 121 is accumulated 
entrained iron from flasher vessel 110. In embodiments, light 
ends bottoms stream 121 may have an iron concentration 
that is no more than 50 wppm, e.g., no more than 45 wppm, 
no more than 40 wppm, no more than 35 wppm, no more 
than 30 wppm, no more than 25 wppm, no more than 20 
wppm, no more than 15 wppm, no more than 10 wppm, or 
no more than 5 wppm, and/or the iron concentration in the 
light ends bottoms stream 121 may be greater than or equal 
to 0 wppm, e.g., greater than or equal to 0.1 wppm, greater 
than or equal to 0.5 wppm, greater than or equal to 0.75 
wppm, or greater than or equal to 1 wppm. 

In one embodiment, low-boiling overhead vapor stream 
122 comprises water in amount greater than or equal to 5 wt. 
%, e.g., greater than or equal to 10 wt.%, or greater than or 
equal to 25 wt.%. The amount of water may be up to 80 wt. 
%. In terms of ranges, water concentration in the overhead 
may be from 5 wt.% to 80 wt.%, e.g., from 10 wt.% to 70 
wt.% or from 25 wt.% to 60 wt.%. Reducing water 
concentration to less than 5 wt.% is not advantageous 
because this results in a large recycle of acetic acid back to 
the reaction system that sets up a large recycle through the 
entire purification system. In addition to water, low-boiling 
overhead vapor stream 122 may also comprise methyl 
acetate, methyl iodide, and carbonyl impurities, which are 
preferably concentrated in the overhead to be removed from 
acetic acid in side stream 123. These carbonyl impurities 
may also be referred to herein as PRC's. 
As shown, low-boiling overhead vapor stream 122 pref 

erably is condensed and directed to an overhead phase 
separation unit, as shown by overhead decanter 124. Con 
ditions are desirably maintained Such that the condensed 
low-boiling overhead vapor stream 122, once in decanter 
124, may separate to form a light liquid phase 132 and a 
heavy liquid phase 133. The phase separation should be 
maintain two separate phase, without forming a third phase 
or emulsion between the phases. An offgas component may 
be vented via line 131 from decanter 124. In embodiments, 
the average residence time of the condensed low-boiling 
overhead vapor stream 122 in overhead decanter 124 is 
greater than or equal to 1 minute, e.g., greater than or equal 
to 3 minutes, greater than or equal to 5 minutes, or greater 
than or equal to 10 minutes, and/or the average residence 
time is no more than 60 minutes, e.g., no more than 45 
minutes, or no more than 30 minutes, or no more than 25 
minutes. 

Although the specific compositions of the light phase 
stream 132 may vary widely, Some preferred compositions 
are provided below in Table 1. 
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TABLE 1. 

Exemplary Light Liquid Phase from Light Ends Overhead 

conc. (Wt. %) conc. (Wt. %) conc. (Wt. %) 

HOAC 1-40 1-2S 5-15 
Water SO-90 SO-80 60-80 
PRC's <5 <3 <1 
MeI <10 <5 <3 
MeAc 1-SO 1-2S 1-15 

In one embodiment, overhead decanter 124 is arranged 
and constructed to maintain a low interface level to prevent 
an excess hold up of methyl iodide. Although the specific 
compositions of heavy liquid phase 133 may vary widely, 
Some exemplary compositions are provided below in Table 
2. 

TABLE 2 

Exemplary Heavy Liquid Phase from Light Ends Overhead 

conc. (Wt. %) conc. (Wt. %) conc. (Wt. %) 

Water O.O1-2 O.OS-1 O.1-0.9 
Methyl Acetate O. 1-25 O.S-20 O.7-15 
Acetic Acid O. 1-10 O.2-8 O.5-6 
PRC's <5 <3 <1 
Methyl Iodide 40-98 50-95 60-85 

The density of the heavy liquid phase 133 may be from 
1.3 to 2, e.g., from 1.5 to 1.8, from 1.5 to 1.75 or from 1.55 
to 1.7. As described in U.S. Pat. No. 6,677,480, the mea 
sured density in the heavy liquid phase 133 correlates with 
the methyl acetate concentration in the reaction medium. As 
density decreases, the methyl acetate concentration in the 
reaction medium increases. In one embodiment of the pres 
ent invention, heavy liquid phase 133 is recycled to the 
reactor and the light liquid phase 132 is controlled to be 
recycled through the same pump. It may be desirable to 
recycle a portion of the light liquid phase 132 that does not 
disrupt the pump and maintains a density of the combined 
light liquid phase 132 and heavy liquid phase 133 of greater 
than or equal to 1.3, e.g., greater than or equal to 1.4, greater 
than or equal to 1.5, or greater than or equal to 1.7. As 
described herein, a portion of the heavy liquid phase 133 
may be treated to remove impurities such as acetaldehyde. 
As shown in FIG. 1, the light phase exits decanter 124 via 

