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WO 2004/ 060846 PCT/ US2003/037020 1 A LOW WATER
METHANOL CARBONYLATI ON PROCESS FOR HI GH ACETI C ACI D
WEPRODOBION AND FOR WATER BALANCE CONTROL BAQMGROERDS/037020
OF THE INVENTION 5 Field O The Invention This
invention relates to an inprdved nmet hod for the
manuf acture of acetic acid. The Related Art 10 An
i nportant process for the production of acetic acid is
t he caAlddW WADERIVIEATTHANKI CARBONYILAEON PROCESS
FORTHIG#NA CETAUA CEBHRUB UTTIONMANEFORW £VER BALANCE CONTROL
carbon nonoxide in a liquid reaction nedium Such
carbonyl ation reacti ons are genera carried out in
t he presence ofBACK&RQUN) OFeTIjEIM};E?JTSI@NVI Il metal
catal yst such as rhodiumand iridium a hal ogen
containing catalyst pronoter, e.g., nethyl iodide,
Fielda@fiThal@fentionS. Patent No. 3, 769, 329 di scl oses t he use
of 15 a rhodi um based carbonyl ati on_cat al
di Huginyertiongelagasfie ppimproyedsmethed for theymany aatyr%of acetic acid.
reacti on nediumor supported on an inert solid, along
wi th a hal ogen-containing catal yst pronoter as
The Relatgll Afti ed by nethyl iodide. However, it is

nder st ood. t hat ous ¢ t sys
A R aR prortssda bR BBt Shaettd BbAhe parhnylption of an alky!

alcoh@ﬁ)ésﬁé%mﬂ? esbthao], tahe rﬁcﬁd@&ériv‘ﬁﬂvé%fth@@@ﬂ iith@attn thdHoRHBMn a liquid
t he carbonyl ati on of methanol. Generafly, the

reactioa mprsiiyh.a Shedrcarkanylation réastionsate geretaliy ctamezcbom fiethe presence of a

t al yst  bei ol ve udreatlon
catal i Sh Y BRI S RE RS sty ya@thiraRfinh d sffpt Sontaining
catal:h#tl bhﬂnﬁﬁer tgSmdiatl eatide3 ad® Va2 OUN. Pateas 6. 3,169,338 diS¢loses the use of
be added to the reaction mixture to exert a

a Thoé‘é‘ﬁbbfiséﬁi sarbanyleiian eagdyst diseolyedh ot piharwise dispaisrdl, ioa Bquid reaction
medn%lrb(f Q{I}%{oﬁ%ﬂ ggi/oag ?geﬁﬁ%%?ceg?x?@%&g égl iﬁ?h}?@&n‘cgﬁ{ %n%galﬁe%romoter as

exemphified bychethyl aslidet o wdvieg hit i\smhéarrgtomhﬂiaowicmts icaalyst systems,

. proce 25 An al ternat to. the "hi ter" ) ..
parti LSRG i asnorait DEam Vi retis, By ha e o8 Hipsagiction ghacetic acid
throu g?geﬁ,t%%o 8%1%1918 %gfﬂe{a}%gol' "Géﬂel%ﬂ%r Eﬁ% %ﬁ%o@l% 1%@&10an §3nducted with

the catalystehvingatissohved e h biguitaeaqtion medim ﬂmougwedhmh carhen rnlomxlde gas is

o RSV F A 58 i SR 08 e RIBAT e eaction

mixtde$d &Rk a meﬂawéff&t 8fdrkhé eeatlion fited @n@bva{e@ EdRcediigion® between
water there is in a reaction stream the greater the

aboulslt weightparerat OHis ¥ -t16 Wieroare txpigadly used nihis s somstimes referred to as
the cclﬁg Wa‘fetr’age{r901 gﬂotngﬁo&rsgater the capital investnent in
pro

duct reco ery d purification equipnent. The
ef An eit@naivedo dutfitgledatetfenrbonpltiat progestis iherYow owter” carbonylation

procB 55 i ERRCPR AL ONS, TIPS by SYAAEL 04E ob 2% 8Ll

5,144,068. Water concentrations below 14 wt. % can be used in the “low water” carbonylation

process. Employing a low water concentration simplifies downstream processing of the desired
carboxylic acid to its glacial form. The more water there is in a reaction stream, the greater the
operating 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. However, when reducing the reactor water to minimize operating and

fixed costs, it is more difficult to maintain acceptably high rates of acetic acid production with
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concentration possible. However, when reducing the
reactor water to mnimze operating and fixed costs,
wo eooumeesws e difficult to maintain acceptably hP@hUsED®E37020

of acetic acid production with WO 2004/ 060846
PCT/ US2003/ 037020 2 good catlal ysts stability since
the rate of the reaction decreases, as the reactor
water is decreased as explained in U S Patent

good bat@B6ts RBilitPsi@coOthe trite opthelitasibn dsGemka s theweddiod Wier is decreased

wat er production is that catalyst systens especially
as exﬁ’lﬁl@éiiu}ﬂjbgagé@n’é%f)%ﬁ%s tend to precipitate out of

t Qﬁlercﬁqﬁé %x%ﬂlems)gs B\ 1 c[efwaé BYAGERE 1§‘H{a? @at%ft Systems,
water i’ s crease especl a concen I ons

especidiigrrhddivmt-baséd ce@mlgsts ftemiantprﬁmmmltey&tt of tleaegitioatmhi®tire Ghen the
cour.se, .can Jead to ,reﬁ%g?q?%g' reacti on. rates

concenfiption Pl valgr ﬁrﬁiie%reasss at gApceaBRtimmsdevarhan bhws. %.
Signifibart %at&l}@ﬁ’ﬁe& dtiondb Aok, $habid tbtré(ddéé@féla@ﬁ% FRREY, 1& rrupted unit

mnimzeéd by the use of a catalyst stabilizer suc
operation,gind lsbmpiage sutdoydisddt io knepmathat eadalystistadilidy prabddms mAs be
in t 5,218,143 speci .al.l -
mininSq B R sk B oy B g sk S o FBRALB Y o gutempery ocide
salt. Misld¥ctis¥ed afiUde PeleRCE2 19)PER effeBialll SuifdEd sal® hitelth@€alRAl metal iodides
thermal ly stable in ‘the reaction nedium EP- A-O

such asglithirun ipdidersings shege predbe most sswﬂfefmd therjpallyistagle in the reaction
medn?‘hc ol 018872l Heg ggacBXn hlch R aﬁ‘% &OQQ’ &J: é‘i%%fied by
carboxyli1c aci errva ve such as ace

methadol,|ie catbbmsgatad to geerbbxylie acidi derivaddisuch Spaceti¢) ac&d IWIMYe usmg a liquid
wat er coEtent The di scl osur E}édescrl bes that this i

is

reactigh edingg hiying £ ey water sentar e disclosuieniercatbey st 58S igchieved by

the uéeQﬁ'dgﬁnéﬁécﬁqcelﬁfalﬁ}ﬂhs (')10691' i98iqanslt, %ﬁ%gﬂﬁﬁnﬂﬁ Qgrrééﬁf)ﬁhmg alkyl ester in
ester in 15 the liquid reacti on umto nmai

the hqphd déagho meaiugﬁs‘to rsaiatain thogivanchtays sehility adbsgisieni prpductivity.

addj.ti o r obl ema i at.ed thcrbon ation
P D BB sGeh EF S sty Flibe Rl e A Ieiter Sues,
concéﬁﬁﬁﬁmﬁ%ﬁ% oy Shverd %&&%al%t%yﬁ&ﬁb bitel sEBAlized r}ﬁg@lﬁtﬂoﬁ Rate@hRRdversely
are adver Seléﬂ reduced. For exanple U. S.” Pat ent
¢

reduced. 7B, @xpmplit U Baient . ek Uhdisclosse fhaniwhgn oneiating apder low water
condl?.'}@ltlse Edileh r%dt a%ﬂ?n Vé]tg fha&g)’%l llé&é ﬁ%&n[lg%ﬁ%}%' gat %g%lgcmtn?éaﬁyzlae expected
underungieen set of vanlits@is. of condi tions. Various techniques

far jncreasjing the production rate under | ow water

carBiwy FSEIgHS: 106 RS ORE SeATIP LH<0S THAVBe5ASH Vi3S sadegylation
react1§frl) gg%ﬁi%ﬂl)lgsreha;/?ggél I?r S$ ﬁamgmhht?{%rﬁgieg Aty fégaﬁ}e&é}ﬁleg in terms of
spaceghiraeyiebd €8 Ofwiacleisi e&pmss'sed ip gmﬂmn@dbspﬁ lacd‘lmmcuhﬁodudedtper hour per

) f reacti d|u s/ 1/.hr ntajned in t

iter QP45 P 6 (5 BREEUR) SPRETFIA e GoCR8 b et LB volume of

the reABEH L REAIE IS bBid g d6leBhfbd 8ChrAbic@Thh Eéiﬁmifeelmﬁé aldéfRed fate. U.S.
the unaerated state. U S. Patent 218, 143 di scl oses

Patent A2t 8 A3 disclopesrthitavedustipmievbls neaytherrobenced at low wateelevels if the
reactArqy 8%&?.1!68 V&lﬁl B‘ﬁ?e%tct%ﬁ %11§ra9181?§ (?f{n?éj[h a%&af%q}l lﬂ?@ I%S(Qlon mixture. EP-

conc rati on ace € reac

0-250182 tpusdsesHB-ad 0 hPH0 gaﬂgasn@ ﬂ&&ﬁsbdnﬁn@dﬂldwféécbmahe QaaStlcblfthture to

t he car hon, nonox feedt eaction mxture to
enhance the proguctlon rate. lUd§ Patent 5 9%9 58? dlrSCIOSCS the use of ruthenium or osmium as

catalyst promoters to enhance production rates. The disclosure of this patent indicates the use of
such promoters may result in STY’s of up to approximately 11 g-mol/I/hr under low water
conditions at concentrations of less than 1.0 wt. % water. U.S. Patent 5,218,143 discloses the

use of Group VIB metal catalyst co-stabilizers for increasing STYs under low water conditions
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enhance the production rate. U S. Patent 5,939, 585
di scl oses the use of rutheniumor osm um as 30
W@ 210al0ystic pr onot ers t o enhance producti on rat eBCT/URE03/037020
di scl osure of this patent indicates the use of such
pronoters may result in STY'$ of up to approxi mately
11 g-nol /I /hr under |low water conditions at
concentrations of less than 1.0 wt. % water. U S
to as gh @eb.25-RbB1/Ada Oiael @sestiatien ofS 0 vaf %GPBPPMER SMRj0a79
. . catalyst co-stabilizers for increasing STY's under |ow
indicafes tapt the nsornosionEh azmermse siebilizerTingspinodioryitle @ rhelium catalyst

