2010P0059-PCT-CIP[2] PRODUCTION OF ACETIC ACID WITH HIGH CONVERSION RATE
CROSS-REFERENCE TO RELATED APPLICATIONS [0001] This application relates to US Patent
Application No. 13/231,205, filed on September 13, 2011, the disclosure of which is hereby incorporated
by refereneeldHEIsD-RIF -CHRJNVENTION [0002] This invention relates to processes for producing acetic
acid from carbon monoxide and, in particular, to improveﬁ_ earocesses, which react residual carbon

monoxide to form BWQTAQHC%iﬁﬁﬁJé %@@n\é/{ b2l CoRPEfSEPIPIE A Bon monoxide
feed. BACKGROUND OF THE INVENTION

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application relates to US Patent Applicatiam M3/231,205, filed on September

13, 2011, the disclosure of which is hereby incoaped by reference.

FIELD OF THE INVENTION
[0002] This invention relates to processes for producoegia acid from carbon monoxide
and, in particular, to improved processes, whiatteesidual carbon monoxide to form

additional acetic acid, thus improving the ovecalhversion of the carbon monoxide feed.

BACKGROUND OF THE INVENTION
[0003] A widely used and successful commercial processythesizing acetic acid
involves the catalyzed carbonylation of methandhwarbon monoxide. The catalysis
contains rhodium and/or iridium and a halogen priemdypically methyl iodide. The reaction
is conducted by continuously bubbling carbon modesthrough a liquid reaction medium in
which the catalyst is dissolved. The reaction medalso comprises methyl acetate, water,
methyl iodide and the catalyst. Conventional comumaéprocesses for carbonylation of
methanol include those described in U.S. Paten8N&9,329, 5,001,259, 5,026,908, and
5,144,068, the entire contents and disclosureshiadlware hereby incorporated by reference.
Another conventional methanol carbonylation proéeskides the Cativa™ process, which is
discussed in Jones, J. H. (2002), "The Ca¥Varocess for the Manufacture of Acetic Acid,"
Platinum Metals Review, 44 (3): 94-105, the ertoatent and disclosure of which is hereby
incorporated by reference.
[0004] During the methanol carbonylation reaction, by-picichases build up in the reactor
as the crude acetic acid product is withdrawn anflasher. The build-up of these gases in the
reactor is often controlled by venting an off-gas the reactor to keep the carbon monoxide
partial pressure in the reactor at an acceptalbtd te maximize catalyst activity and stability.
The vented off-gas may comprise carbon monoxicet end by-product gases, volatile
halogen promoters, acetic acid, water, unreactatianel, and/or methyl acetate. In most
methanol carbonylation processes the off-gas isgased in one or more recovery units to



[0003] A widely used and successful commercial process for synthesizing acetic acid involves the
catalyzed carbonylation of methanol with carbon monoxide. The catalysis contains rhodium and/or iridium
and a halogen promoter, typically methyl iodide. The reaction is conducted by continuously bubbling
carbon marrm®ireayiTER|uid reaction medium in which the catalyst is dissolved. The reaction
medium also comprises methyl acetate, water, methyl iodide and the catalyst. Conventional commercial

processes RAREDUIAHFIAIIRERENBAIR R RFRISSRULRRANEE AT O MeHIBRPNEY/P6 818595 001,259,
5,026,908 aaBthfe it GBRIINEBRE FeceniaRis coiv shefas ot whink assBereRy e prBiRey

reference. Another conventional methanol carbonylation process includes the CativaTM process, which is

discussed TRCRYFEX URItS TPRY025, PHgee Rt Be6ted Ladhéhy RisRLIR QDR BF A catRRL iBapBItYinum
Metals Reygwx4ffhe: Shali@eolid puiiieiserieisadidisrEs uke 8f pduen0o3dBgebimeorporated by

reference. 0004(]%[%urin%the methanol carbonylation reaction, by-product gases build up in the reactor as
the crude 409R G046 baiRG R GPIARNTSE 2 rASAIQS HERH RIS PRYS DS YRUERAY reactor is

often contigiegbRyeventing an off-gas from the reactor to keep the carbon monoxide partial pressure in the
reactor at an acceptable level to maximize catalyst activity and stabilitﬁ. The vented off-gas may comprise

carbon mdf80%Je, Ha-FAEM N cuddt (28R JiSHRERS A Geh B heeariydav & ednreacted

methanol, ginsiay meeiybecatrteationeabR ien el hastiattoproteesagsitithalfcaasdnpetiesssed in
one or more recovery units to 2010P0059-PCT-CIP[2] recover volatile halogen promoters, acetic acid,

water, unr@RE4FirlethZREHGAGRY HARRITHRRa RS KNPPERE A th RN &Pt Snisb Y Al¥ G SHFRARBactor.

The gaseqoabPpasa putintshiefesaumesy pricedeshBaurded angie seatedrihatiaskelciessas! to
enhance catalyst stability, An example of a recovery unit is described in U.S. Pub, Nos. 2008/0293996

and 2009/6 P05 1MREHIRF ALY YR HEIEY FRAHGLRAIE ISy TiHESHBRRYH ST rdfidhce.
[0005] US Rajené Neesehil ih @Rt dispiererdhatian: ipé-gaalifsundheicasipeaayye ek dirgribtivsa

second reactor, along with fresh methanaol, toFFroduce additional carbonylation product, i.e. acetic acid.

The off-ga@ @& KAdARE Shitheu MSHEREHIE RERCEGE YRR U AINET[BU08T ACBURSHIOR Saehiid

pro?essesubwélgdm%c@tim@ﬁ@ impdHﬂbff.o@dﬁ@éﬁﬁ@tﬁl@ﬁﬂﬁﬁ?ﬂt@:hﬁﬂﬁﬂé?ﬁﬁ%ﬁlm\ﬁm 2 high o
quality acetic acid product, These impurities, which may be present in trace amounts, affect the quality o
acetic acid "BUHHEIIN Hﬁ{t‘?etriﬁ%mi a%eé\Fc%‘féae%r ﬂ%‘{é‘g%mévf%h%%{é ) #Ri2A%9fmong other

things, canaggoliré sherbadchygrogentimatef thesaamyly aidsaroon eatinnas pafiticaaiktecitpigues to
remove these impurities include treating the gcetic, acid praduct streams with oxidizers such as ozone,
A L g R e A T L A
or may notrigpicanybinednyith éhsudistdiadonthéibeapsustalarsaite agitlairpdugs MypicahdehsingdhRises
purificatiori, ther§ are several ven,L , which uragrﬂnon-condensa le gases formed.in the reactjr. The

vented gal®dMHdyThHBr 0Ly SY@SB@@@ B 1B A SRR h bR AP HEM HURBJRERIE A as the
halogen pigsiipigp@isteseieeringd)sticRuls tNe. 1004 pRIHES thesenteddantest @ubdiselosure of

which is her ' ated by reference. The vented gases, which also.contain carbpn monoxide, that
pase oL OB PG O B e Ry AT P SRR S (SRS BY IR E RSB esents
a loss of theheeastasts gEX¥3] Wichlteikstativa tal i toprichpbaskid gihes dhicargio nyatiecopergassitiare
described jn US Patent Np. 6,617,471, the entire contents and disclosures of which are hereb
incorporatb PR EIEHEE o SaSathnd o RSB {1 AEIMERX S 5B SSRAe S AT5 R LA for
producing [B8ET anth cardmativeac dedriuitepbiasesneormansing roatynaprpicalssitote sonwee dliky Usicohol
generating compqunds, Ixtyres thereof. The method includes coptacting the reactants and carbon
romoxide HAACA BnOIEHa ind s S ELF A S RHSPEm L MDA EBE RO TR L Bty
having a crstdytinady ¢ffeGtiveaNgre, 6l iTidizindisidse s eeqajates osithon pali s andshodafierial.
producing esters and carboxylic acids from reastaamprising lower alkyl alcohols, lower
alkyl alcohol generating compounds, and mixturesdbf. The method includes contacting the
reactants and carbon monoxide in a carbonylatioe od a carbonylation reactor under vapor-
phase conditions with a catalyst having a cataifiieeffective amount of iridium and tin

associated with a solid carrier material.



2010P0059-PCT-CIP[2] [0008] In view of these references, the need exists for improved processes for
processing vented gases during the purification and separation of the crude acetic acid product to recover
reactants and improve the efficiency of the acetic acid production. SUMMARY OF THE INVENTION
[0009] ThepresersHPEENGON2S to processes for producing acetic acid. In a first embodiment, the process
comprises the step of r_eactinﬂ a first reaction mixture in a first reactor under conditions effective to

produce al& adBrdawia’ {eIHENFSErdBERAFMBXITE (BRINRSY BERSSATBRBXRFE BH0%! least
one of metqanetiagesadifihag thepirmbmiorhar aepts s dhe cromePsses briatprodRiceep aeat@the

crude acetic acid product into at least one derivative stream comprising residual carbon monoxide. The
process mBPEISNEANE BN B8 Sffieignfygch LS 8RB RERFHGHBRure in a second reactor to produce
additional acetic acid. The second reaction mixture comprises 1) at least a portion of the residual carbon
monoxide in the at least one derivative stream and 2) at least one of methanol and a methanol derivative.
Preferably, the second reactor is a hM%BJSQ&&E%EAHH FHYHEWNd reactor operates at a low

carbon mqogyisie PRREahRISSHHIBYEtioRECRFEDEAEREE BPRRXiRP@Italdresrkeriegs than 1.05 MPa.
[0010] In another embodiment, the process comprises the step of reacting in a reactor a carbon monoxide

feed, e.g., ATOREIREREINFHIRSEER COMRIRFELHS FERPI9eEbr! SeARERAAYKEE 1 AdNRABPARHvative
under congiigas frfivadeneedvead sralion Rvduet aatia protsiearhe TistRamiv Rradues

comprises a crude acetic acid product and the vent stream comprising less than 60 mol% carbon

monoxide SOFBRISER CHRIR RABANHERIL AL ISAR Qo RldneHRBd AR R AP HYECibRSs
conductedpbaeer hathaoasgases tiad RiepsUsE depathtngh (fe MEai BiriE pIESE B TAONAS one

DRAWINGS | . . . : .
derivative stream comprising residual carbon modexiThe process may also comprise the
step of reacting a second reaction mixture in arsgceactor to produce additional acetic acid.
The second reaction mixture comprises 1) at least@on of the residual carbon monoxide in
the at least one derivative stream and 2) at masif methanol and a methanol derivative.
Preferably, the second reactor is a homogeneouwresand the second reactor operates at a
low carbon monoxide partial pressure, e.g., a cgaetrbon monoxide partial pressure less than
1.05 MPa.

[0010] In another embodiment, the process comprises dpeatreacting in a reactor a
carbon monoxide feed, e.g., a lower carbon monociaeent feed, and at least one of
methanol and a methanol derivative under conditedfextive to produce a reaction product
and a vent stream. The reaction product compasgade acetic acid product and the vent
stream comprising less than 60 mol% carbon monoxiRteferably, the reaction in the reactor
is a homogeneous reaction and the reaction is cv@diat a carbon monoxide partial pressure

less than 1.05 MPa.

BRIEF DESCRIPTION OF DRAWINGS
[0011] The invention is described in detail below withereince to the appended drawings,
wherein like numerals designate similar parts.
[0012] FIG. 1 is a schematic diagram of an exemplary @®cemprising a homogeneous,

high pressure, liquid phase carbonylation secondgagtor for processing a purged derivative



[0011] The invention is described in detail below with reference to the appended drawings, wherein like
numerals designate similar parts. [0012] FIG. 1 is a schematic diagram of an exemplary process
comprising a homogeneous, high pressure, liquid phase carbonylation secondary reactor for processing a
purged depevairR@s20AORPOPEY-PCT-CIP[2] stream from an acetic acid purification section in accordance
with an embodiment of the present invention. [0013] FIG. 2a is a detajled schematic diagram of an
exemplarySHEHE HO0 50 AG&iisrasie RuedicatRn SatieRTLaN:E Mihap SRR IRgI Bhifises a
homogenasrgshidinsageure, liquid phase carbonylation secondary reactor in accordance with an
embodiment of the,glresent invention. [0014] FIG. 2h is a detailed schematic diagram of an exemplary

acetic acid &3ictfoPprtisg datailethefireatc diarartdh PARBRRSAHCBRTh RERLUE HBIMOogeneovus,
high IOfefSSHlF@e_éi%',iQvﬁhﬁﬁﬁ‘léﬁf&w)’é%t&i@)ﬁ%ﬁﬁd’gé\ﬁéféﬁ&mfdm%5@@@%%@@%@!%@%@%@0?@?
present Imlliantilcclj r[;'hase carbonylation secondary reactor imetance with an embodiment of the present
invention.
[0014] FIG. 2b is a detailed schematic diagram of an examacetic acid production
process, which includes reaction and separatiahcamprises a homogeneous, high pressure,
liquid phase carbonylation secondary reactor imetance with an embodiment of the present

invention.

DETAILED DESCRIPTION OF THE INVENTION
Introduction
[0015] The present invention generally relates to the gpecodn of acetic acid from
unreacted, e.g., residual, carbon monoxide thatlmegyesent in one or more derivative
streams of a crude acetic acid product. The d&revatream(s) are obtained during the
purification and separation of the crude acetid @acoduct. For purposes of the present
application, the separation zone refers to theqoudf the process that purifies or separates the
crude acetic acid product. In a preferred embodtntae derivative stream(s) are vented gas
streams of the separation zone. In one embodirtlenprocesses of the present invention
advantageously increase the overall carbon monaffdgency by utilizing the residual
carbon monoxide in the derivative streams to fodditgonal acetic acid. In another
embodiment, the processes of the present inveatlwantageously reduce the amount of
carbon monoxide that is purged or flared from thefigation and separation section.
[0016] The present invention, in one embodiment, reladesgrocess for producing acetic
acid. The process comprises the step of reactfingtaeaction mixture in a first reactor and
under conditions effective to produce a crude aaatid product. The first reaction mixture
may comprise 1) carbon monoxide; and 2) methanbloara methanol derivative. The crude
acetic acid product comprises, inter alia, acetid and residual carbon monoxide. The
residual carbon monoxide may be dissolved and/waied in the crude acetic acid product.
The inventive processes further comprise the stépsparating the crude acetic acid product



DETAILED DESCRIPTION OF THE INVENTION Introduction [0015] The present invention generally
relates to the production of acetic acid from unreacted, e.g., residual, carbon monoxide that may be
present in one or more derivative streams of a crude acetic acid product. The derivative stream(s) are
obtained dzoingabeomaification and separation of the crude acetic acid product. For purposes of the
present application, the separation zone refers to the portion of the process that purifies or separates the

crude acetid@@H!BRASHARS IRCA REKS FHFEMITITRES ERPELT /BRI BREKITS) BRAVEREIY R GRUM s of
the separaiepraoneniltreaeBBesinanbAbRPEREERERAGEIR RIRSEIdTYasiRN a6 aRimaparsdnsTease

the overall carbon monoxide efficiency by utilizing the residual carbgn maonoxide in the derivative streams

to form adaflifnal PR SECARHGALIRAABRUFR SRR St B AR08L08: Oh IS ERRIAL ARG

advantagegidsiierdLieeeesfneadnbab cishoativeBe SR Rptds thara hat ftrathieana e gerifigaien and
separation section. [0016] The present invention, in one embodiment, relates to a process for producing

acetic acic-$hd i BBASCERRmethy QB b ReIBYh P I AR r e O A atqr s Pre @b i Ender

conditions gftesity ectlacpsp i aeharabishacataesildrofpbafdra fissireanton reixbioe cagygrpmprise 1)
carbon monoxide; and 2) methanol and/or a methanol derivative. The crude acetic acid product

comprisesTIRRPAS PRLAL ISESHR HOSHE SecaRdAeAcKBTadNand MR SdoltRo I MRS be

dissolved ang/onannadneebi) thesomgle @uetivaeidpreedaldine i1 ventiuensrotesageJuitecreeptaprise the
steps of separating the cr(ide acgariiC acid product 2010P0059-PCT-CIP&2&into at least one derivative
stream cofIRIRJTIRARIIAE RABIR REFSHELNaN JaRAE YA NOEMIPrL MR He PP OINY Féhctor

and undertgonaiiri Srefie clivevip Rroddcevidditienal CUE MEd. I3 #1secUIdeacios iX3Urs, cpmprises
1) at least a portion of the residual carbon monoxide in the at least one derivatjve stream; and 2
b deRPHRY i

methanol SR&EMPRRAASAbIHEICRAFRT EJPIMIR IR hECARRER MORRY ea%;ﬂ?'

