CONTROL METHOD FOR PROCESS OF REMOVI NG PERMANGANATE REDUCI NG COVPOUNDS FROM
METHANCL CARBONYLATI ON PROCESS  BACKGROUND OF THE I NVENTION 1. Field of the
I nvention This invention relates to an inproved process for the renoval of
per manganat e reduci ng conpounds and al kyl iodides fornmed by the

carbonyl ati on of nethanol in the presence of a Goup VIII netal

carbonyl ation catal yst. Mire specifically, this invention relates to an

i nproved process for reducing and/or lermovi ng precursors of pernmanganate
reduci ng corrlE)ounds and al kyl iodides frominternediate streans during the

f or mat i CEONTROEVMETHOR HOR PROCESS OFREMQ BING FIRMANGANATRRERUGING
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met hanol wi th carbon nonoxi de as taught in U S. Pat. No. 3,769, 329 issued
to Paulik et al. on Cct. 30, 1973. The carbonyl ati on catal yst conpri ses
rhodium either dissolved or otherw se dispersed in a liquid reaction nedium

or supported on an inert BRCKGROUNIYON THEANVENPRINCONt ai ni ng cat al yst
pronoter as exenplified by nethyl iodide. The rhodium can be introduced
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carbonyl ation of an al cohol to produce the  carboxylic acid having one

car bon #woshintesmedipth sireantscdusing dheoformationof agatic asid by said carboRplatiomprosesidsyst i s
di sclosed in comonly assigned U S. Patent Nos. 5,001, 259, issued Mar. 19,
1991; 52026, Yeehnicil Backgrodmd. 25, 1991; and 5, 144,068, issued Sep. 1, 1992;
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medi um ¢eimiretcidllydis nied duydlyzedetastionylatied bf/nethaholdeith emperc mahboxideres tapphti indl.8e,

and 1r5 ho Iatu rIQO. 3,769,329 issued to Paulik et al. on Oct. 30, 1973. The carbonylation catalyst comprises

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, and the exact nature of

the rhodium moiety within the active catalyst complex is uncertain. Likewise, the nature of the

20 halide promoter is not critical. The patentees disclose a very large number of suitable promoters,

most of which are organic iodides. 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.

An improvement in the prior art process for the carbonylation of an alcohol to produce the

25  carboxylic acid having one carbon atom more than the alcohol in the presence of a rhodium catalyst
is disclosed in commonly assigned U.S. Patent Nos. 5,001,259, issued Mar. 19, 1991; 5,026,908,
issued Jun. 25, 1991; and 5,144,068, issued Sep. 1, 1992; and European Patent No. EP

0 161 874 B2, published Jul. 1, 1992. As disclosed therein, acetic acid is produced from methanol in

a reaction medium containing methyl acetate, methyl halide, especially methyl iodide, and rhodium

30 present in a catalytically effective concentration. These patents disclose that catalyst stability and



present in a catalytically effective concentration. These patents discl ose
that catalyst stability and the productivity of the carbonylation reactor
can be maintained at surprisingly high levels, even at very |ow water
concentrations, i.e. 4 weight percent or less, in the reaction nedium
(despite the general industrial practice of maintaining approximtely 14-15
W % water) by maintaining in the reaction nedium along with a
catalytically effective anount of rhodium and at least a finite
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conpounds and unsaturated carbonyl conpounds. As used herein, the phrase
are herein incorporated by reference.

to

It has been found that although a low water carbonylation process fof producing acetic acid

20 reduces such by-products as carbon dioxide, hydrogen, and propionic acid, the amount of other
impurities, present generally in trace amounts, is also increased, and the quality of acetic acid
sometimes suffers when attempts are made to increase the production rate by improving catalysts,

or modifying reaction conditions.

These trace impurities affect quality of acetic acid, especially when they are recirculated

25  through the reaction process. The impurities that decrease the permanganate time of the acetic acid
include carbonyl compounds and unsaturated carbonyl compounds. As used herein, the phrase
“carbonyl" is intended to mean compounds that contain aldehyde or ketone functional groups,
which compounds may or may not possess unsaturation. See Catalysis of Organic Reaction, 715,

369-380 (1998), for further discussion on impurities in a carbonylation process.



"carbonyl" is intended to nean conpounds that contain al dehyde or ketone
functional groups, which conmpounds may or may not possess unsaturation. See
Catal ysis of Organic Reaction, 75, 369-380 (1998), for further discussion
on inpurities in a carbonylation process. The present invention is
directed to reducing and/ or renovi ng permanganat e reduci ng conpounds (PRC s)
such as acet al dehyde, acetone, nethyl ethyl ketone, butyral dehyde,

crot onal dehyde, 2-et hyl crotonaldehyde and 2- ethyl butyral dehyde and the
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with an amine compound such as hydroxylamine, which reacts with the carbonyl compounds to

form oximes, followed by distillation to separate the purified organic product from the oxime
20 reaction products. However, the additional treatment of the final product adds cost to the process,

and distillation of the treated acetic acid product can result in additional impurities being formed.