stream 132. A first portion, e.g., aliquot portion, of light 
phase stream 132 is recycled to the top of the light ends 
column 120 as reflux stream 134. In other embodiments a 
portion of the heavy liquid phase 133 may also be refluxed 
(not shown) to the light ends column 120. A portion of light 
phase stream 132 may be recycled to reactor 104 by stream 
135. In one embodiment, stream 135 and/or heavy liquid 
phase 133, may comprise corrosion metals, including iron, 
nickel, chromium, and/or molybdenum. Heavy liquid phase 
133 may be fed directly to reactor 104. Stream 135 may be 
combined with stream 137 to form stream 138 and a portion 
of this stream is mixed with a slipstream 114 of less volatile 
stream 111. The remaining portion of stream 138, shown by 
stream 138 may be combined with liquid recycle 117. This 
allows adjustment of the aqueous amount in slipstream 114. 
In embodiments, stream 135 and/or heavy liquid phase 133 
may have an iron concentration that is no more than 5 wppm, 
e.g., no more than 2.5 wppm, no more than 1.2 wppm, no 
more than 1 wppm, no more than 0.5 wppm, or no more than 
0.1 wppm, no more thanno more thanno more thanno more 
than and/or the iron concentration in stream 135 and/or 
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heavy liquid phase 133 may be greater than or equal to 0 
wppm, e.g., greater than or equal to 0.01 wppm, greater than 
or equal to 0.05 wppm, greater than or equal to 0.1 wppm, 
greater than or equal to 0.25 wppm, or greater than or equal 
to 0.5 wppm. 
PRC Removal System 
As described herein the light ends column 120 is part of 

the primary purification train. In some embodiments, a 
portion of light liquid phase and/or heavy liquid phase may 
be separated and directed to acetaldehyde or PRC removal 
system (not shown) to recover methyl iodide and methyl 
acetate, while removing acetaldehyde. For purposes of the 
present invention, the acetaldehyde or PRC removal system 
is not part of the primary purification train. In some embodi 
ments, it may be desirous to use an acetaldehyde or PRC 
removal system to reduce the acetaldehyde concentration in 
the reaction medium. The acetaldehyde or PRC removal 
system produces a stream enriched in acetaldehyde that may 
be purged or otherwise not returned to the reactor. As 
described herein, the reaction medium preferably comprises 
acetaldehyde in an amount of no more than 1500 wppm. 
As shown in Tables 1 and 2, light liquid phase 132 and/or 

heavy liquid phase 133 each contain PRC's and the process 
may include removing carbonyl impurities, such as acetal 
dehyde, that deteriorate the quality of the acetic acid product 
and may be removed in Suitable impurity removal columns 
and absorbers as described in U.S. Pat. Nos. 6,143,930; 
6,339,171; 7,223,883; 7,223,886; 7,855,306; 7,884,237; 
8,889,904; and US Pub. Nos. 2006/0011462, which are 
incorporated herein by reference in their entirety. Carbonyl 
impurities, such as acetaldehyde, may react with iodide 
catalyst promoters to form alkyl iodides, e.g., ethyl iodide, 
propyl iodide, butyl iodide, pentyl iodide, hexyl iodide, etc. 
Also, because many impurities originate with acetaldehyde, 
it is desirable to remove carbonyl impurities from the liquid 
light phase. 
The portion of light liquid phase 132 and/or heavy liquid 

phase 133 fed to the acetaldehyde or PRC removal system 
may vary from 1% to 99% of the mass flow of either the light 
liquid phase 138 and/or heavy liquid phase 118, e.g., from 1 
to 50%, from 2 to 45%, from 5 to 40%, 5 to 30% or 5 to 20%. 
Also in Some embodiments, a portion of both the light liquid 
phase 132 and heavy liquid phase 133 may be fed to the 
acetaldehyde or PRC removal system. The portion of the 
light liquid phase 132 not fed to the acetaldehyde or PRC 
removal system may be refluxed to the first column or 
recycled to the reactor, as described herein. The portion of 
the heavy liquid phase 133 not fed to the acetaldehyde or 
PRC removal system may be recycled to the reactor. 
Although a portion of heavy liquid phase 133 may be 
refluxed to the light ends column, it is more desirable to 
return the methyl iodide enriched heavy liquid phase 133 to 
the reactor. 

In one embodiment, a portion of light liquid phase 132 
and/or heavy liquid phase 133 is fed to a distillation column 
which enriches the overhead thereof to have acetaldehyde 
and methyl iodide. Depending on the configuration, there 
may be two separate distillation columns, and the overhead 
of the second column may be enriched in acetaldehyde and 
methyl iodide. Dimethyl ether, which may be formed in-situ, 
may also be present in the overhead. The overhead may be 
Subject to one or more extraction stages to remove a raflinate 
enriched in methyl iodide and an extractant. A portion of the 
raflinate may be returned to the distillation column, first 
column, overhead decanter and/or reactor. For example, 
when the heavy liquid phase 133 is treated in the PRC 
removal system, it may be desirable to return a portion the 
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raflinate to either the distillation column or reactor. Also, for 
example, when light liquid phase 132 is treated in the PRC 
removal system, it may be desirable to return a portion the 
raflinate to either the first column, overhead decanter, or 
reactor. In some embodiments, the extractant may be further 
distilled to remove water, which is returned to the one or 
more extraction stages. The column bottoms, which contains 
more methyl acetate and methyl iodide than light liquid 
phase 132, may also be recycled to reactor 104 and/or 
refluxed to light ends column 120. 
Second Column 

