PREPARATI ON OF ACETI C ACID FI ELD OF THE | NVENTI ON 5The i nvention relates to
preparation of acetic acid. Mre particularly, the invention relates to a
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salt suc St hi um i odi de to the rhodi um cat al yst system Lithiumiodide

I ncreases the catalyst stability by mnimzing the side reactions that
produce inactive Rh(Il1) _s | t her ef anount of water needed
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I odide salts increases the iodide inpurities in the acetic acid product.
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triphenyl phosphi ne oxide as a catalyst stabilizer instead of an iodide
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al so i nchigRsERcliifeL® RbYLald on rate and acetic acid yield. See U S. Pat.
No. 5,817,869.
15 One problem with the original Monsanto process is that a large amount of

water (about 14%) is needed to produce hydrogen in the reactor via the water-gas

shift reaction. Water and hydrogen help to convert Rh(lil) and Rh(ll) species to the

active Rh(l) species. The large amount of water increases the amount of hydrogen

iodide present in the reaction system, which is highly corrosive. Further, removing a
20 large amount of water from the acetic acid product is costly.

In the late 1970s, the Monsanto process was improved by including an iodide
salt such as lithium iodide to the rhodium catalyst system. Lithium iodide increases
the catalyst stability by minimizing the side reactions that produce inactive Rh(lll)
species and therefore the amount of water needed is reduced. However, the high

25 concentration of lithium iodide promotes stress crack corrosion of the reactor
vessels. Furthermore, the use of iodide salts increases the iodide impurities in the
acetic acid product.

In the late 1990s, another rhodium carbonylation catalyst system was
developed. The catalyst system uses a pentavalent Group VA oxide such as

30 triphenylphosphine oxide as a catalyst stabilizer instead of an iodide salt. The
catalyst system not only reduces the amount of water needed but also increases the
carbonylation rate and acetic acid yield. See U.S. Pat. No. 5,817,869.

One challenge still facing the industry is that lowering water concentration in

the methanol carbonylation results in increased aldehydes formation. Methods for



One challenge still facing the industry is that |owering water
concentration in the nmethanol carbonylation results in increased al dehydes
f or mat i orwoNkties=2f or renovi ng al dehydes from aceti c acirdaspriodombes ar e
known. For instance, U S. Pat. No. 6,667,418 discloses a nmethod for
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The present 1nvéention is a nethod for reducing al dehydes in an acetic acid
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SUMMARY OF THE INVENTION

The invention is a method for reducing aldehyde impurities from a stream in
an acetic acid production processs by reacting methanol and carbon monoxide in
25 the presence of a carbonylation catalyst. The method comprises reacting an
aldehyde-containing stream with an alcohol to form an acetal-containing stream. An
acetal-enriched stream is separated from the acetal-containing stream and then
hydrolyzed to form a hydrolysis mixture comprising the alcohol and the aldehydes.
The alcohol is isolated from the hydrolysis mixture and used to react with the

30 aldehyde-containing stream to form the acetal-containing stream.



5 catalysts include rhodiumcatalysts and iridiumcatal ysts. Suitable
rhodi um catal ysts are taught, for exanple, by U S. Pat. No. 5,817, 869.

Sui t abl e wbadiwmsrat al ysts are formed from rhodi um net alPcarus201omoionsn
conpounds. Preferably, the rhodi um conpounds are selected fromthe group
consi sting of rhodiumsalts, rhodi um oxi des, organo-rhodi um conpounds,
coordi nati on conpounds of rhodium the like, and 10 m xtures thereof. Mre
preferably, the rhodipgrAoEPORIERIPEREDECTISE mvgmn-qd)ﬁ group consi sting of
Rh2(C0) 412, Rh2(Q0)413r2, Rh2(C0)4Cl2, Rh(CH3CDR) Rh( CH3CO2) 3,
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y osmium compounds. Most preferred co-catalysts are ruthenium compounds.

