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CARBONYLATI ON OF METHANOL I N THE P Field of the Invention The

present i nv&,gt(g &Pﬂﬁel ates to honpgeneousg@@tbonyl ation cat al ¥st,;8¥s54.64%5
and nor e par | QA y to rmultimetal honbgeneous carbonyl ati on catal yst

system stabilized and co pronoted with a soluble inorganic iodide salt, in
particular, an alkali netal or alkaline ealth netal salt or quaternary

i odide salt of nitrogen or phosphorus. Description of Related Art

Produci ng acetic acid by nmeans of nethanol carbonylation with a rhodi um
salt catalyst is 15 2U a well-known commerci al process as disclosed in U S
Pat ent No. 3CARFONIDATION S0fc YERRANOALIN kTHétPﬁaﬂSFN%ﬁw@Fd%%Q@BJ@dIWIW;O%M TON
Si ngl et on (AE’;\)TALYF%.SY&E%I. 1, 27S, (1983). US 329 discloses the use of
organi ¢ halides such as nethyl iodide to pronote the reaction. It is stated
in US " 32Fidibajf the Baemtidnt i al quantity of water. typically about 14-15 wt %
is necessary to attain a high reaction rate. Hortjaer and Jensen (Ind. En
Chen=s; pl' OC. R prexsut mgenipgre2gs 1p hompggneonnsasbanbitaiian cHialysi walemasindgnerhe
reacti on water.from ahout finite anmpunt . abou 4 Wt %..ncreases the
Feact on PRrEulhIEeRIRE L npBkRaly Bitbomilisd SREau bl SRR G o
wat er pr egedthoted Wittfa S51Q9E Sfork Aol bR XRGAR hfar, CRGNATI H&alGR Sikalifle S£RAT AL €
water fromthe acetic acid product desired.” It has been found that..under

t he Paul i kneedl salt.or qoaeimaryoiodidatsalt ofientroghmor flbsilorud % wat er cont g in a

carbonyl ation reaction system the carbonylation rate ecreB@l@ﬂlﬁ\“@M\“lﬂ\\l‘\

significantly and the rhodium catal yst tends to destabilize
|5 ALH

prec]igfjitamsﬁgf,g?ﬁﬁggggg;&p%g on system U.S. Patents No. 5,

5.026,908:" a mth et al., disclose a nethod to 25 solve the
difficulties ofPrbiging srdt ket byaheins afichedahal sasdonglagdmbiithiazhsdion selesariybed
above. These ‘patents di scl.gse the use of a rhodiumsalt catalyst in a |ow

- < et

wat er car BorsH-krowmcapmersigl progsss asdisdpsed onbehtaient B 3763 Bt isqued by Paulik

finite a t.Q | 9 er.ab S$od - g
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iodide salt, i.e, such as lithiumiodide, or by using a soluble quaternary
amoii um ersubtieriph gnaniity pbwee typically about 14-15 wt % is necessary to attain a high reaction

rate. Hjortjaer and Jensen (Jnd. Eng. Chem, Proc. Res. Dev. 16, 281-285 (1977)) have shown
that increasing the reaction water from about a finite amount 1o about 14 wt % increases the
reaction rate of methanol carbonylation. However having a large amount of water present in the
process incurs an expensive operating cost to separate water from the acetic acid product desired.
20 11 has been found that under the Paulik et al. conditions at lower than 14-15 wt % water
content in a carbonylation reaction system, the carbonylation rate decreases significantly and the
rhodium catalyst tends to destabilize and thus precipitate out of the reaction system.
U.S. Patents No. 5,001,259; 5,026,908; and 5,144,068, Smith et al., disclose a method 1o
solve the difficulties of high reaction water and catalyst destabilization described above. These
25 patents disclose the use of a rhodium salt catalyst in a low water carbonylation system, i.e., water
concentration from at least a finite amount to less than 14 wt %, preferably less than 7 wt %.
The carbonylation reaction is further promoted and the catalyst is stabilized to prevent
precipitation by using a soluble alkali or alkaline earth metal iodide salt, i.e, such as lithium
10dide, or by using a soluble quaternary ammonium or phosphonium iodide salt.
30 A disadvantage of the process described in US ‘259 et al. is described in US 5,155,265;
US 5,155,266, US 5,202,481; US 5,206,434, US 5,371,286, and 5,783,731. The process

increases the concentration of iodide, unsaturates, and carbony! impurities. These patents stress