_ i - / nt r at
may ko P o forgodilRil B edhofin e B3R SRAEERAGRY £5we oo
U.s. Pdta?tiSDm;]ﬁdraﬁ_ﬁi? 20864 gmaqgaptfss Jehesﬁﬁbiﬂbidé_ﬁfatd' phosphorus-sulfur
) onjunction with a rhodi yumcatal yst nmay increase
hgam%wog@ﬂ%ﬂf tp thepiuaGaaly s {or gncgeasiie reackipn gtesumgss oy water
'ﬁeﬁk‘?efﬁer&tah%' QU TAS Pathnt 5488,155 Fiscld Fi% i
ConleB 2,336, 15 ﬂ?& pr oposa\é\gnt ﬁ’e@ %’se %SCIB?%@E%GS\}?% r&@?pﬁﬁ{}cuon rates
up to ph S Phati 1956 gunhqlﬂﬂn'.SGB A5 4ch giisdlmm regction rataoel high as 21.9 g-
mol/l a: i’bgsse%g#aﬁ%{'i? Iglﬁ E)s?e%?g rﬁ%})%ée %%éc%g]te[l%t _Scelég %&{igl,rlngvater ‘conditions.
5, While Jorde O thE LBSR rbhReerREd ey GBI cﬁmg@t%h&&ﬁaﬁ&&sea% high as
up to an STY of 19.6 g-nol/Il/hr. GB 2,336,154 A '
5000 gpme thesaemplea dn these tefarenscesngensrally daselasg rigodgum eatialyis ¢pncentrations
T reactions di sclosed in these references take
Ofab%lfqgi)gogﬁla‘eorﬂ?lsls'gh water 'conditions. \Wiile sonme of the
ahogePiteiteN € 5ceis, 068fdedcldses thhi g lom watedoyiséntrations, there is a synergy
concentrations as_high as 10 5000 ppm the exa

|

betwaer thovagthyt aqeiaie rbiodiiesalf sipbiizeriig éheraebanpisgion fsactor fo enhance
' . [ .

mts PP K O SOAEP 48 PR PO o8t g i

methyleweetetetavaténtipng karedictomimstie éorgatioh ef wetesirdtie reastidyproducts.
acetate and iodi.de salt, stabilizer in-the I
In pagiicp HryPRIPRG ﬁxq%éga ped by angde Qi m tHéen oparbon dioxide and hydrogen,

whiclt & TRy Py B8 wakdr gab S8 ER6bRI8SalbdRIdusdy. advant age of
operating the reactor at high 15 nmethyl acetate

c d¥rsaurerthe fashenyilafion ratedd eeacen isistrongly fdependentom wdter concentrations,

... .undesi.rabl e .r.e ion pr.oducts..|ln rti,cul a . .

vis AR T o St B3 SRR B prpation of acet

acid %3aliB @BniHd 104 1dBged M6l ndastasin G, readtioh Gite A r | ok tlfaeE shdlentdng Ind. Eng.
as shift reaction, are so reduced. Because

\ I
Chem (roge 5o e atd, SA1P8P 6171 )k aSP%WGiS&O%& fensgsignoe of the rate of
reactidfi R& %ga%}tle\s)é?s N &ﬁo{sﬂgﬁ%‘tﬁaﬁhé PddStion fate iﬁlérrteh@ Q5 ARk é:&ﬁ)centration

mal ntal n wat er evel s e reaction mxture durin
is incrdagedpuoiduick wo fo.oThaaeitiot o2@atarcindhevenblion moatdre ohh Belaffected, at least

3ROSR S A B SR SP L AR UL, 208 v
methArb® 64 kd aoRBhOS Gh HREfoRbWARToARARNdence of the rate of

reaction on water |evels by denonstrating that the
reaction rate increfiBORs RateCHedlddMtration is

ingreased, up to 14 wt. % The control of ter in the

- R R ot ety WEEER kgt g g o fpepipned ater gas
shift R¥cliMPsHe@x Hyae FdIRREng forfliRy: reaction m xture. The

first reaction produces water through 25 nethanation

in accordance w th th€Of-oHpOw>(gOf vl a:
To effectively control water in the reaction medium, it is important to know which
reaction predominates in order to define a water supply or water removal operation from the
reaction section to maintain an accurate water balance within the reaction section to minimize

changes in reaction carbonylation rates as a result of changes in the reactor water concentration.
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CH3OH + H2 + CH4 + H20 The second reacti on which
consunes water is known as the aforenenti oned water
w@aw4/0608ie¢ t reacti on shown by the foll ow ng foPOTIUS2008X37020

+ H2O -> C02 + H2 30 To effectively control water in

the reaction medium it is irportant to know which

reaction predom nates in order to define a water

supply or water renoval operation fromthe reaction

SEGIS| Paveiitos, 85I, YB0AList1@Rs BRE M RISt 8l sdddacitaglafioh Kaltions, the

the reaction section to mnimze changes in reaction
geneighp iy Pt righDY te aecthanation ragiiqn igrel kighiapd carebe greater than

e R B 1 LSRRI ARy iy er s a

to rerhbned exicessi watel gammﬁbﬂaiyythednlﬁmrbe nit @ntrast, Uesa Phie@ns 831,020 also
gen atl n.rate r by .the msthanat|on reaction

disclgses } FH’t“Q%‘P’jP ?ﬁtag}ﬁse (FATRORKIaHeN fraeikanes the methanatien jegetion is

relatiPdly SRIGITRE A koQhe WAL 8 thD Yatdh %aé’\ﬁﬁﬁ teaBcn %girer is consumed in the
reaction. 1n this situation there 1s a need

reactior spgemwdit ie typyehly metessarip yo pﬂmmdemmftram te. rhbdnumamta[lymi system to

831, 12 ses 1 at in
mainty b el e AR aiPy SRt e Fadbfitoitie, he
eV 38548 i Ahis lieﬁv@‘bfebﬁ’ Propdsed B} RirovRlgexet %a@é}'fﬁﬁﬁ efidb groduct
the rate of the water gas shift reaction so water i

strearpd gedHerd insaibeaylatiemecerivm sytsmemU.$.tPajents Symi% &1 a;nd 3,791,935
d1sclc§§g $$§éﬁ{0¥alt ot vpart«%a OS]S g\:’%{lgn sd\{/s% shtﬁre g%égrg}sco sé%lsg(fns U.S. Patent

4 OOSAHilahsdl(mset; heéngdéfcatibo bt fickisyisiems VALY S sTTBARSNTRY Ccrh®RN of water
]?sed faor r engw ng excess water f r om crude product
from § i latomeolpma g d be guiparied pdsRiAEe of Bish esxeteman taspinimine the
remoVhl Df vgﬁﬁﬁ@ tfetiRyl Z&ﬁdé‘-\%ﬁh Ay e WerPPR refibisd ﬂélﬁl thf8verhead from a
renoval wat'er fromreaction systens thro a
distilktipi eslurmfn dibs tprddestt Systesis dUicE)sedDaItheﬂe péteﬁ@;&,lelaﬂected to means for
di scl os a dlflcatlon of such s by using a
remofing Sl T FOIC PEGG aIeBRS B PE PO VDR SERL LR TR Gf the process
systef8] ThErefolé) Qh@&i‘scﬂ%eﬁ%?st@ﬂ\i b hBORIdRSss §&ﬁfbll%g3‘)(f§tte?m t'hé réaeuon
mnimze renmoval of valuable nethyl iodide wt
SeCthtfHEfO&dloévlamhmc@sslsﬁtﬁl@ﬁfoved fromthe overhead fr om a
C S stens di.s
U B SR s PR SRR HETR PG RRG etyscd

systemﬂiyeaf cdrﬂibiﬁ%lt%ﬂ@erﬁdﬁﬁﬁ@ aid SikpeaiofivintérTiond 8l ovieBRad bPAlight ends
ection portions of the process systens. Therefore,

distillafign g 9EinGSe aer%@%%w%n Qb heeribaiok feed htp 19 eAgiondRiture with a

comfict RSCHERSEL AR SR 90 SRSk SR PEOES e

mixtuwés thriees sleaiaAaemt ldn;ch)ﬂes thatdiimethgbdthdryand meﬂﬁ)yl syathigrrdyarbonylated

tio n and di sposi r, from
to pre e p3 B @t & SPHCO TN RIRaST S 2Py Peekie GHRBIdsrFrmares water from
the rea Bk rPmixtere dyREAkibR B odﬁ&eacgﬁé 5@@ Ofn thR§HodeBS, Qudidigs thought to be
reaction mXxture wt conponent sel ected fromt

consuResLp aé‘POIﬁ@IChWﬂ’atbéﬂleéVIHgifml@ﬂ ether, acetic
anhydri de and
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m xtures thereof. The patent discloses that dinethyl
et her and nethyl acetate are carbonylated to produce
w@e®uioeosaci d with a net consunption of water apdI/aS®N3/e37020

anhydri de renoves water from25 the reaction mxture

by reaction to produce aceti @ acid. In this process,

water is thought to be consuned in accordance with

the followi ng fornulas: 30 WO 2004/ 060846

PCT/ US2003/ 037020 5 0 CH3OCH3 + 2CO + HQO >- 2 CH3
C—O—I OOCI—BC—OCI—|3+CO+H20>ZCI—I3C- O0 0O I 1

~ | ﬁ +HI Q-2 Clémq > S— Rt ent
5, 001 259 and rel ated U2S. Patenfs 5026, 908, and
5,144,068 di scl ose 5 rhodi um cat al ysed | ow wat er
car bonyl ation processes in which high nethanol
carbonyl at i OE) rates are achi eved while thesreaction
section wately concentrations are mai nt ai n\(ig)at very
| ow Ievels romaflnlteSH W . é

concent r aGHh& ToOGH &9 & i,cbnmf’rat ?&\'ﬂa Th&H
patents disclose that the reaction nmedi um
concentration is maintained by controlling the flow of
car bon nonoxi de, water, nethanol, and nethyl iodide.
The highest acetic acid production 10 reaction rate

di scl osed |ndhese p&ents is an STY of appr og matel y

32 at a wate concen atl on of 2 W. °o er at
wat er con nt at |d)ns ké: n2 w, st
acetic aci Y di scCl osedsi s a pr oxi mat F| gure

