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Field of the Invention

This invention relates to a method of improving process control in the
manufacture and purification of acetic acid, and a method of manufacturing acetic acid
10 utilizing improved process control.
Background of the Invention
The prevailing method of acetic acid production involves continuously reacting
methanol and carbon monoxide in a stirred reactor. The reaction mixture contains a
soluble catalyst from Group 9, specifically iridium or rhodium, and methyl
1S iodide/hydrogen iodide promoters which accelera.te the rate of reaction. The two

primary reactions which occur in the acetic acid process involve the carbonylation of



been described in U S Patent No. 6,103,934 entitled MANUFACTURI NG AND
PROCESS CONTROL- METHODS, and U.S. Patent Application Serial No. 09/611, 067
filed Juwo62/08000 and entitled MANUFACTURI NG AND PROCESSPCONSROLR4895

METHODS, - eachy, ihGol o LA RSBkl I [ ' nti.rety.. Real .tine
anal ysis of reactor solUtion akﬁg\/\gférﬁlfs%gﬁ?&cg%fﬂu% %H%%’ %hlﬁée%&a‘é@f%‘ -
process control |oaps t.o..effect optimal reactor performance. In the
process of ad®fise ngqnn&ﬁ’lugﬁﬁ’i’:‘f og‘?‘iloér‘?%ﬁi‘lg?‘il BRnPYHe apd wateroHydmges e
necessary to renove other conponents fromthe acetic acid products and,
wher e necess@rgductien fom thhewter gehshift conponfnthsr lehds toahy Brmationpsa hidpidag: 20
reactor or other parts of the process. The conposition of these

purificati onfat@auphity Blthe€RaBo! oL i al 1y a function of reactor :
conposition/ performance and partially a function of recycle/purification

colum pesrformance. WO .02/ 043 / US01/ 02489 . There is.thus a need to

i mpl emen'fsr pr ocess%t%%??%fn tiwg%gﬂf PHEOFHPFE 1&?‘5&1"% lqwid, agefig apidrreactient i on
and recycling section of an acetic acid reaction system such as in a

manuf act ur i n§oBParAnts Sustary §ic afactone Evenvdlight drangesTinghgse egeilibria nareimtlicn ,
provi des a nmethod of real time process control of conponent concentrations

In a reacti oosyddratile bad advegsefReld Ghicolyef staillyl sddelifief oMk rdaB®r. These -
carbonyl ation of nmethanol. To this end, and i n"accordance wth t}Ele pr esent

i i , ' . i | ut i .e..col | df I
nenton, samlascal SAE My BLEEAGLILOD. 858 G0l Sehed om gl v

concentration Qf one or nore 10 conponents in the sanple is measured by an
i nfrared anaPyzasationsectionnianiepeild asil plaptpsatisngrmethanad carberylationmak e
adjustnments in the process. The concentration of one or nore conmponents is
adj ust ed,0 ei tdehnoldgy.ectly or indirectly, in one or nore |ocations in the
reaction systemin response to the .downstream neasurenents. For exanpl e,

the flow rate of .50l Wi LS ' JAn n.be increased or
decreased going i nto %5 or out itno? a aégly%ﬁ%{ %ggﬁin&re?ﬁgrcﬁ%ﬂ‘g8?‘???%?[‘?%‘?“3&
one or nore gf t(Pe c,%gpogfgt S i ng\{t?gat colum or another vessel in the
reaction sysP&M ICAFHRGARM-V-13ent Noe 04183t aatitled MANUFRACTHRINGGHANDn a
colum or streamor the tenperature profile or gradient in a colum could
be i ncr eased PBOHNS €@DER Qo METHODS! el USnPemit Applivation Sefe NY. 09781 €,067
conponents in the reaction systemsolution. A so, the concentration of a
reaction sysHeeRN$060bnd aititled MANUFACTURING AND PROCESS CONTROL
15 METHODS, each incorporated herein by reference in their entirety. Real time analysis
of reactor solution allows instant adjustments to be made via process control loops to
effect optimal reactor performance. In the process of acetic acid production and
purification, it is of course necessary to remove other components from the acetic acid
products and, where necessary, return these other components via recycle loops to the
20 reactor or other parts of the process. The composition of these p'uriﬁcation/recyclei

streams is partially a function of reactor composition/performance and partially a

function of recycle/purification column performance.



20 be adjusted directly by direct addition or extraction of that conponent
into or out of the solution. For exanple, water concentration in the
reacti onvgeresrcan be adjusted directly by increasing oPCOES0IERS89Ng t he
water feed into tN@efS3ahR né6SREmplaRd:t Pﬂ)@lesrs%hké{l viQ%nllﬁ%ril‘?@:ﬁje@gnaQ{/sistP
decreasing recycle streans containing water - to the reaction Ssection: he-
vent gas rat out.fof .the react.or vessel. or col,um can al so be increased
or -3 WD 02/ Besion e IFeRas ¢ BLE AR aeplic pRidICaqton sysiem, Wirhg i 2 :
conponent concentrations can be adjusted directly or indirectly by

varyi ng' any magpBctuohgplastess variables in the reaction system Further,
adjustnent in one location of the reaction system nay cause concentration
changes at @uhligirv dfahe [9&RkioAN Or upstream or downstream of t hat

| ocation. For optinmum process 5 control, the neasurenents are transmtted

I [ . L: [ dj d
Subst ant (a1 1y 1 nstSaprgERpp iR Eriam A oty el

provided a method for continuously updating the conditions of the reaction
system to eRPERGRCIpFGICEREAIOHA I dIcaptipnryaiem: fopheprodustion wé pedtic apiddoess t o
thereby optim ze the production and purification of acetic acid product.

10 Brief Destrdqatioaplatibn biimebrasi Mysthiked aad drpanyinge Midhogeseithi ch are
incorporated in and constitute a part of this specification, illustrate

enbodi nent s e, | ' : T WL eral . description of
the i nvent; on "ol s SRBITE bP e oy R M on B SR RS BV Bl *"sr ve
to explain the principles of the invention. 15 FIG 1 is a schematic
representati 3ﬁn§ I lgyes dewWpstEcag ot reester wetel end ghesompentration of ope prmare
correlation plot of actual vs. predicted concentration val ues for

acet al delfy de cérEhi3@HE)in shrosaimypde isheeawakd dabn orfraodd 4ragyzen UDEAEREINtERL DT at i on
nodel in the decanter heavy phase; FIG 3 is a schematic representation of

one node of theqPhnbibercanad bbsrﬁkeoicdj&sﬁﬁent@& tﬂcfzﬁré\%g% iﬂ\é%gﬁésegl atid) E)tgc?ne or

decanter of the light ends recovery section; ATi's enat I
representation of one np N analysis of the present

_ _ decf)fte.on-lln it
i nvention apPlofeHBTROTCRLS thH JFSitEfEFlﬂé‘?{d]ére §1 FHRUESEY osone r yigig lasgtienfinf eed,
dryi ng colum, heavy ends colum feed and product tank feed; WD 02/04394
PCT/ US01/ 0248 reaction system in response to the downstream measurements. For example, the
flow rate of a solution stream in a transfer line can be increased or decreased going into
15 or out of a column to alter the concentration of one or more of the components in that
column or another vessel in the reaction system. Alternatively, the temperature of the
solution in a column or stream or the temperature pro'ﬁle or gradient in a column could
be increased 01; decreased to affect the concentration of one or more components in the
reaction system solution. Also, the concentration of a reaction system component can
20 be adjusted directly by direct addition or extraction of that component into or out of the
solution. For example, water concentration in the reaction system can be adjusted
directly by increasing or decreasing the water feed into the reactor vessel, and indirectly

by increasing or decreasing recycle streams containing water to the reaction section.

The vent gas rate out of the reactor vessel or a column can also be increased or



1'1U. 4B is a schematic representation of another node of the on-line

analysis of the present inventioif applicable in the light ends colum

bot t ons, WO yt/mg9col um feed, drying colum, heavy ends cRCTWROH@eRP and

product tank deededFGus Geidkion spAbRTBRbGRERRIRLL B O L ANALD B ABdS Of
can

the on-line analysis of 5 the present invention in the de er o Y&

light ends re tion, FIG, 6 s a nulti-canponent trend file
cont ai ni ng Sdﬁ %}Ye%'lijl gg’%ép’“ﬁ% y[rfu%beagﬁgocqsayaqz}q}%s 1RABR Aractipnswsigae divrther,
sol ution conponents and solution density;, FIG 7 is a nulti-conponent trend
file contai niadisBEentimonclocaionodthe reaasion aydiem gy dalisecdreeantyatiphahengieaant er
sol ution conponents and solution density; 10 FIG 8 is a nulti-conponent

trend file cafthedthatrigeatid ofupdticas @idowhsirdatar Hat18cation! Fol % tﬂﬁfé%?pr?&@ée
decanter solution conponents; FIG 9 is a nulti-conponent t?en 1Te

cont ai ni 1 1. nu i f.or four. |ight se decanter

sol ut i onn%orr%gﬂeéér}f {sh%g?]%fs%%ﬁgﬁson dagl%}éll?tfeg ;tgﬁlcg?gﬁﬂtggﬁr%nﬁﬂaﬁﬁﬁﬁé‘ﬁt
trend file coptaj.ning 8 0 mnutes of run time data 15 for four |ight phase
decaht er sol J£ ¥hv gr‘b'éﬁéeﬂfl%@e sppetantjally instangly pfter the dofgrod enalysis.eBeré is e
containing 125 mnutes of run tine data for five light phase decanter

sol ution conpiorsguosiedi Retlba foscomihidusiyaidangnte toaditlohd dEns AALRGNEREHS
mnutes of ran time data for five |ight phase decanter sol ution conponents

and- sol uti on (denshtyprocdt cEhifl it Ral Lt nent trend file
cont ai ni ng 50 m nutes of run tiur}rgéahgrtngo grolv?%?ﬁgﬁ|Sg§ﬂt518rr?8¥08t6ﬁnw€bottorrs
sol ution conpongnts; FI G .14 .1s mul ti - conponent trend file containing 65
m nut es of erﬁOdt%FH%n ?J‘H;t%}mﬁflcé?ort Qécﬁ%%?r"@%‘?team sol uti on conponents; WO

02/ 04394 PCT/ US01/02489 FIG 15 is a multi-conponent trend file containing
180 mi nutles &rief Deseriptioniof the Drawingso heavy ends col utm or product stream

sol ution conponents; FIG 16 is a nulti-conponent trend file containing 75

m nutes of run timBedadodpal ﬁﬁgtdfhlrv@ﬁgs‘,jGv}ﬂcﬂglr&fﬂlchg@raft&??xeagﬁo@gﬂl WeSip og;?a

17 is a multi-conponent trend file Tontalning m nu FUR E]
for two dryi col .sol.ution c onents, and FIG 18 is a nulti-conponent
trend file cg}% %Heﬁi%“‘ﬂéﬁ?ﬁ“ﬁ%te&@%ﬁﬁn@wfﬂbwva%ﬁ% and, together with a genera

description of the invention given above, and the detailed description given below,

gewe to explain the principles of the invention.
15 FIG. 1 is a schematic representation of an acetic acid manufacturing plant;
FIG. 2 is a correlation plot of actual vs. predicted concentration values for
acetaldehyde (CH;CHO) showing the validation of the laboratory calibration model in
the decanter heavy phase;
FIG. 3 is a schematic representation of one mode of the on-line analysis of the
20 present invention in the decanter of the light ends recovery section;
FIG. 4A is a schematic representation of one mode of the on-line analysis of the
present invention applicable in the light ends column bottoms, drying column feed,

drying column, heavy ends column feed and product tank feed:



for two drying columm conponents. Detailed Description 10 A. The Acetic

Aci d Reaction System An acetic acid manufacturing plant practicing nmethanol
car bonyl a¥® emo43p€chnol ogy, as depicted schematically in FPQ/U$Q1/2889 be
conveni ently di vi deth. HBtioabitreamtic tepresehianeh oPard@ser mi RN bon-Tih GRS
recovery, and purification. Acetic acid reaction systens may vary in the_

type and nuniyg (XY ANE i : l.e.as 15 described in
U5 Patent NagP s A bR gt ane i R g Blos SRR S0 dnfriScoiuml et and
5,916, 422 anddi.n PCIT ugl i cati.on W9822420, and such variations, which are
within the sk.WngSP“B‘ﬁé §HYSPds rrlpn deqd andiproqusttaak deedar e i ncl uded wi t hi n
the scope of this_invention. |In general, the reaction section consists of
a reactor 10 and fHl&sh is aisdhe@dtic representatigit ofandther RRAY 6F theSRClireOMalRRYFSt S
of a light ends colum 30 and a phase 20 separation vessel 40 (deCanter).