30 A di sadvantage of the process described in US 259 et al. is desc’rﬂ ARRI2003
in US 5 155,265; US5 | 5 5,5 266; US 5,202,481; U S a206, 434; US 5, 371, 286,
and 5, 783,731. The process increases the concentration of iodide,

unsat uratés, and carbonyl inpurities. These patents stress 10 APR 2003 z
the necessity to renove these inpurities fromthe process, Another

di sadvant age of the process of US '259 et al. is that as the water content
is decreased, so is the rate of reacti®n. Therefore efforts have been
directed at maintaining and incretsi ng the rate of reaction under water

condi t i oh® nefessity dasremaynthese Inpusitics from MADPRREEHod of increasing the rate of

traction, as shoMm shivhiigeBtroBRBess bEUL Q5b BGILEABR ol e whtsdléchgamis par ti al
pressure in the reaction system |nercasing hydrogen partial prcssurr. ce.n
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f raquent "§ comtail n hydrogen as a~urity, an nor noa
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in US “60B i bout, D. 0 % Lridi alyzed
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parti al re o gen in the carbonylation reactor to be less than 3
X 184 Pamfl¥e.3 bar). Methods disclosed in rhc art to enhance the rate of

car 6oayl at i onppgiitiiGab@lyYStrSotalEt oiibbiyiSiok PREs Nk RAbAGE ED 2 4% 30eisds
pronoters. EP 643, d34 describes the use of, ruthenitrmor_ osm umes co

pr onot er $¢ nESEssEYy B st oy PArRRsR eanrEERtionHE the subsrmangids (a4 Wby i Bt er to
elnhalnce e :ﬁatoanafon:stdt&)dgdmh;mb@gamhwaadmaﬁbomh@ﬁ,}mmmﬁaﬁuwmundcr
Simlarty, 298, Z0Q. br o escribes,t use rut ht ni ym_osm um or
Phent um W E0SRBT e HreB-RD = SRR angril o tefnloreb bR W BR Bl e
cardoony| abiaside fed it suggestcdR-BR ‘27510 98 Bsthe). bnad% wd ge perissprostureref Hydmagin
carbony) at.i on_en i t I ystem and rhodi um and iridium
cat al yst%%ﬁm%{géu?'?%f%g}ogwn%?e%ﬁg’g%kwgﬁoggﬁog@e refertwnces whether iridium
coul d be addedcthastsgdisgiosed vodit ertiocabsatethekionf carbamyatay Withratatysts cenitinitlg de sal ts
are pre-~ Iy QR A6 11,0d] ols i it oRL Al

i odi des, &gggmti)%glﬁ!g H{r"gl\% 0 Z‘i’“&@%?ﬂ%ﬁ to?ﬁ“?#\’#?ibtﬁ Qﬁﬁg‘l‘%‘ghg@?ﬂgﬁlw deactivate
t he iri dprowmrlest &P pi8.! 83Dutadrslascabad heanss efohodium 15 aprainoter Gatrdhycg the mte of 81

{13eb) $gglw@§{nai,g%§%ﬂ%§@wﬁg@geslpauamréd £348300 Vroddlf derlrftles thel uscGPEM  Soc.
ruthenium, osmiurn, or rhenium with rhodium also as 8 co-promoter to enhanca the iridium-
catalyzed carbonylation reaction. FR-A~2750985 discloses & process of methana) carbonylation
employing & rwo reaction zone systom and rhodium and iridivm catalysts.
However, it is not clear from these references whether iridium could be added to a
30 rhodium-catalyzed system when inorganic iodide salfs are present. lonic iodides, such as the
alkall or alkaline earth metal jodides, had been previously thought to inhibit and consequently
deactivate the iidium catalyst. Dokleva and Forster in 4dv. Cazalysis, 34, 81 (1986) and

references cited therein, particularly Forster, J. Chem. Soc., Dalton Trans.,, 1979, p.1639, have



~ 0 aPR Zoo3 indicated that ionic iodides decrease the rate of nethﬂ8ﬁ$ ]
carbonyl ati on when an iridiumcatalyst is enployed. The use of rho&i szg
and iridiumsalt catal ysts for methanol carbonylation is disclosed in
Canadi an 2, 120,407 and GB 2, 298, 200. Can 407 and GB " 200 al so teach that
ionic iodides 5 poison the iridiumcatalyst. It is suggested therein to
limt the anount of ionic iodides fl-Al+ 0 to about 2 vin % Sources of
ionic iodides include: 1 ) fromalkali or alkaline earth netals as a

pr onot er indBpatddribanicwic nabdaseenst sl the réawionethanol babogdatdnorheyantisdiunacaal Pt
from phospho |un ~ or ternary ammoniumions as pronoters. Mre recent

pat ent plsHil @X¥6dns al so teach that the use of alkali metal iodides and 1o

al kal i ne eart
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certain conditions wherein the wafer concentration in the reactor is at or
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wat er concentr at,j, 0Q _occur 10 alln earth
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carbonyl ation catalyst is solely iridium mentlontherelnlsnlaeo t he

use of alekalry amedamliuroionalak ptonmeersai -I h net aI iodides in a m xed

rhodi umiridiumcatal yzed c rbo | a I on eact.i on by genera i odi_ de ions
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ni c rron and cluomum or osp I nes and rogen contai ni ng conpounds
or |i ganisludhiVed 98e324Q0aER846 6(234 A, B 8490 2A8eA 1,ER 84O 15a| A B Althaight BR 84912481
al so poison the iridiumsalt catal yst system The poisoning occurs by
gener at i ﬁé,, Y erigethabmdencariain qqneimoas w@ar@m ﬁWét?ﬁﬁ%qu%ww ey epgier laﬁt or

adver se % at Q0 whilh thEAGLIAL 13%1 Vgﬂ%g?:{srg Sexgh@é(t‘é” ung@ﬂ E@&%ﬁém Idhe