While it is possible to obtain acetic acid of relatively high purity, the acetic acid product
formed by the low-water carbonylation process and purification treatment described above
frequently remains somewhat deficient with respect to the permanganaté time due to the presence of

25 small proportions of residual impurities. Since a sufficient permanganate time is an important
commeréial test, which the acid product must meet to be suitable for many uses, the presence of
impurities that decrease permanganate time is objectionable. Moreover, it is not economically or

commercially feasible to remove minute quantities of these impurities from the acetic acid by



smal | proportions of residual inmpurities. Since a sufficient pernmanganate
time is an inportant conmercial test, which the acid product nust neet to be
suitable for many uses, the presence of inpurities that decrease

per manganate time i s objectionable. Mreover, it is not economcally or
commercially feasible to renbve mnute quantities of these inpurities from
the acetic acid by 4 distillation becqfse sone of the inpurities have
boiling points close to that of the acetic acid product. It has thus becone

inmportant to. identify econom cally.viable nethods. of. rengoy pmpuritie
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product spsquaddi ng unnecessary costs. U S. Patent No. 5,756, 836,

i ncorporated herein by reference, discloses a nmethod for manufacturing high
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acetic acid product with inproved pernmanganate tinme. European Patent
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over head stream containing prinarily nethy i odide and nethyl acetate; or a
r eci rsculwith impreted@armingearateitilg. conbi ni ng the |ight and heavy phase. These
references do not identify which of these streans possesses the greatest
concent r at i offuodpean Patent Application No. EP 0 687 662 A2 and U.S. Patent No. 5,625,095 describe a

process for producing high purity acetic acid in which an acetaldehyde concentration of 400 ppm or
less is maintained in the reactor by using a single or multi-stage distillation process to remove
acetaldehyde. Streams suggested for processing to remove acetaldehyde include a light phase
20 containing primarily water, acetic acid and methyl acetate; a heavy phase containing primarily
methyl iodide, methyl acetate and acetic acid; an overhead stream containing primarily methyl
iodide and methy] acetate; or a recirculating stream formed by combining the light and heavy phase.
These references do not identify which of these streams possesses the greatest concentration of

acetaldehyde.

25 EP 0687 662 A2 and U.S. Patent No. 5,625,095 also disclose management of reaction
conditions to control the formation of acetaldehyde in the reactor. Although it is stated that
formation of by-products such as crotonaldehyde, 2-ethylcrotonaldehyde, .and alkyl iodides is

reduced by controlling the formation of acetaldehyde, it is also pointed out that management of



acet al dehyde. EP 0 687 662 A2 and U.S. Patent No. 5,625,095 al so disclose
managenent of reaction conditions to control the formati on of acetal dehyde
in the reactor. Although it is stated that formation of by-products such as
crot onal dehyde, 2-ethyl crotonal dehyde, and al kyl iodides is reduced by
controlling the formati on of acetal dehyde, it is also pointed out that
managenent of reaction conditions as proposed increases the formation of
propi onic acid, an undesirable by product. More recently, it has been
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SUMVARY ddiirelylE | NVENTI ON I n one aspect, the present invention provides a
process for separating acetal dehyde from nethyl iodide by distillation. The

net hod i ncl udggild iR sbbePaesefibéli Froédstds Mavebdn shitteSsfEln tréibvVifg carbBiiy) iinpih@tsde
and acetal dehyde in a distillation apﬁgr atus to produce an qQverhead and a

resi duunfromniigsesbonylation astam tapdofort He Bty lﬁé’édcongﬁﬂmﬂdﬁ‘ifé%liiﬂ’gd&tleYQiﬁsqndone
process f{e%hﬁgbclhﬁe Qfind fa{o‘?ﬁ&% W {8 final acetic acid product, further improvements can still be

15 made. Accordingly, there remains a need for alternative solutions to this problem to improve the

efficiency and cost effectiveness of acetaldehyde removal. The present invention provides one such

alternative solution.

SUMMARY OF THE INVENTION
20 In one aspect, the present invention provides a process for separating acetaldehyde from
methyl iodide by distillation. The method includes the steps of distilling a mixture containing
methyl iodide and acetaldehyde in a distillation apparatus to produce an overhead and a residuum;
measuring the density of the overhead; and adjusting at least one process variable associated with
said distillation apparatus in response to the measured density or a relative concentration calculated
25 therefrom, where the process variable is selected from heating rate, column pressure, feed

composition, reflux composition and reflux ratio.

In another aspect, the present invention provides a process for separating acetaldehyde from
methyl iodide. The method includes the steps of distilling a mixture containing methyl iodide and

acetaldehyde in a distillation apparatus to produce an overhead and a residuum; extracting the



said distillation apparatus in response to the neasured density or a

rel ative concentration calculated therefrom where the process variable is
selected fromheating rate, columm pressure, feed conposition, reflux
conposition and reflux ratio. In another aspect, the present invention
provi des a process for separating acetal dehyde from nethyl iodide. The

nmet hod i ncludes the steps of distilling.a m xture containing nethyl iodide
and acetal dehyde in a distillation apparatus to produce an overhead and a
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates the prior art process, as disclosed in U.S. Patent No. 6,339,171, for the
20 removal of carbonyl impurities from an intermediate stream of the carbonylation process for the

production of acetic acid by a carbonylation reaction.

FIGS. 2-4 illustrate preferred embodiments of the present invention in which a densitometer
is located on a stream having the same composition as the overhead from the second distillation

column.

25 FIG. 5 illustrates correlations between the measured density of overhead stream 54 and the

respective concentrations of acetaldehyde and methyl iodide in that stream.