The puri f3 caitthopres@e iivefiti6iPMShs iscafes Of ML 1G] Q! um 30, as
well as a drying columm 50 and opti gnal 'y lg héllg%/g&éﬁ%g%ggfoglm 60. The

vari ous colums arg~v el s..are connect by transfer |ines, such as pipes,
through which thg(i(r}egzis i %‘H“E%?%"rﬂegtotr‘i?ﬁ?ftlﬁéﬁtﬁlmg 3Q mpimgs) of ryw timedae ai d

of punps. For,_ ease of WO 02/04394 PCT/USQO /02489 depiction and discussion,
the transf er 15 fivesheany phase daeanter kelutipmcemponeefsend ediution dengiyn as one in.the
same, using the term"streanf. The feed to the reactor 10 is via stream 12

conpri sed of net haw@! 7 ish melthydmpdakiarond TS BoHiaiaG et @ &; RNy her eof .
Water may al so be present in strpeam 12. 5 Car boln ﬁonor%nglgescrﬁfﬁrﬁu{( %rdétg W th

i nert gases %Ieﬁ‘glh%gv}t sE(aeéatﬁ?erB lgﬁ‘?rigoé’\?/@%éﬁ%{a?lﬁ?@iﬁwdm“ ng nor mal

reactor 10 operation,” reactor con MBdr awn as a

l'i quid. 1;6hi s'is ag?'éeve'd by flashing reactor solution across a valve (not
shown) t0 producél@ &kFonilt-eomnrenettteadilooniiniol 146 nsiantes bbrunfiendaah t ank
20 where vapor is separated fromthe liquid. The liquid, containing

catal yst, acéturid ladagyg phasetdeearhetsbluior 2othforthtst he flash tank 20 and is
punped back into the reactor 10 via stream 110 by a catal yst recycle punp

P L The vapor str : Vi 4 .t.he f.lash tank 20 contains
the aceti cpaci d p?gg?u%%’% r&gl? e(!ro?[g)r?%‘tt}}ﬁylteg?g |Cc§)glta(lwgg)l,5 IW\I]‘HFEBQEWWHH? a(H),

and |l ow | evel.s . of..1i rities, i.e. propionic acid and acetal dehyde. This
vapor is fed%qréo?rﬁéghfng dggrpler selgfiomppmppnertssad selitopdemsityy pur pose of t he
flash tank 20 is to separate the catal yst

FIG. 10 is a multi-component trend file containing 80 minutes of run time data

15 for four light phase decanter solution components;
FIG. 11 is a multi-component trend file containing 125 minutes of run time data
for five light phase decanter solution components;
FIG. 12 is multi-component trend file containing 45 minutes of run time data
for five light phase decanter solution components and solution density;
20 FIG. 13 is a multi-component trend file containing 50 minutes of run time data
for three light ends column bottoms solution components;
FIG. 14 is a multi-component trend file containing 65 minutes of run time data

for two product stream solution components;



15 fromthe crude product and allow the catalyst to be returned to the
reactor 10. The light ends colum 30 is critical to the overall process as
it servewoOhmoganl purpose of crude acetic acid purificaPCOUSER4RIf
recycling iodide bagk 505t R&15 L850 jon. . The Light ends colum, 30 is
fed fromthe overhead vapor sfrggﬁkﬁgﬁnﬁﬁgﬁ#i gm“PP%i%&PBB SSRY TR {ima Qagns
separation of .the higher .boiling acetic acid fromthe |ower 20 boiling.,
conponent s su@ﬁ“ﬁ%g TR CHBER P PERASELtamelikion comppaantsst r eans

130, 140, 150 are renoved fromthe light ends colum 30. The overhead stream
130 consists pri nBlG.|l§ iph mviti-comporsing trembfileaion&iiEANRS Wekieks ofYaDfen A
acetic acid and is sent to a phase separator or decanter 40 descri bed

bel ow. A si defdr eiesryamoltin fe@Mbmbbfertd;ght ends col umm 30consi sts of wet
acetic acid, which i$ sent to the drying colum Z:) -7 WO 02/ 04394

PCT/ US01/ 92489 504 u P5. The |ight ds bottons_ stream 150 consists
of wat er,9HI and g%lg%{ilg lgggiugt}'%m?%ng{}%mf@@fep@&mﬂ%g? Hempesefrpp fimeadatd on,
whi ch enconpasses the reactor 10 and flash tank 20. The second part of the
| i ght ends reﬁ%@@?@&@ql@ﬁnﬁ@uﬁmcmmn‘sem ator 40, 5 nore comonly

call ed the decanter. In this decanter 40, a heavy phase 42 consisting

primarily of Mel afig.a8 i EMgfidet®ohdd Wend® RASG@AnEO0$h "ﬁla%&féuﬁ%ﬂé&’tof
aqueous acetic acid are separated. The primary purpose of this Separatton

of light phasg, 44 o hase 42 is to recycle Ml to the reactor 10.
The Mel to be ?e?y@&ed’%ﬁ%gg%&?nﬁmﬁ' smal | boot 46 of the decanter 40, the

vol ume of which js nmuch |ess than that of the 10 remaining top portion 48
of the decanddtailed Descriptionn: ai ns t he | i ght phase 44. The Mel in boot 46
is recycled to reactor 10 by punp P2 via bottons stream 160. A secondary

purpose Wf t ThgAtetihAsid ReapidneSysen i S to return by punp P4 via stream

170 sone of the light phase 44 as reflux to the light ends colum 30, the

remai nder of the |AQht+Phas ' .ed via stream 180.to the
reactor 10 by punp P3. The gnﬁflﬁ[ﬁicp%n@%%@ﬁ ¥a%b018ﬁé%eghad’ioi ‘é?fg]%r&ﬁ"lt@nstream 170
versus stream 180 can be adjusted by one or both of punps P3 and P4. Many
acetic acid 6‘?@&9&&&@33{%4%%%%%51 FI&t d e eansherppnuéniently divided inib dweee 42
and the light phase 44. In processes such as those described in U S. Patent
NosS. functional areas: reaction, light ends recovery, and purification. Acetic acid reaction

systems may vary in the type and number of distillation columns, for example as

15 described in U.S. Patent Nos. 3,772,156, 4,039,395, 5,831,120, 5,227,520, 5,416,237
and 5,916,422 and in PCT publication W09822420, and such variations, which are
within the skill of one of ordinary skill in the art, are included within the scope of this
invention. In general, the reaction section consists of a reactor 10 and flash tank 20.
The light ends recovery section éonsists of a light ends column 30 and a phase

20 separation vessel 40 (decanter). The purification section consists also of the light ends
column 30, as well as a drying column 50 and optionally a heavy ends column 60. The
various columns and vessels are connected by transfer lines, such as pipes, through

which the reaction system solutions flow, typically with the aid of pumps. For ease of



4,102,922, 5,371,286 and 5,599,976, the heavy phase 42 is further treated
to renove 20 al kanes. One such process is shown in FIG 1 where the
hydr ocar vodg208pval colum 70 is fed by a portion of therChEauy2gdvase 42

via stream 21dkpiclios afy @kgadn the trhSsferdflel B #abs (LM RO B8, 220
a

to the flash tank 20. The al kanes-rich bottons are sent to waste Vi

stream 230. %“%m%ﬂfaﬁg %?qeéthg{e%i‘gtrgz{ acesses have additional treatnments”
an 0 phas

of the heavy phase , M4 to renove i mpurities such as -8 WO
02/ 04394 PCT/ USQOL1/ 02489 acet al dehyde and its condensati on products.

Exanpl es of such ddétfegdderiersastentfislvia sizpsmeldscoamprisdé of mietmdol, dinty] Pat ent
Nos. 5,599,976, 5,723,660, 5,625,095 and 5,783,731, EP Patent No. 487, 284

and PCT Publ ietlzetrj methy\D28thitGot Iixtirds théredh eWaeeinag alBVePridefCBSHeah 1925 can
be anal yzed using the current invention to provide inproved 5 control of

t he indiv4 du I: : 0 |l process contral .

Purifi cat% Onﬁt;ﬁ%&ﬁ%gg@%%ﬁ%&p%ﬁﬂgﬁl lsT%(EJ Sua\rfﬁgagﬁ) ,fedgtg CE@? RGeS 53{?3%1,2-;33
wel | as a drying colum 50 and heavy ends columm 60. Many acetic acid
processes corﬁ/‘éﬁ noé‘ﬁglafaﬁﬁt‘?ri @rﬁﬂera@(‘ipdﬁ?f’t%%n& #p goutomonsly agthdrdwioms i gher
boiling inpurities. The drying colum 50 is a large distillation colum '
whi ch takes disjuid sTHiedchievetbyaftashing reaviat sslutieantibes 448vé (@nshdien)thght ends
colum 30 through punp P5. As its nane inplies, the primary purpose of the

dryi ng col umprgfick 8 vhSbrlIRIRY SRl 81D \{/Hiafnstsgﬁt tB rtl?%ﬂgs%; t%ﬁcﬁ%q gygé‘rg'r;(gp? yater is

renoved overhead via stream 184 to a col umm over he 148 ur ned

to the reaction section, via.stream 186 by punp P8. A portion of the

condensed so |S‘ER%T%E5%Y PWQB? h%‘lgﬁ I’ng Epﬂ‘é‘ﬁu‘i'%édm&g ciglyshracquatyleizs ipithe betien AR 188
by punp P9. In sonme acetic 15 acid processes such as that described in U.S.
Pat ent Nds. 5f8pdlaghemisrd a8d 1B 1a80, bagk impotheireavtar 10t Vie sosmi Ne@ESly §tieRS 184
condensed in drum 56 is added via transfer line (not shown) to either the

| i ght ends ceddyor 1. drieiagocsiediin 2b a8 h -
i nvention V\ouldg ofyq‘aglrpqiF npr ovegopr ocess contnfgt)ﬂlh@g(gfB %ﬁgftggglgsé}%@}g“ggé%tﬂnﬁed

the drying 20 CRr o Bt FEeh o o DR Péced Todidh g e orreet not

shown) or to a, heavy .ends columm 60 by punp P6 via stream 190 for further
removal of | RPURRUIILES isypIePipsic gsidbyidnskteldebydt. Tdsivaroonafed e ieilizhaeidd can
be recovered fromstream 197 which is fed to a waste acid stripper colum
80 by punp Ptoluifine30r ey aheprimestpiepre bftHeiaR tak®ds W @parate the catalyst
15 from the crude product and allow the catalyst to be returned to the reactor 10.
The light ends column 30 is critical to the overall process as it serves the dual
purpose of crude acetic acid purification and of recycling iodide back to the reaction
section. The light ends column 30 is fed from the overhead vapor stream 120 from the
flash tank 20. It allows separation of the higher boiling acetic acid from the lower
20 boiling components such as Mel and methy! acetate (MeOAc). Three streams
130,140,150 are removed from the light ends column 30. The overhead stream 130
consists primarily of Me] but also contains some water, MeOAc and acetic acid and is

sent to a phase separator or decanter 40 described below. A sidedraw s’tream 140 from

the light ends column 30 consists of wet acetic acid, which is sent to the drying column



stream 198 to heavy ends columm 60. Waste propionic and hi gher acids are
sent for -9 WO 02/ 04394 PCT/ US01/ 02489 disposal via stream 199. The
over head vo® otieg9y ends colum 60 is sent via stream 192 tPRCTHUSON/BR489

condensed, anfiy bppunp@d. tyte Pightenls bBt@ns Sifhti 0 drbiR dﬁ@a\faf,ﬁﬂ%gdo&%gigg“ 60

via stream 196 or sent via stream 194 to be nmxed wth stream

f theg; I I 0 is. hj gh boi | i 5
o1 ot oni ¢ aci o FRateT £y T oA i ref e AP N fich Bof s I reaton RO en

heavy ends Cﬁ[g#lgn G&Lconsi sts primarily of propionic acid while a sidedraw
stream 200 co fak pure acetic acid which is sent to storage in a
product tank. B. Process Control The generally accepted nethod of overall

pl ant control is tHes scomukprt affthd Dghtrenésieosvere osttionlkis the lphasckdepiiordp) evel
control. This is primarily achieved in tw areas: the reaction section and

the |1 ght sendsofeiemiinly SARUIRIcchtel NG s AELIR HEERLAN-prhlies, T30 D

g
rate of reactor solution nust be sufficient to matt ‘Eonr%&agrate

and thus mai in desired reactor.soluytion |level, as well as reaction
t enper at ur e. &%rﬁéﬁgt‘)‘g E)Ierl &l F‘%F‘HPWBPT%II‘%M%%%"%C%&&@F& PymeRlycdiaguénsp
control reaction tenperature as the 15 flashing ratio is varied. In the

light ends se¥elioid aissepaistedt Thyprimarygpipdsasf thiosepatation bf ik YHabOMS andlhe
first functionis to return Mel back to the reactor 10 with a m ni num of

i nventory shitdavy blessel? eontredlcld h i he .boot., 46 .
achi eves this ‘c])}ll)};ecti ve. 'thcselggln%h?%%g?t%%@i gﬁc?%&fgédng%%cfﬂgggﬁef (ox n

anount of acetl I m.the, |ight ends col umm, si dedraw stream 140 and
feed it for vvaestrrﬂc?(ﬁtb(;%%k %%g%tf%ldﬁcga%%ﬁh%ﬂeg .“n"f(?%ll"g’&gllsé%?ﬁhrléﬁsl thepythat efithedr aw
tray (no& shown) of the light ends colum 30 and flow controlling the
decant er 19 i gHFmpmiEngdop pexion 489 theadecarer 40owhicl comtan dhe light ahael iTHeTel
this objective. These two controls work together in that if nore crude

acetic acid rirédst 4gtisrdegclb@eh fe@étwﬁI@byﬁ@ngpQ%m&fb%s% f W&%ecgﬁgml,i ght
phase recycle stream 180 to the reactor 10 is decreased. is forces’nore

| i ght phase r, hasty e .0 the light -10 02/ 04394

PCT/ US01/ 024 9Heoﬁé<§3y igglhﬁ%ﬂ%gé’ ;eé%aéﬁn %sﬁofﬁl’iﬁh?yo%’é% PeStEGREY § 70 semepidown
t he col umm Sghtlggt hﬁ | evel controlled sidedraw tray. Conversely, if |ess
crude acid i <6 ey ehass #é\pe gefturdmtaalight ends column 30, the remainder of the light phase

44 being recycled via stream 180 to the reactor 10 by pump P3. The amount of light
15 phase directed to stream 170 versus stream 180 can be adjusted by one or both of
pumps P3 and P4.