Acetic acid removed via side stream 123 preferably is 
Subjected to further purification, Such as in a second column 
125, also referred to as a drying column, and separates side 
stream 123 to form aqueous overhead stream 126 comprised 
primarily of water and product stream 127 comprised pri 
marily of acetic acid. Water from the side stream is concen 
trated in the aqueous overhead stream and the aqueous 
overhead comprises greater than or equal to 90% of the 
water in the side stream fed to the second column, e.g., 
greater than or equal to 95%, greater than or equal to 97%, 
greater than or equal to 99%. Aqueous overhead stream 126 
may comprise water in an amount from 50 to 75 wt.%. In 
embodiments, aqueous overhead stream may comprise 
water in an amount of no more than 75 wt.%, e.g., no more 
than 70 wt.%, no more than 65 wt.%. Methyl acetate and 
methyl iodide are also removed from the side stream and 
concentrated in the overhead stream. Product stream 127 
preferably comprises or consists essentially of acetic acid 
and may be withdrawn in the bottom of second column 125 
or a side stream near the bottom. When withdrawn as a side 
stream near the bottom, the side stream may be a liquid or 
a vapor stream. In preferred embodiments, product stream 
127 comprises acetic acid in an amount greater than or equal 
to 90 wt.%, e.g., greater than or equal to 95 wt.% or greater 
than or equal to 98 wt.%. Product stream 127 may be further 
processed, e.g., by passing through an ion exchange resin, 
prior to being Stored or transported for commercial use. 

Similarly, aqueous overhead stream 126 from second 
column 125 contains a reaction component, such as methyl 
iodide, methyl acetate, and water, and it is preferable to 
retain these reaction components within the process. Aque 
ous overhead stream 126 is condensed by a heat exchanger 
into stream 137, which is recycled to reactor 104 and/or 
refluxed second column 125. An offgas component may be 
vented via line 136 from condensed low-boiling overhead 
vapor stream 126. Similar to the condensed low-boiling 
overhead vapor stream from first column 120, condensed 
overhead stream 137 may also be separated to form an 
aqueous phase and an organic phase, and these phases may 
be recycled or refluxed as needed to maintain the concen 
trations in the reaction medium. In one embodiment, con 
densed overhead stream 137 may be combined with stream 
135 to form stream 138. A portion of stream 138 is mixed 
with slipstream 114 and treated to remove iron in corrosion 
metal removal unit 115. In embodiments, condensed over 
head stream 137 may have an iron concentration that is no 
more than 5 wppm, e.g., no more than 2.5 wppm, no more 
than 1.2 wppm, no more than 1 wppm, no more than 0.9 
wppm, no more than 0.75 wppm, no more than 0.5 wppm, 
or no more than 0.1 wppm, no more thanno more than and/or 
the iron concentration in the condensed overhead stream 137 
may be greater than or equal to 0 wppm, e.g., greater than 
or equal to 0.01 wppm, greater than or equal to 0.05 wppm, 
greater than or equal to 0.1 wppm, greater than or equal to 
0.2 wppm, or greater than or equal to 0.3 wppm. 
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In one embodiment, the side stream water concentration 

is controlled to balance the water in both the first and second 
columns. When water in an amount no more than 14 wt.% 
is used in the reaction medium, more preferably, no more 
than 4.1 wt.%, there may not be sufficient water in the 
second column to stably operate the column. Although it 
may be possible to reduce the water concentration in the side 
stream to no more than 1 wt.%, this would result in an 
imbalance in the second column, which may cause the 
recovery of acetic acid to become more difficult and result 
in off-spec product. Further, by having water in the side 
stream the second column is able to remove that water in the 
aqueous overhead. The recycle ratio between the light liquid 
phase from the first column and the aqueous overhead from 
the second column helps to maintain desirable water con 
centrations in the reactor while maintaining stable opera 
tions in the first and second distillation columns. In one 
embodiment, the recycle ratio of the mass flow of the light 
liquid phase recycled to the reactor to the mass flow of the 
aqueous overhead to the reactor is no more than 2, e.g., no 
more than 1.8, no more than 1.5, no more than 1, no more 
than 0.7, no more than 0.5, no more than 0.35, no more than 
0.25 and/or the recycle ratio of the mass flow of the light 
liquid phase recycled to the reactor to the mass flow of the 
aqueous overhead to the reactor is greater than or equal to 0. 
e.g., greater than or equal to 0.05, greater than or equal to 
0.1, greater than or equal to 0.15, or greater than or equal to 
0.2. In one embodiment, the recycle ratio of the mass flow 
of the light liquid phase recycled to the reactor to the mass 
flow of the aqueous overhead to the reactor is from 0 to 2, 
e.g., from 0 to 1.5, from 0 to 1.3, from 0 to 1, from 0 to 0.9 
from 0 to 0.7, from 0 to 0.5, from 0 to 0.35 or from 0 to 0.25. 
To recover residue liquids from the vent streams, in 

particular lines 106, 131, and 136, these lines may be fed to 
a scrubber that operates with chilled methanol and/or acetic 
acid to remove methyl acetate and methyl iodide. A suitable 
scrubber is described in U.S. Pat. No. 8,318,977, which is 
incorporated herein by reference in its entirety. 
The distillation columns of the present invention may be 

a conventional distillation column, e.g., a plate column, a 
packed column, and others. Plate columns may include a 
perforated plate column, bubble-cap column, Kittel tray 
column, uniflux tray, or a ripple tray column. For a plate 
column, the theoretical number of plates is not particularly 
limited. Depending on the species of the component to be 
separate, the plate column may include up to 80 plates, e.g., 
from 2 to 80, from 5 to 60, from 5 to 50, or more preferably 
from 7 to 35. The distillation column may include a com 
bination of different distillation apparatuses. For example, a 
combination of bubble-cap column and perforated plate 
column may be used as well as a combination of perforated 
plate column and a packed column. 
The distillation temperature and pressure in the distilla 