While the invention is susceptible to various modifications and alternative forms, specific
embodiments have been shown by way of example in the drawings and will be described in detail

herein. It should be understood, however, that the invention is not intended to be limited to the



FIGS. 2-4 illustrate preferred enbodi nents of the present invention in which
a densitoneter 1is |located on a stream having the sane conposition as the
overhead fromthe second distillation colum. FIG 5 illustrates
correl ati ons between the neasured density of overhead stream 54 and the
respective concentrations of acetal dehyde and nethyl iodide in that stream
Wiile the invention is susceptible to Warlous nodi fi cations and alternative
forms, specific enbodinents have been 'shown by way of exanple in the
dramnngs and will be described [n.detail. .herein be under st ood,
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component 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 coordination

compound. In addition to the coordination of rhodium and halogen, it is also believed that carbon

20 monoxide 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, rhodium salts

such as the oxides, acetates, iodides, etc., or other coordination compounds of rhodium, and the like.

The halogen-promoting component 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.

25  Preferably, the halide promoter 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 carbonylated. Thus, in the

carbonylation of methanol to acetic acid, the halide promoter will comprise methyl halide, and more
preferably methyl iodide. "

The liquid reaction medium employed may include any solvent compatible with the catalyst

30 system and may include pure alcohols, or mixtures of the alcohol feedstock and/or the desired



provi ded by introducing into the reaction zone rhodiumin the form of
rhodium nmetal, rhodiumsalts such as the oxides, acetates, iodides, etc.
or other coordination conpounds of rhodium and the |ike. The

hal ogen- pronoti ng conponent of the catal yst system consists of a hal ogen
conpound conprising an organic halide. Thus, alkyl, aryl, and substituted
al kyl or aryl halides can be used. Prgferably, the halide pronoter is
present in the formof an aIkyI hal i de Tn which the al kyl radi cal

correspon s to th r adi c of the fee [of0) which is arbonyl ated.
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concent r abf-RBS It ARIHYA fouiaitRitnaddoti wadlredhieatthiitths, methyl acetate and lithium iodide
act as rate promoters only when relatively high concentrations of each of these components are
present and that the promotion is higher when both of these components are present simultaneously
20 (U.S. Patent No. 5,001,259). The concentration of lithium iodide used in the reaction medium of the
preferred carbonylation reaction system is believed to be quite high as compared with what little
prior art there is dealing with the use of halide salts in reaction systems of this sort. The absolute

concentration of iodide ion content is not a limitation on the usefulness of the present invention.

The carbonylation reaction of methanol to acetic acid product may be carried out by
25  contacting the methanol feed, which is in the liquid phase, with gaseous carbon monoxide bubbled
through a liquid acetic acid solvent reaction medium containing the rhodium catalyst, methyl iodide
promoter, methyl acetate, and additional soluble iodide salt, at conditions of temperature and
pressure suitable to form the carbonylation product. It will be generally recognized that it is the
concentration of iodide ion in the catalyst system that is important and not the cation associated

30  with the iodide, and that at a given molar concentration of iodide the nature of the cation is not as



act as rate pronoters only when relatively high concentrations of each of
t hese conponents are present and that the pronotion is higher when both of
t hese conponents are present sinultaneously (U S. Patent No. 5,001, 259).
The concentration of lithiumiodide used in the reaction nedium of the
preferred carbonyl ation reaction systemis believed to be quite high as
conpared with what little prior art there is dealing wwth the use of halide
salts in reaction systens of this sort.” The absolute concentration of
iodide ion content is not a limtation on the usefulness of the present
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A typical reaction and acetic acid recovery system that is used for the iodide-promoted

20 rhodium catalyzed carbonylation of methanol to acetic acid is shown in FIG. 1 and comprises a
carbonylation reactor, flasher, and a methyl iodide acetic acid light ends column 14 which has an
acetic acid side stream 17 which proceeds to further purification. The reactor and flasher are not
shown in FIG. 1. These are considered standard equipment now well known in the carbonylation
process art. The carbony"lation reactor is typically either a stirred vessel or bubble column type

25  within which the reacting liquid or slurry contents are maintained automatically at a constant level.
Into this reactor there are continuously introduced fresh methanol, carbon monoxide, sufficient
water as needed to maintain at least a finite concentration of water in the reaction medium, recycled
catalyst solution from the flasher base, a recycled methyl iodide and methyl acetate phase, and a
recycled aqueous acetic acid phase from an overhead receiver decanter of the methyl iodide acetic

30 acid light ends or splitter column 14. Distillation systems are employed that provide means for



nonoxi de partial pressure in the reactor can vary wdely but is typically
about 2 to about 30 atnobspheres, and preferably, about 3 to about 10

at nospheres. Because of the partial pressure of by-products and the vapor
pressure of the contained liquids, the total reactor pressure will range
from about 15 to about 40 atnospheres. A typical reaction and acetic acid
recovery systemthat is used for the iqdi de-pronoted rhodi um cat al yzed
carbonyl ati on of nmethanol to acetic aci*d is shown in FIG 1 and conprises a
carbonyl ation reactor, flasher, and a nethyl iodide acetic acid |ight ends
col unm’ Imcapmting thezasudgnacetie a¢ifl @and sgcyclingratalyst selrtiony MY dodide @ad arethyd agetpteher
purificatigp. r h .1 Sk i :
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It has been disclosed in U.S. Patent Nos. 6,143,930 and 6,339,171 that there is a higher

" concentration, about 3 times, of the PRC's and in particular acetaldehyde content in the light phase

20 than in the heavy phase stream exiting column 14. Thus, in accordance with the present invention,
stream 28, containing PRC's is directed to an overhead receiver decanter 16 where the light ends
phase, stream 30, is directed to distillation column 18.