Preferably, the co-catalysts are halogen-free compounds such as acetates.
30 The amount of catalyst used in the carbonylation reaction is generally 300 to
900 parts per million (ppm) of the reaction mixture.
The carbonylation reaction preferably uses a catalyst stabilizer. Suitable
catalyst stabilizers include those known to the industry. In general, there are two

types of catalyst stabilizers. The first type of catalyst stabilizer is an iodide salt such



Is fromabout 2 wt%to about 20 W % based on the total weight of the
reaction mxture. Mre preferably, the concentration of nethyl acetate is
from abowoO201W 28120 about 16 W % Most preferably, the ecmaspewaviooen of
met hyl acetate is fromabout 2 w%to about 8 wt % The carbonyl ati on
reaction is preferably performed in the presence of nmethyl 20 iodide.
Methyl 1odide is a catalyst pronoter. Preferably, the concentration of
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acetic aeti%l. Instead nmet hanol is converted to nmethyl iodide by reacting
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Mor e pre era copcen tion of hydrogen is fromabout 0.3 nol%to
about 3 @EBP@I%W%@?E 'étaé ﬁ nonoxi de. The carbonyl ati on reaction
is preferabl yrh@&rafr@érmmuoatreacﬁ&meﬁr@teaélaywewarrﬁea hetrreameeﬁtfe ab@ethyl 50C t o
about 250C. Mre greferably, the reaction is rmed at a tenperature
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prefer abédaeaetbfmé%dcmﬂﬁﬁxtareor EREfeF IV thbl ébnkaﬁtrém%f ﬁi‘etm%@taw@s psig to
about 2, 000 More preferably, the reaction is performed under a
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car bonyl ghicOfcfLa6Y] P éHrR;‘éHﬁsﬁ i of ﬁ?éfﬁ%%ﬁyf?éé‘iélf@mcot 180 B 10

aci d, carbon nonoxi de, the cata yst er conponents. The
al dehyde‘s6 wi'e Mast prafereblvothe ernceatraiery Pmityl aesiatei is fronErkbeys i 22wt %o

al dehyde%oc?gg giﬁapt_ in the reaction m xture include acetal dehyde,

pr opi ona hyde, butyral dehydes, crotonal dehyde, their derivatives such as
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iodide is from about 0.6 wt% to about 36 wt% based on the total weight of the
reaction mixture. More preferably, the concentration of methyl iodide is from about 4
wt% to about 24 wt%. Most preferably, the concentration of methyl iodide is from
about 6 wt% to about 20 wt%. Alternatively, methyl iodide can be generated in the
25  carbonylation reaction by adding hydrogen iodide.

Methanol and carbon monoxide are fed to the carbonylation reaction. It is
believed that methanol does not react directly with carbon monoxide in the presence
of the catalyst to form acetic acid. Instead, methanol is converted to methyl iodide
by reacting with hydrogen iodide. Methyl iodide then reacts with carbon monoxide

30 and water in the presence of the catalyst to form acetic acid and to regenerate the
hydrogen iodide.

Hydrogen may also be fed into the reaction. Addition of hydrogen can
enhance the carbonylation efficiency. Preferably, the concentration of hydrogen is

from about 0.1 mole percent (moi%) to about 5 mol% relative to the amount of



the reaction mxture. At a |east a portion of the al dehyde-contai ni ng
streamis reacted with an alcohol to form an acetal -containing stream