dimethyl cprbesate.ifeeferabipdbe setandaeantbrdaddiveip@epeoisy eaatesr lof prefaikesh eonbaciments,
a reactor carpon monoxide partia preiguree&in the seﬁgﬁgg reactor) is less than 1.05 MPaF%gé., less than 1
MPa, less #IKOGRYBTURY GRRYYEHABL CACIALS HSHEHB oM ALY & M GHAN AR  tor carbon

monoxide ppetiatedy edshice lovaydaoge bamoh 00ondkidd papheskiire, e foanréadiloMator MPa, from
0.1 MPa to 0.9 MPa, from 0.005 MPa %o 0.15 MPa, or from.0.05 }ol%ﬁ&ééq one eanbodiment, the reactor
15 f

carbon mARSRRE SR ARG RIEHHIE UG RS THER SREO S EmA| A& e A eS8 cond
reactor. Undiketthre fivinarsy @achomylate coveetioo @l dbffaliksnnenvahiseat caveatipladior seantoisilthe

inventive sfeconi?rl‘y%carﬁ]%wlation rEanct r opgrgﬁgtes with a low reactor carbon monoxide partial pressure.
The low reggt%rs SO Bgi%uﬁ 4 Bres 8%}‘?9@%' PLSRoEFoN is significantly different from

conventiorad1gactarhézah onap canbdisy@iereon vemposialgdff yas wheeaudys. thaesaitadsieaniiboal reactors

izt e e D650, BECRE SR LT R BresStiSReids can be achieved
even when the second reactor is operated at thedagtor carbon monoxide partial pressures
discussed above. In one embodiment the carbon xra®oonversion in the second reactor is
at least 30%, e.g., at least 60%, at least 90%t keast 95%. In one embodiment, the
selectivity to carbonylated product(s), e.g., acatid, methyl acetate, and mixtures thereof, is
at least 20%, e.g., at least 60%, or at least 9bP6ne embodiment, the acetic acid selectivity
in the second reactor is at least 20%, e.g., at B@Pb6 or at least 90%. These conversions and
selectivities are achieved by employing a homogeseeactor as the second reactor.
Conventional reaction schemes, e.g., heterogerreauators, typically require significantly
higher reactor carbon monoxide partial pressureglieve similar carbon monoxide
conversions, acetic acid selectivities, and progligts. Without being bound by theory, it is
believed that the use of a homogeneous reactavsfior reduction or elimination of a reactor

vent stream. The reactor vent stream vents fr@wehctor by-product gasses, which typically



[0017] It has now been discovered, surprisingly and unexpectedly, that suitable carbon monoxide
conversions, acetic acid selectivities, and overall product yields can be achieved even when the second
reactor is operated at the low reactor carbon monoxide partial pressures discussed above. In one
embodimertittrocssiraT ramzixide conversion in the second reactor is at least 30%, e.g., at least 60%, at
least 90%, or at least 95%. In one embodiment, the selectivity to carbonylated product(s), e.g., acetic

acid, methPBEE RN QHATFALGRERINARAROITS I ERE SO YECATS A e Bt 1B CANKRIYh, In one
embodimenédheqeeriis aritasiontbiheindae S5canflIEIGIRIEEAIdeascRheRtGirablnawr60% or at least

90%. These_conversions and selectivities are achieved by employing a homogeneous reactor as the

second reSHBINHA HRiIEAAFIYaLEBhLtSRIMESTIEEY) HEREPOGMEROX N IS HENtSHi BNy HRERFacess,

significantly §igheiteactkidcatrve ifienaXxide ipaptiel egessures to achieve similar carbon monoxide
conversions, acetic acid selectivities, and product yields. Without being bound by theorg,Fit is believed that
t

the use of @HEthodBrHBE R PERERFSALINS BrERRIIEHIHETRBMONiS B AT IEdHBIRHIhe
reactor vepkatinganetHe toardhe sesstomeyroxritlebarsasamvalsiagavcally irdpASRROSIrBed -CIP[2]

contain amounts of carbon monoxide. These vent streams are required in conventional heterogeneous

reaction s&IBRALMEN GG AL ¥R ANexds CoBNELRERS 1 IRFRANAESIAR ALARGINER: stream

entirely), lesgeashnpiBRitexdedssyeieifram e RieteA eI n@sion, NStk ipnsrare improved.
[0018] In the processes of the present invention, less carbon monoxide is wasted through venting and the

overall carBORRHHROLR LBTRATIBAGL ALY S GTRIIM FRBFREOT Sko8m & H@ﬁ‘&rﬂ%yo@@%?%arbon

monoxide gRHVOIPNe glaige tadhthaarysysiapaitthahail Bagibarmeamddeired stream in a first
reaction and the conversion of residual carbon monoxide in a second reaction. Overall carbon monoxide

conversion8019¢ pRRAINEFEARE AN Y EACIYrEADOM POISREIRRA REFPUIT O SIING RJRSRBE than

99.5%. [0GAYEAroANEIBRr thensittoHie rea Ieia WeCapeeatdonamdle RAriet Ssars WrARIthsKsesent
invention allow the second reactor to be operated at lower overall pressure without risk of significant

catalyst pre@pieaoh RN PR RIS LN SARG D ARERLR G b PR AHAIES HIRAY BERSHRYSIE
catalyst mayehsrsoieeied 2atkiosy aled, ifedolee indhearsty ary [apsiarinBeeapse s realelyst can be

more easilé collected and re?/cled, tta%need for Elasn%%stre of the se ondﬂeagéor is reduced or

eliminated SR MNISratRlYSH AN SRR CastvyQ ¥rieshitareaarshiaha Pashfbn mixture of

the secondryyieaetanoahbss et redandionrsecydadiadiaiprimary reactor. In one embodiment, the

process further comprises the step of separating the crude acetic acid product to form a catalyst recycle
i a8 frshiraR

stream. AW 8 ERERIEr PSRRI ShEg AR PIRALEUBIREIEACHY XU Rher or
a light endgedesondagy reacenm@dioradbectadiartl/eamt it eher phtnaay leasitarpariensf the catalyst

carbony at HHEAEER G S B0 HIER, CoTIH SesATRE G O TR LERSER AR CHEEH om

flasher andodiseeteddat st esoysiarstreastorAs such, thalyst that is present in the crude product may
be separated, e.g., via a flasher or a light entlsrm, may be removed from the crude stream.
Preferably, at least a portion of the catalyst cexgtream may be directed to the secondary
reactor where it may be used in the secondary ogtaton reaction. In one embodiment, a
slip stream is taken from a light ends column anftm a flasher and directed to the
secondary reactor.
[0021] In another embodiment, the invention relates tooagss for producing acetic acid
comprising the step of contacting with at least ohmethanol and a methanol derivative a
carbon monoxide feed stream, e.g., a low carboroxida content feed stream, comprising a
low concentration of carbon monoxide (as compapezbhiventional carbon monoxide feed
streams), e.g., from 10 mol% to 95 mol%, from 25%mt 75 mol% or from 40 mol% to 60

mol% carbon monoxide. Preferably, the low carb@maxide content feed stream comprises



[0021] In another embodiment, the invention relates to a process for producing acetic acid comprising the
step of contacting with at least one of methanol and a methanol derivative a carbon monoxide feed
stream, e.g., a low carbon monoxide content feed stream, comprising a low concentration of carbon
monoxXxide fasoeonyeered-tripnventional carbon monoxide feed streams), e.g., from 10 mol% to 95 mol%,
from 25 mol% to 75 mol% or from_40 mol% to 60 mol% carbon monoxide. Preferably, the low carbon

monoxide EBAtEIR fBaYa{R-aRPEbATH AXIS0 S8R OXYIPHEELIIRS Hopa 85! RERSH 2 NE78nolos

carbon mangee o e drRER| faerpSH@sE 8 JvrRAR RATAIIPKIHS RO RNp iR aEl Preasisoptionally
have a carbon monoxide Qartial pressure of from 10% to 95% of the tqtal pressure of the derivative

stream(s), T, Hh 195331 /498 SPIRORTABSH R Y96 AENSARY SRS S IBAM 28 MEMERIe feed

stream preferlpeOHBERS IRsteHan S3imedYaisaIbANcARRMNIRI EFedasstibam %Qém%wess than 70
mol%, less than 50 mol%, or less than 40 mol%. In other embodiments, the low carbon monoxide feed

stream haSYYAISER FondiAieIoaral’cRN08 o8 exiicdedh dranedd mairessne Bathé I %ebon
monoxide [essithlAED. A% |ass|#3aniEYa dass WanH Gimelfss thanS0He Ress Buanmefoxfmain, for

carbon monoxide to be reacted with methanol to form acetic acid, some amount of carbon monoxide

should be {524 EHEATHRASAGH ROSHBAREASERAHEARr e EEEERATD R OB SN BRoSHEG A dGream

may Conpmdaﬁ?@uﬁ#@g@ﬂﬂég@@@@ﬁ%é{hf%@%m maﬁ,t@éﬁaan&m%é%ﬂ&mrgb%! aﬁléﬁgl% or
greatert an 1 mo %, or the carbon monoxide eed stream ma ave a carbon monOXi, e pa tia ressure
o roator thAa8 %1 RGta Qs GELEPD SRR AL Qi GAB N TE A LIPdHM AL UG ALt SALTEO 5%

or greater gmoutrofldgisainaomrrixisiaebsatrase max ddshe haamoritefdet exammpie, Fagthanol
and/or a methanol derivative, e.g., methyl acetate, dimethyl ether, and/or methyl formate, which is used to
I g g G B VAR L T s A
carbonate afiwuintvgeiate reae ss1r easis | Qvecasi ehan @B XXigs geest stitamd, epionalythbtednsdfrom
vented gases, and thus avoids the waste thereof, Preferably, the contacting step is performed in a
homogendBaLo8S JPer HIEAMRBAAROVE GGasa0 AR I R Wi SR e b Wb cess
for produciogahpedicsace sfahmp lisingdhs atafpnbeiid detiaget @A ot sz000Hae Bedamdge kastione of
methanol ethanol derivative under conditions effective to prqoduce a reaction product comprising a
oo acet ol Sae s OO e S SRR DR T AR XA SR B o &
monoxide meghdrsbdben=ivenely., egthidsscdtancbdimelitlytessitvan 2fzthyl Yoy featethahid® imalédless
than 5 mol%:; or less than 1 mol%. |n terms of ranries the vent trﬁfm m C%E] riseﬂLrom 0.1 gml% to 60
b G050 38 0hes

mol% carBSPRISHESiAR %G UGBHIICHBREIHSY b Eh < FHIBRN MEsag fRY R Sn BIR¥ O
embodimediinétb yeardrbtsaate. @b e ioathtivenpruexids isambiatiarbesutelassidesie & ¥rebths, total pressure

reaction SR IMLE UG A F AR 0 e B AR NBIREE 2 S BRULSLIE less than

1.05 MPa.catHB00 %P T petRiZhed in a homogeneousoeat discussed above.
[0022] Also, an additional embodiment relates to a proé@sproducing acetic acid
comprising the step of contacting a carbon monofeded and at least one of methanol and a
methanol derivative under conditions effective toduce a reaction product comprising a
crude acetic acid product and a vent stream. €héstream comprises low amounts of carbon
monoxide, e.g., less than 60 mol%, e.g., less Hi¥amol%, less than 25 mol%; less than 10
mol%; less than 5 mol%; or less than 1 mol%. tmg&eof ranges, the vent stream may
comprise from 0.1 mol% to 60 mol% carbon monoxéalg,, from 1 mol% to 50 mol%, or from
5 mol% to 25 mol%. In another embodiment, the wdr@am has a carbon monoxide partial
pressure less than 60% of the total pressure ofghestream, e.g., less than 50%, less than
25%, less than 10%, less than 5%, or less thanTl8é.reaction is conducted using a

homogeneous reactor and at a carbon monoxide Igaetssure less than 1.05 MPa.



Primary Carbonylation [0023] The features of the present invention may be applied to any suitable
carbon monoxide/methanol carbonylation process. The process conditions for the primary carbonylation
reaction in the first reactor (and those of the secondary carbonylation in the second reactor) may vary
widely. Asamerexaspts;-aethianol and/or methanol derivative(s) may be reacted with carbon monoxide to
form the crude acetic acid product, which comprises a major portion of acetic acid. [0024] Preferably, the
first reactoPENRRSHHEODVIBHAR tank reactor ("CSTR"). When using a CSTR, the catalyst is dissolved in

the reactiqp@giyentaaddiaic 8\etRagiaseraraniBanesy e ap s inesirdiowaippRotiom as

reaction raw materials and made to react with one another. When a, CSTR is utilized, the CSTR may be
adapted tdHPAIABERIBRAGh HRABHAIPRPERFERN HeR iBPSeRYIHe 2% Ioh YR iBlAYugh the agitation
device is nejrirsiyjretomMieseabraly (aeitabie selormBanaasior thay Scondirgtambie fabrercine to

perform the carbonylation. When a bubble column reactor is utilized, a cylindrical reactor is filled with a

reaction sSREARAABALBNEAAR WiKehd ASIPASF QRIS AR RRHRNLS JeaNGEN material
while carbaihinpaQsiEaRithitREe HoMasddeor ihehelinemastietRiieprodliee NiNeceshRRs a

monoxide gas forms bubbles as it rises in the liquid contained in the cylindrical reactor and particles of the
catalyst arP'3ISHRETIR & ARIE@SMrd in the cylindrical reactor by the gas lift effect and dispersed into

the liquid. fyppfle expsnitighihatcarien raiexideaayiifiblie@atniordrtisiuiccsontaned inea cylindrical
reactor as jet stream by way of a nozzle arranged at the bottom of the cylindrical reactor for the purpose

of mobiliziH§' PRG35t SR VSR SIS Qe Rdter e g RVRINANA iap s st B AR ANELERLRRRdN
Laid-Opemhhdxickédgad4areitbdeharehy s omesaies hudemRranateindls ahdeidd & tefesabiywite

carbonylation process is a low water, catalyzed, e.g., rhodium-catalyzed, carbonylation of methanol to

acetic acid?¥fs %&%%ﬁiﬁ&&hﬁ%%?‘é%fw"'@%@ﬂ 84 I HRIHRIG] T BaiaE Y R N e in its

entirety. InspRiNiereBpPadiafRitohadisersactpaisaithapaiefolUg i bhlextoh auviyeesuessel, with or
without an agitator, and the reaction mjxture is maintained therein, preferablé automatically, at

predetermiGEY &R AMGEGTYENe AINEE R GO RAY RaTLRYERe UUHEM R SRS dBRARY HIR RETBHYr ation.

Generally gieakinanylatianoleriharbishiexidtuand sattiaitiedatet ynad i casttopishilisdraguced in
to the first reactor as neieded to maintain a%lgfst a finit concentrationé)ég\{%/ater in the reaction medium.

2010P0058-FEFUTIFTO VIR I8 RS ert HIRRA! 45 SHRRAGHJFOEL (6 ROUBRLBRERAGUMY a
homogeneaeus ireaetian whiEItar Both nadhoxXideaes lsSicRialtie re daionisy Se b racsesiecareattien

RO N T e R e e i
ﬁOﬂdUCtEdreab’tGraahd;tﬁmeI@%%ﬂ_ h@aﬁél'mwmd iawalswm% Inm@d_ gpmﬁmdsrcﬂ’:@lxcwreﬂfapreaymrmy If a
eterogeneous reaction mixtur emplio , I some_embodiments, t catalyst recycle stream IS not
g 4 S S e A Y S oy P VA R oy
and/clgrI irifdiuimtat:]alp:q&bszraélhquia cba@m¢ma¥®liadﬁ&aadtdh?§wmmjd d' acrﬁt?iyatav@y blehazlz:]@d in any
suitable form such that the active rhodium catalyst is a carponyl iodide complex.. Exemplary r ium
pomwet st R e e et e
Compoundgilid Enaipseretisivie Astodpolistbeedaliapn ChpteA 2plicatidn-2aid- (s e p1896). lodide
salts optio aintained in the reaction mixtures of the processes descrined herein may be in the form
st i M i g et A S R

In certain enioedsrisrisothevastalysitatyedrmter rdithiraliestideaibonyaicet atmethzintl esdoetieof.

The salt co-prpmoter may.be add non-iodi t will generate an iodjde salt. The iodide
catalyet SEBIAS R EE NGO AL D TRy ekl Tebe oM A AARGB RIF e [SURGE St thay be
generatedits-siitirstycel nsdetdrendpeimiogts othbtios s rebilte idacti € SjiReon, bbbt cahgearofypen-iodide
salt precursors will react with methyl iodide or hydroiodic acid. in the reaction medium.to generate the
correspon it I e S O LAR A ASF RO e S VaGLIRY THBER I BB e
iodide s_altagﬂnmatioall)sm b priedetbiosined0dyv2h9Thi6 Hicifh8n ad ddvdldh A6 8 i re stibetiantafibyhich are
hereby NCOTRS gﬁ%axr%fﬁg?rrﬁcﬁoperation. Generally spegknethanol, carbon monoxide, and

sufficient water may be continuously introduceddrthe first reactor as needed to maintain at

least a finite concentration of water in the reactinedium.