The present invention may broadly be considered as a method of removing PRC's, primarily
aldehydes and alkyl iodides, from a vapor phase acetic acid stream. The vapor phase stream is

25 distilled and extracted to remove PRC's. An exemplary method of removing aldehydes and alkyl
iodides and reducing levels of propionic acid, from a first vapor phase acetic acid stream includes
the following steps:

a) condensing the first vapor phase acetic acid stream in a first condenser and biphasically

separating it to form a first heavy liquid phase product and a first light liquid phase product;



along with |l esser quantities of nethyl acetate, nethyl iodide, and water),
whi |l e the vapor overhead stream of the flasher conprises largely the
product acetic acid along with nethyl iodide, nmethyl acetate, and water.
Di ssol ved gases exiting the reactor and entering the flasher consist of a
portion of the carbon nonoxi de along wi th gaseous by products such as

nmet hane, hydrogen, and carbon di oxi de ?nd exit the flasher as part of the
overhead stream The overhead stream is1 directed to the 1light ends or
sputter columm 14 as stream 26. |t has been djsclosed in U S Patent Nos.
6, 143, 930 and) disyBingithe light fiquidaphasq Rroduq;in girst disillation colyra, to fgspy 4 segond
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phase tPla I'n the heavy phase streamexiting columm 14. Thus,” in

accor darrespestito thetfiret yapesphase aqstie acifl sfcamst r eam 28, containing PRC's is
directed to an overhead recejv d '
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(in vessel 16) to separate the heavy phase product containing the larger prdportion of catalytic

components--which is recirculated to the reactor (not shown in FIG. 1), and a light phase (30)
containing acetaldehyde, water, and acetic acid. \
Either phase of the light ends overhead may be subsequently distilled to remove the PRC's
"2 and primarily the acetaldehyde component of the stream, although it is preferred to remove PRC’s
from the light phase (30) because it has been found that the concentration of acetaldehyde is
somewhat greater in that phase. In the embodiment depicted and described herein, the distillation is
carried out in two stages; but it will be appreciated that the distillation may be performed in a single
column as well. The light phase (30) is directed to column 18, which serves to form a second vapor
25  phase (36) enriched in aldehydes and alkyl iodides with respect to stream 28. Steam 36 is condensed
(vessel 20) to form a second liquid phase product. The second liquid phase (40) containing
acetaldehyde, methyl iodide, methanol, and methyl acetate is directed to a second distillation
column (22) wherein the acetaldehyde is separated from the other components. This process has
been found to reduce and/or remove at least 50% of the alkyl iodide impurities found in an acetic

30 acid stream. It has also been shown that acetaldehyde and its derivatives are reduced and/or



rel ati ve concentrations of acetal dehyde and net hyl iodide, and controlling
the operation of the second distillation colum based on the neasured
density or the concentrations calculated therefrom An enbodi ment of the
prior art as disclosed in U S Patent No. 6,339,171 is shown in FIG 1.
Referring to FIG 1, the first vapor phase acetic acid stream (28) contains
nmet hyl 1 odi de, nethyl acetate, acetal dehyde and ot her carbonyl conponents.
This streamis then condensed and sepaﬂ ted (in vessel 16) to separate the
heavy phase product containing the |arger groportion of catalytic
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column 18 as stream 32 in about the n}iddlc of the column. Column 18 serves to concentrate the

aldehyde components of stream 32 into overhead stream 36 by separating water and acetic acid
from the lighter components. Stream 32 is distilled in first distillation column 18, which preferably
20  contains approximately 40 trays, and temperature ranges therein from about 283°F (139.4°C) at the
bottom to about 191°F (88.3°C) at the top of the column. Exiting the bottom of 18 is stream 38
containing approximately 70% water and 30% acetic acid. Stream 38 is processed, generally cooled
utilizing a heat exchangelr, is recycled to the light ends column overhead decanter 16 via streams 46,
48 and ultimately to the reactor or reaction system. It has been found that recycling a portion of
25  stream 38 identified as stream 46 back through decanter 16 increases efficiency of the inventive
process and allows for more acetaldehyde to be present in the light phase, stream 32. Stream 36 has
Been found to have approximately seven times more aldehyde content when stream 38 is recycled
through decanter 16 in this manner. Exiting the top of column 18 is stream 36 containing PRC's .

and in particular acetaldehyde, methyl iodide, methyl acetate, and methanol, and alkyl iodides.



" conponents, and water into two phases. A portion of stream 28 conprises
noncondensabl e gases such as carbon di oxi de, hydrogen, and the |ike and can
be vented as shown in stream?29 on FIG 1. Al so |eaving overhead receiver
decanter 16, but not illustrated in FIG 1, is the heavy phase of stream
28. Odinarily this heavy phase is recirculated to the reactor, but a slip
stream generally a small amount, e.g 25 vol. % preferably | ess than
about 20 vol. % of the heavy phase may al so be directed to a carbonyl
treat ment rqeess, an remaln rec 0 the react r_reaction
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column.

Acetaldehyde polymerizes in the presence of methyl iodide to form metaldehyde and

20 paraldehyde. These polymers generally are low molecular weight, less than about 200., Paraldehyde

has been found to be relatively soluble in the reaction liquid, and primarily in acetic acid.

Metaldehyde, upon its precipitation, is a sand-like, granular polymer that is not soluble in the
reaction liquid beyond about 3 wt % concentration.

