PCT/ EP99/ 02163 1 Process for Prod tic lucid The pres8hBeptember 2002
invention relates to a nethod for c tion of acetic acid with
reduced formaipieasped car bonyl im puri tPYE” especially acet BEARPRS 68N
acetone, by carbonylation of nethanol and/or dinethyl ether and/or nethyl
acetate in the presence of a rhodiumcatal yst and a nethyl halide.

Car bonyl ati on processes in the presence of _rhodium catal ysts are known and
descri bed, for exanple in US Patent No. 1013, 768, 329. Car bonyl ati on
processes in the presengadessUEBENPrFdwsIl oS BfURC6RiaIMsics are known from
@B Patent Nos. 1,234,641 and 2,029,409. 15 A carbonyl ati on process

conbi ni ng r hodiThea @sceaeoarb@'r@maitqrbwedattabym amethedhénk ubhare atudosn um

as a pronmoter f.o r f| d_go S s
furthernore, knt-'ol\/\o/nn rc'forghgét’ggZ%Ce%%}ﬁgo&gﬁgcg%ne tcj)'l?jgec? g&%ﬂ 5" inventi on
is to provide QDLWIGO.@SS éepemlkian)ﬁlc&ttlaédebfdermmhrwetonerelay:tcua/zebo—
derivatives ther thes e sired,b cts,
causi ng maj or seygLar éL\tN:non p#'{g e 051 qisntcjig ggzsﬂrggclte}%%]l %’r{ﬁ’% a%éloggpét% tone,
wher eas cebt ai redntagreoductise msosh‘xcar @feasrhgdaapanaataédsandnevemetawl
represent a val ualbl coproduct, such as propanoic acid are produced at

rat es hi gher than At "t he above undesired by- products. 30 Acetic acid is
currently produced by catal ytic carbonyl ati on of methanol. The traditional

cat al yst syste [ hodi C nd_and a neth al i de rormt er

such as @epﬁ%rg) l?%zagéﬁﬁd%%ogggg © PTT EPEY 6’51%% ?ré‘t“ﬁy‘f %di de.

Typi cal ly, t he et iare ksoewnaut tdedcatibedm per adsamgd ebéhweenpdisdiE atred 200C

and pressuyges f 20 bar with the rhodium catal yst dissolved in the
857 orf i 07

liquidre ¢onsisting mainly of acetic acid, water and 5 nethyl
i odi de. Under reaction conditions a nunber of inter

; e3eWdmAMahhi 4) X$kDhnmTnT" 03 Sep M\\M 166166' " WO 99150218
O u

Carbonylation processes in the presence of ruthenium and
osmium catalysts are known from GBR Patent Nos. 1,234,641
and 2,029,4009.

15
A carbonylation process combining rhodium as a carbonyla-
tion catalyst and ruthenium and/or osmium as a promoter for
increasing reaction rate at specified conditions is, fur-
thermore, known from EP 728,727.

20
The general object of this invention is to provide a proc-
ess for carbonylation of methanol or reactive derivatives
thereof with suppressed formation of undesired by-products,
causing major separation problems, such as acetaldehyde and

25 acetone, whereas certain by-products, which are easily
separated and even may represent a valuable coproduct, such
as propanoic acid are produced at rates higher than at the

above undesired by-products.

30 Acetic acid is currently produced by catalytic carbonyla-
tion of methanol. The traditional catalyst system comprises

a rhodium compound and a methyl halide promoter such as

LT

*G00002*



conversi ons between reactants and products proceeds, such as esterification
and hydrol ysis: CH30H + CH3COOH b CH3COOCH3 + H20 10 CH3l + H20 03-Sentguher 2002
H 2 CH30H b CH30CH3 + HzO These reactions are, under reaction conditions,

essenti al |y y@vgdpp@d by thernodynanmic equilibrium In accog cﬂqﬂg wf ih 15
t he equati ons above the feedstock may consist of nethanol, |rretP1 et her +

wat er, nethyl acetate + water, or any m xture of nethanol, dinet hyI et her,
nmet hyl acetate and water. The overall reaction takes place according to the
equation: 20 CH30H + CO --~ CH3COOH ( catadysts : Rh, CH3l ) Sinilar

catal yst systens may be utilised in the synthesis of other carboxylic
acids, e.g. propanoic acid by replacing 25 nethyl iodide pronoter with

et hyl iodide amdthgpl mnhrt[;p nﬂ‘Wbanaﬂ.lw' t the tdemralionCZESEbhdudiRd atCzBRCO0H

(catalysts : C2H5T ) replacing the al cohol feed and the
al kyl iodide pPSﬁBf‘élFe%fettl’T’&eP ﬁpﬁpt%rar’r%r%glo Rﬁetstsﬁﬁﬁﬁyfﬁ?m r¥ox 03

Sept ember 200240 39&15%&3 x?hoB@E{nEEQ%P%@?alﬁé' 'o(ig@a' gn ”@Hel Bl qdyesd_in a

simlar way or nore carbox ylic aci e produced sinu ously.” In
i ndustri al aceFF@%Wlié‘Sl@nsﬁfé{Chaﬁomaﬂé‘éd dfs aceiiis eehdiousdter @adi nto t he

reaction spl ut hean Poesdigle WUBQeQaE‘eQ@@lJFP@qu%:L Hgdgr \?]rh}?expro?‘/qlnltlegg

reaction conditions the catal yst system al so cata yses the water gas shift
reacti on wher eB§Nparsidis tHeEvweaRbsRAABARNE dercy @a@ﬂgcmﬂmmcmedﬂat @ruch

contained in the geacti At3quUt LAR £Pqf drogen 10 and carbon di oxi de.
Consequently, the reaction s;(/)stem vvlﬁi <S)'Lr%mll@t/abl y contain a finite

concentration of hydrogen. Hydrogen W I I al so typically be present in

finite amount s, h?rh’{]rj‘_ec%aé@&p goeg qhgas which is npbst often
i ng 3of

produced from sy esi sgas COI’ISI ydrogen and carbon nonox 15 i de,
e.g. by cryogeshsr f+ acdi @aiH,0n. + HI

2 CH3OH ¢ CH3;0CHj3 + H»0

These reactions are, under reaction conditions, essentially

governed by thermodynamic equilibrium. In accordance with
15 the equations above the feedstock may consist of methanol,

dimethyl ether + water, methyl acetate + water, or any mix-

ture of methanol, dimethyl ether, methyl acetate and water.