[0027] When an iridium catalyst is utilized, the iridium catalyst may comprise any iridium-containing
compound which is soluble in the liquid reaction composition. The iridium catalyst may be added to the
liquid reaction composition for the carbonylation reaction in any suitable form which dissolves in the liquid
reaction canipesitgsraTi<Egpvertible to a soluble form. Examples of suitable iridium-containing
compounds which may be added to the liquid reaction composition include: IrC13, Ir13, IrBr3,

11r(C0)2119033k cl 20 e BN PediDT By e [HER 12 ihe lEstcepsifondysiat kst d Npmogeneous

Fr(CH3)I3{ER2bHMtAER1R, KGb#3Y ozel@h?g?a&mxﬁ@m BT I FALON s bicinm
metal, Ir203, Ir(acac)(C0)2, Ir(acac)3, iridium acetate, [Ir30(0Ac)6(H20)31[0Ac], and hexachloroiridic acid

[H2IrC16) TegiReRR- fRe/BbHeaEikE: drrivativasineras af R GlalyRlsa et &dRiEtates are usually
employed ggriiaiingdiorpét ivaser i igptorraipiaticarke shedinotiefaissithieactivr ¢eamRsitian may
be in the range of 100 to 6000 ppm. The carbonylation of methanol utilizing iridium catalyst is well known

. p . )
and is genBYly IEEEFHRIJ SO Beie A\ YSINg uPeABR I-BEBRBHAN TSRy £ 8, 87 NSIREOBENEPYS 7 and
5,696,284 cHiglpidiieidRsioh wirebnirehe ik iogerreyaiagish igie nee 8RR\ madkyhalide

co-catalyst/promoter is generally used in combination with the Group VIII metal catalyst component.
Methy! iodfdBROPrafHeFRE RYIRSYEIE SHTABIES MRSt LhRHRY GHEbH MRidhCPerNdRNde in the
liquid reactgdcesymposition is in the range of 1 to 50% by weight, preferably 5 to 20%. [0029] The halogen
promoter We combined with a salt stabilizer/co-promoter compound, which may include salts of a

metal of G 1A FUEARIB APVt CRIRIY SRR NEHBYBHITR WR CatahRBr VRN &b,
Particularlynygiared 19deiddeinsar et sadiRie Satdfdibio disigcer itithinsanaiate [daR3al CPtheit

promoters and cq-promoters may be used as part of the catalytic system of the present invention as

described {HAASB& RRAKELARIYSHR BAAFERNSH WHIEATRIRE: BYFREAPO FRRA YWY (ARNRER % iitable

promotersgiscsrieatRrANTe MBI taRNIBMBtREMARDI kI SRIATO PRBET HThI IS vias Digan drekdanigallium,
mercury, nickel, platinum, vanadium, titanium, copper, aluminum, tin, antimaony, and are more preferably

selected fiofMBHEMSN AR S S BRRARRBKI VR VPHBIBRIBE th B2A= R 16625770, the
entirety of ygvel. isdorpsRRusashhierRiny seieirRiRerin thaation mixtures of the processes described

herein may be in the form of a soluble salt of lalametal or alkaline earth metal or a
guaternary ammonium or phosphonium salt. In ceeaibodiments, the catalyst co-promoter
is lithium iodide, lithium acetate, or mixtures tbef. The salt co-promoter may be added as a
non-iodide salt that will generate an iodide sdlhe iodide catalyst stabilizer may be
introduced directly into the reaction system. Alsgively, the iodide salt may be generated in-
situ since under the operating conditions of tlaetien system, a wide range of non-iodide salt
precursors will react with methyl iodide or hydrdio acid in the reaction medium to generate
the corresponding co-promoter iodide salt staliilizeor additional detail regarding rhodium
catalysis and iodide salt generation, see US Rat. 51001,259; 5,026,908; and 5,144,068, the
entireties of which are hereby incorporated byreiee.

[0027] When an iridium catalyst is utilized, the iridiuratalyst may comprise any iridium-
containing compound which is soluble in the ligrtedction composition. The iridium catalyst
may be added to the liquid reaction compositiortliercarbonylation reaction in any suitable
form which dissolves in the liquid reaction compiasi or is convertible to a soluble form.
Examples of suitable iridium-containing compoundsol may be added to the liquid reaction
composition include: IrCI3, Irl3, IrBr3, [Ir(CO)2) [Ir(CO)2CI]2, [Ir(CO)2Br]2, [Ir(CO)212]-
H+, [Ir(CO)2Br2]-H+, [Ir(CO)214]-H+, [Ir(CH3)I3(CO2-H+, Ir4(CO)12, IrCI3-3H20,



[0031] A promoter may be present in an effective amount up to the limit of its solubility in the liquid
reaction composition and/or any liquid process streams recycled to the carbonylation reactor from the
acetic acid recovery stage. When used, the promoter is suitably present in the liquid reaction composition
at a molar 2atrodge-eoieir{e) metal catalyst of 0.5:1 to 15:1, preferably 2:1 to 10:1, more preferably 2:1
to7.5:1. A suitableé)romoter concentration is 400 to 5000 ppm. [0032] In one embodiment, the

temperatuleB5P RE EQHEMEI SR TRaIRL AFéOR et On IIEHEGORIBIE, e ., from

150C to 22630 (@A) BIH20831PC A8 Carl e 284 AMPERSE adjifizt REZBPreshIgRde- the: Gy RpIRIRLDBT
reaction is_preferably from 1 to 20 MPa, preferably 1 to 10 MPa, most preferably 1.5 to 5 MPa. [0033] In

) y . |
one embolifIEAY, SHETRS ASSLRIGS riXBlALES ARERERIPREFERF VST BIYRA fe PSR materials-
solvent is migsarrRintearapidbleontBrifiathaialy sheYrRieTR &itth e sttt RHES Beqhalfe rabgaes of an

alcohol feedstock, and/or the desired carboxylic acid and/or esters of these two compounds. In one

embodimeH?OHiR G3R% RPShd TiaieaDombAtoR QLSRR iritep) iyl s iy faewssaad
preferablyigesiisergil: deQdAbébermethrap! frRrd stomn f@e Xy t2e §rsBEA9MI3:8MNEass Fetyapey and/or

reactive derivatives thereof. Suitable reactive derivatjves of methano| include methyl acetate, dimethyl

ether, andHEthy?¥6rrfide R GRETEHRHAINGIEN ARG IERN R HEAMAFRITERE e derivatives thereof
may be usRid 2] reagianisimiigPwressofshiprormsrntinyenteanpasiemhhbimalbanatiansocraaty!

acetate are used as reactants. At least some of the methanol and/or reactive derivative thereof will be

converted Yo!! ARGIAEFRIS YR SHPRANA I el drd eI RY 230 R ksh eI 8 P8iction with

acetic acidpedeiaiipr e\ @iticdiegrcentiziiPAdndeedifiyidd eaataomvstip sitigieibhapetpdd de sfitably
in the range of from 0.5 wt.% to 7Q wt.%, e.g., from 0.5 wt.% to 50 wt.%, from 1 wt.% to 35 wt.%, or from
1 Wt.% to 30 P9e° by weight, preferably 5 to 20%.

[0029] The halogen promoter may be combined with a salltilster/co-promoter compound,
which may include salts of a metal of Group IA ao@ IIA, a quaternary ammonium,
phosphonium salt or mixtures thereof. Particularigferred are iodide or acetate salts, e.g.,
lithium iodide or lithium acetate.

[0030] Other promoters and co-promoters may be used asfphie catalytic system of the
present invention as described in US Pat. No. 53887 the entirety of which is hereby
incorporated by reference. Suitable promotersalected from ruthenium, osmium, tungsten,
rhenium, zinc, cadmium, indium, gallium, mercurigkel, platinum, vanadium, titanium,
copper, aluminum, tin, antimony, and are more pedfly selected from ruthenium and
osmium. Specific co-promoters are described inPds No. 6,627,770, the entirety of which
is incorporated herein by reference.

[0031] A promoter may be present in an effective amourtbupe limit of its solubility in

the liquid reaction composition and/or any liquidgess streams recycled to the carbonylation
reactor from the acetic acid recovery stage. Wlssd, the promoter is suitably present in the
liquid reaction composition at a molar ratio of r@ter to metal catalyst of 0.5:1 to 15:1,
preferably 2:1 to 10:1, more preferably 2:1 to X.5A suitable promoter concentration is 400
to 5000 ppm.

[0032] In one embodiment, the temperature of the carbtioyl@eaction in the first reactor

is preferably from 150°C to 250 °C, e.g., from 1568 225 °C, or from 150°C to 200°C. The



[0035] The carbon monoxide feed stream fed to the first reactor may be essentially pure or may contain
small amounts of inert impurities such as carbon dioxide, methane, hydrogen, nitrogen, noble gases,
water and Cl to C4 paraffinic hydrocarbons. The carbon monoxide feed stream preferably comprises a
high contermtioPoasbarCmaomixide, e.g., at least 95 mol%, at least 98 mol%, or at least 99 mol%. The
carbon monoxide feed stream preferably has a higher carbon monoxide content relative to the derivative

streams felf E§SHERLHIG FaARHBMIZHRR TRATEEI TR IR dnidkrib Yier Srefshahivg ARsdbMPa.

characterizgggdnpesfaspfypamiab wespare. The carbon monoxide feed stream may have a carbon
monoxide partial pressure of at least 95% of the total pressure of carbon monoxide feed stream 105, e.g.,

at least 98037 ht IERONSRMNIRYMEBMHMIHRTEIREQILIEE SHFETOR ERASHR MR BN Werbon
monoxide fedianass RS MPR iardréiasy&omFamith HERat wbyantat®mayididado 1.5

MPa. Hydrogen maébe generated in the carbon monoxide feed stream by the water gas shift reaction.

PreferablyPtHg pi9aeisrd bRt RYaRgER IohiaRainek/ At e Hester f‘z/ﬁrQQéM&‘}IéCI'Qs%rtWé’rﬁ BSialfPa

or less thapr Hs MRD @SR DRESSNEEYATIBSSIMERY fIssdb EhtRfoimatiRfien viesgiushisirggenation
products. 2010P0059-PCT-CIP[2] [0037] The raw materials used in connection with the process of this

invention 1Y MR GAIBAS RN RApasESSS e GheRIfBERidural gas, petroleum, coal, biomass, and
so forth. [q@884P\s PREIRMARADATEatHER IR REtEES fhectiatedpRearpintesithetHanee andess eyeansive,

methods for prod_ucin%}acetic acid intermediates such as methanol and carbon monoxide from alternate

carbon soGRAGHYES HalFincHiaRE [FRTEYE fiePUAHEBEICHARR! tiufis MeE v aae it JHastid it
may becoraghag\aidagemis terpiatictanadie atiddiemniyatiests sraHasdgarl réativedgsivestifres

more available carbon sources. Accordingly, in some embodiments, some or all of the raw materials for

the above HEEEALRIRYAB TG R ARG HEE SRR WeSRtHdRVRBHO Sy il e R exAeiNa Bbth the

methanol and/ernPrinyicnetise nay ke derlvedinmsyiidenid efayroaNardefriek ByRartial
oxidation reforming or steam reformin%(and the carbon monoxide may be separated from syngas. The

syngas, in4GHYaRE HEEWY RS AARIGDIL A8 1S0BREL! #heRaIBY PSSR P MIte, may be
selected fresmdhenotoHIpESRIAting rebREBHA RS RIiREtiNRIITO CoBl iR MRRS, @RiteAmiivatioNse

thereof. Syngas or hydrogen may ?Iso e obtained.from bjoderived metg ne gas, sugh as bio-dgrived
metrano JAU ) SACLa o R P ML AREIE 5 SN0 061 EAB LD B B AL A O AP iPars ot
limited to, agyictrduiad \Bastes, ttoBEs IR i arasgsSeoBssterfastiulogicomasez@wtimber harvesting

residues, softwood_chips, hardwood chips, tree branches, tree stumps, leaves, bark, sawdust, off-spec
paper puid 00, cafPF<EaUReT\iPRP SR JeRES ERAM, 515 i d T 08V ERgrAel R s,

animal magidie containiga gaeragents wiigipal ingaTRsCOMBMArbEH WRSRICY itleehpri¢sdabgend shells,
pecan shells, coconut shells, coffee grounds, grass pellets, h ellets, woaod pellets, cardboard, paper,
Dinatic, anflLOHTSBEDE JE5S PALNANG GRADS RAEUMNER G Hn [ Calpolataa g g
reference. shieeifepleifenasly sonipadedReliginoontent it cednontistitid thaj.isea leypt@Biaicibthateakt
process for transforming wood into pulp, which is then dried to make paper. Black ljguor is.apn aqueous
Cotution oA Bs A0 AR R RS, Kh BN LR coO BT L) o A VAR 95,577,
incorporatedrbereindrnosatry eocreniselasos sonmiethast fnitireaprededtionseicaaibay ot stiopnyension of
carbonacegus materials sych as oil, coal, natural gas and biomass materials. The process.includes
hycrogasiitilabh of SEERARGTLMIRRAY €8 RS ALCECaS R RO B S EIoFb K2R is steam
pyrolized witbsgdeitiomak carbon monoxide feed stream mayéaaagbon monoxide partial pressure of at

least 95% of the total pressure of carbon monofaedd stream 105, e.g., at least 98% or at

least 99%. In one embodiment, the partial pressticarbon monoxide in the carbon

monoxide feed ranges from 0.1 MPa to 7 MPa, egm 0.1 MPa to 3.5 MPa, or from 0.1

MPa to 1.5 MPa. Hydrogen may be generated in tHmoamonoxide feed stream by the water

gas shift reaction. Preferably, the partial pressd hydrogen is maintained at a low level, for

example, less than 0.1 MPa or less than 0.05 MPeapresence of hydrogen may result in

the formation of various hydrogenation products.



2010P0059-PCT-CIP[2] natural gas to form synthesis gas. The syngas is converted to methanol which
may be carbonylated to acetic acid. [0041] The acetic acid, in turn, may be hydrogenated to form ethanol
and/or ethanol derivatives. Processes for hydrogenating acetic acid to form ethanol are described, for
example, ipoU>GaER-NOsCIRg08,744; 7,863,489; US Publication Nos. U52010/0197985; U5201
1/0190547; U5201 1/0190548; U5201 1/0275862; U5201 1/0282110; and in US Pat. Appl. Nos.
13/197,7489035h o 71 hegayLBatRHals Weks '@meﬁQBQHdU%bﬁ*&%e@ﬁ@éM%W@ﬂéﬁ‘Qﬁd@w € entirety.

[0042] Retyemnediadne ﬁﬁmrli/é@‘l@@éﬁ%é'%lm?ﬂj AAYdes FEREUMSEaan Bieriadsl Barterorth.

composition, for example, by the esterification reaction between methanol reactant and acetic acid

product. V\M’éﬂhaﬁ%é’ﬁ{fﬂi@uﬁbaﬁg RIS RS RActdR 1@ SEPRBNNET BIYERIrIAER HARSINEr

componentscher HQH&S’(&@G@‘W SQMPRRIP YV RIEn B %ﬁ@@fﬁ'ﬁ%‘ﬂ AU arbenh GABIRSaaBE G
reaction composition withdrawn from the reactor. and may be recycled in controlled amounts to maintain

the requircBHEERAIROR SPWLRR? AR HAND IBSESRR S HIR SRS B4 r4be tReltIREBNFation of
water maintaiiR@n é Péw%reﬁmwmn@ammagﬁmm@@%@m QdigvdmieHineL ag., from

1 wt.% to 14 wt.%, or from 1 wt.% to 10 wt.%. [0043] In one embodiment, the desired reaction rates are

obtained evEHABW (atd? ESHVERkRBHDBIEAYRIARIH GAHNPA Resc B RGRURSHY-4R S8fBFof the desired
carboxylic aione étdlceng oeairah i ralGaRe ineHardbe cadeeryisdataapdinadaieapbedide

ion that is over and above the iodide ion that is present as hydrogen iodide. An example of a preferred

ester is mARSYSERATLA N RRIHB I RSRiG¥NERTs HOLEEK: APiBdhRashangl ArFLEATBANe (Lil) being
preferred. lbasee iy Be, dsrideacibeidprdasParntleyh g¥haadsHal bpgrirrvoxaiatiéancentrations,

methyl acetate and lithium iodide act as rate promoters only when relatively high concentrations of each

of these cOMBOREIILL RIS PRI thAHANS SRV MR R ARG SYREBhetEare
present SI@W@&@qn&urnwﬁa@o@é@arwmdwmtgmm@im@éw theereaskion serpsentef the

preferred carbon R}(Iatlon reaction system is believed to be (gwte igh as compared with what little prior art

there is deSiRAG RN TR A& SR Rl QRS IBQUR AYY #ig%r0 REEYEN e OShcentration of
iodide ion ptRIdsART aditiatigomtiedtselgpegarbihgairaseybisvantiontadfddROAPBIGCT-CIP[2]

derived methane gas, such as bio-derived methanprgduced by landfills or agricultural
waste.

