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preci pPtat e out0083] t hédnraligmative tofhs { }ggléwater carbonylation process is the “low water”
carbonylation process, as described in U.S. Patents 5,001,259 to Smith et al.; 5,026,908 to Di

Gioacchino et al.; and 5,144,068 to Smith et al. Water concentrations in the reaction mixture of
14 wt. % and lower may be used in the “low water” carbonylation process. Employing a low
water concentration simplifies downstream processing of the desired carboxylic acid to its

25  glacial form. The more water there is in a reaction stream, the greater the 6perating costs to
remove water from the product acetic acid and the greater the capital investment in product
recovery and purification equipment. The efficiencies achieved when operating at very low
water concentrations makes it attractive to operate at the lowest water concentration possible.

[0004] However, while reducing the reactor mixture water concentration may

30 minimize operating and fixed costs, it is more difficult to maintain catalyst stability and activity,
as explained in U.S. Patents 5,001,259 to Smith et al.; 5,026,908 to Di Gioacchino et al.; and
5,144,068 to Smith et al. In low water acetic acid production, especially in processes using
rhodium-based catalysts, the catalyst metals tend to precipitate out of the reaction mixture.
Catalyst precipitation is frequently experienced in product recovery systems, especially flasher

35  units. Significant catalyst precipitation may lead to catalyst loss, reduced reaction rates,
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salts of ruthenium, tungsten, osmium, nickel, cobalt, platinum, palladium, manganese, titanium,
vanadium, copper, aluminum, tin, and antimony as catalyst co-promoters with rhodium catalyst
systems in acetic acid production systems having less than 2 wt.% water. U.S. Patent 5,760,279

25  to Poole discloses the incorporation of a manganese stabilizer in conjunction with a rhodium
catalyst. U.S. Patents 4,433,166 to Singleton et al. and 4,433,165 to Singleton and EP 0 055618
to Singleton et al. disclose the use of tin as a rhodium catalyst system stabilizer used in high
water carbonylation processes. The English language abstract of the publication entitled
Stabilization of Stannous Chloride for Rhodium Complexes Catalyst, Journal of Xiamen

30  University (Natural Science) Vol. 25 No 4 at pg. 488(July 1986) also discloses the use of tinas a
rhodium catalyst system stabilizer. The use of tin as a thodium catalyst system stabilizer over
certain temperature and pressure ranges is disclosed in the publication Zong, Xuezhang, et. al,
The Thermal Stability of Rh(I) Complex Catalyst In The Carbonylation of Methanol To Acetic
Acid, Southwest Res. Inst. Chem. Ind., Naxi, Peop. Rep. China. Cuihua Xuebao (1982), 3 (2),



Stabilization of Stannous Chloride for Rhodi um Conpl exes Catal yst, Journal
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[0007]  Experiment H of EP 0 728 727 B1 to Poole et al. notes that the addition of
lithium iodide to a reaction mixture for the production of acetic acid does not allow the reaction
to remain constant. Therefore, as noted in Experiment H, ruthenium or osmium was not added

25  to areaction mixture containing lithium iodide. Presumably, because of the perceived rate
destabilizing effects of lithium iodide in combination with low water conditions, EP 0 728 727
B1 to Poole et al. advises that when the ruthenium or osmium is added in combination with
lithium iodide under low water conditions, it should only be done at lithium iodide
concentrations of less than 3 wt.%.

30 [0008]  The publication New Acetyls Technologies from BP Chemicals, Science and
Technology in Catalysis 1999, M.J. Howard, et al., pp. 61-68 reports “a non-commercial
example” of, as described in EP 0 728 727 B1 to Poole et al. which is referenced in the

publication, the use of ruthenium as a promoter to increase reaction rates in low water
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20  the ruthenium and tin promoters and/or stabilizers are to be used only in systems incorporating

low levels of iodide salt catalyst co-promoters or in the complete absence of iodide salt co-

promoters,

BRIEF DESCRIPTION OF THE DRAWINGS
25 [0011] Figure 1 represents the graphical form of the rhodium concentration of the
ruthenium-containing solutions, and the control solutions existing at the outlined time intervals.
[0012] Figure 2 represents the graphical form of the rhodium concentration of the

tin-containing solutions and the control solutions existing at the outlined time intervals.