The overall reaction takes place according to the equation:
20

CH30H + CO — CH3iCOOH (catalysts: Rh, CHs3I)

Similar catalyst systems may be utilised in the synthesis
of other carboxylic acids, e.g. propanoic acid by replacing
25 methyl iodide promoter with ethyl iodide and replacing

methanol with ethanol:
C2HsOH + CO — C;HsCOOH (catalysts: Rh, CyHsI)

30 Thus, by replacing the alcohol feed and the alkyl iodide

promoter by their higher homologues, virtually any carbox-



Al t hough the carbonyl ation process is very selective, typically nore than
99% based on methanol, small amounts of byproducts being forned, 9%:2gniamber 242
propanoi ¢ acid, and or 20 ganic carbonyl inpurities |like acetal dehyde and
acetone, WhiwBebERfk to build up in the synthesis |oop. Pripgf¥pseasleny!
inmpurities such as acetal dehyde are particularly harnful, because they can
react by self condensa 25 tion to secondary al dol condensati on products,
such as e.g. croton al dehyde. These secondary al dol condensati on products
may further react with the iodide catal yst3prormters to formorganic
i odi des such as ethyl iodide, butyl iodide and hexyl iodide. 30 This
problemis commonly recognised in the art and nentioned e.g. EP Patent Nos.
487,284, 768, 293ic687idé6Revrie progusSedt embersi2i02r\W@a99o50848: carbox-
PCT/ EP99/ 02163 4 .US 0 ferences cited therein. In
many of these Eé-lgr%gﬁ‘?fs%?mes%ﬁ@ﬁfzg‘g|? ot;aglﬁg’ru%tlg'fromthe acetic acid
product by conventional nmeans such as dis tillation because of their
boi l i ng points._being.clo to 5.th f acetic acid.or _dye . to formation of
azeotropes wi t Flad8 L|15(’:£Iélisc"’lleld.‘=’w‘,&c5fd“ict ?&ng%s’t e aB’)?-lpFSﬁgcJt% @E known to
act as poisons ttiaubhelyafed yistte tibedreacdibemsialearonr cogsshengritth aaeti C
acid to e.g. vi %é' naselate. Uln(gi(_zl\l[tar@}1 attenpts, ha\g:ee been_nmade {é).on’i nitm se the
anount of these by-product’s 1n the fi Raf' et 1% T88&° lﬁpoﬁﬁ%?, ¥ | rt?s?t ance
by treatnment wckhhabgstesysdisnPatlaot chioal psO) X MBliatel BakeshifNo.reads, 362),
196, 1735 by cotPAcETRESHS Rt et Moot BeL Chr B gD B5755 Bty B

, , by c c c a ; :
conplicated nuiaitpkecénitsinianan eheokepationfsdlawiphoductosh NRRdgéh
the 1 eactibn | 380, CEBSPA TIPS B875ERIRLHENGS4 FaACE AR cOIRUAR Fittiion. of
aCﬁt al dgh%de i Ankhetsenge Qriihdﬂéhi@xg arm:gihmge b@ork&thtl | tr@@i@WdG@O}BWfBgeﬂli $yl-S
achi eve y renpvi ng acet al de e, istillation and,é subsequent ,
extraction of Pﬁ8gﬁge‘fhjrjdeah]ﬁ?e>{\?ﬁptlﬁaé(é¥e?? B GIR & pf oBEES g??i{ﬂtc? B& ng
re;:ihrgu! at gd _t(thﬁlheatﬁlﬁds?mmﬂ_ lcﬁiﬁidégfreea;:%@g% »aﬁdtm il leWs@foi'h@n agmatml _ ce@t_
met hod i s desirable Wi reduce. the for i on of carbon i mpurities.
One way of achif&OPniYEHIES 1% %y icﬁ“§?‘551?:%1t%{3’tyid€°ﬁ?8r Bﬁgn‘é?’}lw %Wér"bonyl
inpuritieps so agel Oet §ansy Wrpcyedicageset detden.nto et hanol and t hereby
mai ntai n the acetal dehyde concen 30 tration at levels so |ow that the
sel f-condensation reaction is significantly suppressed. 03 Sept enber 2002

WO 99150218 5 RETHERYS/ 02 63 idoniys ak QoRep Aétsh tihalerGOBELEEYi T+, thi-
carbonyl inpurities, by-products Er opanoi ¢ acid (for which ethanol is a

precursor) andCaRyYhirgherthaly oy PRESdcPyST AT FPabe 3Pt &f P¥om

acetic acid by pdoghbts abé 0y RGeS ebpébeahl pifidichheabt adidf 4N n
boi li ng points and because propangi ¢ acid does net form azeotropes with

acetic actl. MIPBOGeFArRRRPandPITAELES| 148 \Aaatadreyrsdate FeIPRe nunber
of industrial apRkhCOEA®@MSo build up in the synthesis loop.

Primary carbonyl impurities such as acetaldehyde are par-
ticularly harmful, because they can react by self condensa-
25 tion to secondary aldol condensation products, such as e.g.
croton aldehyde. These secondary aldocl condensation prod-
ucts may further react with the iodide catalyst promoters
to form organic iodides such as ethyl iodide, butyl iodide
and hexyl iocdide.
30
This prcblem is commonly recognised in the art and men-

tioned e.g. EP Patent Nos. 487,284, 768,295, 687,662 and



10 I n conventional acetic acid synthesis it is comopn practice to produce

t he carbon nonoxi de feed by cryogenic fractionation of synthesi s038&sptember 2002
order to achieve a | ow content of hydrogen in the feed because hydrogen
tends to fav@ergekdigs f ormati on of undesired by-products. ThpsrpbfebRsent No.
15 728,727 teaches that the content of hydrogen in the carbon nonoxi de feed
being formed in situ by the water gas shift reaction shall preferably be
kept less than 2 bar in partial pressure as its presence nay result in the
formation of hydrogenation products. 20 Thé cryogeni c separation of carbon
nonoxi de from synthesis gas is a capital and energy intensive process. Wth
| ess strict demands to the hydrogen content, it is possible to produce

car bon nonoxi deUS ket emtr ¥oecbno?d 0 wndereferemse L xicadr yhagebut Irhe
cryogeni ¢ separat. | t ojer._dear .ractjonati.on or b | ying e.qg.
hol | ow fi bre rrer%o a%éfs%h is(th r%P%CgJWC:TeF%r g{taﬁfygla%/%ﬁua]b é:,o PsPéf?axg%I yrcmg