10 of these patents denonstrates the diffi culty of
mai nt ai ni ng favorabl e reacti on rates at water
concentrations bel ow 2 % As seen in Figure

t HéSr Baten %@plr%ﬁ%al&ﬁf@k%ed&@c Pplers 35129 9Q§ e, L 8 dlsclose
rhodlﬁfﬁ%%sgeatl%@ aBQ %ﬁrbgﬁgrl?%%r%% Pcé@ges 11{ gl%) [H%a{)llyciarﬁcﬂl?flatmn

e art In ca atlonte
rates h@cﬂchleaedmhﬂemefreacnonaedmba Iwute‘rg:oacdntrgﬂmbr;s agd ml'ainmmed at very low

'l abl e |
vl G NS Gug k] WELS GRTGPRBOR AR BIEBTRAS copocpgatons. These

po B B e ORI O s LS BB 0 Sl 38 v o

carbonmuerxidsy) waelr,ahahanab, qod ootisyd ésdiflo rTItdiﬁglmsomhﬂ:ut aoid pedduction
acetic.a

car bonyl at I hol s,
reactip 2t (gl TN/ Bese JBTRns af R S rpBRsiatdad At Helsr sencentration

of 2 Wi og HMbvever, at water concentrations of less than 2 wt. %, the highest acetic acid STY

disclosed is approximately 12. Figure 10 of these patents demonstrates the difficulty of
maintaining favorable reaction rates at water concentrations below 2.0 wt.%. As seen in Figure
10, the reaction rate drops precipitously as the water concentration goes below 2.0 wt. %.

In summary, the state of the art in carbonylation technology still lacks a method for
maintaining a highiy stable catalyst system, in controllable low water conditions, useful for
achieving reaction rate STY’s of 15 g-mol/lI/hr and higher at water concentrations of less than 2
wt. %.

SUMMARY OF THE INVENTION
The present invention 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 a reaction mixture with low water content. In
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al cohol s and reactive derivatives thereof in a

reaction mxture with low water content. In WO
WQo4/00B0846 PCT/ US2003/ 037020 6 addition to PeDUSZ0S0E7020

acetic acid under |ow water conditions, the present

i nvention provides high acetdc acid production rates.

An additional feature of the present invention is the

mai nt enance of the | ow water concentration in

additoand prddueitigaagtiegidvunde lovpaaet bagitednsthe PresetQietibe Provides
rat.es. Thelgresent i nvention ﬁchleves acetic acid

high agetig acidipgeuchpr satey Amadslitignal feafue of the araspwtieventipuisrthe
)
mamﬁ@ﬁﬁ&% O?WSW\K&H ﬁﬁ%eﬂg{h&%@ &&gx?&pﬁgﬁn%ﬁfﬁgee?%%aén 3T I high
prod@sles ret‘tc:g HlHegwedest mﬁvemthmcﬁchiwmaceﬂimahldl prdductbnuates of 15 g-mol/l/hr
cata stens  W.th high | evel s of hyl acetate.
and Higheb s L OB B O R R o P st £t 3. The
procds§6f the PRGEAGRvdRvh UE& Hadh Mas Bf &%&ﬁ.ﬁl biSchBB R RdREH chlyst systems
the desired concentration by at | east one process
with bigh pevelsrad methylgicetdidi ipdeocarhin gmditiess, the watee concentration in the

iSRRG SETRRAGT M BBy IR 5t b B ne o

step @ﬁ[ﬁi@ﬂig@ﬂdm'éh@ tlsd BBcaRh a Aehetr Td@nshlﬁﬁngf\@&ﬁ% onefORH AL Hﬁnethyl ether,
nponent to the reaction mxture e conbi ned t'h

methbltzﬁgt]atep Acstis @ghg(%rg%gsmf 1@]fxturgq)qaﬁth@ﬁe|cpm@omse rThe step of addmg the water-

A ponmrﬁﬁ%\?%b@z&én‘? RSthe ea%ﬁ&k? Mh\%ﬁ#ﬁmg %}?f%lhgd’]w@ oﬁllér Bidcest? Steps for

ure I's a sc ragram o

contre]ﬂlﬂngd\ratmmbnmtmhmsrinOm&sﬁylmiortﬂemtm&iﬁlﬁﬁires I nvent i on.
20 DETAI LED DESCRI PTI ON OF THE | NVENTON While from a
cost standpoint, it is desirable to operate
carbonyl ati on processes at low water conditions in
the reactor, it is well known, as discussed in U S.
Pat ent 5, 144,068, that UPRAWING wat er condi ti ons,

t duct i.on l ds_ of such oce can

c e Ly Rl SRl he BT nPHBEEATEs BRCGRFr e presen
inven®ipgr ati ng at hi gher water concentratlons W th ot her

conditions 25 being simlar. However, t he pr esent

invention is able to achi eve unexpectedly high

reaction rates while at the same tinme operating under

and capturing the cost advantages of water

concent r at imEfEADLEDdBESCRIlP(TK)WOF FHEINVENE@NL i on
is able to attain

The r e i.nve n ]
t h@g@ ﬁP HOBH if 5t §1rag>§e BPerte sarbenyafion dieacrssh at low

wate&!éﬁ@i@i@ﬁ@ﬁﬁth@?eaﬂb? dt ié"(ifé?f kno'ix}ihogé % Edadh Wiy kﬁﬁ&ﬁ 5 144 068, that
catal yst systems while at thé same tine naintainin

undelvlewwat@wmétt@ns tBOpwdnaintyicldi ofmichvbtdeesseeddn tei c@ntlderably lower

present inveniion relates to | ow
than {88 sractiesh VS BlestBé SR et G Somceitio B i utae conditions
beingGRRTlAR Yo W eB By prestht HveRicH i8 BBl A Schiéve REPRARAY high reaction
di scovered that reaction rates may be brought to and

rates file obihp stmetimgapgrafing kndesgad santwningihh cesiedvanéagss ohwglier
concénfthbnbdr 1GRREE R0, A%ie Paction mixture. The present invention is able to

attain these high production rates by optimizing key reaction components of rhodium or
rthodium/iridium based catalyst systems while at the same time maintaining very low water
concentrations within efficient ranges.

The present invention relates to low water carbonylation processes with high production
rates. Contrary to previous understandings, it has been discovered that reaction rates may be

brought to and maintained at very high levels through the use of high catalyst concentrations by
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WO 2004/ 060846 PCT/ US2003/ 037020 7 using the
synergismof the iodide salt co-pronoter with the
woredohpbosacet ate in particular at high nmethyl BCPUS1083/037020
concentrations with high catal yst concentrati ons.
Under certain conditions, these processes may produce
wat er during the carbonylation reaction. That is to
say, the production of water through the
usingathe gendr giemtaf thesiddite tshia napiommotererith the metkyl eeetatetih @artlcular at high

nsunpti on of. vvate 5.thr h the dj scussed water
metbg| gte{aly GoRCTHERIONTHER SRR FORSHRFI00s-c LBGRH cFeaintopBdiions, these
procéé@é&qhi}} 151{3§ué%:r\9at91r AHdeRe @arE@{yllk@f%n L OfctiOR Tfle?c' ﬂtofk%y"ﬁ% Production of
bal ance in the reaction m xtures during
watecihnelighitbhsbonhiidentifigd meslianation teagionrezaesds dre croasmptlon of water

o IR SRS, TSGRl es e
condHOAS ¥hdiBroRides WeldthddnRmaintaihing vakdr b@ﬁn@éﬁ%ﬁﬁé idab@8h B¥tures during
the_ di scl osures of the previously 10 cited
such cenditiensouyle rapiplgrngbigheastion gteseact ed wi t h et hanol
gnlgllg? %/sgft%P gﬂes ntﬂg% Xﬁ%c'ey £3cill Iﬂﬁp}?eogate{lﬂ%ct (g.?b(g’lr E,g%g BF % gqethanol with

carbdd mbumo}éuﬂd dre m&ll&klnlown in ﬁi@ﬂmtexempﬁﬁd:&w a;e|dySCRi%u1e|s bf tHe@reviously
Ni Cd , and. nmost often Rh or a hal ogen
Cltedﬁ?fﬁ%ﬁ%ﬁ- arh%moml%lsaemwgéwewaml&@d/@r repgwewanves thereof
S,
in th@ﬁﬂekegl%e ogég%tglgyé S?gtlg%ﬁ/ Vglgicl?g}%%tcofnﬁﬂ vﬁ% Tor%iﬁ@pge 2 g‘ﬁgw #/III metallic
elememss partioflar®y Bhpir) Qo,d¥i, Rll,APcbtbr RthandReost oftex Rbor Tghlhalogen promoter,