tion system can Suitably be selected depending on the 
condition Such as the species of the objective carboxylic acid 
and the species of the distillation column, or the removal 
target selected from the lower boiling point impurity and the 
higher boiling point impurity according to the composition 
of the feed stream. For example, in a case where the 
purification of acetic acid is carried out by the distillation 
column, the inner pressure of the distillation column (usu 
ally, the pressure of the column top) may be from 0.01 to 1 
MPa, e.g., from 0.02 to 0.7 MPa, and more preferably from 
0.05 to 0.5 MPa in terms of gauge pressure. Moreover, the 
distillation temperature for the distillation column, namely 
the inner temperature of the column at the temperature of the 
column top, can be controlled by adjusting the inner pressure 
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of the column, and, for example, may be from 20 to 200°C., 
e.g., from 50 to 180° C., and more preferably 100 to 160° C. 
The material of each member or unit associated with the 

distillation system, including the columns, valves, condens 
ers, receivers, pumps, reboilers, and internals, and various 
lines, each communicating to the distillation system may be 
Suitable material Such as glass, metal, ceramic, or combina 
tions thereof, and is not particularly limited to a specific one. 
According to the present invention, the material of the 
foregoing distillation system and various lines are a transi 
tion metal or a transition-metal-based alloy such as iron 
alloy, e.g., a stainless steel, nickel or nickel alloy, Zirconium 
or Zirconium alloy thereof, titanium or titanium alloy 
thereof, or aluminum alloy. Suitable iron-based alloys 
include those containing iron as a main component, e.g., a 
stainless steel that also comprises chromium, nickel, molyb 
denum and others. Suitable alloys include those containing 
nickel as a main component and one or more of chromium, 
iron, cobalt, molybdenum, tungsten, manganese, and others, 
e.g., HASTELLOYTM and INCONELTM Corrosion-resistant 
metals may be particularly suitable as materials for the 
distillation system and various lines. 
Guard Bed 

Carboxylic acid streams, e.g., acetic acid streams, that are 
contaminated with a halides and/or corrosion metals may be 
contacted with an ion exchange resin composition under a 
wide range of operating conditions. Preferably, the ion 
exchange resin composition is provided in a guard bed. The 
use of guard beds to purify contaminated carboxylic acid 
streams is well documented in the art, for example, U.S. Pat. 
Nos. 4,615,806; 5,653,853; 5,731,252; and 6,225,498, 
which are hereby incorporated by reference in their entire 
ties. Generally, a contaminated liquid carboxylic acid stream 
is contacted with an ion exchange resin composition, which 
is preferably disposed in the guard bed. The halide contami 
nants, e.g., iodide contaminants, react with the metal to form 
metal iodides. In some embodiments, hydrocarbon moieties, 
e.g., methyl groups, that may be associated with the iodide 
may esterify the carboxylic acid. For example, in the case of 
acetic acid contaminated with methyl iodide, methyl acetate 
would be produced as a byproduct of the iodide removal. 
The formation of this esterification product typically does 
not have a deleterious effect on the treated carboxylic acid 
Stream. 

In one embodiment, the ion exchange resin is a metal 
exchanged ion exchange resin and may comprise at least one 
metal selected from the group consisting of silver, mercury, 
palladium and rhodium. In one embodiment, at least 1% of 
the strong acid exchange sites of said metal-exchanged resin 
are occupied by silver. In another embodiment, at least 1% 
of the strong acid exchange sites of said metal-exchanged 
resin are occupied by mercury. The process may further 
comprise treating the purified acetic acid product with a 
cationic exchange resin to recover any silver, mercury, 
palladium or rhodium. 
The pressure during the contacting step is limited only by 

the physical strength of the resin. In one embodiment, the 
contacting is conducted at pressures ranging from 0.1 MPa 
to 1 MPa, e.g., from 0.1 MPa to 0.8 MPa or from 0.1 MPa 
to 0.5 MPa. For convenience, however, both pressure and 
temperature preferably may be established so that the con 
taminated carboxylic acid stream is processed as a liquid. 
Thus, for example, when operating at atmospheric pressure, 
which is generally preferred based on economic consider 
ations, the temperature may range from 17°C. (the freezing 
point of acetic acid) to 118°C. (the boiling point of acetic 
acid). It is within the purview of those skilled in the art to 
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determine analogous ranges for product streams comprising 
other carboxylic acid compounds. The temperature of the 
contacting step preferably is kept relatively low to minimize 
resin degradation. In one embodiment, the contacting is 
conducted at a temperature ranging from 25°C. to 120°C., 
e.g., from 25°C. to 100° C. or from 50° C. to 100° C. Some 
cationic macroreticular resins typically begin degrading (via 
the mechanism of acid-catalyzed aromatic desulfonation) at 
temperatures of 150° C. Carboxylic acids having up to 5 
carbon atoms, e.g., up to 3 carbon atoms, remain liquid at 
these temperatures. Thus, the temperature during the con 
tacting should be maintained below the degradation tem 
perature of the resin utilized. In some embodiments, the 
operating temperature is kept below temperature limit of the 
resin, consistent with liquid phase operation and the desired 
kinetics for halide removal. 
The configuration of the guard bed within an acetic acid 

purification train may vary widely. For example, the guard 
bed may be configured after a drying column. Additionally 
or alternatively, the guard bed may be configured after a 
heavy ends removal column or finishing column. Preferably 
the guard bed is configured in a position wherein the 
temperature acetic acid product stream is low, e.g., no more 
than 120° C. or no more than 100° C. Aside from the 
advantages discussed above, lower temperature operation 
provides for less corrosion as compared to higher tempera 
ture operation. Lower temperature operation provides for 
less formation of corrosion metal contaminants, which, as 
discussed above, may decrease overall resin life. Also, 
because lower operating temperatures result in less corro 
Sion, vessels advantageously need not be made from expen 
sive corrosion-resistant metals, and lower grade metals, e.g., 
standard stainless Steel, may be used. 