[0039] Examples of biomass include, but are not limitedatgricultural wastes, forest
products, grasses, and other cellulosic matenmahdr harvesting residues, softwood chips,
hardwood chips, tree branches, tree stumps, lebaés, sawdust, off-spec paper pulp, corn,
corn stover, wheat straw, rice straw, sugarcanadssy switchgrass, miscanthus, animal
manure, municipal garbage, municipal sewage, corialevaste, grape pumice, almond
shells, pecan shells, coconut shells, coffee greumidiss pellets, hay pellets, wood pellets,
cardboard, paper, plastic, and cloth. See, e.§., Bat. No. 7,884,253, the entirety of which is
incorporated herein by reference. Another bionsassce is black liquor, a thick, dark liquid
that is a byproduct of the Kraft process for transfing wood into pulp, which is then dried to
make paper. Black liquor is an aqueous solutidigafn residues, hemicellulose, and
inorganic chemicals.

[0040] Also, U.S. Pat. No. RE 35,377, incorporated hebgineference, discloses a method
for the production of methanol by conversion ofbcaraceous materials such as oil, coal,
natural gas and biomass materials. The procekglegxhydrogasification of solid and/or

liquid carbonaceous materials to obtain a procassagnich is steam pyrolized with additional



[0044] As noted above, the carbonylation reaction of methanol to acetic acid product may be carried out
by contacting the methanol feed with gaseous carbon monoxide bubbled through an acetic acid solvent
reaction medium containing the catalyst e.g., rhodium or iridium, methyl iodide promoter, methyl acetate,
and/or additooradcsolelaie-@ejele salt, at conditions of temperature and pressure suitable to form the
carbonylation product. Without being bound by theory, it is generally recognized that it is the
concentrafShbRGREAAIRTR SERRSIS I sERS P SSREBTRh A MEHANAEMAIEERRE SSated with the
iodide, an¢ Ahgbayiatatyen sxelge serpentration of iodide the nature of the cation is not as significant as the
effect of the iodide concentration. Any metal iodide salt, or any iodide salt of any organic cation, or other

cations subiP48liho5ReacRECAF EmiRd W pRESpRMEXBRIRNASS BRI, 8N erehaiRlernary
cations), caarRaiieitaineddsses O Retiuny RieMalesdbdh et apbliauificienBg golgple in the

reaction medium to provide the desired level of the iodide. When the iodide is a metal salt, preferably it is

an iodide SXRBIUEMENR AN duBXDASLLAGER B RIERAE eS| SALEMALR R0 f the periodic

table as seyfuth nchedsiendbeob of/Geosary @sddnysizs: sebtismmbey CRCARtERs USgvgiand, Ohio,
2002-03 (83rd editio\rla. Igéarticular alkali metal iodides are useful, with lithium iodide bei,n%)particularly

suitable. [A52] NA® - dAbom/iLA6r dRe AT AAGTHMICE S HcarrRkatad BRI&IMOibdide

promoter maglea ceeaeR éntietgatalyst solution in amounts ranging from 2 wt.% to 20 wt. %, e.g., from 2
wt.% to 15 wt.%, or from 3 wt.% to 10 wt.%; the methyl acetate may be present in amounts ranging from

0.5 wt% td Wk, JRLYNIRGAP TG RTRPDYIAHYA FERGUNA 2RI, RSO e AR RRilaY B dide may
be presentéaeibawBmisging ffomexarh pheloogQive &6tdaitnffeatBottJetioekh Widhapio asasiav: Un@ 10

wt.%. The catalyst may be present in the catalyst solution in amounts ranging from 200 wppm to 2000
wppm, e.@FBMAHD HBEHFto YEU6 BB D A WERA I P R S0 A GO IR AR Wity
carbonylatiepseaetipiryialdsh CdreRIRl QEILREARMUAL tWRGID 6IDBItISRS AVaae gyl smeatsrcid.

For example, the crude acetic acid Produc_t may comprise at least 50 mol% acetic acid, e.g,, at least 60

mol%, at &0 ANALRAMRIAS I DB HRAAIN FARPESTNGNEBILI NG RGN, ANEMAY SEupper limits,

the crude asgfisi@tivh REILSIaIBNTORNPSISE tRamtarNtHe RefRidh castiatRIbBhtdEFs thandqfdnol% or
less than 95 mol%. In terms of ranges, th cr%de acetic aci%product optionall éé%ﬂ]é)ﬁises from 50 mol%

to 99.9 mdiBASHUL EAVROR Y N driEsef ARNo4'1E §8TMEIHBBPYAIR 7B HTRN lyguid reaction
2010P00580R{pbsRIBN2kIA0hE tarmjbestérohpdimentss toanerade. gCeatieradiopiadiect may. s fomcetic

acid partial pre%sure of at Ioeast 50% of the total pressure of the crude acetic acid product, e.g., at least
75%, at ledst'd %Pailt(fe‘%{%t/%%, or at least 98%. In terms of upper limits, the crude acetic acid product

may have go435etic|acn @aitibloaiessnreies lessitbandbidnh chtbstptaldessuraioiheeidde acetic acid
product, e.g., less than 99% or less.than _95E°ﬁo. In terms of ranges, the ﬁﬁ?etic acid arti%IHS(r ssure may

range fro %’6%%%?@%%%@@6%%&& & BR3AEA B RRIGERS SREIREEY CaBEHe A% 9% or
from 7)5% mlhal%&ﬁ-m,édiﬁsmmﬂg’@ ac@thf@mﬂawlﬁlawﬁfﬁwtha%npmmilaﬂ?a?tmdmﬁdméliméid and/or
vapor), methyl acetate, propionic acid, water, residual catalyst, and acetgldehyde. In one embodiment,
e oo RIS Y B0 Ao T e R e eae Ay st oAk anils Ghhaimed
ca:jb/on mr?m%fuealdr@teﬁ i@di@ehxna&@thaf.emtm aém&rmgmmm'@rgéeiraducmi0dm]p@ra]amd$v(t'lﬁ>RCS"),
and/or other dissolv ses such as carbon dioxide, rogen, an ethane. [0048 e _crude acetic
SR b (N el RN N T gl AN S g
product coimgtrisedeekiduabterkon ceanaxicesmetayhagatiadsitiinan 2iliveldct ag ralesprivaotébsmol%,
less than 5 molo/hor I%is .thafn

3. mol%. Of course, for resjdual carbon monoxide to be reacted wit
methanol SRV HER RN MO e AT Q0 bR N SRIPCOU S G RSP LA, Hibgide
should be presmniofris kprepleh#rebutidefahetie aoithpunewth sy cosipuitanesiklal Ceiibon monoxide in
an amount greater than 0. 0l%, greater than 0.5 mol% or greater t 1 mol%. In terms of ranges, the
erude oo ARSI, e TGk 6 B IR A I T e AL AT
carbon maraxitien eystehoiis O&ievaéottobEquitd?high fespedanh ol tavivamitté . dA6A aft thereiker
embodiment, a flashed vapor phase crude acetic acid product has a carbqn monoxjde partial pressure
that o 1o I SO bR s 1B ol Ao SR Db SOt BRSO e AR,
less than Sffiodidessthean8sat I8 tetnasliofiptitinl preberfienetizediabbgitesadeincetiti@tid product may
have a carbon monoxide partial pressure of at least 0.1% of the total pressure of the flashed crude acetic
acid product, e.g., at least 0.5% or at least 1%. The crude acetic acid product optionally has a carbon

monoxide partial pressure of from 0.1% to 20% of the total pressure of the crude acetic acid product, e.g.,
from 0.5% to 10% or from 1% to 5%.



[0050] In another embodiment, the flashed crude acetic acid product is at a total pressure of 0.3 MPa and
has a carbon monoxide partial pressure of less than 0.06 MPa, e.g., less than 0.03
2010P0059-PCT-CIP[2] MPa; less than 0.015 MPa; or less than 0.009 MPa. In one embodiment, the
flashed cradeoeoetie-RCidqRpziuct is at 0.3 MPa total pressure and the carbon monoxide partial pressure
may be of at least 0.0003 MPa, e.g., at least 0.0015 MPa or at least 0.003 MPa. Separation [0051] As

noted abol4Ak I8 NAIEHRARVLE B SRIAIY IR EBANIQELBI AT & ERYE A EIERECSLE TR8YLRE into
one or morARIHBLYBPEBAMRELAY IBRSHRIRAIChR G TvaliiRiS et MBnaLilRABLMIICRY !ttt Hiree,

comprises at least a portion of the residual carbon monoxide. Preferably, the at least one of the derivative

streams is3¢SHPACIRESIMBAF ERASHAMTBREAR COYaININEHIRISE SrSon & ik de S 6aRbn
monoxide igitiaasrorideaActRetiyfhe sareorviatitniRGERIANS iRfideIehI eMeBirRliidhe 6fude acetic acid

product. In one embodiment, the residual carbon monoxide in the derivative stream(s) is entrained in the

respective SIRRGRIWRIIA BESS§HERHBY! TELIYT 106 SrIBRNRLPHC e nMARATE HeRehRAUIB Sy
monoxide {f&h9, tR Qe Myt Baig fas R HIFuEH dhlifkdsnantipe BUdENs: Sysentrast,

a typical off-gas stream is simply a stream_that is removed from the vapor built up in the reactor. Thus, the

carbon mdhBkidPOSAANShAPHHNE £2URB ARRISAIGHLIERRIASH 3 hapha given molar

concentration of iodide the nature of the cationdsas significant as the effect of the iodide
concentration. Any metal iodide salt, or any i@lghlt of any organic cation, or other cations
such as those based on amine or phosphine comp(ptamally, ternary or quaternary
cations), can be maintained in the reaction meditmnided that the salt is sufficiently soluble
in the reaction medium to provide the desired |l®f¢he iodide. When the iodide is a metal
salt, preferably it is an iodide salt of a membiethe group consisting of the metals of Group
IA and Group IIA of the periodic table as set farththe "Handbook of Chemistry and Physics"
published by CRC Press, Cleveland, Ohio, 2002-@&l(8dition). In particular, alkali metal
iodides are useful, with lithium iodide being pauiarly suitable.

[0045] In low water carbonylation, the additional iodideesoand above the organic iodide
promoter may be present in the catalyst soluticemmounts ranging from 2 wt.% to 20 wt. %,
e.g., from 2 wt.% to 15 wt.%, or from 3 wt.% to W@%; the methyl acetate may be present in
amounts ranging from 0.5 wt% to 30 wt. %, e.g.nfrb wt.% to 25 wt.%, or from 2 wt.% to 20
wt.%; and the lithium iodide may be present in antswanging from 5 wt.% to 20 wt %, e.g.,
from 5 wt.% to 15 wt.%, or from 5 wt.% to 10 wt.%he catalyst may be present in the
catalyst solution in amounts ranging from 200 wgpr2000 wppm, e.g., from 200 wppm to
1500 wppm, or from 500 wppm to 1500 wppm.

[0046] The primary carbonylation reaction yields a crudetia acid product, which
comprises a major portion of acetic acid. For eyamthe crude acetic acid product may
comprise at least 50 mol% acetic acid, e.g., &t 8@ mol%, at least 75 mol%, at least 90
mol%, at least 95 mol%, or at least 98 mol%. mmteof upper limits, the crude acetic acid
product may comprise less than 99.9 mol% acett, &g., less than 99 mol% or less than 95
mol%. In terms of ranges, the crude acetic acdpct optionally comprises from 50 mol% to
99.9 mol% acetic acid, e.g., from 60 mol% to 99¥hobr from 75 mol% to 95 mol%.



[0052] In one embodiment, the derivative stream(s) comprise less carbon monoxide than the carbon
monoxide fed to the primary reactor, e.g., the first reactor. In one embodiment, the derivative stream(s)
comprise less than 95 mol% carbon monoxide, e.g., less than 80 mol%, less than 75 mol%, less than 60
mol%, lesetharPoborralt4ciefdess than 40 mol%. In another embodiment, the vapor phase derivative
stream(s) have a carbon monoxide partial pressure of less than 95% of the total pressure of the vapor

phase derfd sttB AH@5 &MPOHEEHEN PR UESLERII 61594, REQERERAYGANGRABHS ARiHh PRBIA!IN terms
of ranges, ghesdarvaiive riseam(s) epiinaadiaf prerdarlistrude Balte acRP prefiictesiduadCrikan’sos,

monoxide, e.g., from 25 mol% to 75 mol%, or from 40 mol% to 60 mol%. Preferably, the derivative

stream(s) @B}gﬁﬁﬁE%Q%nﬁb@ﬁ%l%%’ﬁ AIRRL DB Yn HISIBKIHRP SR BRESe SHeiMeRoeiC @fidentration of
carbon masiedderimiyerdedvativastre arsh arax he cidersiiiulo verdnaprhe conaatEasaR Bithe

carbon monoxide fed to the reaction zone 101, e.g., at least 10 % lower, at least 25% lower, or at least 50

% lower. IFHRAERISOARIREPRRIHE Gabholf FRIABRIAE @sFchiRation of BARTRR S8RARS 166 @GRTET in

mol% or cadigpareaoesRAEiH B eandeerBiRSbo0 eash ifdlev4e braas e sTaReesigboac ikt acid
conventional off-gas stream, e'qu at least 10 % lower, at least 25% lower, 2010P0059-PCT-CIP[2] or at
[

least 50 YPRAYEL S SheEMbBHIR LN O BécaLEOD: IR LA-BVERIBNR MM S Cor e RerlimBRlckRIadH he
feed, the maiiciationdh ptBe RAGIRANBI @ liqURIRARPbAVEhBRIARR SRS IR tyRSHI® A8t eafapnoxide in

the second reactor is greater than 0.02: reater than 0.1:1, greater than 0.25:1 or greater than

1, eq.,
0.5:1. In terﬁﬁbdH?‘b‘é"f‘ﬁﬁlp’ﬁf‘eegﬁlréﬁefﬁgjabwgﬁti D QPELMEPTL BRIy IR fs APt iT B artial
pressure afdrapride Ucktif e @f ibsidatal Riesgsieipfdbamipoly ah v plEeata b e el o it @ dieldy5 % or

from 40% to 60%. In@ryiferred embodiments, at least aFortion of the residual carbon monoxide in the

derivative Q3 BFLYCAERIAM WRISERNIRASINAS (SIHIMPRYNSSCER Gl 3089519 Bhe

embodimegisSbr étvgativs pieeess daithen enrrisas the gébmefrarepressing the derivative stream(s) to
form a comé)ressed derivative stream(s), Any suitable compression units may be employed to compress

the derivafi%@48keafi(8)CTHAS &es HePSH RS GRNMEH TS 3h &M B FOR IR HA LGOI ARSI e'] feed
carbon masiexiee Pedinkpriesnare ofietieast A0a MBaue: timaiprast0al MRsomhersis MRa or at least

1 MPa. In terms of ranges, the compressed derivative stream(s) may haye a feed carbon monoxide
pattint preSCPTB IS TNAD WRE B 1555 18, L0 AT BB 20k s BRR TBEM

0.5 MPa. taefeedcarbsiduadaariden pacixiiessuhe ikdifietrntiremdhendactiancatihanongnoxagedartial

enctor BN O A 5o S R Y DI P AT R At Formprosed

derivative gitgaipks) tisg epsirdaodtie sedqnd descinatodonmpesdilionalrboatin acikifoMerxanpaty
pt gk i g R R
produce additienateteticiacitodnet saagnd reaisofronxirempvisesi%t dassba poitioxias teegresidual
oreterably S AR AL BL YOUE ori L b G i A e B At WHltdakes place in
the seconqogegtor iImayideér kenhegmenisd dastien, vaporephaswgrreRLiadidwebdbeshasactarbdn one
e e R
preferred emibqstiouent, e Medmieliandter et el SRssartivencBeh thi nesiak witphysizaie dgsidesnd/or
are SOIUbI?hiQ H(]jl%rr]ggcéi&raén ggéltjirgalgi)é ?o% Hg%in at;] af'\/emc%]ganonoxide partial pressure of at least

0.1% of the total pressure of the flashed crudéi@eeid product, e.g., at least 0.5% or at least

1%. The crude acetic acid product optionally haarbon monoxide partial pressure of from

0.1% to 20% of the total pressure of the crudei@aeetd product, e.g., from 0.5% to 10% or

from 1% to 5%.