technlca |cuI I es descri is a to 1 nmprove

the rat eo@ﬁnsﬁ;@d’dﬂmwfandaﬁli\wws luei athalirfeaanh ngtadhaapbaddedt yt 1§faug1‘iltethhi-thfddt u~n
catalyst and limting the formation of inpurities. SUMAR f' OF THE
| NVENTI ORestheongitions e praspash ofoadide lon iadighsoncquigben may &e deirimental.ighen the
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honogenegyslieadaathysdlaldbdidéad IaUﬁiIxsdii liqduﬁlm—nﬁ diiirh Qaﬂal}dbdﬂ €ar B@t}@dtmtl eaction by
stabilizer/copronpter, iridiumsalt, and an al Jcyl iodide promoter. The
i oni ¢ i oEgEAtIEARHife m}%@ﬁé‘ﬂéﬁﬁﬁﬁcﬁm CORPORPAN-2003 4 may be i 17 the form of

a sol ubl e sal I S
quaternary al R@f%%?g?!ﬂ}%gk 8% n 1(])és%p oir(l)lgg%n(%os ]@?a{n%hdte%z]g{l ?rloa]enelroglge] nger‘]nals
ef hecti vgar aomeny, ¢kel, Q@dndad bm@nmld; brhghobshandsia0d niigkit E@Mainiflg @@mpounds, or

stabilizel'/co- prormter IS preferabl y a soluble iodide salt fron7 alkali
net al s ohigandk aulncﬁvem@hqwaﬁelmﬁ en ytu qdye; to B hefief thatrhese deisiptsol redsondhe iridium salt

Al ternat i abi | b aternar nll.noni um or
phosphor N Hsar8E- SIFoIstEE s SR st Bfo SR ERRI b0 1 i .
DETAI LEQ:dsshi dawkkh Bk éﬂﬁvgs@@f%'dﬁlfhe reaction rate.
The present invention addresses the technical difficulties described above. Disclosed is a
25 method 1o improve the rate of carbonylation while maintaining the stability of the rhodium

catalyst and limiting the formation of impurities.

SUMMARY OF THE INVENTION
The present invention relates to a process for producing a carboxylic acid by
30 carbonylation of an alkyl alcohol and/or a reactive derivative thereof, i.e. an alkyl ester or ether,
in the presence of a homogeneous catalyst of rhodium salt, an ionic iodide catalyst stabilizer/co-

promoter, iridium salt, and an alkyl iodide promoter. The ionic iodide stabilizer/co-promoter



More particularly, the present |nventlon provides a process for the

carbonyl ation of all 10 al cohol, ether, or ester to products conl ppiwi N)@ 2&03
carboxylic acid, the anhydride thereof or coproduction of the carboxylic
aci d and '‘anhydride. )Jven nore particularly, the present invention provides
a process for the carbonylation of nethanol io produce acetic acid by

reacti ng nethanol with carbon nl onoxi de fn a liquid reaction nedium
containing a catal yst conprising rhodiumsalt, an ionic iodide

st abi | | z&@ay @énpﬂ@r{%tnép,f a é@iﬁbliersﬁg playalkall metahar dkalingcatth eneaad isal} oneawaemary

i odi de 15 pronoter,, and net hyl .acetate: and subsequent| .ecoveri.ng acetic
word 11 BRmoni oo Tatl R DGl tn SRS SRR SR R &S0 e
to mai nt g g dsdiifor, CRfls AN AABES YrorhoBUR pRge b BIg a%%Hfb?@io@fdefsEﬁ?frbﬁmhaﬂlgdl?”

about a finite anount to |l ess than 14 wt % of Wwater together wt a) a
salt prowmetilng wAkalkfeeth metalgmy pamtulanlithhen fodinge Adfernadnoaly, Riewtabizeomad bat %
of an ionic jodide ill the reaction solution as a catal )(st, i

st abi | i zeF9lublegivaeniasy aamoprear Phasphowa igfhida st Fheabsl bpliderg prsferablyal |
and al k ]iegﬁl lgd h metal salts and/or quaternary salt of nitrogen or
phCSphOr LI'S, ?q?)l about 5w %io 30 ~~'t %of nmethyl iodide, and (c) about
0.5 ~~~t %to 30 ~rt % of nethfl acetate. The ionic iodide
stabilizer/co-pronmoter may be in the forn7 of a soluble salt fromal kali 25
metal or al kal i ne eal DETAB:EP DIFCREFTEON @ THEaPISCGHASHRIM or

phoSphd I | unl /ISa_It \ ilcr},qﬁne[at es al { effeﬁi ve,armL%nt_ 138 ,efilnted apove of
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added in conjunction wish the carbon nonoxi de feedstock to the
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the catal yst éf Stell'l 11p11S111~T rhodiumsalt and an al kali netal or