30 SUMMARY OF THE DISCLOSURE
[0013] This disclosure relates to processes for the production of acetic acid by
carbonylation of alkyl alcohols, reactive derivatives of alkyl alcohols, and mixtures of alkyl
alcohols and reactive derivatives thereof in the presence of a thodium-based catalyst system in

conjunction with a halogen promoter, and an iodide salt co-promoter at an iodide concentration
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15 DETAI LED DI SCLOSURE [0015] This disclosure relates to processes for
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disclosure relates to such carbonylation processes taking place at water concentrations of about

0.1 wt.% to about 14 wt.% of the reaction mixture in which the carbonylation reaction takes

20  place. Furthermore, the processes described herein relate to carbonylation reactions catalyzed
by rhodium-based-catalyst systems in the presence of a halogen catalyst promoter, and an iodide
salt catalyst co-promoter at an iodide concentration equivalent to greater than about 3 wt.% in
the reaction mixture. Finally, the processes described herein incorporate at least one ruthenium
salt, at least one tin salt, or mixtures thereof in the reaction mixture to stabilize the rhodium-

25  based catalyst systems incorporating the halogen promoter and the iodide salt catalyst co-
promoter.

[0016] An important aspect of the processes described herein is the improved
catalyst stability provided by the unique combination of the halogen catalyst promoter, the
iodide salt co-promoter, and the ruthenium and/or tin salt stabilizer used in a low water

30 carbonylation environment. In this unique combination the iodide salt co-promoter is present at
a concentrations of greater than about 3 wt.% in the reaction mixture. In particular, the
cencentration of the iodide salt co-promoter described herein is higher than iodide salt co-
promoters concentrations previously thought to be suitable for use in conjunction with

ruthenium and/or tin stabilizers or promoters. It is the combination of these three components in
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20  of ruthenium or tin as rhodium catalyst stabilizers in combination with a halogen promoter and

high iodide salt co-promoter concentrations, as defined herein, under low water conditions. The
processes described herein recognize that this unique combination of carbonylation system
components provides significant stability to rhodium-based catalyst systems.
As discussed, the processes described herein relate to the use of rhodium-based catalyst
25  systems. For purposes of this disclosure, a “rhodium-based catalyst system” or “rhodium-based
catalyst” means a catalyst system providing a rhodium metal concentration in a methanol
carbonylation reaction mixture of at least 300 ppm.
[0020] In certain embodiments, the rhodium-based catalyst systems described herein
provide from about 300 ppm to about 5,000 ppm of rhodium in the reaction mixture. In other
30 embodiments, the thodium-based catalyst systems described herein provide from about 1,000
ppm to about 4,000 ppm of rhodium in the reaction mixture. In still other embodiments, the
rhodium-based catalyst systems described herein provide from about 2,000 ppm to about 3,000
ppm of rhodium in the reaction mixture. In certain embodiments, the rhodium concentration in

the reaction mixture is at least 1000 ppm. In other embodiments, the rhodium concentration in



hi gh production. [0019] Although, as discussed above, the use of ruthenium
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For additional detail regarding iodide salt generation, see U.S. Patents 5,001,259 to Smith et al.;
20 5,026,908 to Di Gioacchino et al.; and 5,144,068 to Smith et al.

[0023]  The concentration of the co-promoter is such that it generates an iodide ion
concentration in the reaction mixture of greater than about 3 wt.%. In still other embodiments,
the concentration of the co-promoter is such that it generates an iodide ion concentration in the
reaction mixture of about 4 wt.% to about 20 wt.%. In additional embodiments, the

25  concentration of the co-promoter is such that it generates an iodide ion concentration in the
reaction mixture of about 5.0 wt.% to about 20 wt.%. In other embodiments, the concentration
of the co-promoter is such that it generates an iodide ion concentration in the reaction mixture of
about 10 wt.% to about 20 wt.%. In still other embodiments, the concentration of the co-
promoter is such that it generates an iodide ion concentration in the reaction mixture of about 5

30 wt.% to about 10 wt.%.