[0050] In another embodiment, the flashed crude acettt @raduct is at a total pressure of

0.3 MPa and has a carbon monoxide partial presguess than 0.06 MPa, e.g., less than 0.03



2010P0059-PCT-CIP[2] carbonylation homogeneously, e.g., in a homogeneous reactor, suitable carbon
monoxide conversions, acetic acid selectivities, and overall product yields can be achieved while using a
low reactor carbon monoxide partial pressure. [0055] In one embodiment, the first reaction mixture
comprisescafist@neamtoPfbpdium as a catalyst and the second reaction mixture comprises a second
amount of rhodium as a catalyst. Preferably, the first amount of rhodium;is less than the second amount

of rhodiunME; e35dReM@e R 4RAARAT e dppLPRA MRanEHaPRASI S destarled (R
embodimestetitediiet praglieniaiiore KTARBSRSHIEN ABhWRER A AW ARRSirse g iRy 900

wppm to 1500 wppm or from 1100 wppm to 1300 wppm. In terms of lower limits, the first reaction mixture
comprisestft 4'985L ARSI caBichsBl BRI IHRP LR MR l6a6L 003 M BRieast 1100 wppm. In terms
of upper ligépatRgdiist reaction mixture comprises less than 1700 wppm rhodium, e.g., less than 1500
wppm or less than 1300 wppm. In one embodjment, the second reaction mixture comprises from 500

wppm to 6888 WppAsRBEHAPE\E; HEYEHH\RIYICRSSEDENPRIESIERSHh SRR BN FHE6 wppm. In

terms of loyveitibaiétd e G860 eRelion MtEUAR GPAREsARsAt a8 hE0BNFTITHENBE AL fedstRidRRSt
1000 wppm, at least 1500 wppm or at least 2000 ngm. In terms of upper limits, the second reaction

mixture cofnPrisk4a8sE WA PuBbIE AT TRoARIAPTEERIR RRAICESRI0 ISR Ar f S2HAAR RTONEBM.

[0056] In gre:firdmdimRNbt RS epeuse thelie SeapNehERBM (rlsss tharitePresBure ibthskfust reactor,
e.g., at least 10% less, at least 25% less, or at least 50% less. Beneficially, by employing a homogeneous

reactor in &&oﬁa&fﬁ%mwa@%@eﬂ%{?@nmPﬂ% AL RIS SRad D asen L fiGatiRHdBdam(s) is

significantwaﬁf@wi%m@hdwlémm %@@ﬁgﬁ&éﬁ@iﬁé&hm&é%ﬁﬁifﬁi@ﬂ%d@@‘ﬁﬁ mr@ln@dimefnt, th2e
pressure in the second reactor ranges from 0.1 MPa to 10 MPa, e.g., from 1 MPa to 5 MPa or from 2 MPa
B MiPa. R B GRS FR BRI AT 07 S REEE AT R B GO HBRELIAS 300G, 0.0

150|C to 3?}@§p@bth7:,5§trt@a2150Witnm@mgmﬁmbyhaeiﬁhmi@n%e%wm@uﬁ@ Enting serendfeastor is
similar to the reaction temperature in the first reactor. In.gther embodiments, howevyer, these two
tompor eI RO GRS (5 SR O R AN LB PR S EA Rty that
in the first neirios. as weHirezay 06/ pivad otteshinstreatsitgpiguarent ancthatisaehmoasddarofltieughdbe
catalyst for the reacti{%n in the second reﬁctor rg% be the, S%me as the catalyst in the first.reactor, it is

preferred tAUEHE EAEAFLPRARE SERBRGPERAEP0 ANRIIEHIRIY Bl YAl RLidA I AR R et

entrained in the stream.

[0052] In one embodiment, the derivative stream(s) corepess carbon monoxide than the
carbon monoxide fed to the primary reactor, elg first reactor. In one embodiment, the
derivative stream(s) comprise less than 95 mol%aamonoxide, e.g., less than 80 mol%,
less than 75 mol%, less than 60 mol%, less tham&@®b, or less than 40 mol%. In another
embodiment, the vapor phase derivative stream{s Aaarbon monoxide partial pressure of
less than 95% of the total pressure of the vapas@lderivative stream(s), e.g., less than 75%,
less than 60%, less than 50%, or less than 40%erims of ranges, the derivative stream(s)
optionally comprise from 10 mol% to 95 mol% residecearbon monoxide, e.g., from 25 mol%
to 75 mol%, or from 40 mol% to 60 mol%. Preferalthe derivative stream(s) comprise from
60 mol% to 70 mol% carbon monoxide. In one embeditnthe concentration of carbon
monoxide in the derivative stream(s) may be att18%slower than the concentration of the
carbon monoxide fed to the reaction zone 101, atdeast 10 % lower, at least 25% lower, or
at least 50 % lower. In other embodiments, thea@amonoxide concentration of derivative
stream 108 (either in mol% or carbon monoxide phpiiessure) may be at least 5% lower than

the concentration in a conventional off-gas streaug, at least 10 % lower, at least 25% lower,



2010P0059-PCT-CIP[2] Preferably, the catalyst in the second reactor is tailored to account for a carbon
monoxide stream that comprises lower amounts of carbon monoxide. Preferably, the catalyst in the
second reactor is a rhodium diiodide dicarbonyl anion that is ionically bound to a suitable resin, e.g.,
polyvinylpyadoreamocacibenP[P058] The second reactor generally may be any homogeneous reactor
suitable for carbonylation of methanol with a relativelé low carbon monoxide feed stream. Preferably, the

second reQEBt AL BRRUBNE il BRARMBIEIBITE SPRAfI P SREAERSHO M SHE Y BLB LR LR IMN
reactor maygionitized e fegesnmmacratipainemidifscalgonvatinh Vi dhesetreagprs are

employed as the secondary reactor, the parameters of these reactors are similar to the parameters

discussed MIORIVRS FRFAHPRS MOARIAEIAdre 5650 thBAB AR HER OtRE de Eotha PEERIBE EiHiprises
a catalyst gectiogeiadet fieat GPace ongarietRad enspsime B Jaetigasiessadoniaenardaveartial

pressure is measured in the head space of the second reactor. [0060; An exemplaré carbonylation

reaction/sEFSANER SRUSRAL INEAIF RO MME ARXKS RABIRESNIE AT T JMH 4 B HYRIRA

reaction zgnestote sFRAEIOMZAINR $02aANE@ SeCoNARIN 287EYS seneAH300these¥eMplreferred
carbonylation systems, including reaction zone and separation zones, that may be used with

embodimeTis EtEsBhtSATE AR IR RINRJES HHAMBEPROYILE PLlRnCRBYY VS AT886) (P liS5 541,

6,657,078 6a3801inthe, £8dotflrcad it 5t rm Gt APl &8did59, 4,994,608, and U.S. Pub. No.
2008/0287706, 2008/0293966, 2009/0107833, 2009/0270651, the entire contents and disclosures of

which are H&%ﬂy iHEd?BSr%'f%'ﬂ%@@fé%e‘ﬂ@elF‘E%BFW&WF&&&M%F@%% HiuLepALERMRITRSNS? are
shown in thedgsailad\schaamics)iaurams diseugred el it iespess. tahiGsvitdd lansbaipriddid As

shown in FIG. 1, methanol f?ed stream 104 and carpon monoxide feed stream 105 are fed, preferably

continuoudl FEdNY RS ETBR'PYFL PoTOBIRRRIHESEHYHPERE R iy GRS R SMBRMER IS Beetic acid

product stiganplésethylde/ i éoseraiddiphaens el vdrishoXikusesiaLpiat aretic acidastaioct
stream 107 and derivative streams 108 ]6%2[ and optional derivative stream 110 Derivativ%stream 108

may be fe&ﬂl%aseecgno%lrif?éé&ér{%ﬁeéi ﬁl&éd\ﬂﬁﬂ ive'Sirdart 18418 9?16%93%& ngle stream,
multiple deyivapresseearaavagydstitaltes) bsepavationetaneahonoRiddviedinbprasuto Yandiist) may

embodimeF b AR ATk e 41 A A0 o8 PR Brbey Tl SoAdE, e
feed carbon monoxide partial pressure is diffefieh the reactor carbon monoxide partial
pressure, e.g., the carbon monoxide partial pressuihe vent gas from the headspace of the
secondary reactor. In preferred embodiments aat ke portion of the residual carbon
monoxide in the compressed derivative stream(®dsted in the second reactor to form
additional acetic acid. Some exemplary separaohiemes are discussed below in detail.

Secondary Carbonylation

[0054] As discussed above, the inventive process comphsestep of reacting, in a second
reactor, a second reaction mixture to produce ihdit acetic acid. The second reaction
mixture comprises at least a portion of the redidaebon monoxide from the derivative
stream(s) and methanol and/or a methanol derivafiVe reactor, preferably, is a
homogeneous reactor and the secondary (supplemeatabnylation that takes place in the
second reactor may be a homogeneous reactionaéagmogeneous liquid phase reaction. In
one embodiment the second reaction mixture is aogemeous liquid phase reaction mixture.
In one embodiment, the reaction is conducted ovemaogeneous catalyst, e.g., a liquid phase
catalyst. In a preferred embodiment, the methandlor methanol derivative and the metal

catalyst are liquids and/or are soluble in thetieaanedium. By conducting the second



2010P0059-PCT-CIP[2] embodiment, the derivative stream(s) are streams that are derived from the
crude acetic acid product. For example, the derivative stream(s) may be streams that result from the
separation of the crude acetic acid product. As another example, the derivative streams may be stream(s)
yielded by2afasivep-Rrssbhoya) in FIGS. 2a and 2b. In one embodiment, the derivative stream(s) do not
include conventional off-gas streams. Conventional off-gas streams are merely streams of by-product

gases thatBRAVAHOREPERESNEOHSY chifle HLERORAVBRFFREAS RiPIEAOY) MRAGKYH into a
flasher. Thase/efams sHeaBaeRPEBIAIWRRIBPEIRE (RAFERINEYYIIREUCES BadaaaRideshillishing

separation of the crude acetic acid product. Thus, conventional off-gas streams are not considered to be

derivative QLEFRSIHEESD L LARREXAE PRILBHPIESSHE®N provides for more efficient utilization of residual

carbon mqexkie, thcoRyetveMERESBR dinst F¥aaIIA MpXALAYIEHSS frdpaitiesrRiffrarsum ke
withdrawn from the reactor and/or the flasher. These larger quantities may beneficially be used to

supplemerit SRR SHRBHO f SRECELIERLUOY. MY IECOTRERESP BA ARSI NRCUAR a5 2 Gk 5nal
systems, ipgegagsslyofraasreitidmmalormbdiaaul iadatRasastvRsiened Gar P rHoarideg[0/BRast

Derivative stream 108 may be in the Iioluid-phase or vagor-phase and preferably comprises dissolved

and/or ent&lrBEES NG ndd AR K Bptidray hatigReH aRR/btis A6 SOMRARRRL Sherdrshly
methyl acetaieridh preleired embrsines e0\aivmIBETGRHIHIIRE waporBhaseolnpim fo

derivative stream 108 is fed to secondary reactor 111, which preferably is a high pressure liquid phase

carbonylatiotP SeUBRALAT FER AL B0KAPIA i P WRRBo diieRROWE (kaisARE Brat rRRaieRol and/or
methanol geisiuaidesnipastetin 6&s0B00 easiar, lld. maydednvppantan [dasyavegsisanla8eckisone

embodiment, derivative stream 108 comprises methanol and/or methanol derivative in an amount ranging

from 0.1 mot99ry BB TholBe'SEYS RlRRES 1HYIS, B FERA M IHEL SARIBE 36 3 (FRo1BRthEY0 Wppm

embodimerisdignyvatiye lseanad A% ooiwpeyapiimsmaggpns moathanti@ngenimngiodeeonerivative
partial pressure of fram 0.1% to 40% of the total pressure of derivative stream #08’ e.%. from 0.5% to
20% or frofRHRLL MO iR 5?&8(#@8%%8&% R R ABIPRIN Pn &Sl P H ARV RREL Bt fed

to second gsactevgidrh i MethyAGaR@lshinteBBIRWaIphndimestisidiesh imeih anel sestiad meibaoe!
derivatives maﬁ‘be fed tqQ second reggté)r 111 via line 115. In other optional embogimentﬁ methanol

and/or mefHXAIGEAMRNRES FHERTEANY BRSPS Y Ga: YRR Mot 25k 89 YR 85
may be feditesgcondvespm 114 tatiHOPONHSP S| Bebnd reaction mixture comprises less than

4000 wppm rhodium, e.g., less than 3500 wppm artlesn 3000 wppm.

[0056] In one embodiment, the pressure in the secondariadess than the pressure in the
first reactor, e.g., at least 10% less, at lea%t Biss, or at least 50% less. Beneficially, by
employing a homogeneous reactor in accordancethatipresent invention, the need to
compress the derivative stream(s) is significargjuced, which results in increases in overall
process efficiency. In one embodiment, the pressuthe second reactor ranges from 0.1 MPa
to 10 MPa, e.g., from 1 MPa to 5 MPa or from 2 M®& MPa. In another embodiment, the
temperature in the second reactor ranges from 1@9300°C, e.g., 150°C to 300°C or 175°C
to 250°C. In one embodiment, the reaction tempegah the second reactor is similar to the
reaction temperature in the first reactor. In o#r@bodiments, however, these two
temperatures differ from one another.

[0057] Also, the reaction in the second reactor (and optig that in the first reactor, as
well) may be conducted in a counter-current or gorent manner. Although the catalyst for
the reaction in the second reactor may be the santige catalyst in the first reactor, it is

preferred that the catalyst in the second reastdifierent from the catalyst in the first reactor.



In other embodiments, derivative stream 108 comprises acetaldehyde. In these embodiments, second
reactor 111 may react the acetaldehyde in derivative stream 108 to form other materials. For example,
the acetaldehyde may be reacted to form ethanol, which may then be converted to propionic acid, which
is easily renmrdsepCthelpiryduct stream. By converting the acetaldehyde in derivative stream 108,
acetaldehyde is advantageously removed from derivative stream 108. This reaction of acetaldehyde

lowers the ifistRR YT HieCARINYHE iH hagso £pFIR R R3cEPR IO ha&RfBPBURSaRu Kl
acetaldehyde:remoralcsiiprisds IR HAEUTROBPLEITIR nidsetaresanpigagierchidipselaaly is a high

pressure liquid phase carbonylation secondary reactor. The supplemental carbonylation reaction in the
secondarySRER1Gr e 2E IR &3 Al B\ Al oritk iGHRSE YRHIBEEISHOnC AR NE 9 RHIBBIG RS the
liquid-phasediopHpaRgRIsiGrialysepbiprises metal dissolved in a solution, e.g., rhodium and/or iridium
dissolved in acetic acid. Second reactor 111 is preferably operated at lower pressure than that of the

primary reH4881in 5RE SR HRARI UMY B AE131Y D OPIEIE AFR I SWERRIGIRE similar to that of
the primarg4pasiQratio @ bremhembadingt.sSeaandaly (tRapan HdnisxaRefatefAicataMPesatvapIthahis

higher, e.g., at least 5% higher or at least 10% higher, than the temperature of the primary reactor. [0066]

Derivative SR RAFIHRferARTAUS SIHEBHdARK e4dRB 1 71 ad IRt BP el eh dchebbGapor
stream, opgisinally miseitse fhaieBetani ddating d 46 diedneat perreeaNRa Y-S Bl RIRSHICYSHERMAIE

comprising acetic acid and overhead stream 117. In one embodiment, the methanol and/or methanol

derivative ISHRRIHGS TR QERAAT BSEEFB) AL FRRciBAamEL SRS PStAIRAE SRR e

stream. Oygeheadsietary disé ssparass/ e alityriaghde ioafiddatearbon monoxide (if any), vaporized
methanol, ve&orized methyl acetate, and other non-condensable gases such as methane. Overhead

stream 11058 ndEh2BE SRPRAUTMSRhJRR-SEEPRE 128X rSBREREHEY SteerHan 8'4ha DSAEr SRS
120. Liquigrstienetckidy alonaavitieaptinaataetyetmoienitiodiisl ot srCRNG se8cieulihthE067]

Secondary crude product stream 116 may be processed further and fed to the separation zone 102 or
may be coiﬂ% A DB HAFNDLERCREi product 107. In some embodiments, secondary crude

product stifppgn]l 16amax e sragveiasbingansndeatisH/BepirstispeirsRcin GrevcE IO 71 Preferably, the

secondary crude product stream 116 is enriched in acetic acid relative to derivative stream 108. In one

embodimeHBOOENRIRY EMFHRI AR COSHRILT RS $8T BBMPALBRLRR R At Sibe 367 FHBR 7 9Bt %8N g .,

from 50 mgBodadérynmeétia® 28REAT P OThel Rl rap fseyodtatim %yia e sninthu dinig rescaiblinziése
secondary %%% roduct stream 116 comprises aéleast 25 mol% aEetic acid, e,.qé. at,Ieast%i?égol%, at

least 40 m3 RURR E6SHo .%'Té%pgeof‘ﬁﬁ i ESUBPIE B RIES PR BES R A m 116

(when in thieogpee SHasE)l MaY. BarermeErekC ACId3N8E6EH BEESEB5T (e 88%010 A6 %, phthesetal
pressure of secondﬁr;ércrude §roduct stream 116, eqﬁ. from 50% to 75% cz m 45% to 70%. In one

embodimeg’l'&%% 3%&18 %r%&?&é?f%aﬁ\gﬁfe yeﬂ]ﬂﬁéﬁﬁc%‘?pﬁggzﬁ Qf?rg tg%q 291%%:?1966

monoxide,29g9/(BSF78EE) 20000%7oabDtmecntidecp@nicitsitbanras ofalticlessshandlsmol%, less
than 5 mol%, or less than 3 mol%. In gther embodiments, secondarr% crude_groduct stream 116 may

further corSREBHRRARYISHIER HethX oM IRV ARACHIR ZPEABH RIBRLAHAN 50 fhdids, A G SN tiAn