al Jcal i neowsr ¢fihe7ecadn swiut a fiaied Amoustad ldsk thagudtverhaf yater Togehedwith111 O
phosphonium salts, pro\'14111qg 5 an effective anount in tile range of about
D 96 1o 20" (Lt S TSPV e B G i (e RERLEOH 2901000 O oB 6! B ng
rhodi um gald;o@laaNe melBsidhabivtibA 85 A CAaRETRY Ber/BADrdSaEr fepitnd %a%%&}i ze
111e 1'h0411 1111/ iridiumcatalyst wthout pl'eClpllat7071 OCCU"'1'IT1lg
dul20l | | gedrnsistingofielirgli atd slivaligactthanetalrndltpaeiordpeteaddy sdloofalitregenalry st

activity. Another advantage of tile present invention is that the
product | B¥SBROMSmuriti es such as 10 acetal dehyde and especi al |y unsat ur at ed

al dehydes suctbggga&rp&,pmﬁatlo@%hm o%nﬁt]%g%dﬂi'é’%,}aﬁd ot onal dehyde is

significantly ced en rhodiunfiri’di un I odide ion catal yst systemis
en | pl oyed us{d)@bewridd t &6 Howi Madfemdthylacethleose used with the
rlaodiunl/iodide salt catalyst system al one, Such an advantage_inl proves
product qual i £§e ¥ EHgSESIZ8H CorpEmale may e 1y s Brmd 3 sof Uit sal{rang akkahipv e
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I nventi on provi on C onyl'at’i on proocesses erern an

al cohol , g @tR¢s arEff@tine EmbenteeAeBRddetbole ofioaRlE bl the reactich ndicar Thiee
anhydride thereof. The followi ng description is directed to the
car bony| eatilyst stfbiligericp-anenotenisprefenably ldban @dulei lithium acetate or mixtures thereof.

The catalyst system can further comprise a transition metal salt as a co-promoter selected from
the group consisting of salts of ruthenium, tungsten, osmium, nickel, cobalt, platinum,
30 palladium, manganese, titanium, vanadium, copper, aluminum, tin, and antimony.
The present invention may include hydrogen, generally added in conjunction with the

carbon monoxide feedstock to the carbonylation reactor. It has been found that the presence of



20 However, the technology is applicable to the carbonyl ation of higﬂpgp%}mg
honol ogues of netllanol to formacids which are the higher h0111010gue
acetic acid. A previously used nmethanol carbonyl ation process conl prises
reacting nethanol WIth Cal-b0lI1 11101 70Xide Ill a liquid reaction

nledilull containing a rhodiumsalt catalyse and conprising water, acetic
acid, nethyl iodide pronoter, nethyl acefate, and ionic iodide
stabilizer/co-pronoter and subsequently recovering 25 acetic acid fromthe
resul ti ndgydsgen irnsreapesadigat! regatonieand mipetizesd peiaimb oy ergaaicpmpviites| y used
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descr i beghuiificdtioa tPacthle ietpualties. US ~ 329 patent. The anount of iridiumsalt
added to the reaction nmediumis generally bei w-een about 100 and 5000 ppm
and'pref erably between about 200 and 2000 ppm Exanples of suitable
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bet ween about 0.5 and 4 Wt % The concentration of nmethyl acetate 10 APR
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proforably, beunwden about 1 and 20 wt 9%, The roneentration of ne | ,iodide
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bal ance of the rAnrtion m-ium 'flee carbon ndtxoxlde part 7al pras§gggggm3
the csrbonylation reactor is typically ebou2 2.0265 x 1 OS Pa to 3. X

| OG Pa absolute (2-30 atn), preferably about 5.0b625 x 105 Pa to 2.0265 x

| 06 Pa absol ute (5-20 atnm). Because of the partial pressure of byproducts
and the vapor pressure of the contained liquids, the total reactor pressure
i s fromabout 1.51988 x 106 Pa to 4.55962 x 106 Pa absol ute (15-45 atm,
with the reaction tenperature being approximtely 150 to 250C. 1 o
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salt and an alkali or alkaline earth netal iodide rah or a quaternary
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present i1nveation canprisas (a) a |iquid-phase carbonylation roncior) (b) a
t | a9her , inalude {rigiua acetatzy iridiodiodelate; wtdiwen acitdacspitd, iridinmandtaly Qls, IthelrBr;,
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met hyl | GaPwlaioaipaction cogpgraRinys awaf&hs% ot @/ E SRR ISR st i | 1 at i on
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flasl-ler. The residue fl-0111 theé flasher 1s recirculated to the reactor.
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within the carbonylation reactor. A gaseous purg@ stre is.vented fromthe
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mal nt ai nG&ﬁ?%y G 2919& 11'?‘8?8?&9&'&%%051'n?éla]%'f:aﬁfﬁlﬂfe?w@eﬂq Bo@ 198 nd Qbé’d B}SlﬁaCt or
pressure. e fenperafure and pressure o e reactor are kept const ant by

met hods 101' | @hyalkdli hietaltdr@lialihe efthudetal dattisudh Pk egsaif litigudl( povassafni, from t he
carbonyl ation reactor at a rate sufficient to maintain a constant |evel