[0024]  As discussed above, the reaction mixtures of the processes disclosed herein
also incorporate at least one ruthenium salt, at least one tin salt, or mixtures thereof in the
reaction mixture to stabilize the rhodium-based catalyst systems. The stabilizing metal salts

may be present in the reaction mixtures at molar concentrations of metal to rhodium of about
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20 maintained. The carbonylation reactor is typically a stirred autoclave within which the reacting

liquid components are maintained at a constant level. Into the reactor, there are continuously
introduced fresh methanol, sufficient water to maintain the desired concentration of water in the
reaction medium, recycled catalyst solution from the flasher base, and typically recycled methyl
iodide and methyl acetate from an overhead of the methyl iodide-acetic acid splitter column. In

25  certain embodiments, the methyl acetate is maintained in the reaction mixture at a concentration
of about 0.5 wt.% to about 30 wt.%. Alternate distillation systems can be employed so long as a
means is provided for recovering the crude acetic acid and recycling to the reactor catalyst
solution, methyl iodide, and methyl acetate. Carbon monoxide is continuously introduced into
the reactor just below the agitator which is used to stir the contents. The carbon monoxide is

30 thoroughly dispersed through the reaction mixture. A gaseous purge stream is vented from the -
head of the reactor to prevent buildup of gaseous by-products and to maintain a set carbon
monoxide partial pressure at a given total reactor pressure. The temperature of the reactor is

controlled, and the carbon monoxide is introduced at a rate sufficient to maintain a constant total



salts are converted to at |east one formof an iodide salt, an acetate salt,
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Experimental Evaluations

[0030] Rhodium catalyst stability experiments were conducted under a nitrogen (Nz)
25  atmosphere in sealed pressure glass tubes. The sealed pressure glass tubes are equipped with
controlled temperature and stirring using a pressure tube reactor system made by Genevac (RS
1000 Reaction Station). Stock rhodium catalyst solutions incorporating 1,500 ppm to 2,000 ppm
Rh, containing 15 wt.% lithium iodide (Lil) in an approximately 2 wt.% to 4 wt.% aqueous
acetic acid medium were prepared in a Fisher-Porter glass apparatus. The stock solutions were
30 purged with carbon monoxide (CO) at 125° to 150° C and a pressure of 241.1 kPa with stirring
for one hour to ensure complete dissolution of the rthodium catalyst complex before conducting
catalyst precipitation tests. The prepared catalyst solutions were cooled and then purged with N
for one hour to remove dissolved CO before placing the catalyst solutions into glass tubes which

are sealed under a N, atmosphere. These solutions simulate the CO partial pressure in the



acid containing rhodiumcatal yst, the iodide salt co-pronoter, and the
rutheniumand/or tin stabilizer, along with | esser quantities of net hyI
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P repe%ted in numerical and graphical forms in FIG. 2.

20 [0035]  With reference to FIG. 1 and FIG. 2, it was observed that the presence of the
ruthenium and tin salts in the rhodium catalyst solutions significantly reduced the rate of Rhl;
precipitation over time. In particular, it is seen that in the si)lutions in which no ruthenium or tin
salt was present, approximately 50 wt.% to 70 wt.% of the soluble Rh precipitated as Rhl; by the
end of each 72 hour period. It is observed that in the solutions incorporating ruthenium and tin

25  salts, no significant Rhl; precipitation occurred over the 72 hour periods.

[0036] Comparing the results reported in FIG. 1 and FIG. 2, discussed above, to the
stabilization results reported in EP 0 728 727 B1 to Poole et al. in experiment X and example 33,
it is seen that the systems described herein incorporating an iodide ion at concentrations greater
than about 3 wt.% in combination with ruthenium or tin exhibited dramatically better

30 stabilization than the systems incorporating ruthenium without an iodide ion as reported in EP 0
728 727 B1 to Poole et al.

[0037]  With respect to the various ranges set forth herein, any upper limit recited

may, of course, be combined with any lower limit for selected sub-ranges.



[ 0031] Three types of the catal yst solutions were prepared as outlined
above. The first type of solution was a control solution w thout a
rutheniumor tin stabilizer and 15 wt.% 5 lithiumiodide. A second type