I ST ST T T

iodide Oﬂétglﬁllz&fco?toﬁﬁﬁtét%ﬁfcﬁt@ﬁ 8alt Jihematal d)f‘/@roﬁﬁtlﬁlo\fﬁA BBfe Periodic
a compl ex of the Grou VIIl metal, and Tn sonme cases

Tabloygy a@@atami@ GUERPIEHB Of éb@h@%u@éelt,up@ﬁwa@rla aprledlf.le pnaagtate salt and
most%?t'eﬂ lh% s}g&aﬁ or t11 ta'%?ta%e The a(pt%ge cgp g%s e g?c%tma Ilc%(Stf the Group

nponen systemis

VIII ﬂie&ﬂJ efhdétlsdrhie aasbak mlay @e ﬁ&dbd&ﬁ&h‘eﬂﬂmﬁoﬁlse@dﬁ% hytre- formed complex
acetate, acetic acid, a finite anount of water,

rathep fgn, thedespribedrindinisiral etalysheomponents. dmy catahist Setsmy Briissolved or
r

iSRS CRRIED S8 S s SO g ot v

e.g., atHeasd: alvdod Ayl wit. Pomnd agoitharsolvemclougeners chylpatiitle twathethe other

t methyl o Sui tab] e cat al yst )
Ry SO R EL RO SHeURgl F BeRALs PG Gipn reaction
inclu@® ARtHy$ ecdhﬁ@dilmmhéﬁaﬁeﬂﬁqdﬁ&mmmldé um et al s and
conpounds as the oup VIl netal and an al kyl iodide

asSwtabesatdysd gestenpy f@ﬁﬁe@rocegﬁeg of thequesentinvemionfcotipeise rthodium
and rﬁeéfd)wn/mﬁqm?%etalljss%%l lOé’l nﬁﬁc? s tf%) 081 oqlg Vollﬂgrﬂatag [ £aC bﬁv\ﬁ’dlde asa

halo,g%n pibrbten WEhcﬁcEttm@ditfmnh ob &Ie\/tﬁil@m 1(&*3@151 tisuaBly Gneaaiyl iadiael tln 1R reaction
% and still another enbodi ment between about

medigfs ALY POTVRE DPULR O g %hows%o et &b wwhzc@ﬁ/eerémélfim%b@ween about
to,a ()
5B 155858100 g OB LRERLES ALRLTLAL Y105
catal gt kktabilizer/ @aptomatetuady oy usad quatkr iihe ytabilinariowromoted thay be in the
form gg a &gﬁgﬁe S aI t .Ial](f g{f?az g? %1 g%l?rfere%{nth ggta %tr a\él%at%gloa}rjy gtmmomum or

phosphonium salt wh1ch generates an effective amount as defined above of iodide ion in the

reaction solution. The catalyst stabilizer/co-promoter is preferably lithium iodide, 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,
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reaction solution. The catal yst stabilizer/co-pronoter
is preferably lithiumiodide, [ithium acetate or
wWOr00u066836 t her eof . The catal yst system can f ure¢EUS2003/037020

conprise a transition netal salt as a co-pronoter

sel ected fromthe group consi&t i ng of salts of

rut henium tungsten, osm um nickel, WO 2004/060846

PCT/ US2003/ 037020 8 cobalt, platinum palladi um
cobalgpigtaes galléditanmeanganese) dthninm, vangiden, copperralnttinhurh)j th, and

and nti non The oncetratl n of thelodldelonln

antim g 158 PRGN Qs Aer 1 the rq36tioRRdiunys gengrally between
abouﬁ@d aAP Myt 20 V\Wt % % oh@ e@ﬁ@dﬂ?féﬁ‘@ ﬁ'l@ﬁl@gent bbtwlesn Qf)&ﬁ %rU and about 20
bet ween about 5.0 and out . % and I n anot

wt. Yeatisbidi amethier cm@dlmdn’rdbe iaindd ien py mreeent frématroathiduto aibGuttZﬁ) wt. %. All

ofth%?ié%riéﬁa%?mﬁé’w% B o o Rl bR G] PRt Rg ety acctate,

aceti @8 Hnd a loReBhéchtratotlof Waer. arHeQon RSN 6Rhé@H] é?fetate in the
wat er. The concentration of nethyl acetate in the

reactioaaeediwn Inheaeratyibstwrsnabent 10 st ahoeh3 tib 6, Wity omnembodiment
betwgeglgﬁﬂ)toggg 9 VS%% al\)l/\gut \Tﬁ /otm\% ‘?%ﬂl‘f %f%g%? %l’élrbg(g hjovggg&ﬁe %?nurtnet%ypacetate is

presenhfomi abotE3.0 Y0 atawel @irve. %S Rhpdiesedital st ijﬁt@b@&t% v@elﬂqioﬁm Suitable
about 10 w. % Rhodium catal yst_systens are

catalysh SYifemnsseRrpRIIRg thodig a3 the @%lgps‘(ﬂh@e@bﬁﬁwgmﬁbﬁ%w SrPatent
3 769'@“"‘3?29t r@at%&%@aylhkla ?R)?ﬁ{sgtﬂh%dﬁﬁ? | dofdpiitdl tl{'larﬁ*n Lﬁ‘{l?ﬁ{ are also

talys ens en'p oying ar odlum
knom rﬁ:nmn@d rhwditmandium ccjxtalyﬂt sydtemaare eatrsplifiddnowhS. Patent 6,211,405.

rh0|urri|r| cat.al yst. syste are
RoodRBBiR b s SRR b C st s aseigforred to
hereifidtelay SHodSorSHBETR A SE B}%@Elﬁbm]?o'i pipdsaskRAasias a %ﬁfc@ﬁbﬁ?t}roup VIII
systens are referre her ei nafter as rhodi um based

metalsghall yeder to yhst ’éﬁlﬁlﬁeldcﬁmpu VaD gestalp find ¢hemiegd sbinpatidsrincorporating the
ident egu(g)mVI IVIHIlS tals shall _ refer to the i glent ified _
s and chem cal conpounds i ncorporating

t HBurlﬂlgj@fiéricfdl cﬁ‘dtcﬁd)ﬂéﬁctiﬂnl hetehéll ad cBboh Ahnaxideakdebn@huously fed
active reaction, nethanol_ and carbon npnoxi de are

to & TERSeN SROENRRg epetien kigid 1n whish gdeattdiartial nepssuaef pahon monoxide is
main a'nﬂ:ﬂ' %dé Iﬂeﬁm)'ng@ ﬁvg)%é z C?‘ﬁg ggé@ﬁstsé@hergﬁlgﬁérufh% rQe(ctl](c‘)ﬁ rhgﬁigl may contain

nonoxi n aln I one pf evl ous
mnal]chmwu&s@iinﬂemmbhaﬁtpemlei inendditi@n tto the desicad cc(bmm)gaem:t. o iteatified

.20 | d b d
previpy et bR S s et oREh T BHe BrBAGHENS feducigS Compounds
(“PREELY, and PRyHShi@REld OPR@"S 48/deeRd hebf E@beﬁ‘b&@l compounds such as
aceta&er manganat e reduci ng conmpounds (" ") nd

bpile mvhichdeads. to fRr@ation pé wigheturated alldehx@eﬂ alai,aotbalr &oboplyl impurities
d
e BRSPS B PRS2,

ethyllbmtiﬁlldéhm an8 U likes ardCit alie] cordematio bivductls Bledsts, Other PRC’s
) g %r al dehyde, crotgnal dehyd 2-ethyl crotonal deh
incluge

de,
Ylelpﬁgdies suelyasathnd Agdide. arep indide, Rity! iodisler pruty)ipdife, hexyl
iodid@%E i on products thereof. OQther PRC s include
I i odi des, such as ethyl iodide, propyl iodide,
bufy preventithkeaccpmnlayibn o tiedepmiperyds or hgeitsj@ gassbus perge is withdrawn

fromltlllekt%p of the reactor and treated to recover valuable condensables such as methyl iodide
and methyl acetate before flaring. Reaction liquid is withdrawn from the reactor and fed to a
flasher where a reduction in pressure results in the vaporization of the lighter components from
the reaction mixture and product acetic acid, the remainder of the reaction mixture comprising

mostly acetic acid and the catalyst may be recycled to the reactor. The vapors from the flasher
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To prevent the accunul ation of inert compounds or
agents, a gaseous purge is wwthdrawn fromthe top of
W0 b@410emas or and treated to recover val uabl e PCT/US2003/037020

condensabl es such as nethyl iodide 30 and nethyl

acetate before flaring. Reactdon liquid is withdrawn

fromthe reactor and fed to a flasher where a

reduction in pressure results in the vaporization of

are fddhe ol lighbeeds oF opitest eokusnrf framwHidiea ErRae hdedid aﬁild)ptr@d@t ngithdrawn as

product acetic acid, the remai nder_of the react

a liquil 9idg dEve BhRAse Bradyet, ﬁ%)%%swbegeaﬁ S Bagerid SdAd0BReand sent to further

P YR PR G508l bRobaE <BERORE @03 aepus phase and

a heazy erdantt plmsa Theglight equt@umphasp cornthias a prapunderimoerof white ha lower but

s G S Bl S L MR B2 R L o

meth®} debthtd) 08cetANShyd€ BAd bBlef P@R@eﬁvhlcﬁléfé fy-640L&9 0N ihik81 reaction, or
over head vapor$ are condensed and separated into a

are fqmgﬂtsu‘@sq:g@@m]g fmﬁm@hmac@ortﬁmﬂa@ﬁ@ﬁiﬂ arephragueseThelhe heavy
orgamc EH %t%ﬁllsj %r & SS eafteﬁg %thet yg ﬁ%cﬁ%e{) wg (s)grgg {rnlae 1C zec?%at\évaa%amor amount
of watti¢ b]ndSﬁI’E}JpE@[ly aﬂi@lllﬂtlﬁr&ﬁtag'ebhﬁﬁtdldehﬁf@é liydn the Upkterquedi@ phase. The
nmet hy] acetate. Acetal dehyde and other PLR s, which
heavapgaw nhessds sitkersecyeled darﬁpthr 91 the eaetiorosection or rgpyeled after further
dgpped subsequently from further reaction of
mncgcéggldehyde, are al so present. The heavy organic
phHsdight lamm'ons; plpHse df)th'erm’blélleyd cxeidhydate afdhalBgiwiehtls sdomn is typically