As disclosed in U.S. Patent No. 6,339,171, however, it has been discovered that during the

25  reaction, and with the heating of column 22, higher molecular weight polymers of acetaldehyde

form. These higher molecular weight polymers (molecular weight greater than about 1000) are

believed to form during processing of the light phase and are viscous and thixotropic. As heat is

applied to the system, they tend to harden and adhere to the walls of the tower where their removal

is cumbersome. Once polymerized, they are only slightly soluble in organic or aqueous solvents and

30 can be removed from the system only by mechanical means. Thus an inhibitor is needed, preferably



remai nder of stream 40 enters second distillation colum 22 close to the
bottom of the colum. Colum 22 serves to separate the ngjority of the
acet al dehyde fromthe nmethyl iodide, nmethyl acetate, and nethanol in stream
40. In one enbodi nent, colum 22 contains about 100 trays and is operated
at a tenperature ranging from about 224F (106.6C) at the bottomto about
175F (79.4C) at the top. In an alterngie, preferred enbodi nent, colum 22
contains structured packing in place of trays. The preferred packing is a
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and par alehfes radtiver 24; the condensed materials exit receiver 24 as stream 54. Stream 56, a slip

stream of stream 54, is used as reflux for column 22. Exiting the bottom of column 22 is stream 44

containing methyl iodide, methanol, methyl acetate, methanol and water. This stream is combined

20  with stream 66, which will be described below, and directed to the reactor.

It is important for the extraction mechanism that the overhead stream of column 22 remain
cold, generally at a temperature of about 13°C. This stream may be obtained or ‘maintained at about
13°C by conventional techniques known to those of skill in the art, or any ‘mechanism generally
accepted by the industry.

25 Upon exiting receiver 24, stream 58 is preferably sent through a condenser/chiller (now
stream 62) and then to an extractor 27 to remove and recycle small amounts of methy! iodide from
the aqueous PRC stream. In extractor 27, PRC's and alkyl iodides are extracted with water,
preferably water from an internal stream so as to maintain water balance within the reaction system.
As a result of this extraction, methyl iodide separates from the aqueous PRC's and alkyl iodide

30 phase. In a preferred embodiment, a mixer-settler with a water-to-feed ratio of about 2 is employed.



" hi gher nol ecul ar wei ght pol yners of acetal dehyde (AcH). Inhibitors generally
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ol yrer o Si W SHHEOR ST ETH Shisaia ROPIHoBBORLl gy e, THm I righcng,
any i nhijQi faptichilar 266teAddRyad-ribR 260Eu8 thRdeCisitddtelin® wm&ttﬂe%eﬁhemsétéxmngl ihehas
been found that small anounts of water, methanol, acetic acid, or a

conbi natsxsActonis raffinate giseare 66 containingrreetiiyl odide svhichds npamaliyivesyicledity theamattion

practic tion of polyners of acetal dehyde. Stream 50
is al soasbr erag}tma%(?&er chg an inhibitor since this material does not

change the rdaet pnesmmt@phbaitsarhmee ndht distgleredwdiaerit iis advantpgeons aol aralsaze the
preferred as an i bi t or t her ant ad an a e ar obt ai ned addi ng
Pater t GoEBRaRR 95 the pandphsed iberd 3Idro op BB A
PRC'S.  JrbRad¥eedbdck dhirSiCorate Hi%uﬁatldin%}%@ss erﬁ*l@Qt Is*’b@c&eﬁx@ly%é%frﬁﬁé‘@o Fepidk 48"

24. After condensation, any non-‘condensable materials aré vented from
recei vermgeh acttaldehysiechon other RBCeSr asglogsits fromrthe @qette pcid propesss ititimpostant tsdpgam

56, a sl t o)

t he bot t"‘é%og sgc‘%ﬁmrr%f 5‘%‘ Es s{ rré%‘f% ﬁlurﬁ@ n| ng Hf(g'me‘{) ﬁgefsg Ciegl e,gzher éngPa,g

met hyd aeeidt enethy iddddecis aaredpacillyrexpekisive nmtesrmamat & aflmﬂzaryl eﬂpensiwe ttdn dspdsseam
i bed bel.ow, and.directed to.the reactaor

66, which w
mbor t arfe AR SRR SO SHECAIY PERAtG SSRGS O e aHIAOETERh Bl 22

remain &er&no&e&%mdéhyd@to ewaﬁ%ﬁﬁét%h%f%ﬁkﬁb&diaeslﬁﬁ Pﬁdjissmﬁ tak mamvuﬁ@
obt ai ned or mai ntai ned” at about conventi onal techni gtles known to

t hose ofcosserye mp&hyl jodidgrte thepgreapst ew@ahmsslb}ﬂ dewdt b¢ pppreciated prat thejshall¢nge of
Ot VnoerB e phichfied CRCINChar k! IR IRubSaRlePIELARL Yy BRYH iddCURE 2
condenser er ow Stream 6}

en to an extrac renove and
recyed e @eﬁldlehﬁlﬁohavtwsmﬂambb:ﬂuyig poirtds, ealing® o sdniavieag uﬁﬁmelt RRGchieﬁzeaam opitiinal

A LG SN IS T AT N L
react i Onn&iyitiedide ot acertae&éﬂyae of védﬁ IsénsRvE e ed1atBRly ABidMfluctvadbkCinSSRPERRS
fromthe aqueous PRC s and al kyl iodide
reflux ratio and the like. Consequently it is desirable to have the most accurate process information
available concerning the quality of the methyl 1od1de/acetaldehyde separation.