t her ei n EASNAsEINL, B0 Galgwe cap be Heedras dSRBlY shftalilipa{atPrpmeier msyided dhapdhamadin t o
the top andc.hot t.om 1 her. Lnsthe fl r..the catal (X [
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cat al yst soximsle idiee ioatiedBr Sildesitddasee] W Edtally @ S6@I1i AU pioid@idn oln patibyihr,
acetate, nethyl iodide, and water, while the condensed overhead of the
fl asher b salesssuchragéditlyiumiedide avklithiuon acatate sce vsedulawitll littapr nedidg beinget hyl

i odi de, nethyl etate, and er...A.pol-tion of the carbon nonoxide along
i th gasBoirty THF SAAPEARLH Be ofide B Huhe Faon BYEHT SAG EARL B ar by do
exits thg,§.0P aRf 2608 of | 38REH1y between about 10 and 20 wt %.
30 The concentration of water in the reaction medium is typically between about a {inite
amount (>50 ppm) and 14 wt %. The concentration of water is preferably between about 0.1 and

8 wt %, and most preferably between about 0.5 and 4 wt %. The concentration of methyl acetate



The product acetic acid is drawn fromthe base of the nethyl iodide-btdPR 003
acid splitter colum (it can also be v,~ithdrawn as a side stream near the
base) for final purification as desired by nmethods which are obvious to
those skilled in the al-t and which al-e outside the scope of the present

i nvention. The overhead fromthe nethyl iodide-acetic acid splitier,
conprising mainly 2o nethyl iodide andynethyl acetate, is recycled to the
carbonyl ation reactor. experinments confirmed the f111d111gS In the art chat
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syst®m cdirpfeiably e FeATen tERPSTITE ISERTHE d{h i odi de ion catal yst system was
found to produce increased.rate Qf reacti.on with inpurities of, the reaction
remai ned rel at %%T%}”ﬂr‘i'l?ﬁ&’ﬂ%"e@?d ’Tﬁ’@ °T”§‘i‘?’ W&E&%@?W&fmﬂmﬂg
denonst r atcerbpd pbminide docesrhisl frbgmaitly comtain ev kevblkeiibydrbgen as IMiAlyRHE, dnd Ther&is300cCC
Hastal | oy B autocl ave was added ter,, glacial..aceti.c aci Fi,sher, ACS
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met hyl i odicchethe RB84Heeashil eesion or fn biydaed bl tervarbon Teroxddedfeedt or dbthr hodi um used
is indicated iR_T. . LAl : i

(IrO~) in an aﬁ%ﬁ%?%iogg% grgge}{g%%g%cfned\?’.ﬁt aidflgt%grr&%gﬂgﬁb?‘o@fg g\%“\%@%ﬂgrged
with 15 t hedisgofdioprselitoghaatmyeirreriers conprising Swginmssitprddniotid iusdrgn 3 105 Pa
(50 psi 0) aifht BeiGht RRDTRANhAR 1A 53l BB EY B brinch e SuibERIMPS afgePOAt e

two,additional tinmes. The autoclave was then pressure t or ten
m niit es asaltevepEygghofhym pY iy hoepsyst efjsuckpipdilipreepramotem A §ird advisinad of o

about 1. 8GL3&sent HEhddA s thet the addition of iridium salt or iridium salt and ruthenium 10 a catatyst
system comprising rhodium salt and an alkali or alkalife earth metal jodide sah or 2 quaternary
ammoniura or phosphonium iodide salt has been found 1o reduce the production of acetaldelyde
and all impurities derived from acetaldehyde, espeoially unsatareted aldehydes such ns
25 crotonaldehyde end ethyl-crotonaldehyde.

A typical reaction system which can be ermployed for the process of the present invention
comprisos (2) 2 liquid-phase carbonylation reactor, (b) 2 flasher, and (c) a methyl jodide-acetic
acid splitter column. The carbonylation reactor is typically & stirred autoclave within which the
reacting liquid contents are maimained autamatically at 2 constant level, Into this reactor there

30 are continuously introduced fresh methanol, sufficient water o maimain at least a finite
concentration of water in the reaction medium, recycled catalyst solution from the flasher base,

and recycled methy) iodide and methyl acetate from the overhead of the methyl {odide-acetic



(270 psig) and an electric heater applied heat. As the internal rﬁgﬁ;tAPﬁ 2003
tenperature reached the target tenperature of 195C, the pressure

adj usted to about 2.7579 x 106 Pa (400 psig) by addi ng carbon 20 nonoxi de
froma high-pressure reservoir as needed. Wien the reactor solution again
reached 195C, the stirrer was turned on at about 800 rpmand tinme zero was
establ i shed for the carbonylation react8on. The neasure of change in
pressure of the carbon nonoxide reservoir with tine was used as a direct

i ndi cat aad spliti¢rtvelunat. eA afstidlati dosypieat caprbe efnjileyqdeo atocassahetold@hizdandrhead
pressure of 2.7579 x 1_0,? Pa '(d40 _psig) were maintained for 30 minutes. The
resul t sSGFan Heny@sdeshsn g s Pegam@ flgghey Pfé'eglfféeiaécci fortBe 293Ctpr e -ar0eBTY)  of
car bon SRASKIAS: IRRRMORT SRR and HRALIPRIAR PR, Ud EhadlidiRC | or