, anmpunt ~ of water,.and a .
used {5 s g pniionds reoe BL AR 1 fheSHeattap Guttio AS Had bk, the

phradei“Gdicti Gl %ﬁé}ﬁ ' RRAS R thd ﬁ%ct%@ aﬁ@ﬁé@hep&gﬁ’&n%n@ ReER s'y§tem collectively.

either recycled directly to the reaction section
In some@y@dee@s ¢ Bghtfagnedwe phassrip fiest §drig an'ﬁh@alklclgme raqumi §gstem as

i QRS S RUEE R SIS 9AE B0 RS £ 1 on

variafi@€ YL Aeatetildebgdé denloval S38telPBe libMhqgesisiphRse dFShd/BEE ends column
herein, the fphrase ‘reaction sectlon refers to the

overhead gprslensateristipdishafirst diplaontcelusmn, fermed i ‘agetaldehyde concentrator”,

whicl gérkfgscﬁ)'sg I1¥ttsa tn‘}(gt gﬂthg Qggﬁalg%@ﬁg,ﬁgaﬁy &é&?g,%gngletﬁ}a%%gﬁé as

overlmd fidhse hexsed frabidon enaprizie, acetic b.d:ldSancPaztl’entWM is recycled to the
6,143,930 and U S. Patent 329. one
purifigaiieragechipn. of hedtierveriead ngn digos s¢cogg §ES@H?T€%CQIW§1H{ termed an

“acetdMl StuRiRee vv‘Pﬁcht el kO a2Rd8 0GR H{Erhcetg}@%ﬁf@ﬁﬂ this stream, from a

condensate is fed to a first distillation co
heavmeﬁﬁ@wnaa@mmman@bﬁyd@d@ anbwathybacstate, whivh is hecyeled és the

.40.se of the.acet al.dehyde t hyl iodide
purtigfS BRSSP RS PPisard biBfon 8f acctoldahyce
and sf)fn@(HehﬂBr EoRIdmESt BEhas Ghdthyl a6dide ﬁ;nﬂembgtedw b Bxtrfetion with

reg%Fled to the purification section he | atter

wateripebran an a@epn%wqaéﬁcqr@prssl@e@@ﬁ@f thescptaldghydsrand sinipganic raffinate
comﬂgeplgftﬂ? s wa %9 @élﬁ{)l% ge sr 61ch§ Etream clﬁ Isas g}%ﬁhﬁ%cﬁ? 2 8Vr}r1110h is

at e nos dehyde I'n
recyced toahw pwifidatio bdction.cOhpaqiebngacerldejildd aebiathes didosed of as waste.
whi.ch. i s recyc

hyl, etate, led to t urification
As uigg eteim Thepass weﬁcaawrsﬁ%tm P g}erf'éstawﬁpa enc sepatpior/decanter
compoRB&s Bt ity R8mbnagsts! dehyde
The continuous carbonylation process may be thought of as comprising three basic
sections: the reaction, purification, and off-gas treatment sections. Referring to Figure 1,

continuous streams of an alkyl alcohol and/or reactive derivatives thereof and carbon monoxide
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25 and sone heavi er conmponents such as nethyl iodide
is then subjected to an extraction with water to
W@ Dbaoaiosnsasr aqueous extract conprising nost of PEEUS2003/037020
acet al dehyde and an organic raffinate conprising the
| ess wat er-sol ubl e component $0 of the stream such as
met hyl i1odide, which is recycled to the purification
section. The aqueous acetal dehyde streamis di sposed
are fedfthRdSgiatLl and'Sresp@tivilgigtoRtirtd eoaplof 3S& ot sttt tdabr,
section"” refers to the distillation and ]
contayEpg p 36 HPR BGHA camprigng ap Assdis apidsobition péa ghagiupbased catalyst
0 j h j oy:1g l.ati .
systefigh bESREY Flofiord dPe SRR BHOUGEE, RARY PlhBB BISE EE ST
reactive detivaiives therdof axdearbon manakidd, fand aspuriteasudnds acetaldehyde and other

sectiaqns. Referring to Figure 1, continupus streans
PRC s a%@rhlglvwfky fadutts] G&??d/f_%ﬁ?n‘?déa i e P e b through
line 4 AN £05erR Ay GRERVerYRAAKE 85203 A0 44ARORAR suiicabé% (I;or 2recycle to the

PCT/ US2003/ 037020 10 are fed through' lines
reactions Reattiondiquid wstcontatuionsly avithdeayirofronB, reastordt thenugh iint 4lzind is fed to

react or, ontai ping a reaction.liquid conprisi an
flashgFRR e g ap o of ey S autiinn BhbE aSlEi o IS of the lower
boilirfyEdn@iBunds 1dHeCUSRed S0 BV Hor ledvia@RIsBNbE of fHedlRhvieZ&mponents of
wat er, unreacted al kyl alcohol and/or reactive

the cafalypiystiewe sThefspiormandng arflnsherfoif ssayeled thyawgh line 7 to reactor 3

v ] LT S “ ..an

whilg B NG} FpyPHsleRfn 8 S ALUBIIEE 3 hafl G5 oF Bl ot 0 where
most D€ el I0Werlbd]ing ?d’tﬁkﬁcﬁl‘ﬁdilts fidulwdigh me’[Hyh?)dﬁieaﬂﬁth@I scesditantio

vent recovery, for. the separation of copponents o
aceta_k,ctﬁgy% P@‘? f BPIoBSy theevater 4t EFigEd S PIBRA. Hb AEKR GAugaug gpeic acid
liquid & igirAwy QHR] Yot R A, b HRBU SRR QF and sEAV 1B YL delif Beid recovery

5 and is ted to flasher 6 where a reduction of
systepr (@ssshosvng.aAdwsétons fiactiomepnyfrisitgsoareticetic anid dndmgherdwiiling

compgyt & wbhyn Fouoh T e 5 SRUPRE thBugtire EoRGR R Brne reaction
sectid) TH¥oveicall Yapor $idre BomMAe lishOsHds célammiif tatiehdtd and fed through

~ flasher 6 is recycled through line 7 to reactor 3 )
line hghfor urthgepipgpising in peserddnge Weth agagiey af&aown eddighndliprecessing steps.

0 ] [ Ltter" wher ol
A volfie e PRIRT PRk RE ek L ST St IS B PR ety scetss,
and sbRichigtticmid Biresyckddo ttraeiaddeipydécatimndeatiqnor t i on of

the water are renoved, overhead. A crude aqueous acetic .
aclPcome; Yerniral BrOGFseeRel it APECLTBH PimypRiios g e P the chemical
r‘ . a .

eGSR SRl S R R LA BERMEIs s i
The moductimoef acetmaicd isnge Hichlvbemivol procgys. Ovepwtimdted manufacturing

W t.hdrawn fromlight .ends colum 9 through |ine 11 and
aceti! G o5 AR PEREHPEY TR PTUHVe bR DUPRLRRoF st methyl.
iodid8! Qa4 4 SMBntiBA rédcBbh iBisl8d BRh dAmlyESsySeRARIReH tRA Prdvashsly.

through line 12 for further proceSS|ng i n accordance

Carbomylafticn hegbiceamye oprekatsdoutgde make agetis Noveghadesspibere are
31 f t.hi : t omn) :
couy R gy il G RGPS LTS, Ao g
reactitethemisugi i6l iritScate Gyl ddg b auinber sfdaetrelatedreqationd, bgairbdurts and
.section. ILn some chem cal gr ocesses, it i 15{ n%cessar
equilfbyiumms, Akl gF whis, r%l%sg,g? properly balanced one; against the other, to make the process

practicable and maximize efficiency of raw material utilization. Also, the catalyst systems

required for carbonylation are generally expensive. Moreover, carbonylation catalyst systems
are extraordinarily sensitive to changes in any number of reaction parameters, which, in turn,

adversely affect catalyst stability and activity.
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reaction and to adjust the supply of the reactants to

ensure that the reaction proceeds as desired. The
w@e@doetston of acetic acid is one such chem caPCT/US2003/037020

process. One nethod of manufacturing acetic acid, by

carbonyl ati on of nethanol orlits derivatives, such as

nmet hyl acetate or nethyl. 25 iodide, involves a

chem cal reaction initiated by a catal yst system as

del$ ¢y ddsirablp teepioducs agetic £ead bidnwl wrdtérasonbasrabiesOi®etion mixtures to

preferred route o nake acetic acid. vert hel ess, )
PrOV{{aﬁ Sreeretie Syefamﬁféf%m ey gw@&;ﬁwgg@lgvawhw% qgentration
simplifi®y ESRERLh %Poc%ﬁsiﬂgmfsth@ﬂéé%é %arbgk}';l{clcgaicicf {38ts ;gm%gag{@éér. "ehly pure)

reaction chemstry is intricate, imnvolving
formi ftie recoppizedithatweter srag untssipgbledonipsnem df cradel addtioracidnmd the more

all aof .which st. b roper | al anced, . one agai,nst . .
watefgreth i he SR e sy BlecenBURE P Bty GaharE Sl drcired capitl
invedi@XhtiZ G @Edctich BMEYrodiict &@Uy@i@fgﬁﬁiﬁ%tidﬂ dybteB! TBRccdi®Bdate for the

the catalyst systems required for carbonylation are
systegeYRvAE ogCupiqsldiysyater ange exneve, the siates iy 4 highorateraredeyscan be a

. . ' ' itive to changes in .. .
ol YA 6 L EARLAL AL, RO LBl R0 BB
geneally dowel fatetht Reier datwdtyisdonsémbitibi ttie saiBodtitionirhie.deWBhses. For

2?04/ 060846 PCT/ US2003/ 037020 11 1t is desirable to
eXampicy Gt Waleh BRNCPRIEONE ARRr0achin el Bt ‘Cothe sabprxlptingsrepgiion rate
eSS 0 R e 0 SRy LA . cpecil
at veydowemiteatdnoentrasionp| It bee@sed ovitisdl te aminain a ¢ighi watepbaltfive around

o S0 S ST PR e i
activi 8RS tHeAlIbR IEEHRedeHondteg " Ude acetic acid and the

more S5 water there is in the crude product stream the

gr Bk presenhmvepfimaup vigescoprosesa byl whiehuiepeitbnaales maly be maintained at
1 Lt r lon_and product r.ecover 0
e YRR ER) B kB BERE R NER papm20 .