sol uti on conW&i2A&P91397wt . % | i t hi um i odi de and a rut heni unPEBIUS208€@pdEr2as Rul?2
at a nmolar ratio of rutheniumto rhodiuM of 5:1. A third type of solution
included 15 wt.% lithiumiodide and a tin salt added as Snl2 at nol ar
ratios of tin to rhodiumof 10:1. [0032] The prepared solution were
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forms in eldm , ds delfid@BY} thd WSllcvahg Clams. contai ning the tin stabilizer were
tested sinmultaneously with a control solution that contained no ruthenium
or tin. The rhodium concentration of each tin containing solution and the
control solutions existing at the outlined tine intervals over tine are
reported in nunerical and graphical fornms in FIG 2. 20 [0035] Wth
reference to FIG 1 and FIG 2, it was observed that the presence of the
rutheniumand tin salts in the rhodium catal yst solutions significantly
reduced the rate of Rh13 precipitation over time. In particular, it is seen
that in the solutions in which no rutheniumor tin salt was present,
approximately 50 wt. % to 70 wt. % of the soluble Rh precipitated as Rhl3 by
the end of each 72 hour period. It is observed that in the solutions
incorporating rutheniumand tin 25 salts, no significant Rh13 precipitation
occurred over the 72 hour periods. [0036] Conmparing the results reported in
FIG 1 and FIG 2, discussed above, to the stabilization results reported
in EP O 728 727 Bl to Poole et al. in experinment X and exanple 33, it is
seen that the systens described herein incorporating an iodide ion at
concentrations greater than about 3 wt.% in conbination wi th ruthenium or
tin exhibited dramatically better 30 stabilization than the systens

i ncorporating rutheniumw thout an iodide ion as reported in EP 0 728 727 B
1 to Poole et al. [0037] Wth respect to the various ranges set forth
herein, any upper limt recited may, of course, be conbined with any | ower
limt for selected sub-ranges. WO 2006/ 091397 PCT/ US2006/ 004772



11 [0038] All patents and publications, including priority docunents and
testing procedures, referred to herein are hereby incorporated by reference
intheir entireties. [0039] Although the processes described herein, and the
advant ages thereof, have been described in detail, it should be understood
that various changes, substitutions, add 5 alterations could be nmade without
departing fromthe spirit and scope of the processes described herein, as
defined by the followwng Clains. 12 W claim 1. A process for the

producti ongef.ggetic acid, by a catalytic carbonylation reaction,
conprising reacting a conpound selected fromthe group consisting of an

al kyl al cohol and reactive derivatives thereof in a reaction mxture, in

t he presence of, carbon_nmonpxide and a rhodi um based cat al y.st st.em

compr Stng: (1)1 nod Greet B € iR’ B BRIT PR B, ¢ Tt atbhE

CO- pr onot aractibn,acobphiciptreatingn ddagouge sd¢caddeSomrhé @ebugdeconsistingcamaresikylat i on
of greater  than out. 3 yweight %of the reaction mxture; and (iyv) a

Pt hen um 1006t b S G (har 18, FRGi BHE WoPE RifEHE! o1 (on
reaction rbnekide and O rHREiuFEGastd gD OtenDcompriinght % to about 14 wei ght %
wat er, and wherein the rutheniumcatalyst stabilizer, the tin catalyst
stabilizer, or (R4S t hereof are present in a nolar ratio of conbined
rutheni um and tdin, hfogcAQRinkiRA N the reaction mxture of from5:1 to about
20:1. 2. The process of claim| wherein rhodiumis present in the reaction
mxture at a d8hcentiodidd 63t ¢P-rPBUOtEPAL B ocoBcUBtip thabfeenerates daciodiga iafh xt ur e.
3. The pro L Cleal | - . I resent in the
reaction %ﬁ%ﬁg&’t‘éonﬁf%éé%hﬁ‘é@ﬁ%ﬁ? r%ﬁhg%qgg{édgicggpm&%wﬁ%%gto about 30 wei ght
%in the reacti(@n arruthantun or 4in Gatedysprstabidigeyr arf medtere rthereath evheiem theereaatiant i on
m xture co i fromg.2 i 2. wei ght, % e,. 5. Th roce of

i aim© e St S bbb p SEREN M BC vlpy JRERERRERE

r ut heni um méateaiuystataysabiabilizat theGin dhaygprsabidias, of nittatemnthersdiare presdnhén al kyl

| cohol i hanol. an r ion. m re. rises from i gh
?A) tC 8 g.bouts méﬁé@ﬁ&%{ C@a%’laﬁécggl.the%ﬁl%} an% tin trcgI rﬁg&{ug 1r(1: %rgpreac%lgg mlxtgre 0 Pol#nt 5:% t\c,)\e ght

about 20:1.

2. The process of claim 1 wherein rhodium is present in the reaction mixture at a

concentration of 300 ppm to 5,000 ppm of the reaction mixture.

3. The process of claim 1 wherein a halogen promoter is present in the reaction

mixture at a concentration of about 2 weight % to about 30 weight % in the reaction mixture.

4. The process of claim 1 wherein the reaction mixture comprises from 2 weight

% to 8 weight % water.