sol ution per hour ), are given 1n resu I'n Tabl e
| i |1 ustdaatep, Wheaseslipnt@oteath ialemaDMbmMThe hdadiof Hel 10atistao0 ippdvettbdldplof syst em
(B) over a rhodim/iridiumcatalyst system (C) and a system wi thout iodide
i oA (A) gaskaas Berpeoducts @nARRND0EN 4 Gettcatbion nshiowsletpadial pBSOIrppa giverliowh added

to rhodi un~./iodide.jon catal yse . systen-1 _significantly raises the

car bony FFEIBRRSIE FHo R4 350 PROTET of 4% it R IsGHap Bt of

i ridi umg,pok hewehedi unt i odi de ion catal yst systemis conpared in lines B
vs. F. The i1 neffectiveness of the iridiumiodide toll catalyst systemat as
| ow as 1 and Qudt ligdid pabiddet i drawnarfhapmdhe carbbugylationdeamorsat e attalsySicieny st em

wi t hout iodide ion sallt iS 9l10W1 111 i neﬁ Iﬁalnd E vs. G and H of Table
1. Tabl 8antein csiant erg! Sireeip aaq fsratredhesd s the flasher gk 2 pRIRRtrBSHAte hetyeep; i )

ST, < o . oot by hi . lr O
208 1000 58P B PR Poog s Mt i polgfiar § IR 88 ebb 0 s 1
0 0 1009reHomithdntly@c@licZRBBeodai XA hodiufiositdl et and thegddidan sdlt dandaitillekérons
were performed in a reaction system as described previous|ly, wherein a

|i qui d- BHaIgEICE of BT agelads e totideaad wats, Whids the Geerenyed0verlead 6f theand
Lhen 2, bt ok 50098 L B0l uaPLeLhs B bW, Tl SO0IOMemy) o1,

i n Tabl acdtdte, AdvabovA phgiogbf ertcaroh Mydkngelong willdgasedwig - protibansuolnaen t he
rhodi unt i odi de i on catal yst system for_ the nethanol carbonylation process.
AslScan Beetasenhydiogeapind darbonidiexide edisibetopfof fyelasBen in t he carbon nonoxi de

feed has the-eff i
bodi un 1/ 1 odrss el oei ORGSR AT b6 FRIY A kOl BuficldbelOfcid spliter

f or mat i eslupar (i caudlaiblby vitdiahdahysdée ardmuieanthdnaie) dorafike pydRsativorab dasred 0
croi onal dehyde and 2-ethyl crotonal dehyde(K vs. Thi s presence of

L).
hydr ogeRY imrethass vielbes ofpinBk iodBosesk lgdgn éifetaéhansln@ﬁi@a aanisidetbe senpeed dheal
f - i de .f t f. ai .
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cabal ysinetygii@dife sidankthiy Cantatey isdeeycpaieshd hebdigidtohirant@f acet al dehyde,
crotonal dehyde, and 2-ethyl crotonal deh5~de when hydrogen_is present in the
car bon nonoxi &eperimeftaeenirmed she pdings irpee aredal Bidivgs pheediduivugespied 4t i on,

i ndi cat e. tha1

oot urfvutrds o SHE bk, Toerisblabdhids BB G Bl MOhETidH b8 onoxi de

irtdium resulted in no reactivity. However, the addition of iridium salt to an rhodium/iodide 1on
catalyst system did not produce the expected inactivity of iridium caused by the iodide ion, but

25 provided a significant enhancement of the catalyst activity. This finding of adding iridium to a
rhodium/iodide jon system as a rate promoter in a methanol carbonylation system was surprising
and unexpecied. Also surprising and unexpected was the significant reduction in the formation of
aldehyde impurities, i.e., acetaldehyde, crotonaldehyde, and 2-ethyl crotonaldehyde.

Additionally, use of hydrogen in combination with rhodium/iridium/iodide ion catalyst

30 system increased the rate of reaction while the impurities remained relatively unchanged when

compared to rhodium/iodide ion catalyst system.

The use of additional transition metals such as ruthenium, tungsten, and like (as



10 APR 2003 feed ehances the carbonylation rate from20 to 23 nol / LgMPRQIIE
vs. M. Further rate inprovenent to 2G STY can be achi eved by addi ng
rutheniuminto the rhodiumiridiuniiodide ion catalyst system (N). As the
amount of iridiumin the systemis increased, from830 ppmto 20Q0 ppm STY
increases from23 to 2G nole/L-1u~, wthout an increase in the
concentration of 5 acetal dehyde and unsaturated al dehydes (Mvs. O.