(acet al - fwormng2812ep) . Exanpl es of suitabl e al cohecs/userionemes i ng

wi th the al dehydes include C4-Cl10 nono al cohols, C2-Cl0 glycols, C3-Ci10
glycerins, and m xtures thereof. A ycols are 20 preferred because they form
stable cyclic acetals with al dehydes. Suitable glycols include
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t he al co&g? HgtafRiefohy A thgypécal ly the nolar ratio of water used relative
to the acetals is from1:1 to 100:1. The acids described in the previous
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25 preferred because they are inexpensive and readily available. The molar ratio of the
alcohol used relative to the aldehydes present in the heavy phase is generally in the
range of from 0.5:1 to 100:1, preferably from 1:1 to 10:1.
The reaction of the alcohol with the aldehyde-containing stream may
preferably be performed in the presence of an acid. Suitable acids include
30 hydrochloric acid, hydroiodic acid, nitric acid, phosphoric acid, sulfuric acid, acidic
ion-exchange resins, the like, and mixtures thereof. The amount of acid used
depends on the reaction conditions. Sulfonic resins are particularly preferred.
When an acidic resin is used, the reaction of the alcohol with the heavy phase is

preferably performed in a fixed-bed reactor at a temperature of 25 to 85°C.



The vapor stream obtained fromthe flash separation is passed to a
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The distillation is generally perforned at a tenperature of 100 to 150C and
a pressuP¥9of 10 to 30 psig. The recovered nethyl iodide stream obtained

as an over heaelefeighigl He ¥cstNhaid Nstredi® flonbthd Agitends¥eRBldvh ¢fdndesand
passed to a drying column to remove water and then subjected to a heavy-ends
distillation to remove the heavy impurities such as propionic acid, the remaining
30 catalyst and catalyst stabilizer. A purified acetic acid is produced from the heavy-
ends distillation. The heavy-ends distillation is typically opérated at a temperature of
115 to 150°C and a pressure of 5 to 15 psig.
A single column may be used in the place of the combination of the light-ends

distillation and the drying column. The single column may vary in the



30 may be recycled to the carbonylation reaction. The bottons streamis an
acetal enriched stream The distillation nmay al so be performed under vacuum
The acet avoenriveked streamis reacted with water in theprprasenomomke an acid
to formthe al dehydes and the al cohol. The al cohol is recovered by

distillation fromthe reaction m xture and used in the acetal-formng step
as descri bed above. The i nvention renoves al dehydes fromthe heavy

phase bedigmetdrielght rrgw@nadthteOnmeeﬁ@ftyvébelsaéd:csvad.hgaatth@neorh;bwndre@ﬂces t he
al dehydes traffic in the pro As a result, the acetic aC|d pr oduct
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alcohol. We claim 1. A nethod for reducin roman acetic acid
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The neth claim he al cohol sel e omth
ar oup 088 sGioef i whers T e 4,85 VB aent e BelfERh, @Pariesy enters
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and ni Xt He&didebRATN. A single column distillation is particularly useful when the water
15 concentration in the carbonylation is low, for instance, 6% or lower based on the
total weight of the carbonylation reaction mixture.
The overhead from the light-ends distillation or the single column distillation
preferably is condensed and separated in a decanter to a light, aqueous phase and
a heavy, organic phase. The heavy, organic phase comprises methyl iodide and
20 aldehydes formed from the carbonylation reaction. The light, aqueous phase
comprises water, acetic acid, and methyl acetate. At least a portion of the heavy
phase is recycled to the carbonylation reactor. The light, agueous phase is recycled
to the carbonylation reactor, the light-ends distillation column, or the single column.
According to the present invention, a portion of the heavy organic phase is
25 reacted with the alcohol to form an acetal-containing stream. The acetal-containing
'stream is distilled to separate a recovered methyl iodide stream from an acetal-
enriched stream. The distillation is generally performed at a temperature of 100 to
150°C and a pressure of 10 to 30 psig. The recovered methyl iodide stream,
obtained as an overhead, generally contains about 60 to 95 wt% methyl iodide and
30 may be recycled to the carbonylation reaction. The bottoms stream is an acetal-
enriched stream. The distillation may also be performed under vacuum.
The acetal-enriched stream is reacted with water in the presence of an acid to
form the aldehydes and the alcohol. The alcohol is recovered by distillation from the

reaction mixture and used in the acetal-forming step as described above.