I nexpensi ve andcleasycettdcmachd aprodunt dyeraheenBiondl h@eansosubeens fdisyd t hat
addi tion of ruthenium conpounds t he carbonyl ati.on reaction, sol ution
conditions eff e%le"tqi#é‘loy qages ?ﬁéct’\‘e&rrng{’ilghx%fp‘l}ﬁﬂ:ess?’?éagcﬁjr%%‘?lytio i npur i
03 Septenber 20XAWOf98ke0248a T /EPIUN02b6B0 fmit B W hakot ASPEASHITh t he

formati f ethanal, ethyl tate.and ethyl iodide bei f
the Tormati on GCUAUABRE: pPOBSHET I A0 o NS ey ey 1 THB L8 Fabt Ed dif ng.

rut heni um conpaagtdsst @otibensetacthorrazallysi onused tiratdowhe tasRuntrafess-

acet al dehyde in, t he car bg%' at i({[)rgc reactor ,is kegvgﬁ | ow | evel s, such as
less than 900 pptd °fo3REESFARRYTyEC & preB&ht 2¢HARTi on provi des a process
for the carbonyl ati on of methanol and/or reactive derivatives thereof which
conpri ses_contacting, net hanoll,1 anc%fger a reactive deri vai]i ve thereof with

car bon mofdxi d aa{Wd%ﬁ;FGF‘BE]@n PR CHEDHrBSENER BN 9%48E PRPUAL rHodi um
catal yst, (b) andsdmihplobattseimnthe @inad seéhaNidyNaCprBAUSE, a%@ in-

hydr ogenati on catal yst. Wen operating the invention the presence o

) , f
hydrogen is adviit§esds *hERENRT i He@G0BE (PR Bafsitt Nor det??nbhit-alEP20

carbonyl i npurigdentbyoCorysf 860, tiesenkBtoiNG! witdl &ihYBEOCHEEE Sngekhe
content of hydrogen in the carbon monoxi de feed and generated in situ by

the water gas sHiTF £%°83REPoReF P Hr E2525RRB| ¥ abiRfe 12 3 ar LY neprraGEng

pressure apd, npIe Refiondedl yarmoveno3 ohap2| g0 hydnigesmpal thedd pRasSW e to
obt ai n substantial reduction of formation of undesired by products. 30 The

fol | owi ng exanR&s ILCrEoRBELPY A5 BaT L PEULRY T UH ST Sthg2PrN{Ext i on:

98/17,619) in order to avoid excessive build-up of carbonyl

impurities in the reaction loop. EP Patent No. 687,662
teaches that the concentration of acetaldehyde in the reac-
20 tion medium be kept below 400 ppm. This is achieved by re-
moving acetaldehyde, by distillation and subsequent extrac-
tion of the acetaldehyde with water, from the process lig-

uid being recirculated to the carbonylation reactor.

25 In view of the above, a method is desirable that will re-
duce the formation of carbonyl impurities. One way of
achieving this is by in situ catalytic hydrogenation of
carbonyl impurities so as to transform e.g. acetaldehyde
into ethanol and thereby maintain the acetaldehyde concen-

30 tration at levels so low that the self-condensation reac-

tion is significantly suppressed.



03 Septenber 2002 WO 99/50218 PCT/ EP99/ 021 b3 7 Conpari son Exanple 1 A 100
m Hastell oy B autocl ave equi pped with a MagneDrive agitator was0d8epteatmbr 2002
with 10 g acetic acid, 10 g nethyl 5 acetate, 7 g nethyl iodide, 8 g H20

and 0. 05 g RRb3Ieseifte autoclave was vented twice with carbo fﬁgb ) de,
heated to 185C and pressurized with carbon nonoxide to a tg%a gégggure of

3.5 Mya. The pressure was nmaintained at 3.5 Ma by supplying additional
carbon nonoxide froma reservoir. Wen 10 the pressure in the carbon
monoxi de reservoir had decreased from6.1 MPa to 9.3 MPa, corresponding to
about 70~ conver sion of nethyl acetate into acetic acid, the reactor was
cool ed, depressurized and the liquid was anal yzed by gas chromat ography.
The anal ysi s sliawed tbeb¢ cldtmd nyadi stonbradp tdd aheotabyepy Ldingiue-

Acet al dehyde: 344 _ppm._ 3 4 .ethyl . iqdide 25 p et.hyl acetate
55 ppm and 1 adsa 8l BYPERSICE, Aacranyi Scrtns (Pt Bntea Bbaids &on
Eﬁﬁﬁp!g 1 was E&peage?rEMﬁapunnh?hgha;adm&baxykﬂc agndat maf ffi%ny'm@the?lrm
chl oride was charge e reactar, exper.i.ment .was_conduct ed exact |y
2o Th Compari sORFERaRpEctEon ARBShE arddre (PR T R OBEn F TP ot arhod: 136
ppm acet al flehy dd gnd 5icapi dickiearace35n ppod Bidy lpoiadisdenarise & pprephy

acetate. Conparison Ex | e 3 30 Conparison Exanple 1 was repeated except
that the react &ol\ﬁ/ailcbagg%etﬁi dfﬁff‘haﬁﬁ?%?%g’gﬁ‘déc?&l% Wpa Margo-

i medi at el y t hereeaf bespataid Reridpiesaurhnesh v tdr cdyde 0geth tH mumbdd3 of

Sept enber 2002.%@%99/50%18 PCTI$599/02163 8 total pressure of 3.5 MPa. The
pressure was naPirarhtd’ APPSRy suppl yi ng car bon nonoxi de from a
reservoir. The reaction was stopped when the carbon nonoxi de pressure in

t he reseryoir had drogged from6.8 a,to 5.0 Mya. .The fol 5 | owi ng anounts
of by- protflict s TReF8 Y BURP 3 &C5IFAENS LT 73 PiFAt Sad bt bR eCAFPh RR2ELRS|
i odi de 23 ppm tet Bybdacetie GkbpRNMmangx eddarudd byr 3efdgenic fractiona-

tion of synthesis gas in order to achieve a low content of
hydrogen in the feed because hydrogen tends to favour the
formation of undesired by-products. Thus, EP Patent No.