20 The applicants have found that the distillation process described above can be controlied
with greater accuracy by measuring the relative concentrations of methyl iodide and acetaldehyde in
the condensed distillate in stream 54, 56, 58 or 62. Surprisingly, this can be accomplished simply
by measuring the density of the distillate. Unlike acetaldehyde, which has a density of about 0.78
g/cm?® at room temperature (similar to many common organic compounds), methyl iodide has a

25 density of about 2.3 g/cm3, almost three times greater. This density difference is sufficiently great -
that the relative concentrations of methyl iodide and acetaldehyde in a mixture of the two
compounds may be calculated directly from the density. The density may be measured either at
normal process conditions or after cooling a sample to room temperature. It is preferred to measure

the density under actual process conditions to eliminate unnecessary time lag in the control loop that

30  would be introduced by a pre-cooling period.
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concentrations can be calculated from a single density measurement.

These density measurements, or calculated relative concentrations based thereon, may

serve as the basis for controlling the distillation process in column 22 to optimize the separation of

methyl iodide and acetaldehyde.

iodide to acetaldehyde.

This can be accomplished, for example, by increasing or
decreasing the heat flow rate to the distillation column in response to changes in the ratio of methyl

Alternatively, the reflux rate within the column may be adjusted (for

example, by varying the split between streams 58 and 56) in response to the concentration ratio. As

a further alternative, the concentration of the column reflux may be adjusted in response to the

measured concentrations of acetaldehyde and methyl iodide by increasing or decreasing the flow

20

rate of stream 50. This can be accomplished, for example, by adjusting the split of slip stream 46

between streams 48 and 50. Column pressure can also be controlled in response to the calculated

concentrations.



conpounds may be calculated directly fromthe density. The density nmay be
nmeasured either at normal process conditions or after cooling a sanple to
roomtenperature. It is preferred to nmeasure the density under actual
process conditions to elimnate unnecessary tinme lag in the control | oop
that so would be introduced by a pre-cooling period. The density may be
measured in any of streans 54, 56, 58, ¢r 62 (all of which have the sane
conposition) using a conventional online densitoneter denoted as 70 in

Figures 2-4. [ _exanpl e t ' t t ed ' experingnts
togcor rel at eTF%EOﬁ%%@JOP&f %e%gﬂpég?@(gf sg\cloggﬁégtga g?l P %géﬁn%ﬁsc\%?rﬁé ﬁ@é‘%@éd
concent rcattdi® BEcw@hstameh y is iaddintzedideto) separate tant dediscdate Apbition aof dtrdariiadschig | the S
et her (DVE). The&ollovvin data were optained;, Sanple No. 1 2 3 45 6 DMVE
(w 9 Solmg fgedsd Ofcqlin 323 Gpangipg, owyefe efothss siygar 1B 7esgonss te changes in the

Mel (W ridhsuded reidtive @oRéenitatiths bf Gnbity1 Ratidd and@dShidihye ot B Brdatet tiefumn
1.4082 1.3031 1.3166 1.6337 (g/nlL) Density @20C0.9925 1.0832 1.4464

1.3334 fee@zpmposiB@8 (g/nl) Figure 5 depicts the correlation of mnethyl

i odi de and agetal.d c i Mt nl i pne densi
measur enment s.&%?@%lls g‘%&% ctﬁﬁﬁ n%%y ?ﬁrog#g%ugv\ge P g %%getpgneé’ n oorf @gté{&%ﬁ% Pr%%at’%;t/ s
i odi de assavidtedositiathd etigtillatioro oelemh riméspose to Atanaéd cigngdsain the danpdsitivnCsf! the

process conditions both concentrations can be cal cul ated froma single
densi t y distHalE pEndlsn W‘ti‘mt ﬁé%"é’ed’éﬁ%‘i Rfﬁs%‘&é’ﬁﬂi@ﬁe%{% ?xaé’ilpeiﬁ»a‘F E]G?]QF SHPLOBNAE Q) e

concent gk AN d@0add RARR bomPBYitioRChtV@e Agmb tnd)as | RjdsP ineC SdlhmAl Heagatd B8
distillation process in colum®™22 to optimze the separation of nethyl

i odi We apebunk Earahgegipg deedTeampositians cor fe adinst thehieflux tae teesfisgl changss in reflux

i ncreasin .. d (.09, I to the distillation colum in
r esponsé’og‘ggsétﬁ%’ng\gé&?%h héw%t%g%?ngﬁgm?gﬁ%@i odi de to acet al dehyde.

Al ter nati vel ¥n addittorr @f thensuring the \dendityrof ohe ocmbtenot thatrdamsangntisheztiatiohe for the

géﬁg’gln? ;pg%%%vg{ %/én?rglhtngzthes BJs{iltlau%?ltco u?r?n, ?tt ig F sroTE d6551§abﬁent% e5n?;?loyll genrsf"t; Frjnoera{ssuer"ergleont;s[ he

to monitor or. control the operation of extractor 27. It will be understood that extractor 27 functions

15 by facilitating a phase separation therein between a heavy methyl iodide phase and a less dense,

aqueous phase containing acetaldehyde. Consequently, a significant change in the measured

density of either the aqueous extract stream 64 or the methyl iodide-rich raffinate stream 66 would

indicate a loss of phase separation in the extractor, which in turn would indicate that methyl iodide

was being removed in the extract stream. As has been/explained herein and elsewhere, it is

20 desirable to conserve methyl iodide and reuse it within the process to the maximum extent practical;

in addition, the presence of methyl iodide in the aqueous extract can adversely affect the wastewater

treatment process to which the extract is ordinarily subjected. Similarly, measuring the density of

stream 66 permits monitoring of the residual acetaldehyde concentration in that stream, allowing for

corrective action (e.g. an increase in watér flow to extractor 27) in response to an unacceptably high

25 acetaldehyde concentration. In a further refinement of the invention, a single densitometer may be
equipped to selectively measure the density of any one of multiple streams within the process.