The prosentrvesttonoprodideystaé eaciditrated With®VE stofiat Mast 85 glioBl/hr with
i gh wat er Pro ess can be a_ nmjor capital and ener

h [ . ; . ay. .
watelGansprifatione leas thap 210 Wis “s gk ibadivaraaretjrafipns atiriygtable fo thodium-
et { I _
s A8y bt BED Ol LOMDALL )l 5 Lot
preseBbmvaiticex drepbastioaratevst ar SO o€ elrtut 20 toaluapp p-aeadibngvith a reaction

..5.0w. % the carbonyl ation regction rate de ses
mixt i Gyatiriconliel o IESARoR) P o CAERTBH FHOETRSRGRTY S fnge from 25
to 404ERENTE Y 2 @EhcHBR AR ire A8 conRIPB8EIe thiin 2 BltwiV ). YinlsBWanother
wat er concentrations, It becomes critical to naintain

embogimerfhtheRdt e s, Widh wadonanixtne watdt gontentiaifilesa thaps @ wt. 2 din

f th matter. within the reactio ecti to
accorg@hos; Jith Ry Ehrallondion, S8 FRGLOR SR bR pe Roler.

pr Dighigrescdpinvaiit. achevddiBeer@edoisly tvebidihable RaOYdrd@Eesat such low

process by which reaction rates may be nai ntai ned at
watehqgeentEaions by ¢ spmipationeoh RRIESHZINS ArasHon pPHampers wak a5 eatalyst
conc&tﬁ?iﬁﬁ,%bﬁzf%%ﬁ?@do%@&tﬁ?oxll,ea?la r%) #6n Miare . Wifle aintaining a

present I nvention provi des Stabl e Feaction rares wiH
narro$TWatsr bilamte ih ¢heseactiongninird. | 1t has bdehkliscomdred that very high catalyst

. o ,

conc GRS b SRR S PSR 198 i gt mety

acetate concentrations may be used to achieve such high reaction rates.

Generally, the higher the rhodium-based catalyst concentration in the reaction mixture,
the higher the reaction rate that may be achieved, especially at low water concentrations. In one

embodiment of the present invention the water concentrations less than 2.0 wt. % with a
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based catal yst systens of at |east 1000 ppmin the
reaction mxture. In one enbodi nent of the 20 present
WO pwebisas), the reaction rate is an STY of aboRCT/RS2008037020

about 40 g-nol/I/hr with a reaction mxture water

content of less than 2.0 wt.1%3 In another embodinment,

the STY's range from25 to 40 g nol/I/hr at a

reaction mxture water content of less than 2.0 wt. %

rhoditum @trhddivaricitivet coneattoiomeftt, leasn ¢ 0@TPH16 andvid BTVe#d5ite@About 20 g-

mol/lg;lgciqlxjétgw\é\%te%hoﬁ%%)g gé;hg é)éelﬁgr?t%plxt(pgﬁgp %‘twowq:tgrr@@' chm@ﬁpl A ns is less than
0.7 wabg %ﬂhgérﬂoguﬁgﬁﬂﬁurﬂ QofceRhtdd dFat 161%§ 1-%6 E8'3h STY of about 20 to

i nvention achi eves these previously uno alnab
30 g-medthi. dm stiltaesthat ersbmlimbmwf thﬁqtresentmmer&mn; ‘dtwmh@r doyicemtration is

s G R SR5H50, B T D S v o

abouttdWkol=®86 400 DREr at ur e, et C., while maintaining a
narrow wat er bal ance in the reactlon m xture. It has

beldhe ipdivawased cattlzst sygems hsedi in ﬂtemrysmt invention are used in
combiitof %1 12 J:a?ﬂ st% abﬁﬁ%ﬂéuﬁga ﬁ&gle t’[aﬁ %(ﬁ}leh%rt err%y iodide salt. A

concen In co

sultalﬁe elitalygt pi@ﬂl@)&iﬁ ﬁsrlﬁéﬂhsanadiaaprdsemuﬁ ehdeftrafdhk eMRIHUGE about 2 wt. %
h reaction rates. General]y, the higher the

to ab?tﬁ ol tind s erbartinent the meethitl dedidoepricpntyation ranges figm about 5 wt.
% to Q?)cﬁ.& e 0. hﬁ‘ aﬁbtg%}eeﬁnﬁola &t atﬁé hﬁ'ﬁiyﬁ ?(}d?det J?)ﬁ&f‘rfﬁylog ?alnﬁe is from

espeC| a ow wat er “concentrations
aboutdert. % ittt . the present invention the water

tio | ess than.2.0 wt,. % w a
o bR R GBI b BABOacion PN IARESS from about 1 we. % o
about! 700%t. Y SdeHbpdeRaRe N LRfike? @nﬂ%dﬂenk Qﬁé&et%gp&e%(ﬁﬁ%tratmn

an STY of 15 to about 20 g- inol hr. 1'n anot her
rangeg ﬁlt@mlalmmﬂ vof ‘%tth@bputeléem %. laetill |ao¢thc1fm11bm1nle¢nt of the present

. nc n 0

nver R W G b i BB Rl e tafollt ol O3B e 10 we
a%ﬁ’ﬁ{pdﬁanﬂﬂt@tdir 112@pdrﬂ1ng% - HIEh febétitn ratel iBadcbldag®OWhB the present
enbodi ment. of the present invention, the water

invengigh dethe RhHlitnie NANEY 2&able FRastion Bixjte agngosiHon by maintaining water

conc TR S JRSGTGE P05 3ol O Ao

with thi cpdf'bsam ibeaidnc dttmk pedn et peimilyidistaverddrthdthmdar c@steimt circumstances
ven are used in conbi natlon th g §tal

whilege Gerbpoptien prcesds AdPestio THer IAcFegrRe v agff'és%wamﬁnﬂon the
water H&M@ o Bletreaction SHtdrR BlaS de®aft t¥Sth RPN RLter th1dHRE mélchamsms To

i odi de present i N concentrations rangi ng from about
mainiain high tarbouylatienicag®nwates & accordonts veitththdipresant mmtlon 1t is

i odi de concent ration.ran about %
impofli R kerBs® §prS B PR LA s idh S M D v thpgonine. As
discldsed itithe GROGARLY dibduBstdTABIRate® S §1M20akabig oW skil¥edtif the art, it

about 10 wt, % The nethyl acetate concentration in

was thengh éﬁéfhoalwnw%ﬁlwtéwtsm&é@ anlé"ﬁﬁi heseonylajjon reactiens, result in a net
t
cons&?@ﬂ%l c%ngxrl]ét%r 1? ﬁﬁeé Jré{e e mixte: %1% grrgl?;ff;)tlﬁgiﬁtani% stable water

concandgmatjers itf the mc&bmntba&d\mbact%lhmx’mb@ tt wasSprewiousty thonglsitiekéssary to add
wateratg %e %%ct?o%bnqgtqu rslltncg {hetv!?a?erpgas Shl?t reaction is greater than the methanation
reaction. However, it has been discovered that under certain circumstances, thodium-based
catalyst systems produce carbonylation reactions which are net producers of water since the
methanation reaction is greater than the water gas shift reaction. Under these circumstances, to

maintain a steady water concentration in the reaction mixture to achieve a stable and productive
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i nvention, the range of the nethyl acetate
concentration is fromabout 3 wt. %to about 10 wt. %
wa\roodfopmsué ant factor in operating at the hi gh PERUS20081037020
rates in accordance with the present invention is the
abiliity to maintain a stablelfeaction mxture
conposition by maintaining water concentration wthin
a tight or narrow range at the very | ow water
reactivQ) e §MdcadshONs elithiRte e dacse walr Wrhis idyebecesiplished by either
i nvention. |t has been unexpectedly discovered that =
mechgpigally erplygically: py by shemisilydemaping dhe waterBipmdhgTeagtiamixture or to
cons@ﬁ@&l%eve*a%eﬂhmﬁlgﬂ%ﬁéﬁ@%@{fﬁ@alyg.n accordance with the
present 1 nvention, t wat er bal ance of the reaction
sykd detectewhed elvé mt@rdduoﬁmeo(ﬁmaih hbrad:cgm iﬂe:is i@bsamgeo monitor the STY s
chani sns., To i nt ai [ C onyl ati on reaction .
of bOHﬁ‘f%@OI} 3}%}@8 ard glgﬁ@nm © {43508y @@@Hpr%%?ﬁ prgfuction ratgs provides
an asbeTRREAI VT hd ot WA PRIFEEH MRBCRANRA 5@%;1\15@5 Eﬁ@%ﬁéﬂoﬁﬂnﬂ e. In
wat er produci ng of water consum ng. 5 di scl ose
rthodium-based patelystoaghiopyltise tmstahswith hiPhtemtenGat8ds of @falyst and high
nong.those skilled in the art, it.. was thought that )
metn i RAR R FuTons &elBrett aits cobilitions hepttfigbu el Bisthane in the
reactioB@6dy &tged the prdduciish & daffon EONGARE the Fealfio\Rls®in bdtomes water
the catal yst reaction m xture. In order to maintain a
produgingyatheyghearvaterseaampipgt Tois changetie an Rveipll watrs peatlucing reaction
. . necessar
systef SRS RRpI ol oSl THY LR 20l W0 PRERGSR e
meth@asios hédction epeésentdd b$ tig @hiedn: URYO RS O at HOO d3fhinates
reaction. However, it has been discovered that under '
(reaciei isgrenter than)yesihe suter powhiil rsastiertepresented Y thesgyatiaons CO +
H,0 RS QQEParbonylation reacti ons which are net
2 prodiucers of water since the nethanation reaction is
greainehtiéRdnbbns thisé Bhdiggsars Dhédpetieaahd ShtrabPbaesdiResorted in
i rcunst ances mai ntain a steady water