15 728,727 teaches that the content of hydrogen in the carbon
monoxide feed being formed in situ by the water gas shift
reaction shall preferably be kept less than 2 bar in par-
tial pressure as its presence may result in the formation
of hydrogenation products.

20
The cryogenic separation of carbon monoxide from synthesis
gas is a capital and energy intensive process. With less
strict demands to the hydrogen content, it is possible to
produce carbon monoxide feed more economically, either by

25 carrying out the cryogenic separation to a lower degree of
fractionation or by appiying e.g. hollow fibre membranes
which are commercially available, relatively inexpensive

and easy to maintain and operate.

30 It has now been found that addition of ruthenium compounds
to the carbenylation reaction solution conditions effec-

tively reduces the formation of undesired carbonyl impuri-



Exanpl e 4 10 Conpari son Exanple 3 was repeated except that the reactor was
charged with an additional amount of 0.5 g "rutheni um acet ate tr P¥Beptember 2002
(Hexaki s(acetato)triaquo-i 3-oxotrirutheni umacetate). The reaction was

st opped whenwphgs@ig£ssure in 15 the carbon nmonoxi de reservgitehan,@s opped
from6.8 MPa to 5.0 MPa. Subsequent anal ysis showed the reaction fl quid to

contain 174 ppm acet al dehyde, 128 ppm acetone, 265 ppm ethyl iodide, 713
ppm et hyl acetate and 220 ppm et hanol. 20 Exanple 5 Exanple 4 was repeated
except that in this experinment the react or ®was pressurized wi th carbon
nmonoxi de to 3.0 MPa and thereafter with hydrogen to 3.5:MPa. Wen the
pressure in 25 the carbon nonoxi de reservoir had decreased from6.8 MPa to
5.0 MPa t he redtitssomhidst stopprabing yhel doamaniarn icdh ecbandd, nethngl E82-ppm
acet al dehyde, 17 a b t i.odi de,. 42 p | ate
and 82 ppm et h;tnao epggg Eglgﬁglele%&%?%gggg cﬁg%%%f%r%zegﬁbghfge%ﬁg\/%ﬁoy@%%h
wat er concent r ataloaplabpuop@@oist ®aid.t he | i quid reacti on nmedi um 03

Sept enber 2002 wo 99i sozls 9 PCT/EP99/021 b3 The foll owi ng Exanples 6-9
illustrate the effect of ruthe niumat |ow water concentration. Conparison
Exanpl e 6 5 Corfrar icsohhExeffée sl afasddépgatethendeepicompatinds| yo 2xhp MG was

charged to the reactor,.The reactar heat ed ta 185 d, pressurized to
3.5 MPa with cdrbon nnﬁ%lf(?h%r} & att\kll\gﬁﬁréelgosﬁ?te °|0fn atcﬁgagg?%g%erﬁ‘) e

reservoir had draxppeglétbon IfeL:tbriVRa kepd. 8t NRyw lewelespsudh ngs tioe 0~

conversi on of n&thyl Ig%gcet ate feed, the reaction was stopped and the |liquid
anal yzed by gas 3 tBﬁIPaphy. The sol ution contained by-products in the
anounts of: 124 ppm acet al dehyde, 295 ppm acetone, 44 ppm ethyl iodide, 89

t hyl tate. 15 ‘ Exanpl.e 7 Conpar | Exanpl e 6
epeat ot Mlcapt-CRIRLRLT oo OFECTET BT AR Wy S anger &t BFCHH° TH9C vas

pressurized w tthe2@aeBohphatisroxifdaettharod MM/ @NGdagnedeatieryvdtiereaft er
pres surized wth hﬁgroge to 3.5 MPa. Wen thegrpr%sﬁ%uie in the carbon
nonoxi de reser VoIS Rad? ?%ﬁbp%ﬂ“&?&rﬁ%?@nmt’c’bg i hgpel eBff s forifidT to
60% et hyl acettiive depyession tHereofaetitANcyaSors PR dandnd heydesfdn on

m xture anal yzed. The 25 follow n mount s of by-pr.oducts re foqund:
Acot al dehyde 408 (i PAESFRTE B0 pIfEob kGl 3 OHITHH SBeCPBATY 8% hy (P lackt at o
109 ppm andl et hatolyl( hadLes . axampl, e a8 ruthenium compound as a hydrogena-

tion catalyst.

When operating the invention the presence of hydrogen is
advantageous because it reduces the amount of detrimental
20 carbonyl impurities by converting these into valuable by-

products.

The content of hydrogen in the carbon monoxide feed and
generated in situ by the water gas shift reaction is pref-
25 erably above 2 bar in partial pressure and, more prefera-
bly, above 3 bar in hydrogen partial pressure to obtain
substantial reduction of formation of undesired by-

products.

30 The following examples serve solely as an illustration of

the invention:



30 Conparison Exanple 7 was repeated except that an additional anount of
0.5 g "rutheniumacetate trimer" was 03 Septenber 2002 WD 99/ S September 2002
PCT/ EP99/ 02163 10 charged to the reactor. The reactor was heated to 185C
and pressur iwgebaphish carbon nonoxide to 2.5 MPa and i medip@&iiloyodifrer eaf t er
pressurized wth hydrogen to 3.5 MPa. \Wen the pressure in the carbon
nonoxi de reservoir had dropped 5 from6.4 MPa to 4.9 MPa, corresponding to
60% nmet hyl ace tate conversion the reaction was stopped and the reaction

m xture anal yzed. The foll owi ng anounts i by- products were found:

Acet al dehyde 77 ppm acetone 63 ppm ethyl iodide 806 ppm ethyl acetate
1042 ppm and et hanol (trace). 10 Exanple 9 Exanple 8 was repeated in
exactly the safempmrimon xewplethat 0.5 g rutheniumchloride, hydrate was
used instead of 15 "ruthenium acetate trinmer". After this experinent the
fol low ng anounts of by-products were found: Acetal dehyde 60 ppm acetone
88 ppm ethyl AoldUenl94@sppilopt Bydubostzatee eg89pppm witth et MagokeDEtivace). 20