40 mol%, iggsdberiiled sohdmaritesitiams divaldsdo o eiianges FecRdanaatge. product stream
116 may corﬁ rise from 10 mol% to 50 mol% me[-t anol and/or methagol derivati.\/e,rf(zr.é(;f from 10 mol% to

40 mol %, 18Pt 15 ARRARdB6RotbsMBEH Uiy stream 196 FUESIEdH SRR red

embodimenis fedpprefsesty continuously fed, to reactionez 101 to produce crude acetic acid product
stream 106. Crude acetic acid product stream 1#6ba fed to separation zone 102, which
produces purified acetic acid product stream 1@Fdmrivative streams 108, 109, and optional
derivative stream 110. Derivative stream 108 mayell to secondary reaction zone 103.
Although derivative stream 108 is shown as a sisgfam, multiple derivative streams may be
yielded by separation zone 102. Derivative stré@® which may comprise recycled
compounds, may be fed, e.g., recycled, to reaztome 101. In optional embodiments,
optional derivative stream 110 may also be fecetmedary reaction zone 103. In one



120 comprises substantially less carbon monoxide, and more preferably essentially no carbon monoxide,
than derivative stream 108. In addition, a portion of vapor stream 120 may be fed to one or more recovery
unit(s) 121. FIG. 1 shows recovery unit 121. A scrubbing solvent is fed via line 122. Preferably the solvent
that is chillzod tedess plcarc25e) may be fed to recovery unit 121 to scrub vapor stream 120 of low boiling
point components, such as methyl iodide, which are removed via line 123 and are preferably returned to

the reactioffPBAd TSN EREABIA LG ISR SRS TRARERIM SRTARS, rodieacBdf 2aRHE G ther,
acetic acichpselisixinereiarns, The QIABEAESOEIRARIAIRGTEAAL MaY RYURTBHIRIIEHEALHNEI)]

FIGS 2a and 2b show reaction/separation process 200, which comprises exemplary reaction zone 201

and exemPaEEEARGFYOREO P ORUG1OR FORENSH BRI ISES YRV FeSRRMBON A HFPH8T™IM a
reactor reqaRIYdUR d HashiereSshorn andidds like BHMRRIAdNsheatRIBBRArtieras ilRaKA Yiream(s)

embodiment, carbon monoxide, e.g., in the gaseous state, is continuously introduced into first reactor

230, desirS9y'BEIBAULS SNl BF -9 ITRAD He 0OLHas! QF-ORS HREMS. AR MREROW S HER BSirst
reactor 23gf\ig-meidacchised Bt DRI tepipetsueaetdiisistaaston it med prochitr dloditri dndicated

above. Carbon monoxide feed 205 is introduced at a rate sufficient to maintain the desired total reactor

pressure. ©810BIHHSWERE BIH70871] PREGALLRRTUEF RS PRURINMSH ISR SRRF URDRYSBEPHHHEh

the reactioananediviot bgdir BtiffingenranRiatraseP tscPtkaes aeqirphhduentethvia etraamtioaa Hfrom
first reactor 230, Off-gas vent 232 prgvenéss b ildag of gasequs by-products, such as methane, carbon
dioxide, arfPRirRTER, 53t FRiART 8% N Rie partial pressure at a given total reactor

pressure. RaRS VBBEZIS3HWOp Aederivatieh EBRPTL\AGd Fov saefbRIR \(RilidatRIPvMréiblab. 2a and 2b,
a reactor recqvery unit 23§ may be utilized to remove low boiling point components from the vented gas
Gr M)ﬁ

in line 232°41H'Y4880HY! PG AR RRSERMERS & e S BPUTSH R 93 ey

and are typisaliyrairaion e with € itbat eeetitianidh bbby Brigbirgaaitarsimagio ansfigigyans| to
prevent loss of low boiling components such as methyl iodide from the process. If methano| is used as the
Vent sorub RS SHRMETH ML ARt R b (EoTNaIRME GRS FIERRIRS 6 AHBRCP YEETERATIS 233

is typically|retoimgshtiviag pyeaans, thoreubelinerZgds alittalahdurirealsio indrietossed intsanyfof the
streams that recycle back to the reactor such as the flasher residue or light ends or dehydration column
overhead gﬁg%l sr.nﬁré%'ﬁ@acid is used as the vent scrub liquid solvent, the enriched acetic acid

(containingowe3y! DeinleXifersitbaracrobharistynicaty Binpgshateksorpethtighirengretandihe resulting
e R e S Ak o S, SSEISRSTSh gpRee o e
reactive derivatives, preferably methyl acetate.preferred embodiments, derivative stream
108 is in the vapor-phase. In FIG. 1, derivativream 108 is fed to secondary reactor 111,
which preferably is a high pressure liquid phasbaaylation secondary reactor.
[0064] In preferred embodiments, the reactants, e.g.,anetrand/or methanol derivatives,
reacted in second reactor 111 may be present ivatige stream 108. In one embodiment,
derivative stream 108 comprises methanol and/ohamet derivative in an amount ranging
from 0.1 mol% to 40 mol%, e.g., from 0.5 mol% tor@081% or from 1 mol% to 10 mol% other
embodiments, derivative stream 108 is in the va@gbaise and has a methanol and/or methanol
derivative partial pressure of from 0.1% to 40%laf total pressure of derivative stream 108,
e.g., from 0.5% to 20% or from 1% to 10% In pregdrembodiments the methanol and/or
methanol derivative reactant fed to second redctaris methyl acetate. In optional
embodiments, fresh methanol and/or methanol dévesmay be fed to second reactor 111 via
line 115. In other optional embodiments, methamal/or methanol derivatives contained in

the optional derivative stream 110 from separatiome 102 may be fed to second reactor 111.



the main process directly, e.g., via line 234, or indirectly in several different locations including the first
reactor 230, flasher 231, e.g., via line 235, or a suitable area in the separation zone 202. In one
embodiment, the stream exiting the top of reactor recovery unit 233 is exited via line 239 to further
processingondrobsmag eataiRfor example, further separation or scrubbing. Preferably, the contents of line
236, which may contain, inter alia, (residual) carbon monoxide and methanol, may be further reacted,

preferably h QS RIBRPAHAGIER A5 204 R SRIBUELLRIBRIERFAISHN AR, Bficsa15MRRYASSYBs
purge stregmpAtAkRetveIEd MguahdheBashanlras awdeid aennaitod thadiohiendsmhatemsdo

enhance rhodium stability and/or they may be combined with othergaseous process vents (such as the

purificatior CbRNAN GlRr i ATERARNXAS FBRY RS 1BALABMAGT 30678 Braddnahe SoVErbeRiteis

drawn off fsespibiscrasieton Rz ¥ adally seifisirit tromatibalilcd spaatantisved teraiiyand is provided to
flasher 231 via stream 236. In flasher 231, the crude product is separated in a flash seFaration step to

obtain a vASEIBIPeRAN NVeriNaMES RESRT 39S BRI e R IRLPINGY 1852 Yed IO T ream 238
comprisingjarpaiiiesttréAPPOOSIME lebdRAl srateiiRagWERN tHENarfataly oif eRetaldiegysil itiahRe

comprises acetic acid containing the rhodium and the jodide salt along with lesser quantities of methyl

acetate, MRPGHIFHE AN ANGRIETSERS IR fAtRY dRe SHD SBUERILC YA TR 48 %ir St Fedctr 286

Beneficialljpggspasharpeitiornsetdrigstyaaeiciony be piesetad|ioismanerduipaatpiinpmaish the catalyst is
used to form additional acetic acid. Streams 238" and 238" show a portion of steam 238 being directed to

second reSBIOCHY PUCRHSRINEREY SRS s BGHS HIRIBEROINSIRIG ARl 1D SE6REYRR tor 211,

in some emkedgnentsiPobhanetel thecstecriutdipHicetRdimde wasalpst. INPhies embedimentsiisreams

238" and 238" are not present, e.g., all of stream 238 is recycled to first reactor 230. By employing a
omogend LA LIRS LOTIEaT AR ML ROME o5 AP A S Al e o REHEea. This

recycle adyattagaisiy pievisiesdon iavetyadi@rosessaificiengiess robeipinshaents: lbeatr catalyst
may be provided to second reactor 211. The fresh catalyst, e,g., rhodium, may be the only catalyst
Cmplicd (PEOHE TBABIIS THe TN AL, R EPEO b BIm RIS e QLA via satalyst
recycle strepstatéthapa avpTperdisrenmilds foalsat esiminpssrariiey| indideanethisbaneiate, water, PRCs.
The dissolved and/or entrained gases that Eifit first reactgr 230 and enter flasher 231 comprise a %ortion
e

of the carbSt ABISYERAGHY b ‘2198 SEHEHPHASERAKI B LI ErasFhiethiaingh hd
carbon diagigs:. s tiggriven gases exiipeetiashef Almpreastof. overhead stream 237. In some

embodiments, the low-boiling overhead vapor stre 37 may be fed to the secondary reaction zone
505, 0.0, o FENANN THSABE LB BT 1D, CTBEAT? TP R NBH S S oeto to
separationcopide 2§84 SeperdtiaanrspioRayptisaedighiresdsiadine 112 Oigipasuies Z&koaadigrying
column 242. Additionally, separation zone 202 may also comprijse one or moye columns for removing
permangalHETAIIEE SURROUME CIRRSINREE o AHORBH SR SR . (APREtors, etc. [0074] In
light ends enlbouirddat, stieameddnhyieids @ionettiling ovavasgdodped steaens24dnd peuidied lagetic acid
product that preferably js removed via a side sjream 244, and a high boiling residue stream 245. Acetic
Dot remo So T SR T Sh B BT He PR, S b B Y (VR S LS it B E G
242 for seleeilgl sepiaitiesidbiatetichacidhritproxid€if aimgdposin axp iosthlbned Wagindis edlometh (ot shown),
as described in US Pat. No. 6,627,77Q, the entirety of which is hereby incorporated eference.
P reforablySCRB G B O e SP B 2HE S R LRy A G 5 e 075
detectableamu deith t dincibontnpoin g eo Tomoesidiceiexdtingil @ bhendposlsnuaad 020ay_tuitbsseam

119, along with optional derivative stream 11(esto second reactor 111.

[0067] Secondary crude product stream 116 may be procéaskdr and fed to the

separation zone 102 or may be combined with thiigadiiacetic acid product 107. In some

embodiments, secondary crude product stream 116magcovered independently of purified

acetic acid product 107. Preferably, the secondarge product stream 116 is enriched in

acetic acid relative to derivative stream 108ore embodiment, secondary crude product

stream 116 comprises from 30 mol% to 95 mol% a@etd, e.g., from 50 mol% to 75 mol%



2010P0059-PCT-CIP[2] catalyst. In some embodiments, at least a portion of the residue stream in line
245 may be directed to second reactor 211. [0075] The low-boiling overhead vapor in line 243 may
comprise dissolved and/or entrained carbon monoxide; methyl iodide; methyl acetate; hydrogen; water;
PRCs; acetin @ridsdecscIrgh] as nitrogen, argon, and helium; and other dissolved gases. In terms of
upper limits, the Iow-boilin/g overhead vapor in line 243 may comprise less than 25 mol% carbon

1

monoxide % §OMe4s MR 50{89B8s tRRMSHEIN S RRIARAATEYRAMRILALRFSAEY e a carbon

monoxide gaigifEe U lassihasdndeaidhriptal prasseerbite vehotng PitrherdirReL 60J., less
than 15%, less than 10%, or less than 5%. Preferably, the amount of dissolved and/or entrained carbon

monoxide TAAIXE 2A3¢51BR PMPALREF KGR eSETRII R B RIBEHG D HPreMh R EL RS WP g ., at
least 5% legm<)laas) haVe ansacdteastid Parlrgpresatiteasizooyadessviotafies srblatgssuieeamount of

carbon monoxide in line 243 may range from 0.1 mol% to 25 mol%, e.g., from 0.5 mol% to 15 mol%, or

from 1 moRRIR T GHIe PiIod sk 5T S AR AdHde: Barkia M REA e HhEPTAAGE TG 87294 RP86% of the
total pressgiigpelipnenoiaadneiRead idansrodust JtieanR - bYfimbhet cohfpreliywad B iSreferapiynthe

low-boiling overhead vapor in line 243 comgrises at least 0.1 mol% carbon monoxide, e.g., at least 0.5

mol%, or ADRIHXI¥en61%h: GRP A HER THEB SHRAR MR BEIER, 6 WIRR 4P PRI ISR total
pressure aflgclowsBaiing SYRIIRAGVRRE tifag. 3ah6i86! bt PhabiersttYscisnd e dpudbaiioguct

overhead vapor in stream 243 may comprise at Jeast 0.1 mol% methyl iodide, e.g., at least 1 mol%, or at
it = e S e e e R e v TR
e.g., from 5anabes0e25. met tigairam mhdive|Ye ss 20am 8 ods e ehambsdinaents |ithe ges viyagieam

of the crude acetic acid product in line 243 may be fed to the secondary reaction zone 203. EO? It has
been disciBE0TH0S PUINRECH a3 Pe i CEPIRKa? IRRqD SR L BHIPEBALRt Bon of

PRCs, andvistpartisiulariaagialdehyderoim the hevicbadiag eveldsiechyamomsiiagain 23 nexdéng the light ends
column 240 than in the hilgh-boilin%residlﬁ&stream 645. n some en%%ingn , Iow-boi\léigg overhead vapor
stream 2488 taiY AR BRECABhioRATYRAG U g6E; 0L 85 adi BIBeEUBRRS PRI T&ARV al

system ("PRS"¢drfpriden s )bstaediaNe Rad/earsorontoitknm assreqd ieREsbpy estrinituly poertarbibiereof).
PRCs are formedﬁiuriﬂ the carbonylation of methanoéén.the resence of a Group VI metal
carbonylafBANGGS BREET KAl Sl A o BB EBRRIGERGY Yoo nS IRaIt ER PR REcerido

methyl 20 LIRASISHEE TeCdR B ethit(Ketone, bigyralslebyaaceyainnadehydscludthivicsolonatdstizde,

2-ethyl bu%?'fjneehﬂs.a‘g%t eera{gﬁ?/’tﬁgdsm\?e%ltdt%la%qg %?dr]ﬁz)i Eieosns%%c}]u%%@ ?nrg?fbe fed to recovery unit
121 to scrub vapor stream 120 of low boiling p@otnponents, such as methyl iodide, which
are removed via line 123 and are preferably retlitoghe reaction zone 101. Exemplary
scrubbing solvents include methanol, methyl acethteethyl ether, acetic acid and mixtures
thereof. The overheads of recovery unit 121 malyasxpurge gas 124.
[0069] FIGS 2a and 2b show reaction/separation processa6h comprises exemplary
reaction zone 201 and exemplary separation zone R@action zone 201 comprises first
reactor 130, flasher 131 and a reactor recovertyl®3. In FIGS. 1, 2a and 2b, like numbers
indicate similar items.
[0070] In one embodiment, carbon monoxide, e.g., in tlsegas state, is continuously
introduced into first reactor 230, desirably belamwoptional agitator, which may be used to stir
the contents. Methanol is fed to first reactor 220methanol feed 204. The temperature of
first reactor 230 may be controlled, as indicatedva. Carbon monoxide feed 205 is

introduced at a rate sufficient to maintain theirdekstotal reactor pressure.



[0077] As shown, low-boiling overhead vapor stream 243, is preferably condensed and directed to an
overhead phase separation unit, as shown by overhead receiver decanter 241. Conditions are desirably
maintained in the process such that low-boiling overhead vapor stream 243, once in decanter 241, will
separate inta@Phgbe-plaaserp a heavy phase. Generally, low-boiling overhead vapor stream 243 is
cooled to a temperature sufficient to condense and separate the condensable methﬁoiodide “methyl

acetate, a¢80Hen/dte GRPBAVS EaH P eSTRRInERRE O ARy diep FHEsHeh Jhaseac B Xion of

stream 24g@ay e AR SR 0B ABeBAXIYR §atsaiBs [ ABRERENKIE BFRE GASCSSIURD Miesr Roacttipxide,
hydrogen, and the like and is vented from the decanter 241 via line 246. Line 246 g{eferably has a partial

pressure oftarfoH-BRMYKITLSA LESRAI SiidBpiAE 4B BIHRQIHES SHE A% e 2R sGRRIPBO%: less
than 75%; dessadaanRPMidrsseinas B0 nasilRsmiaa A0 Phdronres fratpinprisariah piagvare fse

based upon the total pressure of all non-condensable components in the specified stream or vessel.