Many acetic acid processes contain additional processing of the heavy phase 42
and the light phase 44. In processes such as those described in U.S. Patent Nos.
4,102,922, 5,371,286 and 5,599,976, the heavy phase 42 is further treated to remove

20 alkanes. One such process is shown in FIG. 1 where the hydrocarbons removal column
70 is fed by a portion of the heavy phase 42 via stream 210. The overhead of the
column 70 is returned via stream 220 to the flash tank 20. The alkanes-rich bottoms are
sent to Waste via stream 230. A number of acetic acid processes have additional

treatments of the heavy phase 42 and light phase 44 to remove impurities such as



system the flow via stream 180 of the decanter 40 |ight phase recycle to
the reactor 10 is increased. The result is |lower colum reflux via stream
170, norav@emed43e4 acid in the 5 overhead of colum 30 and PeR¥S@2d8%N t he

 dedr aw t N - 1 Anet her  k trol
si dedraw tr ay at@aldehydednfl 9 Wesdn¥itRn n‘%ﬁ%ﬁ? oEgXé]t%I%eSI%E] ra‘gﬁﬁ e @{'ﬂ{g%@vg}o_ A

concept is to contain H in the bett
m ni mum r equi gad. wa the bottons 34 ensures that the H

e %gnt iop iﬁ

remai ns bel ow The & dear &t FayandPENPE PRS0t 572h660, SaX51096 améct i on
rather than g?{%%ng forward to the drying colum 50. 10 Wile the concept
of inventory 1/ 81> B Prignt e, 487 281 wnd BT Rubliestios WODS 1 7613, 1Al o£@RGLEQ
conposi tional changes can occur which may | ead to undesirable conditions
in the processcid psocssaatreains tAesCar®HRA Skih b apal : : not . be detected
(or at least not detected in a tinely fas ion)“’%gﬁ’?’ﬁ%@‘r?%@m%‘?ﬁW?qut
woul d be s5appEgsiodbehe Yg; lled in the art of acetic acid manufacture
t hat conti nuous Spdat gls?ﬂ dl?@ﬁ%lﬁ é%eﬁ%%gﬁ?s ??o‘ﬁ%\[e?ﬁ‘?"éfql](ﬁ?c?ﬁﬁ coafrdlous st reans
and col ums woul d gre tly benefit optinmal operation of |ight ends recovery
and purification settiGHEN eneqmepasses sy ight ehderdojumt BE, salieuised bhvDEAFLR C€
of Iow water technol ogy where water concentration in the various columms
is critical ta ghythgeolynn 50 ynd keavyiehds RRuBLE6! M2GY ab - ically, .

7 SRS colpin

downstream anal ysi s is conducted by off-line sanpling Sﬁ?c :

fow tmes da |y oyt AR sPro HREREeRUEF Gy R BoRalmpstne: bdedksne
oporators. ABEERGRD F lrseliBRtipn felumniohakpses i fed et miclg aooegs
colum performance, it does not give any information on any possible

S Do o P cypaztme e ehoust eyl A0a: dhnb AR Wil S"
roaches the. prosuct. o or ong oAl M RERAMEL AGIRE P Ecie 2oy o1 bl ¢

reaches the product storage tank.

to infrequentygai ling but.will be readily apparent from continuous
on- line data ig[?]ll 15%%%?‘2%@8’5%#?1@%”69&%? cplararavicthead Brifn 66 aid tetired O
anal yze the various process streanms and colums in a typical acetic plant
such” as t hat 'U¥§ireacEian sertionia streainl sy mmp/es.i AupriiRVet e eénd@ﬁféa%gﬁmn
control. Each vessel in the purification section can be controlle
separatel y om dmuocihjsuatne@s column reflux via stream 188 by pump P9. In some acetic

15 acid processes such as that described in U.S. Patent Nos. 5,599,976 and 5,723,660, a
portion of the overhead stream 184 condensed in drum 56 is added via transfer line (not
shown) to either the light ends column 30 or drying column feed stream 140. The
current invention would offer improved process control of the processes described in
the above patents. Dry acetic acid is removed from the bottoms 52 of the drying

{=

column 50 and is either pumped directly to product tanks (not shown) or to a heavy
ends column 60 by pump P6 via stream 190 for further removal of impurities such as
propionic acid. Additional acetic acid can be recovered from stream 197 which is fed to

a waste acid stripper column 80 by pump P7. The recovered acetic acid is returned via

stream 198 to heavy ends column 60. Waste propionic and higher acids are sent for



wi th each other. Each vessel can be controlled using a mass bal ance
principle, nanely that the nmass flow into and out of the vessel can be
adj ust ed waszo#3eh t he conposition 10 of the streans in anBCDUS0OIE248%at t he

conponent or GHRRAReNtEaRe] I TRYvVEHeEdoL13vPEnd g '
conbi nati on. Dépendi ng on the desi rec? Igvel ng csgér%tro »Bb(r?%c?a%‘rﬂgé?ée% 1rbrgy

al so be necessar change,the te ature ar tenperature distribution 1In
the distill aff?%%ﬁﬁ@ﬁ%&%pﬁéﬁ%ﬂ»ﬁp@ﬁoﬁr W@Jﬁ%ﬁwyz&aﬂ%%qlmg t he
steamflow to the colum reboiler alone or in conbination with colum
pressure. |t 00svinsteesm BOGeent viestireroe ek rhe mized sdihtstrsaal 140. cont rol  col ums
that are before or after the colum being controlled in a cascade-type of

control schene. Nathe@upost 8f iHa@piibin] heslyGdo toluhl 60viatd Asove L RRBoIiRgS! bl e
by the current invention, but analysis probes can be inserted at key

poi nts thyou TRafe Yy iLflcatl I t Q. proyvi | nformation on
conponen {H gr %gcﬁgér’ﬁlls: g%d;{##%hfg&% 8 it’%t{r%%dagp%}%ﬁog B‘}I‘}% P 8?‘5&‘[ @o‘ﬁﬂg‘? h?Wsegﬁf/ pe can
be used to 20 coné(gol the rate of change of columm conditions to nininze
upsets. The SPBEES cousisis Mgty ofpropieniesnid Mhile asidsdramasiresmad0censists of
significant advantage in the | ow water processes, such as described for
exanpl e i n UpSre deatieatid Mdsch i5 séfd o 2bfage n B3mdA08ank.5, 144, 068, 5, 750, 007,.
5,817,869 and 6,031, 129. WD 02/ 04394 PCT/ US01/ 02489 While not specifically
shown in Fl Gy broReetbgir@ci d plants typically enploy reactive distillation
techni ques in some of the columms by injection of potassiumacetate or

nmet hanol to scavenge iodides, for exanple as _described . in U S. Patent No.
3,772, 156. The cu&?’&%@n‘?fﬁ %mcpgfﬁdg}q%,qsofm@rap@i@t Fentenl és theganesptpbnent

being injected 5 into the colum to be controlled based on the anal yses of
t he col utth piwfentosy cémsed, aso kot @stlevel contRyloThisss finmiarib} adhivved & dwo drkds: End
Qnt-.r-.n-nt r Conditions where conti nuous updates of the conponent

concent rat i o ichridieckdichia E0HBnURAARLSFery 65358k ADIRREHBELUkiohOnpr OCeSS

control are outlined below 10 Ih cases where the reactor

operated at low.water and/or high MOAC ncentratjgn, conditions in which
MOl cannot bga\iyg%pi? 8 eg%tOTaSOleiltgﬁ IHP:%%B ﬁ’é@]gl ﬁpotrﬂét"fl g@é&?ﬁt@rfl‘eﬁ‘br%@%ﬂ d be
avoided. If the water concentration in the |ight phase 44 falls to a |ow

| evel , the | ihjlmanigedesitedreeinesolpiieontinzmvéllasaeadtion tampetatuam dA aeactor

i ncreasing amount of Mel becones soluble in the |ight phase 44. In extrene
cases, thereceéxestst shown) is frequently used to help control reaction temperature as the

15 flashing ratio is varied. In the light ends section, the inventory concept has two primary
functions. The first functioﬁ is to return Mel back to the reactor 10 with a minimum of
inventory shift. Level controlling the heavy phase 42 in the boot 46 achieves this
objective. The second function is to remove the correct amount of acetic acid from the
light ends column sidedraw stream 140 and feed it forward to the drying column 50.

20 Level controlling a sidedraw tray (not shown) of the light ends column 30 and flow
controlling the decanter light phase recycle stream 180 to the reactor 10 accomplishes
this objective. These two controls work together in that if more crude acetic acid needs
to be fed forward via stream 140, the flow of the light phase recycle stream 180 to the

reactor 10 1s decreased. This forces more light phase reflux via stream 170 to the light
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15 only one phase in the decanter 40, which subsequently dilutes the M
concentration to a low |level throushout the entire decanter 40. As a
resul t, ™wWeopwsps which is designed to recycle a phase the€T/USOI2¢8Y | n MCI

concent r at i onends cobimredi), svhich ihe@yichbRes tofd £4e80hciVEbwn Jhgmnr tor .10.t0
mai ntain reaction. As a result, t.he reactor 10 ils "\gﬁenc%e §§§oﬁ}$elevel
operating par dmloBESsiREEIw P | ed,to resunme.the desired reaction. [n
addition, a 20 hi-h concent ?’aﬁoﬁérgﬁf%’l\?g&%cqlﬁe ?‘ﬁglsl tPg’eZﬁn@Yﬁd fsemadlee 44

al lows MCI to d{'ssgfll\étg in. the Ii%ht phase 44 to the extent that only one
phase exists VPR -Ch&tethntasirean [Spef theydsamter 40; light blase canytlerto thesreadial YSi S
of stream 160 shows that MC concentration has decreased, the flow at punp

P2 in FIG | igaeressed. ibheomsdtls sowdrvatunan @O0 i ireaMOyol mke Mohic b Eﬁh‘éf ned
to the reactor 10. -13 WD 02/04394 PCT/US01/ 02489 The portion ofi e

|'i ght phaSe A4dvettral of Soli@h . |4 col as_reflux al so
serves to bal ar?ce tﬁe wat e?Oﬁggé&%g%lgggrﬁﬁatgﬂ%ed?%ggg%%ﬁ%}%gﬁoamfaﬁ@vﬁ’o’im@r eam

drying colu 0 Q nmu water.is returned to the |ight ends colum 30
by i ncreas m&l% t ﬁé‘%’%‘%‘%&?" ﬁgl ORr@A i P roniiHbiadhe battorgs 34ef thedight endsi a

stream 180 to the 5 reactor 10, then nore water is eventually renoved in

the si dedr ans© #ot Ataikewdn regyired swks equentrhtjorsianbe betdre3AEnkLAY tge! UM
50 via stream 140. The water load in the drying colum 50 can be increased

to the extentthd Hateridies MW didbdtdvd Qi ] rformits, water
renoval functi on. Corllversely, i f too&grr}ﬁ%h@l\?vg?%e{igp@%r{fza{%ﬁﬁ?&?&ﬁnfﬂgﬁ

recycle stre : tor.10, .the_drying colum 50 nay be
critically uﬁ%ﬁgﬁhgé&gﬁﬁﬁgﬁﬁ%@&ﬁ%ﬂ?ﬂ‘m é@ such as hexyl iodide to break

t hr ough ]itonto t he ngﬁlt stream 200. Anot her exanple of the anal ytical
capabi lities of t P &PRCePiREdRTdnénTy icentrd veurke readontbly wdli @hbs@ads col umm
30 by ensuring the acetic acid and water concentration in sidedraw stream

140 is mai nt gizigy coind, engyopitenglfchang@nbh 8dcud GREHEL 165&08&{#5{% he Iight
ends columm reboiler tenperature alone or in conjuriction W Rdhe col um

reflux 170 ba&eBtionkSn 8 CRlLi g and water gnal yses. Because the
concentrations of vvaltler %ﬁ%ﬁ%rgﬁéﬁggf Y ecqqg}pgg%pﬁﬁﬁﬁgngeéa&yg}ot badetettedt he
downstream ajeas, to either jncrease production rate or to change the
qual ity of tRE FPEAGELetPeed 1 4 tipelytfashion) by mventooy contelciompokitid on of bot h
the |ight phase 44 and _ |
: appreciated by one skilled in the art of acetic acid manufacture that continuous updates
15 of component concentrations of various streams and columns would greatly benefit
optimal operation of light ends recovery and purification sections. This is particularly
the case in the practiée of low water technology where water concentration in the
various columns is critical to product purity, as will be described below.
Typically, downstream analysis is conducted by off-line sampling followed by
20 laboratory analysis of some of these streams. These samples are obtained a few times
daily and generally there is a lag of several hours between sampling and the stream
composition data becoming available to plant operators. Also, while this off-line data

helps in determining average column performance, it does not give any information on

any possible cyclic behavior in any of these vessels. The cycling of the purification
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heavy phase 42, particularly to avoid the case where the decanter 40
contains only one 20 phase. On-line analysis of the two phases 42,44 can
i nform opeo ar/es3s4 of changes in conposition that, if |eftPOnusewedsded, nmay

| ead to condi t¢otins caf leadie lﬁi‘hﬂ@l&oh%h btighpudieicaflc8ras ’flcﬂiidés']nﬁatﬁé la?%élkl?tgsl’;‘rgtugfe

concentration of water in the |ight phase 44 and the concen

McOAM i n bot h ;] . 4 and hea hase .42 are paraneters  that
can be used agégﬁ%&e@@&?}g%@ﬁ g’ebﬁ{ag%ﬁgtg%}ggi%gﬁchgﬁghq behayier mighthg
colum 50. -14 02/ 04394 PCT/ US01/ 02489 In addition to avoiding the

condition of SWSIPRREIequankdailysempliag buowilkbrowskditigappafent frem avatifiious on-

concentration can also be used to naintain the proper bal ance of water
between the lieaditoin d8omiaatetvhieh e yraagntGaVdaiBn50. One exanpl e of an
integrated control schenme based on nultiple continuous anal ysis of heavy

phase 42 gnd |i ght i i : W.Wth reference.to FIG, 1, if
Mel concentration gg%ﬁg?gé#lﬂy etgfggarg%‘gi’é&fis %%egﬂls a{l&golppg\ﬁlnwms P2
and P3 is adj usﬁed to rrﬁi ntain a constant anount of Mel returned to the
reactor 10. BAFHGRENESYCR A H1t fepigtebinelIGiy! GHlows §rtvaphus leveld of processabhiol t he

water bal ance in the reactor 10, the water analysis of |ight phase 44 is
used to adj usEachtusssvhlnethe punifitation bexidn caobe sd1milied bEpak A8l RACERurkPiofO a.
constant water concentration is 10 nmintai ned. Another énbodi mg'nt of the

current i nvenkitRBadhotRRPIH.sald n | to the . aceti¢c acid
processes descri baed inUS %{as?égr?tgﬁ%%gﬁt%?@gggggéq%ﬁ%%g%?%”@%@ amehe

anal yses of v, hase 42 and, |ight phase 44 indicate the imm nent .
presence of gt%gtl tﬁ% Sspﬁ%‘gérftoﬁn‘i)@r‘ttgqq&?p S& Cahgrrdipgedibasef o dhe conmmpeditimnhi g

wat er 15_concentration can be directed (not shown) to stream 120 or the
decant er 100 1% thavgiragme in pirhews ss dpa thetdoopondit dr tompardnys B Mahsrebahapse in
the decanter 40 can be nmaintained by adjusting the flow for punps P3 and