In one embodiment, the flow rate through the guard bed 
ranges from 0.1 bed volumes per hour (“BV/hr) to 50 
BV/hr, e.g., 1 BV/hr to 20 BV/hr or from 6 BV/hr to 10 
BV/hr. A bed volume of organic medium is a volume of the 
medium equal to the Volume occupied by the resin bed. A 
flow rate of 1 BV/hr means that a quantity of organic liquid 
equal to the Volume occupied by the resin bed passes 
through the resin bed in a one hour time period. 
To avoid exhausting the resin with a purified acetic acid 

product that is high in total iodide concentration, in one 
embodiment the purified acetic acid product in bottoms 
stream 127 is contacted with a guard bed when total iodide 
concentration of the purified acetic acid product is no more 
than 5 wppm, e.g., preferably no more than 1 wppm. Total 
iodide concentration includes iodide from both organic, C 
to C alkyl iodides, and inorganic sources, such as hydro 
gen iodide. A purified acetic acid composition is obtained as 
a result of the guard bed treatment. The purified acetic acid 
composition, in one embodiment, comprises iodides in a 
total concentration of no more than 100 wppb, e.g., no more 
than 90 wippb, no more than 50 wppb, or no more than 25 
wppb. In one embodiment, the purified acetic acid compo 
sition comprises no more than 1000 wppb corrosion metals, 
e.g., no more than 750 wppb, no more than 500 wppb, or no 
more than 250 wppb. For purposes of the present invention, 
corrosion metals include metals selected from the group 
consisting of nickel, iron, chromium, molybdenum and 
combinations thereof. In terms of ranges, the purified acetic 
acid composition may comprise from 0 to 100 wppb iodides, 
e.g., from 1 to 50 wppb, and/or from 0 to 1000 wppb 
corrosion metals, e.g., from 1 to 500 wppb. In other embodi 
ments, the guard bed removes at least 25 wt.% of the iodides 
from the crude acetic acid product, e.g., at least 50 wt.% or 
at least 75 wt.%. In one embodiment, the guard bed removes 
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at least 25 wt.% of the corrosion metals from the crude 
acetic acid product, e.g., at least 50 wt.% or at least 75 wt. 
%. 

In another embodiment, the product stream may be con 
tacted with cationic exchanger to remove lithium com 
pounds. The cationic exchanger in the acid form comprises 
a resin of acid-form strong acid cation exchange macrore 
ticular, macroporous or mesoporous resins. Without being 
bound by theory feeding a product stream to an ion-ex 
change comprises lithium compounds in an amount of 
greater than or equal to 10 wppm results in displacement of 
metals in the treated product. Advantageously, this may be 
overcome by using an cationic exchanger upstream of the 
ion-exchange resin. After contacting with the cationic 
exchanger, the product stream may have a lithium ion 
concentration of no more than 50 weight part per billion 
(wppb), e.g., no more than 10 wppb, or no more than 5 
wppb. 

Although the product stream may be contacted with an 
ion-exchange resin to remove iodides, it is preferred not to 
flash the product stream or contact with product stream with 
an adsorption system that contains activated carbon. Flash 
ing the product stream is not efficient because there is not a 
sufficient pressure drop to recover greater than 50% of the 
acetic acid from the product stream. Thus, in one embodi 
ment, a non-flashed portion of the product stream is fed to 
the ion-exchange bed to remove iodides. 
As is evident from the figures and text presented above, 

a variety of embodiments are contemplated. 
E1. A process for producing acetic acid comprising: 

carbonylating at least one member selected from the 
group consisting of methanol, dimethyl ether, and methyl 
acetate in a reactor in a reaction medium comprising water, 
a rhodium catalyst, methyl iodide and a halide salt, wherein 
the rhodium catalyst is present in the reaction medium in an 
amount from 200 to 3000 wppm as rhodium; 

separating a portion of the reaction medium in a flash 
vessel to form a less volatile stream and a vapor product 
stream comprising acetic acid; 

recycling a liquid stream to the reactor, wherein the liquid 
stream comprises a portion of the less volatile stream and 
wherein the liquid stream comprises iron; and 

removing a portion of the iron from the liquid stream to 
maintain an effective STY of the rhodium catalyst of at least 
80% of the maximum STY. 
E2. The process of embodiment E1, wherein the liquid 

stream, after removal of iron, comprises iron in an amount 
from 1 to 1200 wppm. 

E3. The process of anyone of embodiments E1 or E2. 
wherein at least 5% of the iron is removed from the liquid 
recycle. 

E4. The process of anyone of embodiments E1-E3, further 
comprising maintaining an iron concentration in the reac 
tion medium of no more than 1200 wppm. 

E5. The process of anyone of embodiments E1-E4, further 
comprising maintaining an iron concentration in the reac 
tion medium from 100 to 500 wppm. 

E6. The process of anyone of embodiments E1-E5, wherein 
the iron concentration in wppm is maintained to be less 
than the concentration of the rhodium catalyst in wppm. 

E7. The process of anyone of embodiments E1-E6, wherein 
the effective STY of the rhodium catalyst is maintained at 
least 90% of the maximum STY. 