Exanpl e 10 Conpar,i son . e ted e p at it konal
anount of O.SHggn'ffaﬁtt eﬁ%ggggé?%@%% %e%?'g \%é:seég%a%%{e%’ tlo&%hg‘%gég%t or. The
react or was heatethtesy T85CmantyR5ipdibdsurti ed,0 card B .0Bagwkhii3 caflon

ide. W h ' h b id rvoir_had .d d
from 6.1 NPa t BB Nen Y220 PREBBNGIFE 0 BOSREBRICPEITH O MEBROR Hoet at e

feed, the reacison waa pteppesi 2l Wite khaubd movadyzrd tBy ag86tal pres-
chromat ography. The follow ng amounts of by 30 products were found:

Acet al dehyde 182r9pmf adetpie EBE BPI§SWhYIRS Baigkadehmh ethiiPaakkt at e
108 ppm and et banolyild ae@liciond3 SLRASTIRML982 YROHU Y8 voir. When

10 the pressure in the carbon monoxide reservoir had decreased
from 6.1 MPa to 4.3 MPa, corresponding to about 70% conver-
sion of methyl acetate into acetic acid, the reactor was
cooled, depressurized and the liquid was analyzed by gas
chromatography. The analysis showed the following distribu-

15 tion of by-products: Acetaldehyde: 344 ppm, acetone 489
ppm, ethyl iodide 25 ppm, ethyl acetate 55 ppm and traces
of ethanol.

Example 2

20
The procedure of Comparison Example 1 was repeated except
that an additional amount of 0.5 g ruthenium chloride was
charged to the reactor. The experiment was conducted exact-
ly as in Comparison Example 1. The resultant liquid mix-

25 ture contained: 136 ppm acetaldehyde, 451 ppm acetone, 35
ppm ethyl iodide and 83 ppm ethyl acetate.

Comparison Example 3
30 Comparison Example 1 was repeated except that the reactor

was pressurised with carbon monoxide to 2.5 MPa and, immed-

iately thereafter, further pressurized with hydrogen to a



11 PCT/ EP99102163 The results of the experinents described in Exanples 1-10
are collected in Table 1 (by-products in ppn): Table 1 5 Ex[H 0] 0%/S&pkerdber 2002
tiveP'z MyaHAcAce- toneEt | Et OAcEt OH120( hone) 01242959989n. d. 220Rud 3,
a013635135834p oh/52@( none) 1. D39356055109t r . 420RuCAc 1. 088318QGH39dbd 1630 20RUCAC
0. 51011112359208266( none) 03449892555t r. 76( none) 1. 07599592361t r. 86RuOAc1. 017
9128265713tr. 96RuC 3, al. 01609899S889tr. 106 RUOAC01629313210Bt r.

MeOAc=net hyl acetate, HAc=acetal dehyde, Etl=ethyl i odide, EtOAc=et-hyl
acetate, EtOH=ethanol 10 RuOAc="rut heniumbcetate triner", tr. - trace
n.d.=not de tected. The experinents in Exanples 1-10 show that addition of
rut heni um conpounds to the reaction solution in the presence 15 of hydrogen
significantly retatesressurforafati.onMbé. Ulte Firesdulmar wé gl nayntprioddc 8s

acet al dehyde and.a i N i t he for i | Ladide,
et hyl acetate gr'\ gg%ﬁﬁ Im&lﬁéﬁga?é?gi q‘g‘?né’éﬁfjgoffgg%o%nﬁe?%eprg;ﬁg%é gglgd. 20
Exanpl es 11- 13 reacaddntvam stowppled vRanpties chdoe arpexiderpressare don

ducted in a sinila i I t e, conc at i t he

r ut heni um acet at'6 %?grodgﬁéﬁﬁgkgggﬁgggs r%%EQ%Oybgeﬁgegﬁg&h%boiqetﬁééI50218
PCT/ EP99/ (2163 1dpRihpheamaarts af bydpuotivess wardecedoufile Aestdidehade Mhdted in
Tabl e 2. Tablep%m, acetone 459 ppm, ethyl iodide 23 ppm, ethyl acetate 61

ppm and ethanol (trace).

Example 4
10
Comparison Example 3 was repeated except that the reactor
was charged with an additional amount of 0.5 g “ruthenium
acetate trimer” (Hexakis(acetato)triaquo-i3-oxotrirutheni-
um acetate). The reaction was stopped when the pressure in
15 the carbon monoxide reservoir has dropped from 6.8 MPa to
5.0 MPa. Subsequent analysis showed the reaction liquid to
contain 174 ppm acetaldehyde, 128 ppm acetone, 265 ppm
ethyl iodide, 713 ppm ethyl acetate and 220 ppm ethanol.

20 Example 5

Example 4 was repeated except that in this experiment the
reactor was pressurized with carbon monoxide to 3.0 MPa and
thereafter with hydrogen to 3.5 MPa. When the pressure in
25 the carbon monoxide reservoir had decreased from 6.8 MPa to
5.0 MPa the reaction was stopped to yield a solution con-
taining 187 ppm acetaldehyde, 171 ppm acetone, 231 ppm
ethyl iodide, 420 ppm ethyl acetate and 82 ppm ethanol.

30 Examples 1-5 are characterized by relatively high water

concentration, about 20 wt%, in the liquid reaction medium.



5 Ex. RuOAc gPHZ M aAcet al de- hyde ppnAcet one

nl101. 0486556120. 151. 014696130. 251. 011281 8 [ 0. 5 11. 07763 ERxBeptersber 2002
11-13 show the variation in the anount of harnful by-products, acetal dehyde
and acet one,wdbikhishe anount of 10 added rutheni um hydrogegatinp, ﬁg:f al yst.
Exanpl es 14-17 Anot her series of experinments were conducte S|n1Par y to 15
that of Exanple 8 except that the hydrogen partial pressure was varied from
0 to 15 bar. The ampunts of acetal dehyde and acetone found in the product
solution are displayed ion Table 3. 03 é%ptenber 2002 WO 99/ S0218