P4. Hydr ocar heagolalsis@yek im@sphiof mgg@é%%@ RUNRIRSE ity Vol

Carbon nonoxi de (CO used in nethanol ation 1s ge (ﬂ} sour ced

frominconpl .20 st.ion of natural gas or oil residues. As a result,
CO st reans m%(?%geﬁt g?xﬁa@?alrfsgcbg ne?ﬁfﬁW?‘? %@é‘gﬁ)g‘eﬁ%??fé%‘%%@mp@@ﬁgﬁ distybution
al kanes. These generally | ow boiling hydrocarbons will thus tend to
concentrat e iR Heflstiasian F@lﬁmﬁéavyplpﬁhfs dusiganifesachievbdpy atiiavitngathbs@hmdrgy ee
of solubility. The density of |ower alkanes is of the order of 0.7

to the column reboiler alone or in combination with column pressure. It is also

15 sometimes necessary to additionally control columns that are before or after the column
being controlled in a cascade-type of control scheme. Not only is the monitoring of the
various streams possible by the current invention, but analysis probes can be inserted at
key points throughout individual puriﬁ’cation columns to provide information on
component gradients within the column. Profile information of this type can be used to

20 control the rate of change of column conditions to minimize upsets. The process
control of the present invention may provide a significant advantage in the low water

processes, such as described for example in U.S. Patent Nos. 5,001,259, 5,026,908,

5,144,068, 5,750,007, 5,817,869 and 6,031,129.
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g/nL and thus, as well as diluting the Mel in the heavy phase 42, the | ower
al kanes will -15 WD 02/04394 PCT/ US01/ 02489 tend to decrease the heavy
phase demédny043%6 heavy phase separation is a function of PChOSH/@e$9UL €

i mmi scibility and Weisinoyspecifica®Rsicier RYBImaqa :

adversely affect decanter;%erfogﬁance. As(gﬁéaﬁﬁ?€£§$%§B%§&%%H2ﬂ£§@¥
(hydr ocar bon) S/I0N : 70T ives.a flow qof .heavy phase 42

i ncl udi ng hydrregdé:tar boér?isuag% %ﬁges\}lﬁ%&g P gg]r%cf Lﬁm?s(r)bé’rﬁ’ieﬁgg%BBEOt%m@f acetate
decanter 40. Mel s separated and fed back to the reactor section via
stream 220, Wﬁé?@h@“ﬁ SQRYERES detiesn for grample e destribpdinstiSe RaicBBNo. Al kanes
renmoval columms are known to those skilled in the art of acetic acid
manuf act ur i ng3, &M HarTlsecunpet imvedidnullawh dicledratcOtht BHAYSHRPIane Maddne
anal ysis of hydrocarbons would allow a determ nation of the app%o rirate

flow of decanhgy SVidhn r al col 70.
Ace¥val dehyde (CI—%%%O) iﬁ%aﬁ%ﬁﬁ@éﬁeﬁﬁ%%@}p@%ﬁ%f@ ﬁﬁﬂ%é#lg%g%ﬁelée_edﬂr can

under go hydrqg@pﬁtion in the reactor 10 to form et hanol, which may be
subsequent |y & bonyl ated to form propionic acid, which is difficult to
separate fromacetic acid in the purification section., Acetal dehyde may
al so condense to ¢l Camrol (38t ight FndalDeoimdrs, which will formthe
correspondi ng i odides. The C6 iodide, hexyl iodide in particular, is

troubl esonme in t hecqidadnsGhed cdnBWNRLSHARESE ihE I nuf acture .
technology as it is difficult to separ t§9§r0n18@% §%§§gﬁﬂm %gFW8“Hﬂ§ing
colum 50 an m nation of the acetic acid product,

: | ead .t Q i odide con
for exanple, qla%l |dsséi§§asn§?§ Vef%?ﬁ@arﬁdﬁ?élg@tﬁr@f?swn@éBT,GGBQI.IHEZ@EMN al dehyde
has a bojling point of only 21 C and thus will tend to accunulate in the
li ght ends col umm IBEasss ethiiedbe eeactor bf txetnibe aperated at hav dareah@br Kigh MIDAL ne
anal ysis of this conponent in both decanter phases 42,44 would thus help in

conbi nati on wbhdentratdr, Rendigesi0fvAEEMES bsnef b@éeﬁ?%’gﬁ%%?ﬂ%%ﬁ%fpl}%?%@Fon R

identifying optinal reactor conditions to mni | (
o PR N e R B TS 02 21T
herein allow inproved process control of any of these known
low Ievel, the light phase 44 becomes predominantly acetic acid, and an Increasing
amount of Mel becomes soluble in the light phase 44. In extreme cases, there exists
15 only one phase in the decanter 40, which subsequently dilutes the Mel concentration to
a low level throughout the entire decanter 40. As a result, the pump which is designed
to recycle a phase that is high in Mel concentration is not able to recycle sufficient Mel
to the reactor 10 to maintain reaction. As a result, the reactor 10 is “quenched” and the
operating parameters need to be adjusted to resume the desired reaction. In addition, a
20 high concentration of MeQAc in the light phase 44 allows Mel to dissolve in the light
phase 44 to the extent that only one phase exists in the decanter 40. For example, if the

continuous analysis of stream 160 shows that Mel concentration has decreased, the flow

at pump P2 in FIG. 1 can be increased so that a constant amount of Mel is returned to

the reactor 10. .
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processes. The concentration of acetal dehyde in reactor solution is too |ow
to allow on line analysis, but any acetal dehyde concentrati on changes in
t he decawep2/d394 where it 5 can be nonitored, can be reaBonabbyozdsdpect ed

tocorrelatevﬁthpﬁp&gﬁ j . Proc . control.in e
Li ght Ends Col umm Bottorr§n ?’&5’%@g%@?g%?‘fj%ﬁ%w%“‘f‘%@?r%ﬁlzeﬁﬁ%gg?%&?}‘ﬁ“ﬂbmas 3
azeotrope in agetic acid solutions havin reater than about 5 w. % water.
| f the water r@ﬁ%@ﬁ? F%ﬁ"?sotﬁoqa%n%t vy | een theragetond 0 apd therdopinstream

breakdown and H vol atilization will begin to occur. Such volatilization
will lead to drgigg chiunim5Q. hié timomucnwatst iseretmritdGo thetlighnemty doburkh80 pgact i on
section, and thus, nmay adversely inpact reactor iodide inventory. The

vol atilized Hherexding thBQUMB +iBSkeR 170 mq%eﬁaﬁgg g}egléﬁtc&evi}ds&%%gg&%r@i dedraw

stream 140 of wet acetic acid which feeds t g colum Eess

equi pnent. gener.al | sed in ¢ 15 ufacture is substantially inert to
t he corrposnentrga}C?%L}t)b’ #&9 Hae 8‘@%% 6%%@11&%{1}5{%%}1%@“&&&&% Brodgct gaécp@fé and H
concentration |evels in the systemreach excessively high |levels. Thus,
the presence sgpseguestlyrient todhe doingceiimmb0 via subarhill 4Dn Thhwatdréed ihds drying
consequences both in terns of corrosion of purification vessels and In

terns of i odicdRmCHNtaMbdiaticastdasd ifd dadnt @fateﬂaie‘éoﬁﬁhﬁsl%eé&g&nd wildgy 10 IS
critical both in ternms of reactor 20 performance and purification section

per f or mance g i.n the bottons 34 of the |ight ends

col um 30 betpgrrglg rnr{lgt? r‘%@é g%mé‘ga\rfn%‘lr‘ﬁcﬁﬁ% 8?5‘(’:6«55?5}?;@9831% WA us S@?th?‘ﬂgh thabout
3 nolar). H and water can be accurately nmeasured by either extended

ni d- i nf r ar ed Te¥ElscIeamOE 0 derhe)regstonOg theriryiag edlupadiii mawbe ortidally pabhdas copy .
Thus, on-line analysis of the -17 WD 02/04394 PCT/ US01/ 02489 |ight ends

bott oms 14 wiahd aBew teptudtidsnultls a8 exyhiodideab Bfeak ER6EEH ind he BrdERY: éﬁ%aﬁlez@ghi ng
critically low levels and thus help avoid columm upsets. 3. Process nt r ol

in Drying ColgqeecEee o w3e VMo @'c] e ing colum. feed is t si de
stream 140 from teEe %@Et enddél @g?%n#c E&;ﬁggg%icﬁe@ BYFHER §p ‘W&F%{]ﬁ‘énd
acetic acid \{\n Eh smal ] quantities of Mel and MeOAc and trace quantities of
H . The mai n gOFmEs&° ¥y ensiipg ths@cstic ack] ndowmiecogesntration i sidedrand.
Water is renoved overhead via stream 184. However, the drying colum 50 is
stream 140 is maintained. One example of a control scheme is to adjust the light ends
column reboiler temperature alone or in conjunction with the column reflux 170 based
15 on the acetic acid and water analyses.
Because the concentrations of water and/or MeOAc may change in the reactor
and in the downstream areas, to either increase production rate or to change the quélity
of the product it is important to monitor the composition of both the light phase 44 and
heavy phase 42, particularly to avoid the case where the decanter 40 contains only one
20 phase. On-line analysis of the two phases 42,44 can inform operators of changes in
composition that, if left uncorrected, may lead to conditions of one phase in the
decanter 40. In particular, the concentration of water in the light phase 44 and the

concentrations of MeOAc in both the light phase 44 and heavy phase 42 are parameters

that can be used as guidelines to avoid undesirable conditions in the drying column 50.
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not designed to produce a very pure overhead stream The water conposition
in the overhead stream 184 should optim ze the additional cost of

recycl i ngvobzo4eeti c acid and 10 the cost of separating theT/@aseti2¢saci d
fromwater. SerRdRhnEkHES; ; j to the.reactor 10
via stream 186 thr ougﬁhﬁd%ggﬁﬁgdﬁ?ﬁ?g?%ﬁlﬁ%ﬁls@létﬁg%na%\%\%g}gr%‘9‘{]%%03&@5 or __
as nentioned a%grve can he use% t%_lf egd water., to the Light ends col unm 30
and decant er A~ PRESHAJPAGALYFUNHUSSS 19 Waginin theqgops bakace efwatenbaiween
gradi ent concept and has a 15 nunber of liquid | oaded trays (not shown).
On-1ine anal ytB¢ seagipr W eed thedrying calmyindg. Quelewampleaddn Id6gatd dofitrblNeB&ns I ay's
woul d gi ve an instantaneous and continually updated water profile of this

col um 50. Thesavei mabipld dontighousughlyds BfHJaW%hﬁ%%&?a%ﬁﬁfgﬁgg?%%%ﬂgggg?%% he

purposes. |If too nmuch water is being sent to'the

i ght ends c j: r 1 the water | oad in the drying_colum
50 can 2(§) bgée?gr?grg}é{s%grgfe?e \g{cg F]Oeﬁgg]tleﬁ&e{lﬁgflce\gﬁ@tl%ﬁi‘?fﬁ??s?%nf}}eé%@@sﬁg& then |
not perform i%s water renpval function. Conversely, if too nuch water is
sent to the rieefleVdyvEpsteaamP3spadieged thansintait veormtent ameumtof My reminedn 50
may becone unl oaded. A conbination of on- line water analysis of |ight ends

bot t ons 34, Itb ¢ietresmats] 0s iBtedisaw chaig i tHeedW bAoA 4R 024 '
PCT/ US01/ 02489 drying colum trays would all ow gom;;)%undesi red Igéekgrafe%avgaeteror

i ncrease in | j ' identified and addressed. A
second advan?)(amgjag{'%pbﬁp tgé‘%?tgF1%?}6%)}?/?%}'55%&%6&2@{ p]}basggﬁwegéop ugtdigci at ed
with | ow wat er technal ogy, Hexyl iodide, a mnor byproduct, forns a

const ant boi W%ij'upé”%ife%?@ G0k shgiwm tathe erastond 0 go arsanstenteyatamunbenméon &
difficult to renove by distillation. Furthernore, the volatility of this
azeot r opH) deanasigiesd.wi t h decreasing water concentration with the potenti al
for increased iodide contam nation in the bottons 52 of the drying colum

50. This water praofi i : - drying.col u 50 i s
described for exa(r%pﬂogﬁir ﬁﬁgg‘ﬁgfﬁﬁﬁﬂﬁié% %&ﬁ%&%%éﬂmﬁﬁﬁ]ﬂtgﬁg’eﬁf%@é%t

i nvention 10 Bro itdgls a et h(?d of inproved . control of the water profile of
the drying c§ S He agelKs 3fd precessesesdibed an e Faignt Nos.Hef99,.976cdidde i s
present at the parts fper billion (ppb) Ilevel, too | ow for detection or
quant i zat i on P23 BP0 RIL theienadysen ofheadyphast 42 laed tightphase Mair@licaOMt @RtniaE SUS
azeotropi ¢ breakdown water concentration will allow on-1ine

presence of a single phase, a portion of stream 186 which contained a high water

15 concentration can be directed (not shown) to stream 120 or the decanter 40 to improve
phase separation. Additionally the water balance in the decanter 40 can be maintained
by adjusting the flow for pumps P3 and P4.