Additional {PBFIQIRIRARER (AH-928 VoA 3 [5iketia BiRmlieamofts dsHiisatbabite, 83 SNewd itn
80 mol%; legs3haa dpd e lesetbareeBvep)GhiessihaapBzve!ts:rerlese IBanb#limp36inkine 246

preferably has a carbon monoxide partial pressure and/or a weight percentage that is lower than carbon

monoxide FORPORERR BO5N ificrPried SRsitdAG 230! BePIER LR ¢85 BREY ISEUeRRE 9730 %

lower. In texas i6¢ @iEBfhdbpRUBbeticparaeRNgif ardipe cHid ieadioviel kitheges éasia mol% to
95 mol%, e.g., from 60 mol% to 80 mol%, or from 65 mol% to 75 mol%. OPtionaII_ line 246 has a carbon

monoxide F&4 e LUPMGIRSATRR o 38T A RIEP BIEVS Y O75iRE 9%?%'@7%@@@@%%580% or

from 65% & dp%s ket oikpierablythep s, PricrikgasddeihibassiatinbliRplieRINVIN) HeS
from 10 mol% to 60 mol%, e.gz.ﬁ, from 15 mol% to 50 mol%, or from 25 mol% to 45 mol%; and/or a methyl

acetate pafiAHRE AR GRLROIIAINE S HEIOYHRAGE) [SRRBSINEEFRYEYAEIE 27 3ito 'S4 Y0 50% or

from ZdS% t@téﬁ%dfhimé%ﬁi(%%?&,sﬁ%mimllﬁfﬁﬁ Q@fﬁdﬂﬂiﬁéﬁ%@éﬁ?@r@?ﬁ%ﬂ?ﬁt@%ﬁ?@ﬂ@f@md Ejo
secon ary reaction zone , r reaction with methano rm al itional acetic acl , A ISCUSSse
above in FECAMDUR FRuCle DRSO e ARSI APeRRaBRe (8P SHE SrataPln) o R SRaxdiatien

acetic acicc@oehR Blesrhaswvstt@snasiantisiestief aerihylueditiasurd sweihyligariaielvéhe aandarsaddieavy
phase 248 in decanter 241 will generally. comprise methyl iodide, methyl acetate, and :

D 010P005ECBET A b(SPRIAUTS RSLYIRHEE] HemA EIISSHS Sk v S Ret fleapsarped ot
conveniengyide cira thie de sitliey diraatheertitndiieckyrdoykitailr eacher 230 sk o 0 Sieoanyl reaetdigRil. For

le, ti f thi d h liguid ph 248 irculated to first tor 230
alor e BN SEUBSRE SR SPE R ASSPRARN A SHA S hen b 1§ o Sho 40

\r/lol.%, Ior ftoerhdn Zﬁocds%di@édﬂg,f&:g\cwi@gimbﬁllmmﬂﬁnbgwiimdr? aimaénmmsaﬁimst(;elagu?fghe
eavy liqui ase 248 m e treated.individu ay be combined with the conden ight liguj
oy aa A A S B AR ot oV R S TRDLS 715 1 S LA oM ront
of the predensnievemidiipOTO]ths sinearn exkitgSh2aamaéiiar thediginyndse 3Xiks eleiteuniga idd via

t 247, A first ti .g., ali tion, of light ph t 247 b led to the t f
ot ends SRR BoF s bR Bt R RRLey R AR b ARG st
247 may berdfesalsd, tththearptintsabPIRS @88, shbich)nagaimsistavelidy(siednal2 49rothirtbpoxide, e.g.,
liquot portion, of light ph t 247 opti I b, led to first t h b
o N S e L e e R
reactor 21adthtjonede aeetiaspedts @mipmayjelqeI_g;mbemwmrdammmwmmmeibmreqwemMr _
e G R B R B AR B BB n s shals ey gy

be combined with other gaseous process vents @aitte purification column overhead

receiver vents) prior to scrubbing.

[0072] The crude acetic acid product is drawn off frorstfreactor 230 at a rate sufficient to
maintain a constant level therein and is provideffasher 231 via stream 236. In flasher 231,
the crude product is separated in a flash separatep to obtain a volatile (“vapor”) overhead

stream 237 comprising acetic acid and a less ®lstiieam 238 comprising a catalyst-



[0080] Light ends column 240 also preferably forms a residuum or bottoms stream 245, which comprises
primarily acetic acid and water. Since light ends bottoms stream 245 typically will comprise some residual
catalyst, it may be beneficial to recycle all or a portion of the light ends bottoms stream 245 to first reactor
230 (and/@oseroosbeaciorll). As shown, at least a portion of stream 245 may be directed to second
reactor 211, via stream 245'. In_ one embodiment, stream 245" may be combpined with stream 238" and/or

238" beforeMBEHY FAPRILIRIbnd Me LI YIlCHHRINAS FPIHERMRSISSHACEHEAicheAUaIBHGEINS 238 and

238" Prefﬂﬁ@@%n‘h&ilﬂﬂi@@éﬁd@ﬁ&m@H@W@I@%%ﬁ!}i@@ﬂ@@mﬁmﬁﬂ \Hﬂétﬁﬁiﬁmﬁﬁ%@iagﬁéw
flasher 231 and returned toaether to first reactor 230. [0081] As indicated above, in addition to the

overhead P4EE, #RSRGIRIBHESLARMP SEP LR Althn 5 SISV SLIB AR SRthnPoRE NGl BréfaRtoly

compriseszpperanly Gagiis aeichanNmuALRS . dRptanaly asaediniafinidmireda ddpidesesisulated to
the light ends column, preferably to a point below where side stream 244 was remaoved from light ends

column, adCPB ASSHIHRRROPYS BEN AL HES 130 PPU IRV DHEIHSE 0B EMB &iFEE/™ which is

hereby incgiiieetatetbBetefietarestiR(G82]. SNgsise SIG MM BRABAIRS Yeattidans BEpR t@irestd asid,
side stream 244 from the %aglt ends column 240 preferably is directed to a drying column 242, in which

the acetic 3eRPAAASALIEF aretsEh PRSI YRERIHRBE REBRHGA IR MG EBRRT24€ Lepsiatedn

acetic acichside siRRNiREhIS!CREPNE PEXhAEZE8' 28k qampitsedyp tnasil yeé avatesand rdpilems
stream 252 comprised primarily of purified, dried acetic acid. Overhead stream 251 preferably is (fool d
and condeHSbIRACLdS PR 5 BB SR st e S AR R P S RGN

phase 255;#algboiwnhadeoiities i theilliabiphasesaaeésdeibeboas shownitysstoramprbbeangritess
remainder of the light phase is returned to first reactor 230, a showndo stream 257. The heavy phase,
which typi€all§'i'G %m'ﬂ‘@ﬂ??&&‘ﬁ‘;@r‘?&ﬁﬁ%&?e &R FAL Bfoaﬁd%ﬁoeﬂ %’réﬁ@%‘?@ﬂﬁﬁ@&tﬂ{ s tntlre%) to

the first regeist 2aehinst sbayyniwydsitneam @pbeapionalygaienpslied comdooed wadrairezm b, inatieough
sy paBLHE) K NG BEUBH JOLL PG DR ERB DA SSIEH  SeRbIRG ek 255
preferably oasripcise S weaon3BTsatss eniayisdanaiit v dstitepyrieeetemiadieRGsthetarying column
bottoms St&?sa}srgl\?gg] grrllgﬁ)sr %?l%%ﬁl‘led gases that exit fiettar 230 and enter flasher 231 comprise a
portion of the carbon monoxide and may also corgaseous by-products such as methane,
hydrogen, and carbon dioxide. The dissolved gasishe flasher 231 as part of overhead
stream 237. In some embodiments, the low-boilveyleead vapor stream 237 may be fed to
the secondary reaction zone 203, e.g., to sec@utiorel11 (not shown).
[0073] Overhead stream 237 from flasher 231 is directestparation zone 202. Separation
zone 202 comprises light ends column 240, decadterand drying column 242.
Additionally, separation zone 202 may also compoise or more columns for removing
permanganate reducing compounds (“PRCs”), guard, ltexdvy ends columns, extractors, etc.
[0074] In light ends column 240, stream 237 yields a lmiling overhead vapor stream
243, a purified acetic acid product that preferablgemoved via a side stream 244, and a high
boiling residue stream 245. Acetic acid removedsitde stream 244 preferably is subjected to
further purification, such as in drying column Z42 selective separation of acetic acid from
water and/or an optional heavy ends column (notvsioas described in US Pat. No.
6,627,770, the entirety of which is hereby incogted by reference. Preferably, side stream
244 and residue stream 245 comprise substantialbarbon monoxide or no detectable

amounts of carbon monoxide. The residue exitigigtlends column 240 may comprise



acid in an amount greater than 90 mol%, e.g., greater than 95 mol% or greater than 98 mol%. Optionally,
the drying column bottoms stream 252 may be further processed, in a heavy ends column (not shown) or
iodide guard bed (not shown), prior to being stored or transported for commercial use. [0084] Returning to
vent gas shaaroggbHaantthrloverhead decanter 241 of the light ends column 240. In a preferred
embodiment, vent gas stream 246, which comprises an amount of residual carbon monoxide, may be

directed t°8RIYRHaK) RARAGTRAIDEANAEI82A iRAIUNE (33 dHR SHESMB IR WG AR INRE Sed in a

recovery Ugite2@iteor eBraiaBy dayy bailing point compounds, such as methyl iodide. [0085] A scrubbing
solvent, preferably chilled to less than 25C, may be fed via line 261 to recovery unit 260 to scrub vapor

stream 246087 Bw JAIfg IRt shiysiBRRd YEPR™ES HGAHIa% SN ISRONGARRY K LIHEID68 and
are preferaiabEriurispdiaihienieassiqpraaeibhyPasdibingpive natsc!precvestenel apigimbasetate,

dimethyl ether, acetic acid and mixtures thereof. The overheads of recovery unit 260 may exit as purge

gas 263. IR BHIBIRAC S0 268U AGIETH 2 ABSAMERIaSSSrtiodEMes YRR  direikin B86 may

by-pass thiesevriy thirBeadn/hpe2edinacths aaibabIKER MEeE28a9 2105 BRI Murisigrs 263
exiting the top of recoveri/L unit 260 comprises carbon monoxide, methyl acetate, and optionally methyl

iodide. In r&felfS PR g Nl Yo s KRR Ry ML RIS BeY RAHGHA EaMPBRessed

derivative giesrinidé palitifrpfeyagtenekedinams st ef i@ bpeessvecop tihae oRnssilm§ieghaprestire
derivative stream 266 js from 0.1 MPa to 10 MPa, e.g., 0.5 MPa to 5 MPa or 0.5 MPa to 2 MPa.

employing"@P8mBgknlsssLhaRta eSO AR B °@a§’%§rmeﬁ1¢aﬂm%aw§éii§w%ysa or

minimizeddAd/BE &itanskial @akbHr eifoBidxide 3reinePPise HadiBiansisd Y meihediderwhitbhas been
removed %}éthe recovery unit 260. The compressed derivative stream 266 is fid to the secondary

reaction zOREWNER 1B eSS rlny Ghc BbIPSha o885 TNk eS8 oRt R18185S, g5 at
described Y& 0VFEss]. IRaeandary rafgts ptadighslieationlm extisigedanhee2eomdl/rangecporrises

acetic acid, Seco 0dar crude g)roduct tream may 23.|SO comprise methyl io g)de, catalys " methyl acetate,
water, anoon%mﬂﬂ,@ ﬁ&%é’ﬂqlr(%cﬁ&’jmﬂbgi%g?ﬂé,/os@c%ﬁdﬁﬂ&e{[%’@ &Eﬂﬂiéﬁ E‘Pré&fﬁ?%’rﬂé e directed
to reactioncapher2Mbridsefies phiticatprasiadaitonaige combad 289do proguotstrass @toos|tre to
o s g o R A L BSR40 moy

boiling overhead vapor in line 243 comprises asi€al mol% carbon monoxide, e.g., at least

0.5 mol%, or at least 1 mol%; and/or has a carbonaxide partial pressure of at least 0.1% of

the total pressure of the low-boiling overhead vap@., at least 0.5% or at least 1%. Also,

the low-boiling overhead vapor in stream 243 maygose at least 0.1 mol% methyl iodide,

e.g., at least 1 mol%, or at least 5 mol%. In teairanges, stream 243 may comprise from

0.1 mol% to 30 mol% methyl iodide, e.g., from 1 Bbdlo 25 mol%, or from 5 mol% to 20

mol%. In some embodiments, the derivative streftheocrude acetic acid product in line 243

may be fed to the secondary reaction zone 203.

[0076] It has been disclosed in US Pat. Nos. 6,143,93®G#880,171 that there is generally a

higher concentration of PRCs, and in particulataldehyde, in the low-boiling overhead

vapor stream 243 exiting the light ends column @& in the high-boiling residue stream 245.

In some embodiment, low-boiling overhead vaporastr40, containing PRCs, optionally

may be subjected to additional processing in a RR@val system (“PRS”) (not shown) to

reduce and/or remove the amount of PRCs preseatgortion thereof). PRCs are formed

during the carbonylation of methanol in the pregesica Group VIII metal carbonylation

catalyst. PRCs, may include, for example, compewuth as acetaldehyde, acetone, methyl



[0087] In FIG. 2b, vent gas stream 246 is fed to secondary reaction zone 203. In one embodiment, vent
gas stream 246 from overhead decanter 241 may pass through compressor 267 to form a compressed
derivative stream 268, which is fed directly to secondary reactor 211 as shown. In preferred
embodimeztsorhesmtat paeflre of the vapor in compressed derivative stream 268 is from 0.1 MPa to 10
MPa, e.g., 0.5 MPa to 5 MPa or 0.5 MPa to 2 MPa. Compressed derivative stream 268 in FIG. 2b may

comprise £MYHE ARG PHISFAHARRYIR FERIPBRIAEEYY e ITHRBRALE Iy dRrk-ai0y RHMRI98BYER ght in

FIG. 2a. Inhpeatike efnBQHENEaEs, it drsabrProddRimss be fed as the derivative stream to second
reactor 211, without being compressed or processed in a recovery unit. In the embodiments of FIG. 2b,

the need fb‘?‘}’é%bve‘h? ShRWB0IRWHIRY IRO¥RHBRE INARRILSYH Bakly sredeRsdifsystems of
FIGS. 1, 2airap@ahorsn BRss SAURRIRS S sepatmioniReRsEISsIhaaay Re-uilizegdadhe ppagent

invention. Other combinations of separatign units may just as easily be utjlized. Preferable separation

systems afeHILONHRHeSARIM 0DREPESACTHRG B ASEEL PaHIBW HIAHaR Y PEARSEH ARRIOHRAR
separated 24l/@h RCPVEERAMBRUNE Gildscperiicantd Br pgiicle NS WdhI freabwentae gy hean

described in detail, modifications within the spjrit and scope of the invention will be readily apparent to

those of sHPINEhRGINGATINAPSS FlEeRr ¢4 deeQlRdilshmElalas Rritivenglo inandens&aideferences
discussed siyua e grRNoestiensMit itcBagkaarsn chaste yaaiaded RiesenpiioanthetRisctesBtrs/Pf which

are all incorporated herein by reference. In addition, it should be understood that aspects of the invention

and portioRS'BPPAGES AR YRIRE MNP IR RS fe At RCTHIRB P LRI Brcfldr AN NGNS CRIA Rhims

masé b; Combﬁl?]@d@r, mﬁ@g@gmﬁdr@%wﬁins\gbrd@asé% @aemtlgﬁiggcﬁmgpmbdwﬂp&m%@ fire agﬂouds
empo |me,nts, those em iments whic reler _tO another embodiment may e appropriately combine
with other SrNBBIRAUAD 10 A ERALEn AL HBTIBE 549 o120 Rralesahly Pas ARRIAR] RFRRSHER Bldinary

skill in the ety ARRieRiae shRiSH EH@RCRBIN @ UPRCTED AesRY Ry 2afe g plesyiiaarBbim nesitended

to fimit thet na\llr(le %9/2;. less than 60%; less than 50%; or less40%. As used herein, all partial pressures
are based upon the total pressure of all non-caadd® components in the specified stream or
vessel. Additionally or alternatively, line 246 yneomprise less than 95 mol% carbon
monoxide, e.g., less than 80 mol%; less than 7%4nlass than 60 mol%; less than 50 mol%;
or less than 40 mol%. Line 246 preferably hasrbaramonoxide partial pressure and/or a
weight percentage that is lower than carbon morefedd stream 205, which feeds first
reactor 230, e.g., 5% lower; 10 % lower; 25% lome50 % lower. In terms of ranges, the
amount of carbon monoxide in line 246 optionallggas from 50 mol% to 95 mol%, e.g., from
60 mol% to 80 mol%, or from 65 mol% to 75 mol%. tiopally, line 246 has a carbon
monoxide partial pressure of from 50% to 95% ofttital pressure of line 246, e.g., from 60%
to 80% or from 65% to 75%. Line 246 preferably hanole percentage of methyl acetate that
optionally ranges from 10 mol% to 60 mol%, e.gonirl5 mol% to 50 mol%, or from 25
mol% to 45 mol%; and/or a methyl acetate partiaspure of from 10% to 60% of the total
pressure of line 246, e.g., from 15% to 50% or f&ifo to 45%. This derivative stream in
line 246 comprising carbon monoxide may be diretbesecondary reaction zone 203, for
reaction with methanol to form additional aceticdaas discussed above in FIG. 1.
[0078] The condensed light phase 247 in decanter 24 1rpt#jecomprises water, acetic
acid, and PRCs, as well as quantities of methytimdnd methyl acetate. The condensed

heavy phase 248 in decanter 241 will generally aapnethyl iodide, methyl acetate, and