PCT/ EP99102163 13 Table 3 Ex. RuOAc gPH2 M aAcetal de- h de mAcetone ~

nL40. 50. 0162431150. 50. 1137370160. 50. 3916680. 51. 08831170. 51. 57728 5 Exanpl es
14- 17 show t hafThki §hkiowind dgenppast fa? prlestuess thvoefSed¢thefr edtibei-on in

t he amount of g%g&aggefgwk%éyy} ggﬁggggrg w%pe product sol ution and that

this reducti on becones particul arl'y signiticant at hydrogen partial pres 10
sures of above approxinmately 2-3 bar. The above exanpl es denonstrate that

the addition o . | ound as a hydrogenation catalyst to the
car bonyl ati on E??BFgé%gfg%ct g%ngolution in the presence of 15 hydrogen at

a partial pressure of at least 2 bar significantly reduces the formation of

har nful carbonyl jmpuriti.es cetone and acetal dehyde ich farm
condensati on p§8855?%§5%w#%ﬁ¥ﬁ§FeadV??i%ﬁﬁﬁéﬁ%9a§é68¥gtEP%glﬂﬁiﬁhg §c89¢ acid
product, whil swast chiiegedrg theerkACEEAS efhd tea2@otonaRtAit Lf thr 98I C

acid precursors which, under continuous processing under industrial
condi tions, wi PRAeREREATI3EDhECOReS CMPDHIHVITRICEdbPAt Bopr®isithoikeacitie whi ch

is considered ar8080Rar ¥ Whe @UEBoNAhsAD Rie ReQAYGh: ANGL W G TRY £8851 | Y be
separated from acetic acid b% distilla25 tion
10 6.1 MPa to 4.8 MPa, corresponding to 50% conversion of
methyl acetate feed, the reaction was stopped and the lig-
uid analyzed by gas chromatography. The solution contained
by-products in the amounts of: 124 ppm acetaldehyde, 295
ppm acetone, 44 ppm ethyl iodide, 84 ppm ethyl acetate.
15

Comparison Example 7

Comparison Example 6 was repeated except that the reactor
after reaching a temperature of 185°C was pressurized with

20 carbon monoxide to 2.5 MPa and immediately thereafter pres-
surized with hydrogen to 3.5 MPa. When the pressure in the
carbon monoxide reservoir had dropped from 6.5 MPa to 5.0
MPa, corresponding to 60% methyl acetate conversion the re-
action was stopped and the reaction mixture analyzed. The

25 following amounts of by-products were found: Acetaldehyde
493 ppm, acetone 560 ppm, ethyl iodide 55 ppm, ethyl acet-
ate 109 ppm and ethanol (trace).

Example 8
30
Comparison Example 7 was repeated except that an addi-

tional amount of 0.5 g “ruthenium acetate trimer” was



03 Septenber 2002 WO 99/ S0218 14 Exanple 18 PCT/ EP99/ 02163 Based on the
results obtained in |aboratory batch experinents the effect of rQ8Reptember 2002
was denonstrated in a 5 continuously operated pilot plant consisting of a
car bonyl atiwpeseped or, a reactor overhead refl ux condenseperpdolodied
evaporation separator, a distillation colum, a distillation colum

over head decanter and a | ow pressure ab sorber for the recovery of |ight
ends. 10 The reactor, containing approxi mgtely 550 ppm by wei ght of rhodi um
catalyst, was fed with a m xture of netha , di nmethyl ether and water
produced in an adjacent pilot plant and carbon nonoxi de-contai ni ng between
3-4 vol o hydrogen. 15 Fromthe reactor was withdrawn a |iquid product
stream consi st ialgrgadnty ofie as@dtoracllie wadcrormnasrsebykdi bdi I8B3°Cpand of
whi ch was flash _evaporated by reducing the, press om ahout 31 barg to
about 0.2 bargP<CAISTRE" h‘él%/}}erﬁgg’gpuﬁgn?ﬁl‘g‘? op’ ﬁ'gmwfé%@“ o APPToxi nat el y
120C. The |i quiatel@ tRsreaftewpraissungzelewtttodiydhog@hbasyBasiopea cathainyst
was recycled tq¥}he reactor, TQF %gsgous 8hase fromthe. fl ash evaporator
was introduced 1§ PRESEPETI 11 S EBPENCr St her® SHETRIE nBaGr 5 ¢ or
overhead gms. Hrrom the WP tton4afo Mpe, destiéspdrdinhgC @louBns Wast Myl hlfeawn
crude acetic acid, 25 from abouyt 99 tgéabout 99.6 Wt~ in concentration. The

dis tillation ¢GFEnfCBVET Fredll Tifs “RAS T80 Baf aﬁﬁfpeﬁﬁdéhgi bresTar %t ed in

the distillati eixeokgnanaveideadndecaniening Mt st b€ soRgesghdd £svere
separated into an aqueous%igkse agg an organic phase consisting nmainly of
I

met hyl i odi de. TPM@930AFFY Yfel’d PRM haCeifntSr PREs REDPWE at eifsy

recycling at amozpppaxi sBhel Yadedaskeantspapsn tdies adneads apdagepani ¢ phases
back to the reactor. The dry gas exiting the de 03 Sept enber 2002 WO

99/ 50218 PET/ EP99/ 02163 15 canter was washed countercurrently in the | ow
pressure ab somxamplet oWwer Wi th part of the acetic acid crude product and
the liquid phase was returned to the distillation col um in order to avoid
that methyl iodide and Iight ends es 5 Gaped the pilot plant. To ensure

stabl e operati gagblthe Wid oteplaairl tiheeszgwrgﬁstr@ shhe REHEOH SSe:8dfkhtOr gani ¢
phases in the decanter were significantly higher than the liquid volunme in

the reactor. THHSE Phe 9iHiFRFOFUFBLEERESI Nedryate Wasr saedotnskaad of
approxi mfely Shithefsumes@a® the@mkirdUi ffter this experiment the fol-

lowing amounts of by-products were found: Acetaldehyde 60
ppm, acetone 88 ppm, ethyl iodide 945 ppm, ethyl acetate
889 ppm and ethanol (trace).

20 Example 10

Comparison Example 6 was repeated except that an addi-
tional amount of 0.5 g “ruthenium acetate trimer” was
charged to the reactor. The reactor was heated to 185°C and
25 pressurized to 3.5 MPa with carbon monoxide. When the pres-
sure in the carbon monoxide reservoir had dropped from 6.1
MPa to 4.8 MPa, corresponding to 50% conversion of methyl
acetate feed, the reaction was stopped and the liquid ana-
lyzed by gas chromatography. The following amounts of by-
30 products were found: Acetaldehyde 162 ppm, acetone 431 ppm,
ethyl iodide 32 ppm, ethyl acetate 108 ppm and ethanol

(trace).