, Lo T : 3
U.S. ByRRichE 1t 008 Which és Steed b hpdiemvasly eaialosadavestion systems, there
. | ' 4 Q
orR16, 00 VAT R AORY SPRRAD TR 510
acetateqtugt thodhins cormynibetions, thatphibshdatidyreactidne iwvhich are water producing

mechani call'y or physically or. by chemcal]y renoving
may Q4GHT QU & VAP iARE SRR BOEB AT FHORY Ol Viors 10 wbrieurme. t he

wat er t hrough chenical pathways. To detect when the

net production of water occurs, it is necessary to
EXAMIPLESr the STY's 5 of both carbon dioxi de and

N T L R —

demoPktP&tLieit o BarbBSHATINTBARIBEO NS coridahdREviFEMS i @BntTh¥dnkibR in which

I'n rhodi um based catal yst carbonyl ati on reactions
reactign g gehexpged bh eapelfldr vadds veter caneanzgtionsad less fien 2@ whye. An
expeffSENAH Fuf Q-GN ARTpAlant B HEAK Bl PEblitons ageag o in Table
I. may exceed the production of carbon dioxide and the

reacti on system becones water 10 produci ng rather than

wat er consum ng. This change to an overall water

produci ng reaction system was unexpected and

surprising. This occurs because, at certain

conditions, the nethanation reaction represented by

the equation: CH3OH + H2 -+ CH4 + H20O dom nat es
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(reaction is greater than) over the water gas shift
reaction represented by the equation: CO + H20 -* CO2
WG-2042/04B4As nment i oned above, these findi ngs arBCT/US2003/037020
unexpected and contrary to results reported in U S.
Pat ent 5,831,120 in which it l#ts stated that in rhodium
only catal ysed reaction systens, there is typically
the need to add water to the system It is found that
varying the water, nethyl TABeFsg €, and rhodi um
concentrations, that carbonylation reactions which are
wat er producing nay occur over a water concentration
range qf about 0.1 wt éoto 4.0 wt. % 20 EXAMPLES
The Exdnpl es set 1iﬁ"af‘ft“ﬂl AqIgians o| | owi ng [rabl Presess Rates
rel at ed cus de enpl g de tr ap-pns
Ekarﬁpleko}%y %&?Aécg“@/gns ?r%l accollﬁI ancen}\%\/l&?h 1%?% CHs
present Wh\?/ém wrfoi n| whi%h | ppeact | g r at pSTExceg@yl5 | STY

ot i hr—under. wat congentTatT o] 11 frat—2-0
g:t. % |A*25 exderine ﬁf‘al url f;i : i)]g;'plulj ifgb;njlol-%l 0.03
r ought a steady s ar S no in
gabl e |OT'§ WO 2%34/ ocsaé 6 PC?SE@ 0p37 037 14 %’ﬁgL 0.01
React i ) 4ondi kigons _éqcesc 1$§ es I)}EX b(%@c 0.03

Mel Rh Aci d d ppm DS

BTY STYol70. 4| 807 6. 463613 13328 0191 0. 2 30_?é5. 60.00

6.7 1897 12 40 0. 01 01 3 0.7 5.8 6.1H1793 12

10 Reactqy colitiops for Exgnigessl-4are 37C140024ig0. 01 0. 02 1.

2Rel ET Y valverriptidadis sful//Bxanpl es 1-4 are 195C, 400

3 il geactions iy Kxagples Wane@teghvrwm@iem igdideg-nol /1 /hr. 5 3.

Al'l reactions in Exanples were at 10 w. %/l ithi um

S

wn SRE EXEIPEE dERORPRR ARSI SrEBEL L ORuE B lanation reaction

exceddseha mtecofthe tater wad ﬂnft mstl(shmfthe mmetre th& samel By réﬁbﬁﬁlg the CH,

and (f'({)}gs@is It Exag%élgé \élgg \s,\eﬁieg h S chelteﬁé gé)ﬁ}egl;g@qs Rrgélllctmn nor a
net cGusifiptiBh 08 Water AthOeadioh Qnﬁ@?he‘@@? S'Wte'qﬁﬂs fe C’ﬁg%Y' ®onversely,

this reaction since the CO2 STY equal s 't he
in Examplesrls 8] and 4, ithe @omfp]h@methane&ona{mum as indicatetidbydhe CHg STY

exceeragttﬁear% et (I)chﬂe Wakky tg%:lsos iff ?ealct%jn é:sal}.’l 1cateX byt rhe (%M S"FY It is important to

remember that depending on the reaction concentrations at water concentrations below 2 wt. %,

either reaction can predominate to affect the reaction water concentration which in turn will
affect the acetic acid production rates of the process. In Examples 1, 3, and 4, there is a net
production of water in the reaction mixture and this water must be removed to maintain the low
water concentration at the high reaction rates in accordance with the present invention.
Suppression of the water gas shift reaction in favor of the methanation reaction resulting
in a net balance of water production may be experienced over a range of water concentrations,
rhodium-based catalyst concentrations, and concentrations of other components such as methyl
acetate, and methyl iodide. For example, a net production of water may develop at low water
conditions of less than 2.0 wt. % while operating at reaction rates of at least 15 g mol/l/hr and
with thodium-based catalyst concentrations of at least 1000 ppm. The net production of water is
more likely to occur at water concentrations of less than 1.0 wt. %, thodium-based catalyst
concentrations of at least about 1200, with reaction rates of at least about 25 g mol/l/hr. The net

production of water is still more likely to occur at water concentrations of less than about 0.5 wt.
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exceeds the rate of the water gas shift reaction as
indicated by the CO2 STY. It is inportant to renenber
w0 bai/oaspendi ng on the reacti on concentrati onsSPEL/USEINE037020
concentrations below 2 w. % either reaction can
predonminate to affect the redétion water concentration
which in turn wll 15 affect the acetic acid
production rates of the process. In Exanples 1, 3, and
%, ritbdiunidasedicatabysh ednceftindus bf aieast abwat €500 Fpuh, eIt RAetHInQates of at
Xt yre an this water nust be renoved to maintain the
leaSt%Wt 3 rapl ]él%]fncent ration at the high reaction rates in
ACG MG ol d i PLERP Bondh MR Wl (FHRRL £R&Pher Production,
er ga |ft reactiron In
thererre b naerhioi ednmmﬁadtel oness @muérq)ircv@ced m c&dﬂetb nhm:htamdhe dsired low
wat e roducti.on be ex i enced ove a range o .
reactig GrteERESTAAET Ohe WaSOH R eG4 B PeeallyS by Shemical
pathWRGE BbdRA8drRB smhetﬁéipl%@aﬁ aReh@dd. R saeRharéd %m&%ﬂepﬂﬂe Mafer is
such as nethé acetate, and nethyl iodide. Fo
€ I

chosey éhﬁpW@ter Bay qmmdd:w jaopfariefy Qf/é‘tcéamqﬂiaglkmmbe at fdrgemoval of
ondi t.i ons_of

wate B eSS R B € SR oA oSyt e g pRest ppption. Some

ofthanﬁhouentédmnrdm@ﬂfdmm@@ df e leRbasS (vafed BRANJI el QDT S3fPa€éht 4,008,131,
1000 net production of water is

st
U.S. Pt 3705950 L5, Batenil 69,1 Gy feibe abpomeihons discjeseq Rareforred t in
%4o¢ hodi um based catal yst 25 concentrations of

U:S. i?aQP%é‘ﬁdg%f %q)ut 1200, with reaction rates of at |east

abHotve®s, wethotls 6f ihechailicallyuemovjprgodatet hava nofnywhdesontisgs, including
the r?oélggl | }nleﬂtaq.fe a&bﬁﬁga])&a%g@#%g%t% %itmer ﬁ%‘ecuesg torf zsjllgclhonrl]eschgrfncal water
removHldysieRRQR ARIAAR: cérffen(@laﬁ(;ﬁ)@? tHOPRASE e, stﬁas been discovered

concentrations of at |east about” 1500 ppm
that indaglt icaetionantes uoderdow Wattasondithonst in 30cqdansk /vshﬂlrthe pikénit énvention,

r oducj et C ondi.tigns in,which ther
the RN RT e B B e A B o REP R N oo Apnnds oF the
mechhicll WaleLrdnktiaBHoes&Ss aﬂ@th%rrelﬁbﬂﬂ W€ Qeltelr By @hélfical Puthways is also within
mai ntain the desired low 5 reacti on water

the cepfprpktipn of BiesPresPREinyRRtOR. may be renmpved mechanical |y
O 13He ?H)%Egsgﬂgf whdl {%W 1% 'i MGE 1%6%:)(%:%2 wva\é?r dnay be

presen I nventl on. nl Ca enov
remolvsd by hddieg mettyd aumztte,rdmmmybﬂhﬂe amvie dnbydrley@rmigtute0df these

tec es known i.n t art.for. remmyval of water from
compaynds }03 Efi?‘ﬁil%‘h%“%‘ér ]i“i ?ﬁ%‘“&iﬁ donae n?ﬂ’c?ﬁ%c%’ill?cfué‘%whe reaction
sectibf RULERGLPHWERE BEndeRYAIHni if The rof®Bn s8tichh ?)ﬁfﬁfﬂly? Eiher and methyl

techni ques for renoval of the excess water a
acetatl are lcabedylated th BrodPed @etic 4¢id O8thiRdet casutmpSon PAwetst in the process.