Hydrocarbons can sometimes build up in the heavy phase 42 with Mel. Carbon
monoxide (CO) used in methanol carbonylation is generally sourced from incomplete
20 combustion of natural gas or oil residues. As a result, CO streams may contain trace
quantities of hydrocarbons, generally alkanes. These generally low boiling
hydrocarbons will thus tend to concentrate in the decanter heavy phase 42 where they
have a high degree of solubility. The density of lower alkanes is of the order of 0.7

g/mL and thus, as well as diluting the Mel in the heavy phase.42, the lower alkanes will
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anal ysis of water to be used as a neans of controlling iodide contam nation
in the acetic 15 acid product. Such dynam c control would negate the need
for a dedvear/ew94 odi de renoval colum and thus | ead to sPQI/USeW/(2H89ant cost
savings. 4. Pnovessra@snthe bbavyphiakeddiety: ~AFRSSyGHas R IR8 R %gﬁﬁ%ﬂoose
of the heavy ends colum 60 is to renove propionic acld 1 npurity fromthe

acetic acid. Jjiges tom: 0oLt i al.u is alowvolume 20
stream of propi on?g&émwl IMJ%dt Ielgé'ﬂﬁl{eaezacsze ihélg%fﬁ%ofl@’f‘%ﬁn%mayn a

si dedr aw st ream 2%0. Biended m d-infrared analysis allows propionic acid
to be quanti fied Rt g ecalGReriopBrsEnASshewe in BIG.d, an alkent Gyidanatten) or
by a fiber optic couPI ed probe. Typically, the feed fromstream 190 to the

heavy ends cdruR#aleo mu?%@ﬁuéaﬂﬁombﬁhéawgﬁasel%cmﬁ{/ﬂ;gﬁ dRScaRioRR bfid Rfdrd-
Thus, analysis of the feed stream 190 and of the _19 2/ 04394

PCT/ US01/ £2488a steet 210 @&h@hﬁ%d@@%QM%@?H@).Z%IY%&E%B%EE%gé e FoLym

performance to be nonitored and allow a continua iR id
product puri i .of propjonic acid. content. This analysis would
al so permt :r%aecltd\/%/asfgg#oggvéarl%%%ﬁ%or ghereas e hydeasembpneere demaved va atvomt 23@0

ppm Pure acetic acid product normally contains about 100-500 ppm 5 water.
Anot her exanpHkanss rgpeiebedumps tedinoivs to Hmse siitledin thé aktdE addiRWBlq Of :
condensed stream 192 that is recycled fromoverhead drum 64 by punp P10

via stream luificusigaadddf SREAUBICOUTL ShEHOALEAT 420, based, on, t he

propi oni c concentration of stream 200. In addition to £hef t wo

streans 194, ebojler .10 nper at ure can be adj usted.

Pr opi oni c ang}ﬁ@aﬁé%a\g?ddggg?&é apF%E@HF“%B é‘e\ﬁPPq’i’PEa@&%’{ ahdecanter heavy
concentration of _aceti¢ acid in the heavy ends colum bottons 62.

Additio aPBse 240 A alkarespemoyal coluamel). F r om t he bottons 62 by feeding
stream 197 to waste acid stripper colum 80. Analysis of waste stream 199

can, U8, 1260 L9, opseenkebi Oy ey el wmh L eruprali 45 oy o 1{Lgv Y,
C. Calibrati gRidMsi8ldrB€nation in the reactor 10 to form ethanol, which may be subsequently
carbonylated to form propionic acid, which is difficult to separate from acetic acid in
the purification section.- Acetaldehyde may also condense to give C,, C,, C; et.

15 alcohols, which will form the corresponding iodides. The C; iodide, hexyl iodide in
particular, is troublesome in the practice of low water acetic acid manufacture
technology as it is difficult to separate from acetic acid in the drying column 50 and
may lead to iodide contamination of the acetic acid product, for example, as discussed
in EP Publication No. 985,653.

20 Acetaldehyde has a boiling point of only 21°C and thus will tend to accumulate
in the light ends column 30 overhead and concentrate in the decanter 40. On-line
analysis of this component in both decanter phases 42,44 would thus help in

combination with on-line reactor analysis of other components, in identifying optimal

reactor conditions to minimize byproduct formation. A variety of process
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Infrared calibration nodels were obtained using chenonetric techniques as
described in U S. Patent No. 6,103,934 and U.S. Patent Application Seri al
No. 20 OW@8A90B8&, expressly incorporated by reference herPer/mséwusvei r

entirety. Chermomiledioss iz lamobmancie of foe kend g a@é@eﬁhé&ﬁhé idd Z1.ng:
statistics wherein algorithmc relationshi psﬁéand mat err’aatldlhélg"ll aqag’g’icﬁl are

i ncor por at ed tneetBdisaieBerbel Akt Ald j.nvaol vin lti- variate

anal ysis. The termnul ti -evar{ at %Edgﬁg?é}g?%?ﬂg?e@%o %cgt &y ef thesedmonm t he
concentration gé %Fco onent in.a solution to many infrared wavel engths or
-20 WO 02/ 0438F°BCFruSH1FUsaaErtion.of deipldelpgle inresctonaelatipn Bdoe tos & Blow on-
commercially avail abl e which permt ready application of chenonetric

t echni ques. ~ RYPF esaytiabny enypacothlichgds mﬂcu@tmﬁoelcagggﬁﬁwdean?é?ub%ﬁﬁgy X,
Seattl e, Washi ngton. The general steps involved in devel opi ng chenb ric

cal i brati én nmoglebsmanitoree)d ' in.the art. 5 Also, the
Anerican Society for Testi r?&%g%ﬂ‘ﬁ/%ﬂ}fl |§te§§¢sl‘r‘k§fgﬂsé‘” &5 &R the reapterument
titled "Standapd Practices for Infrared Miltivariate Analyses (No. E1655-
94)", incorporated herein by reference inits entirety, in which
recommended guidelines are provided. To obtain a good chenonetric
calibration model #+Pmosess mogmrokintthe bight Bpdy Colud® Bheese the cal i bration .
standards. A |l arge nunber of calibration standards nay need to be prepared

and anal yzed wher eHyteien iodid (PIIPRASMYE RkerShdh he conponent of
interest which is overiapped w t}r)\ si gnal's frrgl?% %{eﬁé?ﬁeclgﬁgtgﬁ@?(’lwsnunber
can be in thgy Q0.,,To.cr e an accurate calibration nodel,
a number of call?g; a?i%tﬁglgfl%(ﬁlégr S%ayaéerpﬁg ST cepeamireiion fills belgwadbouns t he
corrponenthi no‘%g(z)l I%E 15 present in the reaction systemsolution. Sorme or all
of these tonpdnhénfioypRicthseakdowa gahHl aplatilizatimnywiibebin tb pEaaT €dch

spect roscopy. Th%_conponents of i ndi vidual standards are independently
vari ed by coridaitlizatiorowilt kad andeyiizi tBO Yol ASstRard 1¥(E! epees that. one
conponent m ght have on anot her. The maxi mum and m ni rerﬂl?nﬁlgg?loctzlﬁtr?a&%l%n

val ues expectsegtidm ahd ' sol uti.on. serve as the boundary
limts for the 20 i nd?&?’gﬁﬁ é@%ﬁ%ﬁ@ﬁ’@%%%#%?&‘&? Iyatory The valp@lized dHdar ds

are prepared V‘t,iﬂenéware .sail(}q,g)enti ally injected into the infrared anal yzer and
a spectroscopli ¢ S gHdlcRalY O5Fmae patof thedight ends yidedtaw stredinviddudhves peglr a f or
the calibration standards are first converted into

acid which feeds the drying column 50. Process equipment generally used in HOAc

15 manufacture is substantially inert to the components, but may be corroded or otherwise
adversely affected if HI concentration levels in the system reach excessively high
levels. Thus, the presence of a significant concentration of HI in this feed has
consequences both in terms of corrosion of purification vessels and in terms of iodide
contamination of final acetic acid product. Thus, it is critical both in terms of reactor

20

performance and purification section performance that the water level in the bottoms 34
of the light ends column 30 be maintained at a minimum concentration of about 5 wt.%

(about 3 molar).

HI and water can be accurately measured by either extended mid-infrared (4000-

7000 cm!) or mid-infrared (400-4000cm™) spectroscopy. Thus, on-line analysis of the
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I giti [ ith the correspondi ng
digitized format and then set up in a spreadsheet wt _
cogcentrations of the conponent which is to be neasured. Partial Least
Squar es WOB/043egr essi on -21 WO 02/ 04394 PCT/ US01/ 02489 PreT/sdw2a8% t hen

. : . O . . | s
ed to fit thgncadabotibmi bl yervbie iagieste dn WarkiliBnSralb il 0 Be TRIRL, o
?Zsted by conparing concentrations of the reaction system corrpgne%s B

[ i ' ith the
obt ai ned frOwbﬁﬁéhlmo%'l%léﬁﬁlt}{%ﬁﬁ@%&éﬁ%ﬁ%ﬂam al process run w

: S. : d
tions obtained b act I'ng Utpﬁ_ various streanms an
gglnﬁemntsrgnd anal yzi,ng fry Otr ,nt,5 concentration usi ngll ndependent
of f-1ine anal yti caF-me I S e QHIIASGEG A oluni _
' ' d-infrared, which
|l i bration nodels for each conponent in the extended m d- . ,
's from 7000 on t $ha dodngenlyma ficdiin tefsilenstidami1ab riane the 1AL Srﬂis'cglufrﬂr?ﬁ@,Afooo
cn to 400 cnl, are shown in Table 1. TABLE 1 10 15 Extende(cji ¥t-:n rared
usi ng Tr ansnThiiioprigatily wARbnMabed U BHRE skl i(hGnflL SPNAL S .
(Ref I egt ance cel | )@grpl)ect ryal Regi ons Use;:l ?or {@gn%‘ f\a%I ggfi\ﬁgﬁ y&@%@%l ght
Ends Recover . f i St reans/ Vessel s ) _
Vessel / Str ea%dqouﬁa}e{#tl%xot%ﬁd grgle A ?‘&rﬁpse’)%ﬁs@s celmn hhis 4o praduceiry acetic
Met 6261-53512520-2420 Ph (  eavy HOAc6980-53421944- 1567 ase) 5390
MeOAC6210- 550%1d-4 Watrrdpronyad o 1§67ad vid Stea@D 1S4 Howens o adAdc ARAR 3550-

not designed to produce a very pure overhead stream. The water composition in the
overhead stream 184 should optimize the additional cost of recycling the acetic acid and
10 the cost of separating the acetic acid from water. Some of this overhead stream 184 is
recycled to the reactor 10 via stream 186 through pump P8 to maintain the system water
inventory or as mentioned above can be used to feed water to the light ends column 30
and decanter 40.
The drying column 50 is operated on the temperature gradient concept and has a
15 number of liquid loaded trays (not shown). On-line analysis of water in the drying
column feed 140 and in these trays would give an instantaneous and continually
updated water profile of this column 50. The availability of such a profile would serve
a number of purposes. If too much water is being sent to the drying column 50 from
the light ends column sidedraw stream 140, the water load in the drying column 50 can
20 be increased to the extent that the column is flooded and will not perform its water
removal function. Conversely, if too much water is sent to the recycle via stream 150
to the reactor 10, the drying column 50 may become unloaded. A combination of on-

line water analysis of light ends bottoms 34, light ends sidedraw into stream 140 and of
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H2O5375- 47004018- 2370, 2046- 1536 CH3CHO6260- 4240 Density6980-42404018- 1567,
787=658 Decanter Li Mel6211-55052520-2454 ht Ph ( g

HOAC6980-WB00183%6- 1662 ase) MeOAc6210- 5505, 4730-42401836PCHES01/R4B1- 991
H206980- 6120,, 5580-.45303946- 247 0430403260-4240 Densi t y6980- 42403946- 2420,
787-658 Li ght ERIEIHn t8ys wepll allowmny mdesyige deargess.or deprease imc@umngoading

E 4086-2140 oms WD 02/ 04394 5 PCT/ US01/ 02489 HOAc6957- 5550,

4620- 42404100e hy@ockly 3Gatifed and addressed. :

A second advantage of a water profile of the drying column 50 is associated
. with low water technology. Hexyl iodide, a minor byproduct, forms a constant boiling
5 azeotrope with acetic acid and water and hence is difficult to remove by distillation.
Furthermore, the volatility of this azeotrope decreases with decreasing water
concentration with the potential for increased iodide contamination in the bottoms 52 of -
the drying column 50. This water profile concept applied to the drying column 50 is
described for example in EP Publication No. 985,653, and the present invention
10 provides a method of improved control of the water profile of the drying column 50
useful in association therewith. Hexyl iodide is present at the parts per billion (ppb)
level, too low for detection or quantization by FTIR, but a knowledge of the column
water content versus azeotropic breakdown water concentration will allow on-line
analysis of water to be used as a means of controlling iodide contamination in the acetic
15 acid product. Such dynamic control would negate the need for a dedicated iodide
removal column and thus lead to significant cost savings.
4. Process Control in the Heavy Ends Column
The primary purpose of the heavy ends column 60 is to remove propionic acid
impurity from the acetic acid. The bottom portion 62 of this column is a low volume
20 stream of propionic acid, while the pure acetic acid is taken off in a sidedraw stream
200. Extended mid-infrared analysis allows propionic acid to be quantified down to
about 200 ppm, either by a transmission cell or by a fiber optic coupled probe.
Typically, the feed from stream 190 to the heavy ends column 60 could include about

200-1000 ppm of propionic acid. Thus, analysis of the feed stream 190 and of the
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I oni [ - -4240 uct
Heavy Ends/ P H2(05580-4884 d ro Propionic Aci d6700-5590, 4700
Dryi %g | HI 4808-4240 C o H2(0B580-47004120- 2140 um Feed HOAc6957- 5550,
4610- 4240M0 00048980, 1366-699 Drying | H20G5700-46004120- 20d0USH102489

00T 200, ARAR RO G A0 4300 558 R BB oy

pof |Lotance (ATR) referred 1o Intth1? e oscopy and involves light from~
i in t ectr an 2 gnt.
known oSy A1 Sk 5o koRPach SSREGRLANE L voLes L1 gt fron

an infrared source e _ "8
material of high 10 refractive index. The light is internally reflected and

extends beyon@RiE. dlisaelysisivatidalse pymtititheiwater cohesntratipn & bdtantified Bown
contact with the crystal. A portion of the infrared energy is absorbed and
the remai nder toibouhe0EsRA g PutchchRS AR pRAuS AANLR) E5kfhs aBOUR100-500 ppm

5 water.

_ Another example of process control is the control of the amount of condensed
stream 192 that is recycled from overhead drum 64 by pump P10 via stream 194 to
stream‘ 140 versus column reflux stream 196 based on the propionic concentration of
stream 200. In addition to the flow of the two streams 194, 196, the column reboiler

10 temperature can be adjusted.