10 volune in each of the two |liquid phases in the decanter was at any tine
between 15 and 20 litres. Both liquid phases contained in the de@hfertemiesndo02
been used in previous pilot runs and therefore contained a variety of

by- products @eaumathet ed during past operations. 15 The pil perRbiRbI6¥AS
operated continuously in this way fox approxi mately 1B80 hours. Throughout
this period various key process paraneters were recorded, sonme continuously
and sonme at intervals. By chromatographic asurenents through 20 out this
period it was shown that the dry gas exiti the reactor overhead refl ux
condenser at any tine contained from10 to 20 ~ by vol une of hydrogen,
corresponding to a hydrogen partial pressure in the reactor of between
approxi mat el y Zhe pasuloeréhdghehexpamamaat s ode saripless iof ExampPss aquidous
phase was wit hdr j ryal rom the_dishi 0.0 er head decanter.
After 1880 houréﬁh Og%%%g%fdﬁgﬁﬁghﬁeghéﬁglg#%%ﬁ£%$%€%%PQXG t he aqueous and
organic recycle streans fromthe decanter 30 were gradually reduced and

nost of the liquid in the synthesis |°°Eaﬂ§£ entrained into the
distillation colum whereby essentially all of the water and nethyl i odide
and 03 Septenber 2002 16 light ends inpurities in the synthesis |oop were
col l ected in thre-gecanter et oHng—thefeactorrthe—residuat—ttgni d i n
the synthesis |08%, cg%gginfﬁa thggﬁﬁpd uﬁf%ﬁta 5%;, ME§E j?%?ﬁgc g?f. The
reactor was tHen ichar ged W {RonaCgi1 &0 ac| diand,| agdi (|l onal 1y, awal ér nad.
met hyl i odide [fraemthe 2decart@3, dnd @ hef eaBt el c¥arged3m t h teeshl y.d.
generated catdlyst solutionagontdining rthe rhodi um carbonylation {catallyst

in an anount t_g__Fﬁ‘_o_dLlr‘ﬂ'-)O:\ t Weefiehm chdcent 883 i dn 958 tlhe SPeact il8f dolbf-ilon of
bet weeen 500 and-500pdh by Ru@fiCars 1-Rqal (88 iy (31, o 806, 4 (1042 Harlged

; N P20 C{RuOAcY | T 0.5 | 101 | r11, 1 235 71 420 | BZ I
wth a solutignr G ot g gy aratrg—t |i3‘§‘ O g evesa—T1; ST um
concentrati on e TEaCt T QR Ut T @1 Pl 7appIoxisgatiet g3 44p0—gpmoy gi ght .
The pilot plant was Festar{edomnd react | On7£0NdI1260NS 3451 | ai715 0 [ he.
preceedi ng 1500 hour| peéi od Rwe3e |establ | shed. | Thes pi]l ot4spl antenag operlat ed
at these condiltions for antadditijonal 1P20 houyrs durli hg which nerli ad

agqueous sanpl e wi-® hde BURRSE rlom $ hel dd8anilert3at I nif2r il 498 Ty didigHout
the 3100 hours period the agueous sanples withdrawn fromthe decanter were
anal yzed for acetal dehyde by nmeans of gas chromatograpy. The anal yses
showed, beyond Ms(aeetmathoh, acetsatest diicFaket etidetiyde) &ft Iaeehgl didyikie,
concentration i he aquepus phase duri.ng e period of tinme follow ng the
change of catal C§$§f§ﬁ$ ac%%? éptgﬁggFe%gﬁ§8ﬁ7 During the 3100 hours
peri od of 10per Ruode=8rhtheh o regdierteot ranepl pst mer=e twatbdhawn=mtot ei- y
fromthe synthesis |l.oop and subsequently analysed. In the period prior to
addi tion of rutif&tiedmto the synthesis | oop the foll owm ng anounts of
acet al dehyde was found in the liquid reaction phase: 460 ppm (333 hrs.);
611 ppm (720 hrg.); 581.ppm (1439 hrs.). After the introduction of the new
catal ysts syst Qﬁi“)t I’?é‘pFBHRgW%g”\‘/%xlfé“y\?& i‘igt%’???e&:haizéggbﬁ%t’%oﬁ fits.);
69 ppm (2223 hrtheniuBlcpapo@2ddd dirthe) readt ppm 2985 div Sn) theénpoeskatce o0

substantl?ge tnﬁfqg%%bgggnglggifgcantly reduces the formation of unde-

LA~ e~ o >

sired harmful by-products acetaldehyde and acetone whilst
increasing the formation of ethyl iodide, ethyl acetate and

ethanol, which are all precursors for propanoic acid.

20 Examples 11-13

In addition to the examples above experiments were con-
ducted in a similar manner as in Example 8, but the concen-

tration of the ruthenium acetate hydrogenation catalyst in



the crude acetic acid product were anal ysed by GC- M5 using a nethod
specifically devel oped to quantify hexyl iodide down to |ess thaf3Sepembarf002
per billion (ppb). The sane sanples were quantified with respect to
propanoi ¢ acygoyspfs results are displayed in Table 9. Tablg JHQ 53 ON
StreantHexyl i1odide in crude product ( Pb)Propanoic acid i cru product
(PPm) 2206.8 t 219784438.3 221796538.8 t 2166991111.2 t 21820120713.1 t
22117168412.0 t 22372(Chan a of catal st)19338 7 t 2.2395207010.7 t
2252121099. 4 t 2213321785.1 t 2188822340. #2t 0.525542463<_ 0.522902970<_

0. 52366 03 Septenber 2002 WO 99/ 50218 PCT/ EP99/ 02163 18 The data in Table
9 reveal a significant decrease in the anount of hexyl iodide in the crude
acetic acid prdédecreast borwaddiagm wakevarsgdyniThiec apsulhsraaselistedhénanount
of propa noic %ggge » 03 Septenber 2002 19 C7/~AIMs 1. A process for the
production of acefrc acid by carbonyl ation of nethanol or mxtures of

nmet hanol with dinmethyl ether at a pressure of 2.0 to 5.0 MPa (20-50 bar)

wi th reduced carbonyl inpurity fornatl #¥ acterised in that the

met hanol or a m xture of nethanol and dine ether is contacted with

car bon norfoxi de and hydrogen at a partlal pressure of hydrogen of at |east
0.3 MPa (3 ba—+nr—a—+t eactofr—eorpoesttiat cn"“r:g.“; a—a—+hodi um
catal yst, (b) |&%methyl hal & é\aﬁd (c 2 ruthenlLigl gﬁnd Acetone
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Examples 11-13 show the variation in the amount of harmful
by-products, acetaldehyde and acetone, with the amount of

10 added ruthenium hydrogenation catalyst.