E8. The process of anyone of embodiments E1-E7, further 
maintaining at least 85% of the rhodium needed for the 
effective STY to achieve 100% of the maximum STY. 
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E9. The process of anyone of embodiments E1-E8, wherein 

the less Volatile stream comprises acetic acid in an amount 
from 60 to 90 wt.%, rhodium catalyst in an amount from 
0.01 to 0.5 wt.% as rhodium, corrosion metals in a total 
amount from 10 to 2500 wppm, lithium iodide in an 
amount from 5 to 20 wt.%, methyl iodide in an amount 
from 1 to 25 wt.%, methyl acetate in an amount from 0.1 
to 5 wt.%, and water in an amount from 0.1 to 8 wt.%. 

E10. The process of anyone of embodiments E1-E9, wherein 
the material of the reactor comprises a transition metal or 
transition-metal-based alloy. 

E11. The process of anyone of embodiments E1-E10. 
wherein the material of the flash vessel comprises a 
transition metal or transition-metal-based alloy. 

E12. The process of anyone of embodiments E1-E11, further 
comprising separating the vapor product stream compris 
ing acetic acid in a primary purification train to obtain an 
acetic acid product and one or more recycle streams. 

E13. The process of embodiment E12, wherein the liquid 
stream comprises a portion of the one or more recycle 
StreamS. 

E14. The process of embodiment E12, wherein at least one 
of the one or more recycle streams comprises iron. 

E15. The process of anyone of embodiments E1-E 14, further 
comprising directing at least one stream to a permangan 
ate reducing compound removal system to obtain a stream 
enriched in acetaldehyde. 

E16. The process of anyone of embodiments E1-E15, 
wherein the reaction medium comprises acetaldehyde in 
an amount of no more than 1500 wppm. 

E17. The process of anyone of embodiments E1-E16, 
wherein iron is removed from the liquid stream by con 
tacting a portion of the liquid stream with a cation 
exchange resin. 

E18. A process for producing acetic acid comprising: 
carbonylating at least one member selected from the 

group consisting of methanol, dimethyl ether, and methyl 
acetate in a reactor in a reaction medium comprising a 
rhodium catalyst, methyl iodide and a halide salt, wherein 
the rhodium catalyst is present in the reaction medium in an 
amount from 200 to 3000 wppm as rhodium; 

separating a portion of the reaction medium in a flash 
vessel to form a less volatile stream and a vapor product 
stream comprising acetic acid; 

recycling a liquid stream to the reactor, wherein the liquid 
stream comprises a portion of the less volatile stream and 
wherein the liquid stream comprises iron; and 

removing a portion of the iron from the liquid stream to 
maintain an iron concentration in the reaction medium of no 
more than 1200 wppm. 
E19. The process of embodiments E18, further comprising 

maintaining an iron concentration in the reaction medium 
from 100 to 500 wppm. 

E20. The process of anyone of embodiments E18 or E19. 
wherein the iron concentration in wppm is maintained to 
be less than the concentration of the rhodium catalyst in 
wppm. 

E21. The process of anyone of embodiments E18-E20. 
wherein the reaction medium comprises acetaldehyde in 
an amount of no more than 1500 wppm. 

E22. The process of anyone of embodiments E18-E21, 
wherein the less volatile stream comprises acetic acid in 
an amount from 60 to 90 wt.%, rhodium catalyst in an 
amount from 0.01 to 0.5 wt.% as rhodium, corrosion 
metals in a total amount from 10 to 2500 wppm, lithium 
iodide in an amount from 5 to 20 wt.%, methyl iodide in 
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an amount from 1 to 25 wt.%, methyl acetate in an 
amount from 0.1 to 5 wt.%, and water in an amount from 
0.1 to 8 wt.%. 

E23. A process for producing acetic acid comprising: 
carbonylating at least one member selected from the 

group consisting of methanol, dimethyl ether, and methyl 
acetate in a reaction medium comprising water, a rhodium 
catalyst, methyl iodide and a halide salt, wherein the reac 
tion medium comprises water in an amount from 0.1 to 14 
wt.%: 

separating a portion of the reaction medium in a flash 
vessel to form a less volatile stream and a vapor product 
stream comprising acetic acid; 

recycling a liquid stream to the reactor, wherein the liquid 
stream comprises a portion of the less volatile stream; 

setting a threshold value of iron for the portion of the 
reaction medium, wherein the threshold value of iron con 
centration is a value selected within the range from 500 
wppm to 1200 wppm; 

determining an iron content in the portion of the reaction 
medium; and 

removing at least a portion of the iron from the liquid 
stream when the iron content exceeds threshold value. 
E24. The process of embodiment E23, wherein the reaction 
medium comprises acetaldehyde in an amount of no more 
than 1500 wppm. 

E25. The process of anyone of embodiments E23 or E24, 
wherein the less volatile stream comprises acetic acid in 
an amount from 60 to 90 wt.%, rhodium catalyst in an 
amount from 0.01 to 0.5 wt.% as rhodium, corrosion 
metals in a total amount from 10 to 2500 wppm, lithium 
iodide in an amount from 5 to 20 wt.%, methyl iodide in 
an amount from 1 to 25 wt.%, methyl acetate in an 
amount from 0.1 to 5 wt.%, and water in an amount from 
0.1 to 8 wt.%. 

E26. The process of anyone of embodiments E23-E25, 
further comprising separating the vapor product stream 
comprising acetic acid in a primary purification train to 
obtain an acetic acid product and one or more recycle 
StreamS. 

E27. The process of anyone of embodiments E23-E26, 
wherein the liquid stream comprises a portion of the one 
or more recycle streams. 