Anot her béss@fbetl alivepkdiftindadwintagédusli Alentdlyst g steleompagngin i odi de i on catal yst

systemis_ the significant | overment in formation of inmpurities, .
oartscul anpgimBptiaia i Ry e sfeh SeaBund o Rt eaetion
cat al yst wysingirigegRirestion lepbiabd Rfativdipilichdideppm unsat urates in the

< ani £1 cantly TE By Somzs s T e g et eRgodiment SFhe fvenion,
rhodi ymiridiumiodide tO catalyst system STY increases from23 to 2G

nol e/ L- hr, acetal dehyde concentration in the reactor decreases slightly
fromb530 to 517 ppm (Mvs. N), and propionic acid concentration increases
slightly,EXAMPLE30 to 271 ppmin the product. 10 APR 2003 12 Table 1I.
Conti nuous QOperation Results'~z~" Rh/Lil/lr RL1/Lil Rh/Lil/13z Rh/Ir/Lil/H2
Rh/lr/Lil/Ru/HZ R11/1r/LiJ/Hz | KL MN O Total timel1912119 14(hrs) LEl
(~~t 9 101112174 8300tERMAst4]op B) MmidabOeadieiGEder /dadidl aldpip 83id QGNRBR0 gRAdAD ORu

e O000CE0, 4, SRR AL 51000 2050 anl ML S 0l
99 3. 03. 13 AldicBBaifd zeti@Adidille G2 DREIWS A BpA Ceifitrob tehdtadis in tiReacichve Waedsddltbely de
410420100 g B A 5 LS NSRS ot o
111G U | Saztnldlabét'ataei_ﬁ af) bl deer)TRe apbwn bfrhddidd E%Qﬁmﬂidatécpinﬁhbla Idridismnselt was also
G Tty TR G e A AT R
2G50 16 0O tBe BpflomiaRIOmBdlentd A0was pressured to 3.44738 x 10° Pa (50 psig) with carbon monoxide and
slowly bled off; this step was repeated two additional times. The autoclave was then pressure tested
for ten minutes at 2.7579 x 10° Pa (400 psig). The pressure was slowly bled to about 1.86158 x 10° Pa
(270 psig) and an electric heater applied heat. As the internal reactor temperature reached the target
temperature of 195°C, the pressure was adjusted to about 2.7579 x 10 Pa (400 psig) by adding carbon
20  monoxide from a high-pressure reservoir as needed. When the reactor solution again reached 195°C,
the stirrer was turned on at about 800 rpm and time zero was established for the carbonylation
reaction. The measure of change in pressure of the carbon monoxide reservoir with time was used as a
direct indication of the rate of carbonylation. A temperature of 195°C and pressure of 2.7579 x 10° Pa
(400 psig) were maintained for 30 minutes. The results of the reaction rate, reported as the space-time
25  yield (STY) of carbon monoxide measured as moles of carbon monoxide per liter of reaction solution
per hour (mol/L-hr), are given in Table I.
Batch results in Table I illustrate the advantage of an rhodium/iridium/iodide ion catalyst

system (B) over a rhodium/iridium catalyst system (C) and a system without iodide ion (A). The same



10 APR 2003 13 What is clainmed is: 1. In a process for produci ng aqqt AfR 200
acid by reacting nethanol with a carbon nonoxide feed in a liquid reaction
medi um contai ning a catal yst conprising a rhodiumsalt and an iridiumsalt,
and conprising water, acetic acid, nmethyl iodide, and nethyl acetate and
subsequently recovering acetic acid fromthe resulting reaction product,
the i nprovenent which conprises: maint ail i ng in said reaction nmedi um during
the course of said reaction a finite amount to less than 14 wt % of water

t oget hertabetshoyahanH0WFpae iridyem adeedio ragdinmdpdide iarcalaly st hystenasigsifoandy t o 20
wt as catalyst stabilj.zer/cp-prqonmoter s C from t.he up .consi sti ng of
A kal i ers e e PR R 2 B AL . T rRlr ZhBe e R ih
phosphoni-Uax, oG : ) : 9% 1.04 30 e g (el (c)
b5 ar oirp B RR BT ysspeh borhdiCy B IS, Tae BT R R R [
sai d metigkdiwaliddidesion chtialyli symieandttas @y asThend? oa &6 odide ich abipZetMretheiindiga d
lithiumsalt is lithiumjaodide. 4. The process of claim2 wherein said

i thi um @¥alYstisgstem pihopt igdiiedpresalls's shayan grlies $sargkE v & andiHwh diekier - t he
rhodiumsalt is maintained in said reaction nediumin a concentration of
100 ppmto 5000 ppmand the iridiumis maintained in said reaction nmedium
in a concgyM I aBiteina@bcld@repflta t 0 5000 ppm 6. The process of claiml
wherein the catal yst further conprises a transition netal salt selected
fromthe group co%si stCagyaf ddl tv& %f R igmum  t ungghed), ossTnar(rmOnLqﬁl,
cobal t, pratijnum| palTagyyum mangangse, t1Tgpium vanadmm copper, !
alumnum tin acid antinony. ?. The process of claim1l erein the cata%yst
further conprises|a r]ﬁ%'h]éﬁﬁ'um salt.1®8. The ¥ocess of @08 m 1 wherein %here
is mintaine€ in fhe reRigtiron 10 APR 2003004 ,. nmediwwdoa finite anowht to
less than l4pmt % water, ;2pto 20 wt % iodidejyion as liffppumiodide, 5 to 30
wt % net hyl iodide, and (}% to 30 wt % nethyl acetate, wth the bal ance
consisting egsentjally ofjacetic aciod. 9. Theg process gfygcl ai m 8 conprigsi ng
mai ntaining in sajd reaction nmediumduring the course of said reaction 0.1
w %to 8 wt f% wafer. 10.IvThe proceds of claiOm 1 wherei0f0sai d nmetal sald is
lithiumiodide and maintailring in sa d reactigon nmedi umodari ng the courge of
said reaction, 5 to 15 w nethyl iodide, 1 to 20 wt % nethyl acetate with