While the invention has been described with reference to the preferred embodiments,

obvious modifications and alterations are possible by those of ordinary skill in the related art. In

particular, although the present invention has been generally described above utilizing the light ends

30  phase of column 14, any stream in the carbonylation process having a high concentration of PRC's



a further alternative, the concentration of the colum reflux may be
adjusted in response to the neasured concentrations of acetal dehyde and
met hyl iodide by increasing or decreasing the flow rate of stream 50. This
can be acconplished, for exanple, by adjusting the split of slip stream 46
bet ween streans 48 and 50. Col umm pressure can al so be controlled in
response to the calculated concentratijgns. The conposition of the colum
feed may al so be adjusted: It has been di scovered that under certain
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col um HelRwipg elaimpgor the eYRle hetell h o ng feed conpositions, or to adj ust
the reflux rate to offset changes in reflux conposition. Many other simlar
variations are possible. In addition to nmeasuring the density of one or nore
of the streans nentioned above for the purpose of controlling the
distillation colum, it is also desirable to enploy density nmeasurenents to
nonitor or control the operation of extractor 27. It wll be understood that
extractor 27 functions by facilitating a phase separation therein between a
heavy met hyl iodi de phase and a | ess dense, aqueous phase contai ning
acet al dehyde. Consequently, a significant change in the neasured density of
ei ther the aqueous extract stream 64 or the nethyl iodide-rich raffinate
stream 66 would indicate a | oss of phase separation in the extractor, which
in turn would indicate that nethyl iodide was being renoved in the extract
stream As has been/ explained herein and el sewhere, it is desirable to
conserve nethyl iodide and reuse it within the process to the maxi num extent
practical; in addition, the presence of nmethyl iodide in the aqueous
extract can adversely affect the wastewater treatnment process to which the
extract is ordinarily subjected. Simlarly, nmeasuring the density of



stream 66 permts nmonitoring of the residual acetal dehyde concentration in
that stream allowng for corrective action (e.g. an increase in water flow
to extractor 27) in response to an unacceptably high acetal dehyde
concentration. In a further refinenent of the invention, a single
densitonmeter may be equipped to selectively neasure the density of any one
of nmultiple streams within the process.qj9 Wiile the invention has been
described with reference to the preferred enbodi nents, obvious nodifications
and alterations are possible by those of ordinary skill in the related art.
In particular, although the present invention has been generally described
above utilizi nyHABIS Fgﬁ\l%ﬁaé& phase of colum 14, any streamin the

car bonyl ati on process having a high concentration of PRC s and al kyl
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acetic acid cgg%%%?é?gr%e %@%?B% @ngtﬁ)%na@q An‘ém?réf ﬁ’gor?gl?tsp\?\nla%%gocngérgson% ar?le)%coxi de
i n a reacididandredisspoladlephast ng water, nmethyl iodide, and nmethyl acetate in

the presence of a.Goup VI tal carbonylation catalyst; separating the
products of saélﬂﬁk%a“? e eet ] f‘illﬁ)a_él%raawetvsb%a@_by %B\%ﬁ?@ﬁ@c 3ot i c
aci d, andpddh&@and ¥ AlabldrRedaRdarisitlly flckH idamesaaugcémh_éﬁ(}ldk,e phase in a
distillation apparatus to yield a purified acetic aci product and a first

over head conpriosienginget kepht a podiieieofzsad fastetvathdehiyde; condensing at | east a
portion of saideginsttg%erie%g'.dngaeu&j Stthe denpsity of said condensed
first overhead” 5Hﬁm%31u§?ﬁﬁg 339 FUKSP 8 6W8@8%338 ntrol paraneter
associ ated w tdujistigg 6 [2hst loh@pioeBss@bnséli pdrameter associated with the distillation of said

volatile phase in response to said measured density or a concentration calculated therefrom.

2. The process of claim 1, wherein the purified acetic acid product contains less
than about 400 parts per million by weight of weight propionic acid.
3. The process of claim 2, wherein the purified acetic acid product contains less

than about 250 parts per million by weight of propionic acid.

4. The process of claim 1, wherein said at least one process control parameter is
selected from the group consisting of a rate of heating said distillation apparatus, a
composition of the feed or reflux to a column in said distillation apparatus, a reflux ratio in
said distillation apparatus, a column pressure in said distillation apparatus, and combinations

thereof.