Propionic and higher acids are present along with a substantial concentration of
acetic acid in the heavy ends column bottoms 62. Additional acetic acid can be
recovered from the bottoms 62 by feeding stream 197 to waste acid stripper column 80.
Analysis of waste stream 199 can be used to optimize heavy ends column temperature

15 and the flow by pump P7 to maximize acetic acid recovery and minimize waste for
disposal.
C. Calibration Modeling

Infrared calibration models were obtained using chemometric techniques as
described in U.S. Patent No. 6,103,934 and U.S. Patent Application Serial No.

20 09/611,067, expressly incorporated by reference herein in their entirety. Chemometrics
1s a branch of chemical analysis utilizing statistics wherein algorithmic relationships
and mathematical logic are incorporated to obtain a calibration model involving multi-

variate analysis. The term multi-variate analysis refers to the relation of the

concentration of a component in a solution to many infrared wavelengths or
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produces a very short pathlength for the infrared light in the sanple. The
termtransm ssion used in Table 1 refers to the case where infrared energy
is 15 pas@eudosvs ectly through a sanple, which absorbs a pPOTAUS@N2¢$9 t he
infrared energgquen@esi bartwers iro@iciTaRe tenineraplly, avelishle eiichndeniteéadiyhe ener gy
reaches the detector. It is well -known to those skilled in the art of -
infrared specipplisaRyofidihombtied 1k, Raﬁegeauﬁ%pﬁmgé ihdhudene
echoes

m d-i nfrared have correspondi ng overtone bands or of | ower

intensity in m d-J near - infrared.regi on., The near 20 infrared
regi on, whi chﬁ?%@’%g at’gﬁsonf ﬁrg&gic(?léngﬁa&ﬁ?ﬁ SPH’fg?Qé’r g@erg@a% SteRSIRERIEeREL f r om
approxi mately 4000 cm to 12500 cmi. The first overtone bands occurring in
the ext endeddS¥Fi@pingrohsmemetricgiabibration maselsaxs well khgwmto thosteskiltdd inmlgnart.ude

| ess intense than the fundanental absorbances. Simlarly, the second

overtone HandAlsocthe AnietpanSoeivgior 2a:tMOAMAR A RSTINISRL RRAER4 i gher

near-infrared frequencies are an order of nagnitude |lower in intensity
again. Thus, 3 AR tiidae: i ear-infrared co e used
for quanti tatcl1 ve egﬂtg?é&sisgﬁé}%g?tg ?}?ﬁ"g Hf@aerg(ggﬁrﬁlwaber‘%ﬂ I @8\%%52'

pat hl engt h. Aéi |,,bands of interest for the neasurenment of conponents

accor di ng t o tHe MGATReTatcE heredt bY TaferAnGs iR e entipiyaimewhish renpmonendsd guidakinear-ed
instrunment, transm ssion cells, ATR cell and transm ssion probe to be
descri bed i n artqiprovatedr at ory si nmul ati ons are substantially the sane as

equi pnent used in a manufacturing facility. Process hardened versions of

| aboratory infraref, sReqts AR - I veral vendors such as
Anal ect I nstrunents, Pom)ana, %ﬁgﬁéglﬁgﬂﬁgéhﬁgrr@%ﬁﬁlg.n,np&ﬂ%rﬁé%%)meg Ada.
VWhile the electronjc onents of |aboratory and process spectroneters
are esseﬁq i al Oﬁegb?‘nF‘E‘ig’g&}o%ﬁiﬁsaﬁdla%\ﬂuﬂ@ﬁﬁ%f‘ﬁaﬁbfaﬁééﬁ@ﬁé@d&m’ammlsed@qui re
that process spectroneters are packaged in explosion proof, purged

cabi nets. Si rvclpagtayed delcaalyeedvheredinge s rbadwtalesi geud dortthe Beémpshedt HF OCESS
envi ronment conpared to a laboratory, infrared cells are usually maintained

at a 15 constaBiest QRAIAL iR Rite SR8 BRSNS ARLBnGAD! PRl ki dioyL d be

understood al so that the appropriatespectral region used .
Vossel or ot SRHERSUA B0 ik SR i SRR FaoR G Bt APUROBRI | Ul ar
conponent may be nore
: calibration standards are prepared, each containing all of the components normally
15 present in the reaction system solution. Some or all of these components are to be
eventually analyzed by infrared spectroscopy. The components of individual standards
are independently varied by concentration to randomize any bias or interferences that
one component might have on another. The maximum and minimum concentration
values expected in the reaction system solution serve as the boundary limits for the
20 individual component concentrations. After the standards are prepared they are
sequentially injected into the infrared analyzer and a spectroscopic signal is collected.
Generally, the individual spectra for the calibration standards are first converted into

digitized format and then set up in a spreadsheet with the corresponding concentrations

of the component which is to be measured. Partial Least Squares (PLS) regression



concentrated at one location in the reaction systemas conpared to its
concentration at 20 another location. This can be seen in Table 1, where,
for exanpVe@02/3p4 i s neasured in the extended m d-infrar eBCT/E&§01002485f

6261-5351 cl miethotiberedRernidegto HEMYaRN AAEMBRE) thE 'acéu?&gz?rftt@é;%ﬁlggagﬁ‘?g%ﬂ i far ed

regi on of 6211-5505 cml in the decanter |ight” phase. B
utions were prepared to obtain

vessel to be si ti._conponent .sol

t he spectros c%é.ggég“?af %mrée‘%f élgsc ?Vggﬁtl%’rsé%ﬁ? TEUOB SHtE g S OpApARTNSS obtainediom

02/ 04394 PCT/ US01/.02489 Concentration ranges for these solutions were
consi stent wi ¥hoR-HBe fralysE deinganastnal procegsaun wathvhelemicentrationnebtexadpl es
detailed within. For exanple, the concentration ranges used in preparation

of decanter |aglyaathplieathe Vﬁﬁaﬁﬁst&ainkhﬁ@bél%ﬁﬁﬁ’d‘%ﬁ)%ﬁx | bel ow:
5 LI GHT PHASE Water (H20) 20 - 50 nolar Acetic Acid H&fgc%-hﬁ&%gﬁol ar

Met hyl Acet at &1 [ | .l odid 1) 0 - 3 I 10
1 st et entbgch o et M B GIEL) 0,08 1% 10,

Acet al dehyde (CH3CHO
Acetic Acid (HOAc) mol ar Methyl, Acetate (MeQAc) O - 4 nolar 15

0 - 3.
Met hyl | odi de (Neﬁhf‘ssp-ecﬁﬂg IePRsused AR iamE sakbmetion models for eadtc edapatehyie
(CH3CHO) 0 - 20,000 ppm As outlined in the above identified applications,
cal i bration rtbdextendedrmisitinfrexedpohien isfror 000 tmv €5 8@0E4LAT IBAMS tHIGHA-
val i dated by preparing solutions of known conponent 20 concentrations,
obt ai ni ng i nfingsed wRe f e e n ifatively
anal yzi ng these spect rgqiiz?r%éo? gﬁaégg%%a{%é%}gq“?%g‘;ﬁél%i}%f’mdel S.
Val i dati on of the decanter heavy phase calibration nodels is provided in
tabular formin Table 2, and in graphiwLEdrnat for CH3CHO in FIG 2, in

whi ch ei ght

10 Extended Mid-Infrared (using Transmission cell) and Mid-Infrared (using Attenuated
Total Reflectance cell) Spectral Regions Used for Quantitative Analysis of Light
Ends Recovery and Purification Streams/Vessels
Vessel/Stream | Component Extended Mid (cm™) Mid (cm™)

Decanter Mel 6261-5351 2520-2420
15 (Heavy Phase)
HOAc 6980-5342 1944-1567
MeOAc 6210-5505, 4730-4240 | 1944-1567, 1131-991
Hydrocarbons | 4412-4240 3550-2390
H,0 5375-4700 4018-2370, 2046-1536
CH;CHO 6260-4240
Density 6980-4240 4018-1567, 787-658
Decanter Mel 6211-5505 2520-2454
(Light Phase)
HOAc 6980-4600 1836-1662
MeOAc 6210-5505, 4730-4240 | 1836-1662, 1131-991
H,0 6980-6120, 5580-4530 | 3946-2471
CH,;CHO 6260-4240
Density 6980-4240 3946-2420, 787-658
Light Ends HI 4808-4240 4038-1787, 1366-1307
Bottoms
H,0 5561-4579 - 4086-2140
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Column Feed
oHmREeS o 5580-4700 4120-2140
HOAc 6957-5550, 4610-4240 | 4100-1780, 1366-699
Drying H,0 5700-4600 4120-2140
Column
HOAc 6957-5800, 4610-4240 | 4100-1780, 1366-699

Attenuated Total Reflectance (ATR) referred to in the title of Table 1 is a technique
well known to those skilled in the art of spectroscopy and involves light from an
infrared source entering a crystal made from an infrared transmitting material of high
refractive index. The light is internally reflected and extends beyond the surface of the
crystal into the sample that is in contact with the crystal. A portion of the infrared
energy is absorbed and the remainder of the energy is passed on to a detector, ATR
produces a very short pathlength for the infrared light in the sample.

The term transmission used in Table 1 refers to the case where infrared energy is
passed directly through a sample, which absorbs a portion of the infrared energy.
Similar to the ATR technique, the remainder of the energy reaches the detector.

It is well known to those skilled in the art of infrared spectroscopy that
fundamental absorption bands in the mid-infrared have corresponding overtone bands
or “echoes” of lower intensity in the extended mid-/near-infrared region. The near-
infrared region, which incorporates the extended mid-infrared region, stretches from
approximately 4000 cm™ to 12500 cm™. The first overtone bands occurring in the

extended mid-infrared region are approximately an order of magnitude less intense than

the fundamental absorbances. Similarly, the second overtone bands occurring at even

3.
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fugher near-infrared frequencies are an order of magnitude lower in intensity again.
Thus, any of the overtone ban;ls in the near-infrared could be used for quantitative
analysis by modifying the cell or probe window pathlength. All bands of interest for
the measurement of components according to the invention fall within the infrared
region.

The infrared instrument, transmission cells, ATR cell and transmission probe to
be described in the laboratory simulations are substantially the same as equipment used -
in a manufacturing facility. Process hardened versions of laboratory infrared
spectrometers are supplied by several vendors such as Analect Instruments, Pomona,
CA and ABB Bomem Inc., Quebec, Canada. While the electronic components of
1aborato1;y and process spectrometers are essentially identical, safety and environmental
considerations require that process spectrometers are packaged in explosion proof,
purged cabinets. Similarly, because of changing climatic conditions in a process
environment compared to a laboratory, infrared cells are usually maintained at a
constant temperature in a conditioned sample cabinet.

It should be understood also that the appropriate spectral region used for
quantitatively analyzing a particular ‘component may vary depending on the vessel or
stream in which it is being analyzed, given that a particular component may be more
concentrated at one location in the reaction system as compared to its concentration at
another location. This can be seen in Table 1, where, for example, Mel is measured in
the extended mid-infrared region of 6261-5351 cm! in the decanter heavy phase and
in the extended mid-infrared region of 6211-5505 cm™' in the decanter light phase.

For each stream or vessel to be simulated, multi component solutions ;zvere

prepared to obtain the spectroscopic data necessary to create calibration models.
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Concentration ranges for these solutions were consistent with the ranges examined in
the individual on-line examples detailed within. For example, the concentration ranges
used in preparation of decanter light and heavy phase calibration standards are listed
below:

5  LIGHT PHASE
Water (H,0) 20 - 50 molar
Acetic Acid (HOAc) 0 - 9 molar
Methyl Acetate (MeOAc) 0 -4 molar

Methyl Iodide (Mel) 0 - 3 molar

10 Acetaldehyde (CH,;CHO) 0 - 20,000 ppm

HEAVY PHASE
Water (H,0) 0 - 1.5 molar
Acetic Acid (HOAC) 0 - 3.5 molar

Methyl Acetate (MeOAc) 0 -4 molar
15 Methyl Iodide (Mel) 8 - 15 molar
Hydrocarbons 0 - 1 molar
Acetaldehyde (CH,CHO)  0-20,000 ppm
As outlined in the above identified applications, calibration models for all components
in all vessels/streams were validated by preparing solutions of known component
20 concentrations, obtaining infrared spectra of these cémponents and quantitatively
analyzing these spectra using the appropriate calibration models.
Validation of the decanter heavy phase calibration models is provided in tabular
form in Table 2, and in graphical format for CH;CHO in FIG. 2, -in which eight

solutions of known composition were prepared and concentrations were predicted using
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the calibration models. Correlation coefficients (R factors) of 0.997 or greater
associated with the values in Table 2 indicate a high degree of accuracy for analysis of
all components and also for quantitation of density. Similar validation was carried out
for the decanter light phase calibration models. Data for this validation is shown in
5 Table 3. Similarly, Tables 4, 5 and 6 report validation data for light ends column

bottoms type solutions, heavy ends column/product tank type solutions and drying

column feed type solutions, respectively.
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: TABLE 5

Accuracy of Laboratory Extended Mid-Infrared Calibration
Models for Propionic Acid and H,0 in Heavy Ends Column
Feed and in Product Tank Feed Solutions

Eight Prepared Samples of Known Composition Were Used

Sample No. H,0 (ppm) Propionic Acid (ppm)

Actual Predict Actual Predict
1 486 451 105 34
2 486 464 2490 2384
3 542 1530 562 620
4 668 679 1584 1514
5 734 719 388 426
6 819 836 970 1010

7 936 952 105 164
8 1174 1149 224 264

TABLE 6

Accuracy of Laboratory Extended
Mid-Infrared Calibration Models for
HI in Drying Column Feed Solutions
Eight Prepared Samples of Known

Composition Were Used
Sample No. HI (ppm)
Actual Predict

1 -0 63
2 121 94
3 246 292
4 383 339
5 479 432
6 604 648
7 921 | 954
g 2028 2069
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The interchangeability of the ATR method and the extended-mid transmission
infrared method of analysis is illustrated by the two sets of data in Table 4. This table
compares the accuracy of the ATR method versus the extended mid transmission
method for analysis of light ends column bottoms type solutions; The table shows

5 excellent accuracy for both techniques over all ranges of HI, H,O and HOAc examined.
* The accuracy and precision of an infrared measurement are largely a function of
the signal to noise ratio for the spectral response of the component of interest. Noise
refers to small, random variations in instrument performance usually associated with
electronics. It isiwell known to those skilled in the art of spectroscopy that when the
10 component being measured is present in sufficiently high concentration the signal to
noise ratio is very large and noise will not adversely affect quantitation. Whén the
infrared signal is very small, as in the measurement of ppm levels of acetaldehyde in
both decanter phases and in the measurement of ppm levels of propionic acid in heavy
ends column or product stream solutions, the signal to noise ratio can be sufficiently
15 low such that the noise impacts quantitation. This random contribution of noise can be
averaged out by:

(2) incfeasing the length of time to acquire a spectrum. A typical acquisition
time is of the order of 30 seconds. Inc;reasing this to 1 - 3 minutes, for example, will
dampen the noise while leaving the signal unaffected; or

20 (b) averaging the results for a number of spectra and reporting the average.
Both of these averaging techniques were used in acquisition of quantitative data for ppm
levels of acetaldehyde, HI, water and propionic acid. The correlation plot in FIG. 2
shows the scatter associated with five repeat measurements for decanter heavy phase

acetaldehyde in each of the eight validation solutions. At concentrations below 1000

-31-
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ppm, individual predicted values may vary by as much as +/- 300 ppm from the actual
value. However, the average <;f 5 measurements which is the value reported in Table 2,
improves the accuracy to about +/- 100 ppm. Even with this averaging , the signal is too
low to allow reliable quantitation at concentrations below 200 ppm acetaldehyde.