E28. The process of anyone of embodiments E23-E27, 
further comprising determining an iron content in the 
portion of the one or more recycle streams, and removing 
at least a portion of the iron from the portion of the one 
or more recycle streams when the iron content exceeds the 
threshold value. 

E29. A process for producing acetic acid comprising: 
carbonylating at least one member selected from the 

group consisting of methanol, dimethyl ether, and methyl 
acetate in a reaction medium comprising water, a rhodium 
catalyst, methyl iodide and a halide salt, wherein the reac 
tion medium comprises from 0.1 to 14 wt.% water; 

determining an iron content in the reaction medium; 
separating the reaction medium into a less volatile stream 

comprising iron and a vapor product stream; and 
removing at least a portion of the iron from the less 

volatile stream when the iron content in the reaction medium 
exceeds 1200 wppm. 
E30. The process of embodiment E29, wherein at least 5% 

of the iron is removed from the less volatile stream. 
E31. The process of anyone of embodiments E29 or E30. 

wherein the removing also comprises removing corrosion 
metal contaminants other than iron. 

E32. The process of anyone of embodiments E29-E31, 
wherein the corrosion metal contaminants other than iron 
are selected from the group consisting of nickel, chro 
mium, molybdenum and combinations thereof. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

34 
E33. The process of anyone of embodiments E29-E32, 

wherein the removing iron comprises: contacting the less 
Volatile stream with an ion exchange resin and water in an 
amount Sufficient to bring the water concentration of the 
liquid recycle as it proceeds through the contacting cycle 
within a range of 0.25 wt.% to 50 wt.% and, recover a 
purified liquid recycle Solution comprising less than 1200 
ppm iron. 

E34. The process of embodiment E33, wherein the resin is 
a strong-acid cation exchange resin. 

E35. The process of embodiment E33, wherein the contact 
ing is effected by passing the less Volatile stream through 
a fixed-bed column of said resin. 

E36. The process of embodiment E33, wherein said resin is 
regenerated after exhaustion by washing with an alkali 
metal salt. 

E37. The process of embodiment E36, wherein the alkali 
metal salt is lithium acetate. 

E38. The process of embodiment E36, wherein the alkali 
metal is potassium. 

E39. The process of embodiment E36, wherein the alkali 
metal is sodium. 

E40. The process of embodiment E33, wherein the water 
concentration of the less Volatile stream as it proceeds 
through the contacting cycle is within a range of 5 wt.% 
to 30 wt.%. 

E41. The process of anyone of embodiments E29-E40, 
wherein at least a portion of the less volatile stream is 
returned to the reactor. 

E42. A process for improving the productivity of a less 
Volatile stream comprising a set water and alkali metalion 
concentration and greater than 1200 ppm iron, wherein 
the process comprises contacting the less volatile stream 
in a contacting cycle with a cation exchange resin and 
water in an amount Sufficient to bring the water concen 
tration of the less volatile stream as it proceeds through 
the contacting cycle within a range of 0.25 to 50 wt.%. 

E43. The process of embodiment E42, wherein the produc 
tivity is improved by at least 10%. 

E44. The process of anyone of embodiments E42 or E43. 
wherein the water concentration of the less volatile stream 
as it proceeds through the contacting cycle is within a 
range of 5 to 30 wt.%. 

E45. The process of embodiment E44, wherein the water 
concentration of the less Volatile stream as it proceeds 
through the contacting cycle is within a range of 5 to 15 
wt.%. 

E46. A process for improving the productivity of a less 
Volatile stream employed under low water conditions, 
said solution containing rhodium and alkali metal and 
further containing greater than 1200 ppm iron, wherein 
the process comprises contacting the less Volatile stream 
with an ion exchange resin and water in an amount 
sufficient to bring the water concentration of the less 
Volatile stream as it proceeds through the contacting cycle 
within a range of 0.25 to 50 wt.% and, recover a stream 
comprising less than 1200 ppm iron. 

E47. The process of embodiment E46, wherein the water 
concentration of the less Volatile stream as it proceeds 
through the contacting cycle is within a range of 5 to 30 
wt.%. 

E48. The process of anyone of embodiments E46 or E47, 
wherein the water concentration of the less volatile stream 
as it proceeds through the contacting cycle is within a 
range of 5 to 15 wt.%. 
While the invention has been described in detail, modi 

fications within the spirit and scope of the invention will be 
readily apparent to those of skill in the art. In view of the 
foregoing discussion, relevant knowledge in the art and 
references discussed above in connection with the Back 
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ground and Detailed Description, the disclosures of which 
are all incorporated herein by reference. In addition, it 
should be understood that aspects of the invention and 
portions of various embodiments and various features 
recited below and/or in the appended claims may be com- 5 
bined or interchanged either in whole or in part. In the 
foregoing descriptions of the various embodiments, those 
embodiments which refer to another embodiment may be 
appropriately combined with other embodiments as will be 
appreciated by one of skill in the art. Furthermore, those of 10 
ordinary skill in the art will appreciate that the foregoing 
description is by way of example only, and is not intended 
to limit the invention. 

EXAMPLES 15 

The present invention will be better understood in view of 
the following non-limiting examples. 