4. The nmethod of claim 1, wherein the al cohol is 2-nethyl-1, 3-propanediol.
20 5. A nethod for producing acetic acid, said nethod conpri sing:

(a) react iwQ 2o0ettd2sazel and car bon nonoxi de in the presencecofUsarioaridoayl ati on
catal yst, a catalyst stabilizer, nmethyl iodide, water, and nethyl acetate
to produce a reaction mxture conprising acetic acid, water, nethyl

acetate, nethyl iodide, the catalyst, the catalyst stabilizer, and

al dehydes; 25T7HB)inJdn@shiréi8iodds él@éﬁ}de@ fRSH &h@nemy ;srks%erm@rtel i0i8 rgtyeldd € to
produce a vapor stream conprising acetic acid nmet hyl acet at e,

met hyl .t@dh%arbanﬂa%@ruwa@@ tawﬁjregupeﬁm%ralgﬁhmt@éfﬂﬁm the REPeRE: A8l yst
and the Jeema'tuétacéﬁégb.h' Bréluct &oqﬁa.ﬁé 3l legP el B,earaféﬁg?aesst rR@miédhol g m an
over head stream conprising 30net di wat er, acetic acid, nethyl

acet at e, regengred dwhihgehyde |Sane%c®@m @nchdewsesi iedhe quReesss i geduss: the aci d,
aIde@y &ﬂgn&@Bﬁémoh&d) separating the overhead streaminto a |ight
aqueous 3ae conprising water and a heavy phase conprising nethyl iodide
and aldehydes (e) recycling the liquid stream and the heavy phase to step
(a); wherein at least a portion of the al dehydes fromthe heavy phase is
renmoved by the followng steps: (i)reacting at |east a portion of the heavy
phase with an al cohol to form an acetal -containing stream



5(it)distilling the acetal -containing streaminto a recovered nethyl iodide
stream and an acetal -enriched stream (iii) recycling the recovered nethyl

i odi de stweamitmas®tep (a); (iv) hydrolyzing the acetal - eoriush@d/osioceam t o
forma hydrolysis mxture conprising the al cohol and the al dehydes; and
10(v)isolating the al cohol fromthe hydrolysis mxture and recycling the

al cohol to step (i). 6.The nethod of claim5 further conprising purifying

t he acet ine @sifl stream by a drying columm distillation and a heavy-end
colum distillation to produce purified acetic acid. 15 7.The nethod of

clai m 5 hher ét mathed farcerysing aldallydes &9 ABAceke agidoRigdeeting BROCASS BY C4- C10

et o o S HARLKE o8 ol ARG 0 gl o Sy, O

group consi stdatalysif to2predung | at lleastperp aldahiyde-coptaining ratreghy ceslid method

i: ;2),: EIEJ ?g%;g{‘&oﬁ&ﬁé&g&eﬁaﬁﬁgﬁé %R}Qf?gg-cgh%ﬁ%g stheamPWiRHR4Rbhol to form

hexanedi ol , 2,8 déetek¢tontaihing- gtragmansehavatingy ah cloelcdeearidhedd diremnaomolthe

neopentyl 9 el B s, YIBESRng the TRSTRRAGSEPLrBhAT {8 formiger el n
hydrolysis mixture comprising the alcohol and the aldehydes, isolating the
alcohol from the hydrolysis mixture, and recycling the alcohol to the acetal-

10 forming step.

2. The method of claim 1 wherein the alcohol is selected from the group
consisting of C4-C1p mono-alcohols, C;-Cio glycols, C3-Cio glycerins, and
mixtures thereof.

3. The method of claim 1, wherein the alcohol is a glycol selected from the group

15 consisting of 2-methyl-1,3-propanediol, ethylene glycol, 1,2-propylene glycol,
1,3-propylene glycol, 1,2-butanediol, 1,3-butanediol, 1,5-pentanediol, 1,6-
hexanediol, 2,2-dimethyl-1,3-propanediol, cyclohexane-1,4-dimethanol,
neopentyl glycol, and mixtures thereof.