5 Similarly, ppm values of propiémic acid and water in Table 5 and ppm values of HI in
Table 6 are the average of 5 measurements. It should be noted, however, that the
infrared measurements of individual components will vary In accuracy and precision as -
a function of the particular mixture of components in the sample. Thus, where a
particular spectral response is strong and distinguishable from responses due to other

10 components in a sample, good signal to noise ratios are obtained even though the
concentration of the component may be low. Thus, although the concentrations of
water as reported in Table 5 have low ppm values, water tends to have a more ntense
and distinct signal, resulting in greater reliability and less variance between actual and
predicted values, as compared to the other low ppm conceniration components.

15 EXAMPLES

In all examples relating to the decanter 40, equipment as shown in FIG. 3 was
used to simulate the process equipment. A glass decanter 40, made from a glass
reducing Tee, was used to study the appearance and measure the compositions of the
light phase 44 and heavy phase 42. The dimensions of the main section 48 of the

20 decanter 40 were 3 inches inner diameter by 14 inches long, and the boot 46 was 2
inches inner diameter by 5 inches long. Typical light and heavy phase compositions
were prepared and added to the decanter 40. The heavy phase 42 collected in the

bottom of boot section 46, with an interface about 2 inches below the bottom level of

the main section 48 of the decanter 40. To minimize the material for these studies, the
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before entering the decanter 40 to simulate the mixture of components that is typically
5 experienced in a commercial or pilot plant. In this manner, compositional equilibrium
could be established between the light phase 44 and heavy phase 42. Composition was
changed by adding additional water, acetic acid, methyl acetate, hydrocarbons, Mel,
CH,CHO or mixtures thereof to the light phase 44. These additions were achieved by
means of a three way valve (not shown) connected to the light phase pump inlet (not
10 shown).

In all examples relating to the light ends column 30, drying column 50, heavy
ends column 60 and product tank, equipment as shown in FIG. 4A and FIG. 4B was
used. A one liter 3 necked roﬁnd bottomed flask 92 was filled with 300 mL of the
appropriate solution 94 and stirred. Compositions were changed by adding the desired

15 component via syringe directly into the flask 92.

In all examples, the principal methods used to analyze manually obtained
samples were gas chromatography (GC), Karl Fischer (KF) water titration and
argentometric iodide titration. These are well established analytical methods in acetic
acid manufacturing with accuracies greater than or equal to +/- 5%. GC analyses were

20 carried out using a Varian Instruments, Walnut Creek, CA model 3400 instrument,
equipped with a NUKOL® 60 meter capillary column and a flame ionization detector.
Karl Fischer water analyses were carried out using an EM Sciences, Gibbstown, NJ

AQUASTAR® model V1B titrator. Iodide (as hydriodic acid) analyses were carried
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fiber optic cables is offset by use of the more sensitive ITnAs detector..

10 A number of methods were employed to obtain on-line infrared analysis for
testing purposes. Infrared analysis in the extended mid-infrared region for the decanter
light phase 44 and heavy phase 42 was carried out by connecting the return line of one
of the streams 300, 310 to the inlet of a 0.5mm transmission cell equipped with zinc
selenide windows placed in the cell compartment of an FTIR spectrometer 90, and the

15 outlet was connected to the pump P, which then continuously recirculated the material
to the decanter 40, as shown in FIG. 3. Alternatively, a 0.5mm pathlength fiber optic
coupled transmission probe equipped with sapphire windows, obtainable frém Axiom

~ Analytical, Trvine, CA, could be inserted into the main section 48 and boot 46 of the
decanter itself, as shown in FIG. 5, or into the return lines 300, 310 (not shown). On-
20 Iine analyses of solutions in the one liter flask 92 were similarly achieved by
continuously circulating the solution 94 via line 320 through the infrared cell 90 back
into the flask 92, as shown in FIG. 4A or by direct insertion of the fiber optic coupled

transmission probe 96 into the one liter flask 92 as shown in F 1G. 4B.
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section 46, with an interface about 2 inches bel ow the bottomlevel o

for this 18 minute period show that a measurement precision of better than +/- 0.06

15 molar was achieved for all components. At this point MeOAc was added to the
decanter. The trend lines in FIG. 6 show the effect of this MeOAc addition on heavy
phase composition as measured by'infrared. As expected, MeOAc showed a significant
Increase in concentration from 2 molar to 2.65 molar and Mel, the bulk solvent in the
heavy phase, decreased in concentration from 11.7 molar to 10.7 molar. The presence

20 ofahigher concentration of MeOAc in the heavy phase also allowed greater solubility
of both HOAc and water as shown by the trend lines.
The heavy phase was manually sampled before and after the MeOAc addition.
These samples were analyzed by off-line independent methods of analysis, specifically

GC and Karl F ischer. The data in Table 7 show excellent agreement between the values
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the main section 48 of the decanter 40. To mnimze the material for these
studies, the -32 WD 02/04394 PCT/ US01/ 02489 |ight phase 44 and heavy phase
42 wer e iwaepetsdent |y and continuously recircul ated via PeT/USin/dziclss)es 300,
310 respecti velr¥dictell bl oRUMRSniParbRsd e ok ectio The
two streans fromthe ?eturn | i nes- 300, og gue\%gre (’fll‘n 3‘3@ uts%a I‘é’%oﬁer

41 j ust beforﬁl %rr thetgieg%gter 40t si myl ate the mxture of
conponents tha VP éﬁ' FRtogte B%Vrepéﬂ’@g FOFRECs R epmRGnENb¢ongentystions bralught .
In this manner corrp05| tional equilibrium could be established between the
| i ght phase 4@58Wd3yﬁé‘§@9s%memmt10@©ﬁM®Aa mrtheasavyghasiged by addi ng
additional water, acetic acid, nethyl acetate, hydrocarbons, Mel, CH3CHO
or nixtures thereof to the Ilght phase 4fapihese additions were achi eved by
means of a three vay val ve (not shown) connected to the |ight phase punp

i nl et (not_10[stiown)—tmat-t—exafples—+etat+rg—to-the light ends colum 30,
dryi ng col®um @deﬁ%aﬂ‘flwé%@@@mmﬁhawmm product tank, equi-pnent as
shown in FI G | $Arelépnf On-L4B Fwended MisHinfredNaldes ek depagkedaroyad bot t ofred
flask 92 was 1IAF1111ETGP3‘]I\I¢ChmB®@(@C/I@ﬂRd@Eer) appr oprl ate soll&ﬂtl on 94 and
stirred. Conp@sSitions wWere [ctran acdrng—the—desi+ed—15—conponent Vi
syringe direct FJ"PHER t he fIaQR%WIHIYIPFGéII exanplGs, the |pri ricirpEberget hods

used to anal yze nmanual |y obft J r’g)l €9 re -
Karl Fischer (KF) water titfr %aodﬁ deritSgiet i i s di |deBaforer ait i Aiter
These are wel L_established |an&'ye ¢ W@ O’élgdl‘“ﬁl adddition |abidtioranufdiitoarfi ng

with accuraci pg,@ t hgn oryequal #/ _ 5% anal'y|Ses"were 20
carried out ubihg @Eﬁg‘}f‘?. an .ncfo'ﬁﬁ hnt qé' | nuf™ Cr ek CA Inodé93400 0.93

i nstrumend®, eHOApﬂﬂdlamayph a NUHeL(r) £63 meten qgapill ey [col um and a fTlanme
i oni zati on defector—KartFscherrwater—gralysesiwere cdrried out using an
EM Sci ences, QBB4A¢ Gviplarid | AQUASTAR( r2.65ddel 1WsB| titz.24 dr. Lodi fe (as

hydri odi ¢ aci %f@@)% WETr € carr| ed WO 27194394 PEHUYSHGH-024891—out by
titration wth S1COT ¢ r dt e Wd2whi cH-Thhd eridl-sﬁo nt 18ag% [det-er mi hed-by Use

of Eosin Y i Hons Sol Ut i on,densi t,i neqg by werghrng—ijnL
of sol ution. ‘T’?In%% Ly)rogtsr ed gpec 'g%net etro O?zed loﬁs &é@arrpl es was g
DI AMOND(r) 2 e abtai ned from Anal ectl I nstr urrent s, Fonona, CA. Two

types of 1flet echasingreryused. 1n gs 1.86 | 1.96 1.85

Example 2:

Similar conditions to Example 1 were used. A decanter heavy phase solution of
composition as shown in the first data row of Table 8 was monitored for a one hour
period during which time aliquots of a hydrocarbons solution were added at

20 approximately 12 minute intervals. The trend lines in FIG. 7 show the expected
increases in hydrocarbons concentration from about 0.25 molar to about 0.70 molar,
coupled with decreases in concentration of other heavy phase components as dilution
oceurs. Solution density also decreases as a function of the very light hydrocarbons
(approximately 0.7 g/mL) replacing the very heavy Mel (approximately 2.3 g/mL). The

25 solution was manually sampled before each hydrocarbons addition and the samples

analyzed by off-line independent methods of analysis, specifically GC for
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5 Exanpl es 1-12, which involved use of a flow through transm ssion cel
mounted in the cell conpartnent of the spectroneter, a deutero triglycine
sul fi de MDOGE)430et ector was used. In all other exanpl es pPovoBM/n2gsduse of a
fiber optic coopkethtionsasdiveizhing foF @hSity. Rhe EAFLTNA i | hAs) det ector
was used. Loss of signal as it is-trang%itted througﬁg%gégg?ggﬁ?$c cables _

is offset by r nsktikMe | nAs. detec .. 10 A nupber of

met hods wer e gé’rg?rg{/netggﬁoe@o? oﬁ%{il%n 38% 2 ﬁ'ﬁH’g tFW%F%G“%ﬁ&F?@F%mF@PﬂﬁX eker-Hoe
purposes. Infrared analysis in the extended md-infrared region for the
decanter | gW?‘a’&%atg Seteat apdpcpuately prantify changesdn bpdnocatomutontyntagenect i ng
the return line of one of the streans 300, 310 to the inlet of a 0.5mm
transm ssion cell equipped with zinc selenide windows placed in the cel
conpartment of an FTIR spectroneter 90, and the 15 outlet was connected to
the punp P, which then continuously recirculated the material to the
decanter 40, as shown in FIG 3. Alternatively, a 0.5nm pathlength fi ber
optic coupled transm ssion probe equi pped wi th sapphire w ndows,
obt ai nabl e from Axiom Analytical, Irvine, CA could be inserted into the
mai n section 48 and boot 46 of the decanter itself, as shown in FIG 5, or
into the return lines 300, 310 (not shown). On- 20 |line anal yses of .
solutions in the one liter flask 92 were simlarly achi eved by continuously
circulating the solution 94 via line 320 through the infrared cell 90 back
into the flask 92, as shown in FIG 4A or by direct insertion of the fiber
optic coupled transm ssion probe 96 into the one liter flask 92 as shown
in FIG 4B. WD 02/04394 PCT/ USOL/ 02489 Infrared analyses in the
md-infrared region were simlarly carried out by connecting the return

i ne of one of the decanter streans 300, 310 or the outlet Iine-320 of the
flask 92 to the inlet of an ATR tunnel cell equipped with a zinc sel enide
crystal, obtainable from Axi om Anal ytical, placed in the conpartnent of an
FTIR spectroneter 5 90, and the outlet was connected to the punp as

descri bed above. Exanple 1: In this exanple, the return line 310 of the
decanter heavy phase solution was connected to a 0.5mm transm ssion cel
equi pped with zinc sel enide wi ndows, i.e. the heavy phase 42 was
continuously nonitored by extended m d-infrared analysis. The 10

transm ssion cell was placed in the cell conpartnent of an FTIR
spectroneter equipped wth a DIGS detector. Decanter solution of
conposition as shown in the first data
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columm of Table 7 was allowed to circulate for about 18 m nutes while an
on-line data point was being recorded about every 35 seconds, as shown in
FIG 6. Weotesad |ines for this 18 m nute period show tphar/vaowmeasyur enent
preci sion of better than +1- 0.06 15 nolar was achieved for all conponents.
At this point MeOAc was added to the decanter. The trend lines in FIG 6 _
show the effect of this MeQAc addition on heavy phase conposition as
nmeasured by infrared. As expected, MeOAc showed a significant increase in
concentration from2 nmolar to 2.65 nmolar and Mel, the bulk solvent in the
heavy phase, decreased in concentration from11.7 nolar to 10.7 nolar. The
presence 20 of a higher concentratlon of MeQAc in the heavy phase al so

al | oned grleater Spr ubtr i fy_— ot ot and water as shown by the trend
lines. The heavy |phase gejs&naiupk] y Sspip) ed before and after the MeOAc
addition. | These sgnplee)wﬁre'ana1yze y of f-1ine independent nethods of
anal ysi s, |specifijca |y §CC nd Kar her. The data in Table 7 show
excel | ent agneenenk»bhtwven t-hel va 35 WD 02/ 04394 PCT/ US01/ 02489
predi ct ed {by en- 1]i e H{NBr fai dm ng [ he g{f-line techniques and illustrate
the abilitly QExon-Qlquginiraued_angl Sils to detect even small changes in
conponent coqﬁentraticnﬁ br ug t jabout by increasing concentration of
MeOAc in the Heavy phgseT—TFABEE— 53835 Addition of MeQAc to Decanter
Heavy Phage Carrel@tiqnodf5Ongli ge gnded Md-Infrared Values with
Independer];)n fo Lrge Artal|y+ilcal | Fechni gues (GC/ Karl Fischer)
Conmponent On- Ly ne |1 Bf r areqSGHarHFisc Before After Before After Before
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After AdditionAdditionAdditionAdditionAdditionAddition H20