t he bal ance tbnsipgting esskntially df 0 2333 24

EXAMPLE 2
Continuous methanol carbonylations were performed in a reaction system as described
previously, wherein a liquid-phase carbonylation reactor was used, followed by a flasher, and
then a methyl iodide-acetic acid splitier column. The reactant composition for each system is
5 given in Table II. The results are given in Table 11, and show the effects of hydrogen, iridium
and ruthenium on the rhodium/iodide ion catalyst system for the methanol carbonylation process.
As can be seen in Table I, the presence of hydrogen in the carbon monoxide feed has the effect
of increasing the carbonylation rate in the rhodium/iodide ion catalyst system at the expense of
increased impurity formation particularly acetaldehyde and unsaturated aldehydes such as
10 crotonaldehyde and 2-ethyl crotonaldehyde(K vs. L). This presence of hydrogen in the carbon
monoxide {eed is ofien unavoidable, as commercial sources of carbon monoxide feedstock
{requently contain hydrogen as an impurity. However, the addition of iridium to the
rhodium/iodide ion catalyst system significantly decreases the formation of acetaldehyde,
crotonaldehyde, and 2-ethy] crotonaldehyde when hydrogen is present in the carbon monoxide
15 feed (L vs. M). The results of continuous operation, indicate that the addition of iridium to the

catalyst system of rhodium/iodide ion, even in the presence of hydrogen in the carbon monoxide



acetic acid. 11. The process of claim 1l wherein the iodide ion in tfHg§ APR 2003
reaction mediumis 10 to 20 wt % 12. The process of claim1 further

conpri sing hydrogen in the carbon nonoxide feed at a | evel greater than 5
ppm . AhY. A& . A&l . AQU. AL. Y. A&l . A. A; | . AYF. A9Y. AU3RS&. A. A. AY
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particularly, of the unsaturates. The base case with rhodium/iodide ion catalyst system generates
] manoooopprepopqqr r/rJrkrwrrrrrssssssswytoje [V]]ca]ca]ca]ca]ca]ca]ca]
calca atotal of about 10 ppm unsaturates in the reactor. With the presence of iridium, the unsaturates
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a 1o catalyst system, STY increases from 23 to 26 mole/L-hr, acetaldehyde concentration in the
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Ll (wt %) 10 11 12 11 10 11
Rh (ppm) 570 650 634 650 680 703
Ir (ppm) 900 0 0 830 930 2060
Ru (ppm) 0 0 0 0 650 0
H, in CO feed 0 0 1850 1786 1800 2060
(ppm)
Water (wt %) 3.1 3.0 2.0 3.0 2.3 2.8
Mel (wt %) 11.2 12.0 11.3 12.8 11.7 11.0
MeQAc (wt %) 3.0 3.1 3.1 2.8 3.0 2.8
Acid STY 22 20 21 23 26 26
(mol/L-hr)
Reactor
Acetaldehyde 410 423 700 530 517 n.d.
(ppm)
Unsaturates 0 2 10 0 0 n.d.
(ppm)
Condensed flasher overhead
Acetaldehyde n.d. 1500 2600 3000 2000 2650
(ppm)
Unsaturates n.d. 8 35 0 0 0
(ppm)
Product
Unsaturates 0 0 S 0 0 0
(ppm)
Propionic 160 75 150 230 271 220
acid (ppm)

'n.d. = not determined
2Reaction temperature was 195°C at 400 psig
3Unsaturates = crotonaldehyde + 2-ethylerotonaldehyde
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10 reaction product, the improvement which comprises: maintaining in said reaction
medium during the course of said reaction a finite amount to less than 14 wt % of
water together with (a) an effective amount of iodide ion in the range of 2 to 20 wt
% as catalyst stabilizer/co-promoter selected from the group consisting of alkali
metal and alkaline earth metal salts, quaternary ammonium, phosphonium iodide

salts, (b) 5 wt % to 30 wt % of methyl iodide, and (c) 0.5 wt % to 30 wt % of methyl

acctate.
2. The process of claim 1 wherein said metal salt is a lithium salt.
3. The process of claim 2 wherein said lithium salt is lithium iodide.
4. The process of claim 2 wherein said lithium salt is lithium acetate.
5. The process of claim 1 wherein the rhodium salt is maintained in said

reaction medium in a concentration of 100 ppm to 5000 ppm and the iridium is

maintained in said reaction medium in a concentration of 100 ppm to 5000 ppm.

6. The process of claim 1 wherein the catalyst further comprises a
transition metal salt selected from the group consisting of salts of ruthenium,
tungsten, osmium, nickel, cobalt, platinum, palladium, manganese, titanium,

vanadium, copper, aluminum, tin and antimony.

7. The process of claim 1 wherein the catalyst further comprises a

ruthenium salt.

8. The process of claim 1 wherein there is maintained in the reaction
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