4. The method of claim 1, wherein the alcohol is 2-methyl-1,3-propanediol.

20 5. A method for producing acetic acid, said method comprising:

(a) reacting methanol and carbon monoxide in the presence of a
carbonylation catalyst, a catalyst stabilizer, methyl iodide, water, and methyl
‘acetate to produce a reaction mixture comprising acetic acid, water, methyl
acetate, methyl iodide, the catalyst, the catalyst stabilizer, and aldehydes;

25 (b) flashing at least a portion of the reaction mixture to produce a vapor
stream comprising acetic acid, water, methyl acetate, methyl iodide, and

aldehydes and a liquid stream comprising the catalyst and the catalyst

stabilizer;
(c) distilling the vapor stream to form an overhead stream comprising
30 methyl iodide, water, acetic acid, methyl acetate, and aldehydes, and an

acetic acid stream comprising acetic acid, aldehydes, and water;
(d) separating the overhead stream into a light aqueous phase comprising
water and a heavy phase comprising methyl iodide and aldehydes;

(e) recycling the liquid stream and the heavy phase to step (a);



10. The method of claim5, wherein the reaction between the heavy phase and
25t he al cohol is perfornmed in the presence of an acidic resin. 11. The

met hod ofwol2aim2822 wherein the acidic resin is a sul f oRCE/USe&I0/002022. The
met hod of claimb5, wherein the hydrolysis of the acetal -enriched streamis
performed in the presence of an acidic resin. 13. The nethod of claim 12,
wherein the acidic resin is a sulfonic resin. 3014. The nethod of claimb5,

wherei n the Ggiarbinsdt 1641k ,bérz.s.ﬁ of &@aua@ny@ééadr&ﬂtmgh%w MRagxisdemoled The
met hod of claim5, wherein the catalyst Sstabilizer is a phosphi ne oxide.
by the following steps:
(i) reacting at least a portion of the heavy phase with an alcohol to form
an acetal-containing stream;
5 (i) distilling the acetal-containing stream into a recovered methyl iodide
stream and an acetal-enriched stream;
(iii) recycling the recovered methyl iodide stream to step (a);
(iv) hydrolyzing the acetal-enriched stream to form a hydrolysis mixture
comprising the alcohol and the aldehydes; and
10 (v) isolating the alcohol from the hydrolysis mixture and recycling the
alcohol to step (i).

6. The method of claim 5 further comprising purifying the acetic acid stream by a
drying column distillation and a heavy-end coIan distillation to produce
purified acetic acid. V |

15 7. The method of claim 5 wherein. the alcohol is selected from the group
consisting of C4-C4o mono-alcohols, C,-C4o glycols, C3-C4o glycerins, and
mixtures thereof.

8. The method of claim 5, wherein the alcohol is a glycol selected from the group
consisting of 2-methyl-1,3-propanediol, ethylene glycol, 1,2-propylene glycol,

20 1,3-propylene glycol, 1,2-butanediol, 1,3-butanediol, 1,5-pentanediol, 1,6-
hexanediol, 2,2-dimethyl-1,3-propanediol, cyclohexane-1,4-dimethanol,
neopentyl glycol, and mixtures thereof.

9. The method of claim 5, wherein the alcohol is 2-methyl-1,3-propanediol.

10. The method of claim 5, wherein the reaction between the heavy phase and

25 the alcohol is performed in the presence of an acidic resin.

11.  The method of claim 10, wherein the acidic resin is a sulfonic resin.

12. The method of claim 5, wherein the hydrolysis of the acetal-enriched stream
is performed in the presence of an acidic resin.

13.  The method of claim 12, wherein the acidic resin is a sulfonic resin.

30 14. The method of claim 5, wherein the catalyst stabilizer is a pentavalent Group
VA oxide.

16. The method of claim 5, wherein the catalyst stabilizer is a phosphine oxide.

10