e G i e eiT R e i Sliat R O afr B fEqaction section
throdzh&3¢actid@ of HEMRVERhydritRi e et o ﬁﬁﬂh@éﬁvﬁcﬁﬁlbws DEARVL REid, as set forth
wat er have many shortcomn i ncl udi ng

in the eayliey eayatien. die sefaparatyreaand glgf-.pmatt@]e of ﬁm@ﬁlys{y p‘@lutlon in the reaction
zone%& Raughnlngg %ﬁ: S(Elffﬁ égﬁlgo fﬁ?%ﬂgﬁg@ﬁ gng\@# ee{c t1<f

ysterrs are wt on e pr Sen
i NVlenarmoumt ofthdMelb@msurdlngtagmﬁraddedlﬁ) thdigiaction dec@dn is dependent on

the r%{cg ggfl@g%a é%%ﬁ? fﬁ) npc!lege\gg*\{\q?ed%;{\;gﬁ 1§ %]t,yle?rgtgs OP the methanation and water
gas shift reactions in the reactor zone. However, generally, the amount of water consuming
agent added should be at least stoichiometric with the water produced in the carbonylation
reaction in accordance with the equations shown above. The water-consuming agent may be

introduced at various locations in the process. For example, the water-consuming agent may be
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t he excess water may be renoved entirely by chem ca
pat hways. A conbination of the nmechanical water
WO eomwels4r ocess and the renoval of water by chPeniszin3/037020

pat hways is also within the contenplation of the

present invention. In the prbtesses of water renpval

by chem cal pathways, the excess water nmay be 20

renmoved by addi ng net hyl acetate, dinethyl ether,
intro@@ed irto aehyaltortene Mashdrdons, @ i0the tphESieati ROBRO HO s b9t is

the reaction section, The addition of one of these
evenigaliyisgrieled toghe praciosa Howgrer, waretuion of arcwuaet-eansymingragent may be
convEFERRME Anbihel Ash 85 (HERELRET SRORE S IRLEYN 1 EhilRlsto0d thar
refer@ck tb wdditg the vetterconsumipg agent of theadaetion sectibe inphalee additions to

The_additi on of acetic anhydride reduces the .
streag A B PFORETO AR WTAtely e RS 1 e Ta5H08 seqtiopgs 3l as additions

direcHPEPMYReR b 26d BTRherdbfl i ¢ anhydride and water to
produce two noles of acetic acid, as set forth in the
edt hasdreerdisaovayed thihidse ndditien af water eonguining agattstethsfreaction section
. the catalyst solytion.in.the.reacti.on . zone and the
in aogqu oA o R iy PSRl PRy S P Statetfns o wate
concé@ftitibhs £RY dI0 we %. Thkis aodtof Watdrivalansd edtP R Acory in reaction
agent added to the reaction section is dependent on

systepi aising raodipmhpsedeatalyid sEyterpy Havaien coRCUtaEpR ¥l@ Y vi-He in the
| ati rates of the nethanation and water 30 gas

]Badgﬁfﬁ%l¥§actions in the reactor zone. However,

gehid patehty andl peblivationd reffredad Beremans herebginggoiatadisiedtference in

. shoul d be at |east stoichionetric with the water

ﬂw“ﬁ?@@ﬁ%%d in the carbonylation reaction in accordance

Wi AT JU8 (ROBRLLe ﬂﬁreﬁt‘i‘kﬁi’%dq{%%@anﬂ%Q AR Bden GROZ MY ﬂﬂdetaﬂ, it

agent y be introduced at various locations in the
shouldrteamdststobd thas waripisechanges, swbstdntiasnsudiltegtage neuldhy ntade herein

witoq g BB 7 FECRAP S BRI BhTY P dBle i claims.

zone as long as it is eventually recycled to the
react or. However, introduction of the water-consum ng
agent may be conveniently acconplished al so by
introducing it into the nmethanol feed. It is
understood that reference to adding the water
consuni ng agent to the reaction section includes
additions to 5 streans of the process that are
ultimately recycled to the reaction section as well as
additions directly to the reaction zone or flasher
zone. It has been discovered that the addition of

wat er consum ng agents to the reaction section in
accordance with the present invention is useful in
rhodi um based catal yst reactions at water
concentrations above 2.0 wt. % This nethod of water
bal ance control is satisfactory in reaction 10 systens
usi ng rhodi um based catal yst systens at water
concentrations up to 5.0 wt. %in the reaction

m xture. Al patents and publications referred to
herein are hereby incorporated by reference in



their entireties. Al though the present invention and
its advant ages have been described in detail, it 15
wa@ bauloabshe under st ood t hat various changes, PCT/US2003/037020
substitutions, and alterations could be nmade herein
wi t hout departing fromthe sé?rit and scope of the
invention as defined by the followng clains. WO
2004/ 060846 PCT/ US2003/ 037020 17 CLAIMS W claim 1.
A process for the productiChAéMSacetic acid at a
space-tine yield of at least 15 g- nol/l/hr, by a
catal ytic carbonyl ation reaction, conprising reacting
We chig@npound sel ected from the group consisting of an
al kyl al cohol and reactive derivatives thereof, in the
prbsencé pmcesa:@r Bsrprodustien dBacstid acid aha spasevtinassyield of at least 15 g-
ol B ¥ She S P ot RaGon Gl oo B omugapa flected from
the gﬁiupb@ﬁﬁﬁtm@(lﬂ'@nmﬂlml afcoBoll dactitd @tvadvdstReReot REthE HRUPace of
consi sting of rhodium and conbi nati on of rhodi um and
carbqry peRQRi© i 4 158t e -basd satalist sygamaneneaction minturdeherein the

" % {e
AL O e 20,0 08, 2L AR STFLSl B o
the g%upZ:DnsTttmgp]fmh@thg mchzmﬂnﬁﬂr@ﬁ@f viddiurehad ridiumhgriedide ion at a

t he .hal o en [

a concentration of
concgiGtips 1 BeREedH BBoUFda L0 2 b ML« hAlGgen PRI GIgL e oRcentration of
aboutm. 6Wr%to%bod|ﬂ3@ PReegss in accor dance with Ol aim 1

wherein the reaction m xture conprises formabout 1.0

w2 % tHlOHbOQﬁSS goagondenceite Chan lagkdreinaghe ldalog'qu:)romotm is present

L S e

aI 3<y| Hf 1eQi6dess & i&bﬁl@ﬁ‘@i witlClalh @ WhREIBe féfactgrﬁhiﬁuﬁe comprises
rein the reaction m xture conprises |ess than O.

form\ﬂ;bout log Wht'eto aheut 39. Olvﬁa%tmqtbl)]@%fﬂm of the
rhpdi u nT ﬁ&iesg gf é{aﬁ’rﬁ% V§l¥e§%lﬁ ?ﬂe halo H%r&m&%ess e&{l?gﬁocgd%

5\Nhere| e reacti on m x r ses
WA. %'D]l&tp&bceamdf @laith dasglierdif QiR embyhadlfohbhg néatignpl. VI | |

. The ss of Cl.aim5 wherein the
péace t f9‘?eé$ apégﬁmﬁh‘@%?la dhscerdsingnixire £oraprises jogs than 0.7 wt.
% waggf%ﬁ%t feaamsé@ 9# tn OFFh DRk éaﬁed Eaa@g%%teﬁp

he process of Caim erein the
S p’bc e- tThmorWeﬁii af Cblmﬁhdlepﬂfln dwdta@mnmmxumetmmprms leds than 0.5 wt.
or about 40 ¢
%wat%r ﬁ%ﬁf tmfggp %31999 oglg ‘'m 7 wherein the

smace- tTl’Iéﬁ)rMe@b 8f €Rim 3cetidréin @ s@aw 96le %/lél@ for tﬁ@ﬁl@@x%ctlon of acetic
fromabout 30 g nol/l/hr to about 40 g-nol/1
acid ranges from about 15 g-mol/l/hr to about 20 g-mol/l/hr.
9. The process of Claim 6 wherein the space-time yield for the production of acetic
acid ranges form about 30 g-mol/I/hr to about 40 g mol/l/hr.
10. The process of Claim 7 wherein the space-time yield for acetic acid production
ranges from about 30 g mol/l/hr to about 40 g-mol/l/hr.
11.  The process of Claim 6 wherein the methyl iodide is present from about 5 wt. %
to about 10 wt. % of the reaction mixture.
12.  The process of Claim § wherein carbon dioxide and methane are produced in the

reaction mixture and wherein the space-time yield for the production of methane exceeds the

space-time yield for the production of carbon dioxide.



11. The process of Claim6 wherein the nethyl iodide
is present fromabout 5 wt. % to about 10 wt. % of
WO b@4/06emad i on m xture. 12. The process of C ai P€BUS2003/037020

wher ei n carbon di oxi de and net hane are produced in the

reaction mixture and wherei nl8he space-tinme yield for

the production of nethane exceeds the space-tine

yield for the production of carbon dioxide. WO

20181/ 06AAsccRIbt WBA0&I B3 02 ketid Bcill Dy AAraPbR§BSidn kktion in a

t he production, of acetic acid by a carbonylation
systepeeRIRRTiSiNG dreactionseption askamurdicaloreseriers comrisiag theotteps of:

r S :

@ (BB Rl Rahd M SEEhb A The EOTRENRe 005 BUGPRo8hol and reacive
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acid ig@glepgt 15 g mol/l/hr.
22.  The process of Claim 19 wherein the space-time yield for the production of acetic

acid is least 20 g-mol/l/hr.

a rea

23.  The process of Claim 20 wherein the space-time yield for the production of acetic
acid is at least 30 g mol/l/hr.

24.  The process of Claim 23 wherein the methyl iodide is present from about 5.0 wt.
% to about 10.0 wt. % of the reaction mixture.
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