5. The process of claim 1, wherein said distilling step comprises at least two
successive distillations, said process further comprising the step of supplying at least a

portion of a residuum from one of said distillations as a reflux stream in another of said



vol atil e phase in response to said neasured density or a concentration
cal cul ated therefrom 2. The process of claiml1l, wherein the purified acetic
acid product contains |less than about 400 parts per mllion by weight of

wei ght propionic acid. 3. The process of claim2, wherein the purified
acetic acid product contains |less than about 250 parts per mllion by

wei ght of propionic acid. 4. The procesg of claim1l, wherein said at |east
one process control paraneter is selected fromthe group consisting of a
rate of heating said distillation apparatus, a conposition of the feed or
reflux to a colunn in sajd distillation apparatus,_ a reflux ratjio in said
di stil | at$igHlatppsaridtegen the @6‘?H9ﬁ‘|‘fmp9fe§%'@|rr§5‘ij‘1‘1m§éi‘lép dsts raflyx s diystedlr @t us,

and conbi R&}hQNS saidhfda8@Ed densit} BEa Qé&gﬁtﬁﬁloﬂ calch@e@there rein said

distilling step conprises at Ieas successive distillations, said
process further conprising the step of suppl yi ng at Ieast a portion of a

resi duum from one said dis lat s.,as a refl ux strea t her

sai d distilﬁgtioﬁg WR%F%N%IFE §5WFf R”E?“@§|er gPdﬁLﬁf §B$|%

reflux iscondgrssd Bt bverhda@ SPNSSeil 19 p'ﬁ@jude ARARMHtE AR d Me®l| Bddidencent r at I on
calcul ated therefrom 6. The process of claim1, further conprising the step

of extracting said condensed first overhead with water to produce a

raffinate conpsisi Rge gy of odinde; \er 6 PARS ¢2E o‘?fwa(‘téraés%cﬁ%}ed"(lﬁ{h dé Iﬂint he

flow rate of water associated wth’ extraction st ust

response dxtrastiindstepeasadjusetd de mespbryseoo srad ccnseat datsitpior aabmdn&hm calduéatef r om
8. The process of claimb5, further conprising mxing at |east a portion of
said raff'ffdP@ with a feed or overhead stream associated with said
distillation apparatus, wherein the fraction of said raffinate that is

m xed with the feed or overhead streamis adjusted in response to said
measur ed densi&y orlhe peassssedit ¢laim anfucth«rrcq@memgtmem gtdeast 9 POAIQDer(ﬁeEis for

produci ng el C [ e n th carbon
monoxi de rlaﬁ?ng r\glggg féjed o? erlhﬁé(pgreapl as?or%:?e{?esl\c}a etl;l 5518 % E'llatg(fnn )ﬂparaagu&i whereln oo
presence thé ﬁ&ct@imblﬁ)sa\ﬂ Hfﬁﬁmé &Hat ¢3ameﬂWn&t lh@rfedﬂa(bted\aeﬂiead stream is adjusted in

response to said measured density or a concentration calculated therefrom.

9. A process for producing acetic acid comprising the steps of:

reacting methanol with carbon monoxide in a reaction medium comprising water, and
methyl iodide in the presence of a Group VIII metal carbonylation catalyst;

performing a liquid-vapor separation of said reaction medium to provide a vapor phase
comprising acetic acid, methyl iodide, acetaldehyde and water and a liquid phase;

distilling said vapor phase in a distillation apparatus to produce a purified acetic acid
product and at least a first overhead comprising acetaldehyde and methyl iodide;

condensing said first overhead; extracting said first overhead with water to produce a
raffinate comprising methyl iodide and an aqueous extract;

measuring the density of at least one stream selected from the group consisting of
said first overhead, said raffinate and said aqueous extract; and

adjusting at least one process control parameter associated with either the distillation
of said vapor phase or the extraction of said first overhead in response to said measured

density or a concentration calculated therefrom.



performng a |liquid-vapor separation of said reaction nediumto provide a
vapor phase conprising acetic acid, nethyl iodide, acetal dehyde and water
and a liquid phase; distilling said vapor phase in a distillation apparatus
to produce a purified acetic acid product and at |least a first overhead
conprising acetal dehyde and nethyl iodide; condensing said first overhead,
extracting said first overhead with watgr to produce a raffinate conprising
nmet hyl iodi de and an aqueous extract; neasuring the density of at |east one
stream sel ected fromthe group consisting of said first overhead, said
raffi nate and said queous ract; .and adjusting at | east one process
control paranefer & §(BE‘?°§L¥ éﬂx C\E/ﬂ“f’r? ih F‘Y’?é‘rsa{dr%??ﬁsg‘?'}el ArogesHEPNtig PAAMEEy Spor
phase or {Reie@XtsmCthE 0%}095 orlidig! 684 RAVELhaRGilN 55168&%%05 Oyppdathsngasur ed
density or a concentration cal culated therefrom . The process of claim
9, wher eiqmnmaisidoratof | & dead oneetﬂim@@@sn ceyciatdd wahambnnn dn §eidedtseﬂlatfqnom t he
group consi st a rate of a said distillation ap
Qonpost ¢ 1BReek R e el oiF o ol JoBenPE Bt Toen Hrvha ORI T o
di sti || atdpparatuappRstat feed ra@e foeshldwxtra@tonGtepNaricdoth bihasibhd dha;tebﬂn apparatus, a
pressure in said distillation apparatus, a water feed rate to said
extraction step, and conbinations thereof. 11. The process of claim§9,
further conprising sai d
acetic acid prgducgﬂ% %ﬁ#g gg?hﬂgbqgggfgaﬁg&hﬁgl Hg#BL$Hangﬁxﬁﬁ%%nf¢%
process gfrogbuaicatidin sdidiatdiiencidpnphicshalgy atiun @0 partsgpet hellioobg eveighat | on  of
propionic acid in said acetic acid product bel ow about 250 parts per mllion
by wei ght.

12. The process of claim 11, further comprising maintaining the concentration of

propionic acid in said acetic acid product below about 250 parts per million by weight.