Example 1 2O 

A portion of a reaction medium formed according to the 
process described herein comprised from 8 to 10 wt.% 
lithium iodide, from 3 to 6 wt.% water, from 2.2 to 3.3 wt. 
% methyl acetate and from 10.7 to 12.5 wt.% methyl iodide. 
The portion of the reaction medium was measured at several 
different times for the corrosion metal content, the methane 
space time yield change (%: methane inefficiency), the 
carbon dioxide space time yield change (%; carbon dioxide 
inefficiency) and the acetic acid space time yield. The results 
are shown in Table 3. 
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TABLE 3 

36 
centration and change in acetic acid space time yield. When 
iron concentration increased from approximately 450 to 
approximately 1750 wppm, the acetic acid space time yield 
decreased by greater than 10%, demonstrating a poisoning 
effect of iron on the rhodium catalyst system. 

Example 3 

A portion of a reaction medium formed according to the 
process described herein as Example 2 was measured off 
line at four discrete iron concentrations. As shown in FIG. 7, 
there was a direct relationship between iron concentration 
and change in methane space time yield as a percent of 
acetic acid space time yield. 
We claim: 
1. A process for producing acetic acid comprising: 
carbonylating at least one member selected from the 

group consisting of methanol, dimethyl ether, and 
methyl acetate in a reaction medium comprising water, 
a rhodium catalyst, methyl iodide and a halide salt, 
wherein the reaction medium comprises water in an 
amount from 0.1 to 14 wt.%; 

separating a portion of the reaction medium in a flash 
vessel to form a less volatile stream and a vapor product 
stream comprising acetic acid; 

recycling a liquid stream to the reactor, wherein the liquid 
stream comprises a portion of the less volatile stream; 

setting a threshold value of iron for the portion of the 
reaction medium, wherein the threshold value of iron 
concentration is a value selected within the range from 
500 wppm to 1200 wppm; 

Corrosion Metal Content and Effect on Space Time Yield 

Total 
Corrosion CH4 CO2 HOAC 

N Mo Fe Cr Metals STY STY STY 
Sample (ppm) (ppm) (ppm) (ppm) (ppm) (%) (%) (mol/L hr) 

A. 1750 62O 2690 250 5310 O.91 O.81 7.7 
B 1170 450 1750 200 3570 O-54 O40 9.1 
C 237 8O 29 18 364 O.O8 O2O 11.3 
D 2469 931 372 460 4232 O.38 0.25 1O.S 
E 1962 842 1889 714 5523 O.7O O.60 9.O 
F 1767 755 1300 517 4339 O.7O O.60 8.3 
G 1932 717 1444 525 4678 O.90 O.60 7.5 
H 1187 515 743 303 2748 O.40 O3O 7.6 
I 1473 60S 738 341 3157 O.40 O2O 8.7 

As shown in Table 3, as corrosion metals increases, the 
percent inefficiency of CH and CO are also increased. Case 
D and E shows that the iron has most effect while case C and 
D and case E and F show Ni also has negative effect, but 
such effect is less severe than Fe. Cases E, F, and G show 
that the trend of inefficiency does not follow the changes of 
Chromium. This data is also shown graphically in FIGS. 4 
and 5. 
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A portion of a reaction medium formed according to the 
process described herein comprised from 15 to 18 wt.% 
lithium iodide, from 2.5 to 3.5 wt.% water, from 3.0 to 4.0 
wt.% methyl acetate and from 11.0 to 14.0 wt.% methyl 
iodide and from 450 to 650 wppm rhodium was measured 65 
off-line at four discrete iron concentrations. As shown in 
FIG. 6, there was a direct relationship between iron con 

determining the iron content in the portion of the reaction 
medium; and 

removing at least a portion of the iron from the liquid 
stream when the iron content exceeds a threshold value. 

2. The process of claim 1, wherein the reaction medium 
comprises acetaldehyde in an amount of no more than 1500 
wppm. 

3. The process of claim 1, wherein the less volatile stream 
comprises acetic acid in an amount from 60 to 90 wt.%. 
rhodium catalyst in an amount from 0.01 to 0.5 wt.% as 
rhodium, corrosion metals in a total amount from 10 to 2500 
wppm, lithium iodide in an amount from 5 to 20 wt.%. 
methyl iodide in an amount from 1 to 25 wt.%, methyl 
acetate in an amount from 0.1 to 5 wt.%, and water in an 
amount from 0.1 to 8 wt.%. 

4. The process of claim 1, further comprising separating 
the vapor product stream comprising acetic acid in a primary 
purification train to obtain an acetic acid product and one or 
more recycle streams. 
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5. The process of claim 4, wherein the liquid stream 
comprises a portion of the one or more recycle streams. 

6. The process of claim 4, further comprising determining 
an iron content in the portion of the one or more recycle 
streams, and removing at least a portion of the iron from the 
portion of the one or more recycle streams when the iron 
content exceeds the threshold value. 

7. The process of claim 1, wherein at least 5% of the iron 
is removed from the liquid stream. 

8. The process of claim 1, wherein the rhodium catalyst is 
present in the reaction medium in an amount from 200 to 
3000 wppm as rhodium. 

9. The process of claim 8, wherein the iron concentration 
in wppm is maintained to be less than the concentration of 
the rhodium catalyst in wppm. 

10. The process of claim 1, wherein the effective Space 
Time Yield of the rhodium catalyst is maintained above at 
least 80% of the maximum Space Time Yield. 

11. The process of claim 1, wherein the effective Space 
Time Yield of the rhodium catalyst is maintained above at 
least 80% of the maximum Space Time Yield. 

12. The process of claim 1, further comprising separating 
the vapor product stream comprising acetic acid in a primary 
purification train to obtain an acetic acid product and one or 
more recycle streams. 

13. The process of claim 12, wherein the liquid stream 
comprises a portion of the one or more recycle streams. 

k k k k k 
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