2010P0059-PCT-CIP[2] We claim: 1. A process for producing acetic acid, comprising reacting a first
reaction mixture comprising carbon monoxide and at least one of methanol and a methanol derivative in a
first reactor under conditions effective to produce a crude acetic acid product; separating the crude
acetic aciccprodomtgrroTaCIegst one derivative stream comprising residual carbon monoxide; reacting
a second reaction mixture comprising at least a Eortion of the residual carbon monoxide in the at least

one derivai-streHnS SRAGRNERS: RVl S INERRINEI d4M RN & TCoPRYBBIRM Y actor to
produce a%@m@@@@@tﬁémireCtWhﬂ*ﬁiﬂiFB@tEﬁQ@ﬁﬁré%ﬁ‘ﬁer§@m%fﬁ?é‘é@[@@l@.S‘PWnd

reactor cag(%nmmlonoxide partial Rressure is less than 1,05 MPa, preferably ranging from 0.005 MPa to

1.05 MPa. ple, a portion of this condensed heavy lighiase 248 can berecirculated to first reactor
230 and/or second reactor 211, with a slip streamhghown), generally a small amount, e.g.,
from 5 to 40 vol.%, or from 5 to 20 vol. %, of theavy liquid phase being directed to a PRS.
This slip stream of the heavy liquid phase 248 iayreated individually or may be combined
with the condensed light liquid phase 247 for farttistillation and extraction of carbonyl
impurities in accordance with one embodiment ofggtesent invention.
[0079] As shown in FIGS. 2a and 2b, the light phase @datanter 241 via stream 247. A
first portion, e.g., aliquot portion, of light preastream 247 may be recycled to the top of light
ends column 240 as a reflux stream. A second@ré.g., aliquot portion, of light phase
stream 247 may be directed to the optional PRSgmoivn), e.g., as shown by stream 249. A
third portion, e.g., aliquot portion, of light pleastream 247 optionally may be recycled to first
reactor 230, e.g., as shown by optional recyckastr250, when additional water is desired or
needed in reactor 230 or to second reactor 21 prelierred aspects the water level in the
reactor is maintained at a desired level withoayecéng stream 250 to reactor 230 since
recycling stream 250 to the reactor 230 undesirafilyresult in the recycle of acetic acid and
unnecessarily increasing the load on reactor 230.
[0080] Light ends column 240 also preferably forms a nesid or bottoms stream 245,
which comprises primarily acetic acid and wateincg light ends bottoms stream 245
typically will comprise some residual catalystmay be beneficial to recycle all or a portion of
the light ends bottoms stream 245 to first rea288 (and/or second reactor 211). As shown,
at least a portion of stream 245 may be directextond reactor 211, via stream 245’. In one
embodiment, stream 245’ may be combined with str2a@& and/or 238" before being fed to
second reactor 211. Stream 245’ has the same tadpmnas streams 238’ and 238”.
Preferably, the light ends bottoms stream 245 neagdmbined with catalyst phase 238 from
flasher 231 and returned together to first rea28dr.
[0081] As indicated above, in addition to the overheadsphthe light ends column 240 also
forms an acetic acid side stream 244, which prbfgreomprises primarily acetic acid and
water. Optionally, a portion of side stream 244yrha recirculated to the light ends column,

preferably to a point below where side stream 244 vemoved from light ends column, as



2. The process of claim 1, further comprising the step of: compressing the at least one derivative
stream to form a compressed derivative stream, wherein the compressed derivative stream has a feed
carbon monoxide partial pressure of at least 0.03 MPa, preferably ranging from 0.03 MPa to 1.75 MPa. 3.
The procegsioPotaerTTvhelgin the second reactor contains a liquid catalyst. 4. The process of claim 3,
wherein, in the second reactor, the at least one of methanol and a methanol derivative and the catalyst

are liquidsd85CTREDIBAESTHEIAIM 20QBIORT TR6 fitke AGRIMNR IS BSHRYEINEBRREIRIEI PHrst amount

of rhodiunygfagddieesecond reaction mixture further comprises a second amount of rhodium and wherein
the first amount of rhodium is less than the second amount of rhodium,. 6. The process of claim 1,

wherein thi0982] re XRGEDINRFIECRTRRAS RTINS SR ASEIERRIC R BB G Ré4s Ty st.
the light ends column 240 preferably is directed trying column 242, in which the acetic

acid and water are separated from one anotheshéwn, drying column 242, separates acetic
acid side stream 244 into an overhead stream 2%piesed primarily of water and a bottoms
stream 252 comprised primarily of purified, driexbtic acid. Overhead stream 251 preferably
is cooled and condensed in a phase separatioreunitdecanter 253, to form a light phase 254
and a heavy phase 255. As shown, a portion dighephase 254 is refluxed, as shown by
stream 256 and the remainder of the light phasetisned to first reactor 230, as shown by
stream 257. The heavy phase, which typically isranlsion comprising water and methyl
iodide, preferably is returned in its entirety e ffirst reactor 230, as shown by stream 255,
optionally after being combined with stream 25Th@ligh a portion may also be further
processed (not shown). In other embodimentsaat ke portion of the heavy phase may be
directed to second reactor 211.

[0083] The drying column bottoms stream 252 preferablymages or consists essentially of
acetic acid. In preferred embodiments, the drgiolgmn bottoms stream comprises acetic
acid in an amount greater than 90 mol%, e.g., gréaain 95 mol% or greater than 98 mol%.
Optionally, the drying column bottoms stream 25%/1ina further processed, in a heavy ends
column (not shown) or iodide guard bed (not showrniyr to being stored or transported for
commercial use.

[0084] Returning to vent gas stream 246 from the overldeadnter 241 of the light ends
column 240. In a preferred embodiment, vent ga&sast 246, which comprises an amount of
residual carbon monoxide, may be directed to sesnmyn@action zone 203. In FIG. 2a, the
vent gas stream 246 is initially processed in avery unit 260 to remove any low boiling

point compounds, such as methyl iodide.

[0085] A scrubbing solvent, preferably chilled to lessitl2s°C, may be fed via line 261 to
recovery unit 260 to scrub vapor stream 246 ofb@Ning point components, such as methyl
iodide, which are removed via line 262 and areqyeddly returned to the reaction zone 201.
Scrubbing solvents include methanol, methyl acetiteethyl ether, acetic acid and mixtures
thereof. The overheads of recovery unit 260 matyasxpurge gas 263. In one optional



2010P0059-PCT-CIP[2] 7. The process of claim 6, further comprising the step of: separating the
crude acetic acid product to form a catalyst recycle stream comprising catalyst. 8. The process of claim 7,
further comprising the step of: directing at least a portion of the catalyst recycle stream to the second
reactor. 92Tte@ewess afiejaim 1, wherein the second reactor yields a product stream comprising less
than 40 mol% carbon monoxide. 10. The process of claim 1, wherein a pressure in the second reactor is

. p
less than (RE'BAURIGRLRARTRR Péé@?o)’.e'ltlg%é%ﬁ@ﬁé%bﬁ@%%hﬁﬂ@@ﬁ( &he WHiTeZRY Yhlingerivative
stream compgdising FesidbabrrIBaRIMBRNJgasTBRriSES:

[0086] Purge gas 263 exiting the top of recovery unit @aprises carbon monoxide,
methyl acetate, and optionally methyl iodide. fafprred embodiments, purge gas 263 passes
through compressor 265 to form compressed deratiream 266. In preferred embodiments,
the total pressure of the vapor in high pressurivatéve stream 266 is from 0.1 MPa to 10
MPa, e.g., 0.5 MPa to 5 MPa or 0.5 MPa to 2 MPg.eploying a homogeneous reactor, the
compression of purge gas 263, beneficially, mayeldeiced or minimized. In one
embodiment, purge gas 263 comprises substantialipethyl iodide, which has been removed
by the recovery unit 260. The compressed derigagtveam 266 is fed to the secondary
reaction zone 203 in FIG. 2a. Secondary reactime 203 comprises secondary reactor 211 as
described above in FIG. 1. Secondary crude prostueam 216 exits second reactor 211 and
comprises acetic acid. Secondary crude prodwEarsimay also comprise methyl iodide,
catalyst, methyl acetate, water, and mixtures tiferen some embodiments, secondary crude
product stream 216 may be directed to reaction 20de Preferably, at least a portion of
secondary crude product stream 216 is fed to fla@Be and/or to light ends column 240.
Derivative stream 210 from the heavy phase streé®m2ay be directed and fed to second
reactor 211 with the liquid stream 219.

[0087] In FIG. 2b, vent gas stream 246 is fed to secondzagtion zone 203. In one
embodiment, vent gas stream 246 from overhead thrcasl may pass through compressor
267 to form a compressed derivative stream 268;hisi fed directly to secondary reactor 211
as shown. In preferred embodiments, the totalspresof the vapor in compressed derivative
stream 268 is from 0.1 MPa to 10 MPa, e.g., 0.5 MPaMPa or 0.5 MPa to 2 MPa.
Compressed derivative stream 268 in FIG. 2b maypem@ a higher amount of methyl iodide
relative to the high pressure derivative streamt2éght in FIG. 2a. In alternative
embodiments, vent gas stream 246 may be fed akethative stream to second reactor 211,
without being compressed or processed in a recawudty In the embodiments of FIG. 2b, the
need for recovery unit 260 can be reduced or ehbeih

[0088] Of course, the separation systems of FIGS. 1,r&h2b are merely examples of
separation schemes that may be utilized in theeptésvention. Other combinations of

separation units may just as easily be utilizegefdPable separation systems are those wherein



from 10 mol% to 95 mol% carbon monoxide; and from 0.1 mol% to 40 mol% at least one of methanol and
a methanol derivative. 12. The process of claim 1, wherein the reaction temperature in the second
reactor ranges from 100C to 250C. 13. The process of claim 1, wherein the at least one of methanol and
a methanaladervess«eon-te{Zecond reactor is provided by a supplemental feed stream or another of the
derivative streams. 14. The process of claim 1, wherein the at least one of methanol and a methanol

derivative BbIRBRS@ RSN 8&5%!9%‘ld?%mﬂHwBiHQPéiH@‘r@%‘tﬁ’ﬂé‘B%%ﬁ%’Eréﬁ%fﬁo%Hé‘?e?ﬁ“ﬂ’n% first
reactor cogyutreaddcptatistt.and wherein the separating comprises:

[0089] While the invention has been described in detadidifications within the spirit and
scope of the invention will be readily apparenthtose of skill in the art. In view of the
foregoing discussion, relevant knowledge in theaad references discussed above in
connection with the Background and Detailed Desionp the disclosures of which are all
incorporated herein by reference. In additioshibuld be understood that aspects of the
invention and portions of various embodiments aarilous features recited below and/or in the
appended claims may be combined or interchangkdreit whole or in part. In the foregoing
descriptions of the various embodiments, those emients which refer to another
embodiment may be appropriately combined with oimebodiments as will be appreciated by
one of skill in the art. Furthermore, those ofinady skill in the art will appreciate that the

foregoing description is by way of example onlygd asmnot intended to limit the invention.



2010P0059-PCT-CIP[2] flashing the crude acetic acid product into a first vapor stream comprising
acetic acid, residual carbon monoxide and catalyst and a first liquid residue stream comprising catalyst;
and separating the flashed vapor stream into a second vapor stream comprising carbon monoxide, a
purified acatimretdpratuctPnd a second liquid residue stream comprising catalyst. 16. The process of
claim 15, wherein at least a portion of the second liquid residue stream is directed to the second reactor.
17. The er:%Qs?‘tﬁ‘blaim 15, wherein the separating comprises: decanting the second vapor stream to
form a third vapor stream comprising residual carbon monoxide and a third liquid residue stream
comprising methyl iodide, methyl acetate, acetaldehyde; and compressing the third vapor stream to form

the comprdssed deRIRARZSJRERRJUCING acetic acid, comprising
reacting a first reaction mixture comprising carlmonoxide and at least one of

methanol and a methanol derivative in a first reaohder conditions effective to produce a
crude acetic acid product;

separating the crude acetic acid product inteasdtlone derivative stream comprising
residual carbon monoxide;

reacting a second reaction mixture comprisin@astl a portion of the residual carbon
monoxide in the at least one derivative streamaineast one of methanol and a methanol
derivative in a second reactor to produce additianatic acid,

wherein the second reactor is a homogeneous resudca second reactor carbon
monoxide partial pressure is less than 1.05 MRHepbly ranging from 0.005 MPa to 1.05
MPa.

2. The process of claim 1, further comprising the step

compressing the at least one derivative strediorto a compressed derivative stream,
wherein the compressed derivative stream has acBbdn monoxide partial pressure of at
least 0.03 MPa, preferably ranging from 0.03 MP&.% MPa.

3. The process of claim 1, wherein the second reactatains a liquid catalyst.

4. The process of claim 3, wherein, in the secondtoeathe at least one of methanol and

a methanol derivative and the catalyst are liquids.

5. The process of claim 1, wherein the first reactirture further comprises a first
amount of rhodium and the second reaction mixturéhér comprises a second amount of
rhodium and wherein the first amount of rhodiuntess than the second amount of rhodium..

6. The process of claim 1, wherein the first reactortains catalyst and wherein the crude

acetic acid product comprises catalyst.



18. A process for producing acetic acid, the process comprising: reacting in a reactor a carbon
monoxide feed and at least one of methanol and a methanol derivative under conditions effective to
produce a reaction product comprising a crude acetic acid product and a vent stream comprising less
than 60 mab%readsePananezide; wherein the reaction in the reactor is a homogeneous reaction and
the reaction is conducted at a carbon monoxide partial pressure less than 1.05 MPa. 19. The process of

claim 18, Wherein'{He RQSEST L Al 2R BrilE RISSARHK BB b8 Poon monoxide. 20. The process of

claim 18, whereinsiimrathgnieqiadisiadent sermpisas@ erbraEIPAPEdecRaEiA AresawiprlilRps than

60% of the total pressure of the carbon monoxide feed.
catalyst.

8. The process of claim 7, further comprising the step

directing at least a portion of the catalyst réeytream to the second reactor.

9. The process of claim 1, wherein the second regatds a product stream comprising

less than 40 mol% carbon monoxide.

10. The process of claim 1, wherein a pressure inglersl reactor is less than the pressure
in the first reactor.

11. The process of claim 1, wherein the at least omeateve stream comprising residual
carbon monoxide, comprises:
from 10 mol% to 95 mol% carbon monoxide; and

from 0.1 mol% to 40 mol% at least one of methamal a methanol derivative.

12. The process of claim 1, wherein the reaction teatpee in the second reactor ranges
from 100°C to 250°C.

13. The process of claim 1, wherein the at least omaethanol and a methanol derivative,
in the second reactor is provided by a supplemée¢al stream or another of the derivative

streams.

14.  The process of claim 1, wherein the at least omaathanol and a methanol derivative

comprise methyl acetate and/or dimethyl ether.

15.  The process of claim 1, wherein the first reactonprises a catalyst; and

wherein the separating comprises:



2010P0059-PCT-CIP[2]

flashing the crude acetic acid product into & fiegpor stream comprising acetic acid,
residual carbon monoxide and catalyst and a fosid residue stream comprising catalyst; and

separating the flashed vapor stream into a seeapdr stream comprising carbon
monoxide, a purified acetic acid product, and asddiquid residue stream comprising

catalyst.

16. The process of claim 15, wherein at least a poxticihe second liquid residue stream is
directed to the second reactor.

17.  The process of claim 15, wherein the separatingotises:

decanting the second vapor stream to form a ttapbr stream comprising residual
carbon monoxide and a third liquid residue streamprising methyl iodide, methyl acetate,
acetaldehyde; and

compressing the third vapor stream to form themassed derivative stream.

18. A process for producing acetic acid, the processpsing:
reacting in a reactor a carbon monoxide feed atehat one of methanol and a
methanol derivative under conditions effective toduce a reaction product comprising a
crude acetic acid product and a vent stream comgriess than 60 mol % carbon monoxide;
wherein the reaction in the reactor is a homogeseeaction and the reaction is

conducted at a carbon monoxide partial pressuseties 1.05 MPa.

19.  The process of claim 18, wherein the vent streampeises less than 50 mol% carbon

monoxide.

20. The process of claim 18, wherein the carbon moreofedd comprises a carbon

monoxide partial pressure of less than 60% ofake pressure of the carbon monoxide feed.