Examples 14-17

Another series of experiments were conducted similarly to

15 that of Example 8 except that the hydrogen partial pressure
was varied from O to 15 bar. The amounts of acetaldehyde
and acetone found in the product solution are displayed ion
Table 3.
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e thenium compound as a hydrogenation catalyst to the car-
bonylation catalyst reaction solution in the presence of

15 hydrogen at a partial pressure of at least 2 bar signifi-
cantly reduces the formation of harmful carbonyl impuri-
ties, acetone and acetaldehyde, which form condensation
products, which are difficult to separate from the acetic
acid product, whilst at the same time increases the

20 formation of propanoic acid precursors which, under
continuous processing under industrial conditions, will
eventually become carbonylated into propanoic acid, which
is considered a non-harmful, even valuable, product and
which may easily be separated from acetic acid by distilla-

25 tion.
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Based on the results obtained in laboratory batch

experiments the effect of ruthenium was demonstrated in a

5 continuously operated pilot plant consisting of a car-

bonylation reactor, a reactor overhead reflux condenser, a

flash evaporation separator, a distillation column, a dis-

tillation column overhead decanter and a low pressure ab-

sorber for the recovery of light ends.

10
The reactor, containing approximately 550 ppm by weight of
rhodium catalyst, was fed with a mixture of methanol, di-
methyl ether and water produced in an adjacent pilot plant
and carbon monoxide containing between 3-4 vol% hydrogen.

15 From the reactor was withdrawn a liquid product stream con-
sisting mainly of acetic acid, water and methyl iodide,
part of which was flash evaporated by reducing the pressure
from about 31 barg to about 0.2_barg, causing the tempera-
ture to drop from 185°C to approximately 120°C. The liquid

20 residue containing the rhodium carbonylation catalyst was
recycled to the reactor. The gaseous phase from the flash
evaporator was introduced to the distillation column to-
gether with the dry reactor overhead gas. From the bottom
of the distillation column was withdrawn crude acetic acid,

25 from about 99 to about 99.8 wt% in concentration. The dis-
tillation column overhead gas was cooled and condensibles
separated in the distillation column overhead decanter in
which the condensibles separated into an aqueous phase and
an organic phase consisting mainly of methyl iodide. The

30 liquid levels in the decanter was maintained by recycling
at an approximately constant rate the aqueous and organic

phases back to the reactor. The dry gas exiting the de-
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1109 () -S! ahQOW@&J(c)uJSs}D)l)a’se*ﬁaa?reiurned to the distillation col-
umn in order to aveid that methyl iodide and light ends es-
5 caped the pilot plant. To ensure stable operation of the
pilot plant the volumes of the aqueous and organic phases
in the decanter were significantly higher than the liquid
volume in the reactor. Thus, the liquid volume contained in
the reactor was approximately 5 litres, whereas the liguid
10 volume in each of the two liquid phases in the decanter was
at any time between 15 and 20 litres. Both liquid phases
contained in the decanter had been used in previous pilot
runs and therefore contained a variety of by-products accu-
mulated during past operations.
15
The pilot plant was operated continuously in this way for
approximately 1880 hours. Throughout this period various
key process parameters were recorded, some continuously and
some at intervals. By chromatographic measurements through-
20 out this period it was shown that the dry gas exiting the
reactor overhead reflux condenser at any time contained
from 10 to 20 % by volume of hydrogen, corresponding to a
hydrogen partial pressure in the reactor of between ap-
proximately 2-4 bar. During the same period samples of the
25 aqueous phase was withdrawn at intervals from the distilla-

tion overhead decanter.

After 1880 hours of operation the methanol feed stream and

the aqueous and organic recycle streams from the decanter
30 were gradually reduced and most of the liquid in the syn-

thesis loop were entrained into the distillation column

whereby essentially all of the water and methyl iodide and
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off. The reactor was then charged with acetic acid and, ad-

e rhodium catalyst, were drained

ditionally, water and methyl iodide from the decanter and
thereafter charged with freshly generated catalyst solution
containing the rhodium carbonylation catalyst in an amount
to produce a rhodium concentration in the reaction solution
of betweeen 500 and 600 ppm by weight. Additionally, the
reactor was charged with a solution of ruthenium actetate
trimer to achieve a final ruthenium concentration in the
reaction solution of approximately 4400 ppm by weight. The
pilot plant was restarted and reaction conditions similar

to the preceeding 1500 hour period were established.

The pilot plant was operated at these conditions for an ad-
ditional 1220 hours during which period agueous samples

were withdrawn from the decanter at intervals.

Throughout the 3100 hours period the aqueous samples with-
drawn from the decanter were analyzed for acetaldehyde by

means of gas chromatograpy.

The analyses showed, beyond expectation, a substantial re-
duction of acetaldehyde concentration in the aqueous phase
during the period of time following the change of catalyst
system.
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Table 4

Hours on Stream Hexyl iodide in Propanoic acid in
crude product crude product
(ppb) (ppm)

220 6.8 + 2 1978

443 8.3 £ 2 2179

653 8.8 £ 2 1669

911 11.2 £ 2 1820

1207 13.1 = 2 2117

1684 12.0 £ 2 2372

(Change of catalyst)

1933 8.7 £ 2 .2345

2070 10.7 £ 2 2521

2109 9.4 £ 2 2133

2178 5.1 £ 2 1888

2234 0.7 £ 0.5 2554

2463 < 0.5 2290

2870 £ 0.5 2366
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with reduced carbonyl impurity formation, characterised in

acid by

that the methanol or a mixture of methanol and dimethyl
ether is contacted with carbon monoxide and hydrogen at a
partial pressure of hydrogen of at least 0.3 MPa (3 bar), in
a liquid reaction composition comprising (a) a rhodium

catalyst, (b) a methyl halide and {(c¢) a ruthenium compound.