5. The process of claim 1 wherein the catalyst stabilizer consists essentially of

the ruthenium catalyst stabilizer.

6. The process of claim 1 wherein the alkyl alcohol is methanol and the reaction

mixture comprises from about 2 weight % to about 6 weight % water.

7. The process in accordance with claim | wherein the halogen promoter is
methyl iodide and is present at a concentration of about 5 weight % to about 15 weight % of

the reaction mixture.



7. The process in accordance with claim1l wherein the hal ogen pronoter is
nmethyl 1odide and is present at a concentration of about 5 weight %to about
15 weight % of the reaction mxture. 13 8. The process in accordance with
claiml wherein the reaction m xture conprises fromabout 0.5 weight %to
about 30 weight % nmethyl acetate and thg iodide salt co-pronoter is |ithium
iodide and is present at a concentration that generates an iodide ion
concentration of about 4 weight %to about 20 wei ght % of the reaction

m xture. 9. The pI‘OCﬁ%S of claim!] wherei,E the reaction m xture conprises at
| east 1000 ppni-of rHSAPIPRTSENE f9serdappearith 418 &t WheitiRelle uisreion/ BFME n t o
rhodi um i NednlRisésesth laBdut 015 WdigHt @6 kSatfoliO30 weight!R nliBUheeldde dnd the iodidRQalPr OCESS
of claiml wherein water is present in the reaction mxture at a_

concent r at $oproBpPten olithium igdidg gnd ag, preseati® it concepirplii thay gsneratee an degdide] igh

mi xture. 1o, JRGrioH QGBS 4height 3 & abotBBNRidht S tltbdtabh HikGARL al Yt
stabilizer and the tin catalyst stabilizer are respective salts selected
fromthe group consisting of iqdide salt acetate salts,. and m xtures
thereor . 2. & pr oBlesohst* o i Siteh Ins, e iR irried BB T ses
at | east 1560 of pRotigh anhtakl tdlar katio dheuthiphee ssd/@f tif katisdiug Wheeeieictiort hyl
iodide is present from about 5 weight %to about 10 wei ght % of the
reaction ninREWF & fEamyo1lite AP ¥:4di de is present at a concentration that
generates an iodide ion concentration of about 5 weight to about 10 wei ght
% of the reactith m kheuprecesd df cldimel pheremswaterfis prea¢ntninl e wkrstien mitthre at eact i on
m xture coppri I t 200Q f . r.hodi . ocess of claim 12
wherein thg&gé{ﬁ%ﬁ?}g‘%m&s gtELI \iviaggr/" Itoﬁa@ l}(%evé&%'qr)ﬁ%%feg%oggﬁﬁﬁepresent in a

nol ar ratio of {uthe iumto rhodjumin the reaction mxture of from5:1 to

about 10:1. 16.1%he Preoraesss 8t clainyl nybesein fherruihgnipmeratalyst stglitizes jand the; tn

consi sts eggapk@biliYer@fe RspebtiteREIN HIRLESETbmAKESERY conSistthg P hlidel sakd, Qcebite
rutheniumto rhodiumin the reaction m xture of from §; 1 to about 10:1. 17.
The proces&lisfand mixthies theggeér ei n t he catal yst stabilizer includes a tin salt
present in a nmolar ratio of tin to rhodiumin the reaction m xture of from
10: 1 to about 2M.1. The process of claim 1 wherein the reaction mixture comprises at least 1500

ppm of rhodium.

13. The process of claim 12 wherein methyl iodide is present from about 5 weight
% to about 10 weight % of the reaction mixture and lithium iodide is present at a
concentration that generates an iodide ion concentration of about 5 weight to about 10 weight

% of the reaction mixture.

14. The process of claim 13 wherein the reaction mixture comprises at least 2000

ppm of rhodium.

15. The process of claim 12 wherein the catalyst stabilizer includes a ruthenium
salt present in a molar ratio of ruthenium to rhodium in the reaction mixture of from 5:1 to

about 10:1.

16. The process of claim 12 wherein the catalyst stabilizer consists essentially of a
ruthenium salt present in a molar ratio of ruthenium to rhodium in the reaction mixture of

from 5:1 to about 10:1.

17. The process of claim 12 wherein the catalyst stabilizer includes a tin salt

present in a molar ratio of tin to rhodium in the reaction mixture of from 10:1 to about 20:1.