(Mol arity)0.570.89------ 0.590.93 HOAc (Mol arity)1.451.631.471.56---__ -
MeQAC ( MW@p2/04394 . 982. 651. 952. 79 Mel (Mol arity) 11. 7210. 71RAT/88WQA26D- - - - - -
Hydr ocar bons (Q.06904,0720. 0450. 042 (Ml arity) Density (g/mi)1.951.861.961.85
Exanple 2: Si ;+"Cbnditions to. Exanple 1 were used. A decanter heavy
phase sol ution of _conposition as shown in the first data row of Table 8
was nonitored for SEnB#econgditions jsef¥antblellivieregisat extept winereaiotefi Fids efanmple

hydr ocar bons sol ution were added at 20 approximately 12 mnute intervals.
The trend |i demongirafds@n-Ifeshomitorig of ¥@eti@gde bORS &ﬁ&@ﬁtr&tfbnh)i&%?&éfmgs
concentration fromabout 0.25 nolar to about 0.70 nolar, coupled wth

decreases in ' 0 eayy: onponent s, .as di L.ugion
ocour o, - Sol Ut oA BEER AL o8 b e R R T G RIBRT B o2 By o e
hydr ocar ons ggpggoxinately 0.7 %(nL) repl acing the very heavy Mel

(appr oxi mat el tne 2 Apta o avas gbigmed €V eaH 2ABEutesn Daring thia Aglostparaiiofe each
hydr ocarbons addition and the sanples analyzed by off-line i ndependent
net hods of aabquets of acsppliehydecwbrewd@d. fTie treB6 NG BHI0Y 3XMRRETY HSRELDR489
concentrations and wei ghing for density. The data in Table 8 show very

cl ose agreegehiid 23t “hl ' dillustrates
the ability of onaﬁﬁﬁg%ﬂ%%gfgﬁggaﬁg%gg%ég tgﬁgﬁggggpggﬁﬁyagﬁﬁﬁbFF?‘%ﬁanges

in hydrocar b?n%%uﬁgfnscaren%tlg téfgrg 'eamcgé{d%ﬁg e4ad§ict:£ro/nl§1911t{1£ s2a£.;rr€13pgles0 a?nal;geg g}g %% ¢

Because of residual noise present in the infrared data, five infrared data points were
10 averaged to give the infrared data in each row of Table 9. As shown in this table, data
point averaging allows an accuracy of approximately -+/- 150 ppm when the infrared
values are compared to the GC values. This example thus shows that using a rolling
average of data pointé over a reasonably brief time period, such as about 10 minutes
allows effective monitoring of acetaldehyde at levels normally expected in decanter

15 heavy phase operation.
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TABLE 9

Addition to Acetaldeﬁyde to Decanter Heavy Phase
Correlation of On-Line Extended Mid-Infrared Values with Independent Off-Line Analytical

Techniques (GC)
5 : Infrared (ppm) | GC (ppm)
69 0
306 258
421 515
710 773
10 1149 1031
1586 1489
1884 1946
3120 3095
5552 5447
15 12317 12115
Example 4:

In this example, the return line 300 of the decanter light phase 44 was connected

to the infrared cell. Infrared eqﬁipment was identical to that described in Example 1.
Decanter solution of composition as shown in Table 10 was allowed to circulate for

20 about 9 minutes while an online data point was being recorded about every 35 seconds,
as shown in FIG. 9. The trend lines for this period show that a precision of +/- 0.05
molar was achieved for all components. At this point water was added to the decanter.
The trends in FIG. 9 show the effect of this water addition on light phase composition
as measured by infrared.  As expected, water showed a significant increase in

25 concentration from 25.41 molar to 27.92 molar and MeI}which 1s immiscible with water
showed the largest percen‘;age decrease in concentx_‘ation. The light phase was manually

sampled before and after water addition and the samples were analyzed by GC and Karl
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TISCLCL Utlalon. 1ne dara 1n 1able 10 show excellent correlation between on-line

infrared and the off-line techniques and demonstrates the ability of on-line infrared to
accurately quantify changes in light phase solution components in response to changes
in water concentration.

TABLE 10

Addition of H,O to Decanter Heavy Phase ‘
Correlation of On-Line Extended Mid-Infrared Values with Independent Off-Line
Analytical Techniques (GC/Karl Fischer)

Component On-Line Infrared GC Karl Fischer

Before After Before After Before After
Addition | Addition | Addition | Addition | Addition Addition
H,0 (Molarity) 25.41 27.92 -—- - 25.35 27.86
HOAc (Molarity) 6.28 6.00 6.33 5.99 .- -
MeOAc (Molarity) - 1.94 1.87 1.89 1.83
Mel (Molarity) 0.40 0.26 0.42 0.26 - -—-
Example 5:

This example is similar to Example 4 except that HOAc was added to the
decanter instead of water. The trend lines in FIG. 10 show the effect of this HOAc
addition on light phase composition. As expected, water, the bulk solvent in the light
phase 44 showed a significant decrease in concentration from 28.02 molar to 25.56
molar. The lower water concentration in the light phase 44 led to an increase in Mel
concentration in this phase, i.é. a redistribution in Mel from the heavy phase 42 to the
light phase 44. The light phase 44 was manually sampled before and after HOAc
addition. The data in Table 11 show excellent correlation between the values predicted
by on-line infrared and the independent off-line GC and Karl Fischer techniques and
demonstrates the ability to detect and quantify changes as low as 0.05 molar in all

component concentrations.
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bd~ OccSU o0 pNt Mt~ MfQro ot0000 U Hx 38 WD 02/ 04394

PCT/ USOL/ 02489 Exanple 3: Simlar conditions to Exanple 1 were used except
denonstrates on-line nonitori nBCOUS@dREs dehyde

wher e notved 02/T43p6 exanpl e

as its concentration increases in the deghhtiér _ _
"was_nhonitored for a 2 hour period during 5 which tinme a data

sol ution

heavy phase.

A heavy phase

poi nt was obtaAgtgﬁioeo\f@f 0 g Thrs—Z tour penuu S—ateugt s
of acet al dehy Orygq:drggn é% 'Eéﬁrte?ii PHU (fV 0 SW@OIBE he dncreasefin
PR nb The
acet al dehyde f&?al B S L ue_lg_g@ h é?’rg upt \
sol uti on was M ]’SE\ 5 ar‘h acet al dehyde addition and t hg
sanpl es apal y|ZeamnpperdC.  BdcaOsdimfinfrasi dyal n0| 8€ present i Kal@sche rarjed
data, five infrared data pqi i ef e 0 \GVE [THE IiTaredddat a
in each row gf Table 9. As|s “ﬂmunAﬁhh&H dﬁmnd k&hpﬁglngfé§%r %éggp
al | ows an acqgttacy—of—apprexrately l dref B S
are conpar ed Y HORENal bes. 28R 4 e%%lﬁi)l e thus |[shows that 2KIMp a 25381i ng
aver age of detI@O@@(M@lSn@yer a rggaspnabgy bri efs dgi jme pgw)cd,iuclh as aDOL][
10 mi nutes 4gfy rectyye g torn abctaldenyue gt vels—nernal]l y
expected in chl\ée:;d\Eﬁ_%ﬁ\d lﬁntxnf vy pf r‘?QP npgpég Lon ) 02/ b%54 PE€T/ US01+02489
Mel (Molarity) 0.67 0.78 0.64 0.74 --- - '

10

Example 6:

Similar conditions to Example 4 were used except where noted. This example

demonstrates on-line monitoring of acetaldehyde as its concentration increases in the

decanter light phase 44. A light phase solution was monitored for a 2 hour period

during which time a data point was obtained every 2 minutes. During this 2 hour

15

period, 10 aliquots of acetaldehyde were added. The trend lines in FIG. 11 show the

increase in acetaldehyde from a starting value of zero up to about 21,000 ppm. The

solution was manually sampled before each acetaldehyde addition and the samples

analyzed by GC. As in Example 3, five infrared data points were averaged to give the

infrared data in each row of Table 12. An accuracy of approximately +/- 150 ppm is

20

obtained, which demonstrates that using a rolling average of data points over about a 10

minute period allows effective mom'toﬁng of acetaldehyde at levels normally expected

in decanter light phase operation.
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It | ati on of
TABLE 9 Addition to Acetal dehyde to Decanter Heavy Phase Corre :
On-Li ne Extended M d-Infrared Values with | ndependent O f-Line Anal yti cai34
Techni quawo (133396 I nfrared (ppm GC (ppm 69 306 421 710 ROT/U$61N21H86 18

12115 Exanple 4:
3120 5552 15 12317 0 258 515 773 1031 89 B 946 3095 5447
In this exanple, the return |ine-300 of the decanter |ight phase 44 was

connect ed

10

15

20

25

Addition of Acetaldehyde to Decanter Light Phase

Correlation of On-Line Extended Mid-Infrared Values with Independent Off-Line Analytical
Techniques (GC)

Infrared (ppm) | GC (ppm)
146 0
259 274
352 541
613 752

1060 1021
1668 1581
1813 1952
3066 2946
4832 4787
11004 10839
20766 21093

Example 7:

In this example the return line 310 from the decanter heavy phase 42 was
connected to an ATR tunnel cell equipped with a zinc selenide crystal. Analysis was
carried out in the mid infrared region using a DTGS detector. About 45 minutes of on-
line data were obtained at a particular fixed decanter composition described in Table 13.
A data point acquisition of about 35 seconds was used. A sample obtained at the
midpoint of the experiment was analyzed off-line by GC or Karl Fischer and the data
compared to on-line data in Table 13. Close agreement between the off-line and on-line
values demonstrates the accuracy of the ATR method in on-line analysis. The trend

lines in FIG. 12 illustrate the precision of this technique in composition monitoring.
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to the infrared cell. Infrared equi pment was identical to that described in
Exanple 1. Decanter solution of conposition as shown in Table 10 was

al | oned twocizoastlqyat € for 20 about 9 minutes while an onli nemgadiopgd Nt was
bei ng recorded about every 35 seconds,TABBEdhown in FIG 9. The trend Iines
for this period show that a precision of +I- 0.05 nolar was achieved for
all conponents. At thi-s—point—water was—added-to the decanter  The trends
in FIG 9 show the efl fOacine@nalybis 6f Deatuetér Fedal PHagSddittidniigMidphasg conposition
as neasured by infrai elgﬁaredwgmgm@gta@@,mv@uer showed a signifigant increase
in 25 concentration fr+rem25—4t—otar—+eo—27+—92rotar—ard—Met—w{ ch i s

i mm scible with wat e Cosiponent t élﬂatcg@éelap‘eybc é}ﬁagKFc(Mnlelaﬂs&a n

concentration. The i S—Tranuatt ganpted—before—any after water
addi ti on3and the sa were amal yzed by and Karl -40 WG60p/ 04394

PCT/ US01/ 02489 r.wcuivrI .ratron. I ne aaia ijn I able I U_show excell ent
correl ati on between ¢ ?é%fé infjared and t gff-1ine techﬁi9(§u bs and

denonstrates the abi I'Z_} of on-lfine i nfrareﬂ) tto accurat el grﬁuanti fy
changes in light phag (Z%? ution cormonents Injresponse to nges in water
concentration. 5 TABLE 340 10 Addition of tlo Decanter Haawy| Phase
Correl ation of On-Line’Extended!Md-1nfraréd Val ues V\LLh_Lniewndent

O f-Line Anal yti cal Tq;p}}mmcgf%gs GC/ Kar | Fiisgghgr) Conponent @y-L{ ne
I nfraredGCKar| Fi scher—Before-Alter Before AftierBefore After

Addi ti onAddi ti onAddi tl iDeadedi ti onAddi ti onAdddéz ifon 1120 1.63
(Mol arity)25.4127. 92+===== 25352786 HOAc—(Motar+ty) 6—286—666-—335. 99-- - - - -
Example 8:

Using equipment as shown in FIG. 4 and infrared equipment as described in

Example 1 (with the exception that sapphire rather than zinc selenide windows were
used), a light ends column bottoms 34 type solution was circulated through the infrared

15 transmission cell for 100 minutes. The initial composition of this solution is described
in the first row of Table 14. A data point was obtained about every 35 seconds. Over
the course of the first 60 minutes, 6 aliquots of HI were added to the ﬂask by syringe.
The flask was manually sampled before each HI addition for off-line analysis by
titration, GC and Karl Fischer. The trend line plots in FIG. 13 show the stepwise

20 increase in HI after each addition. Water also shows a stepwise addition as the
commercial HI used in this experiment is a 55% aqueous solution. To demonstrate that
the HI calibration model is not biased or influenced by coincident increase in water, 3
aliquots of water were added during the 60 — 90 minute period of monitoring. The trend
lines show the stepwise increase in water during this period without any increase in HI.

25 HOAC exhibits a steady decrease in concentration over the monitoring period due to
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MeOAc (Mblarity)l1.941.871.891.83---_-- Mel (Molarity)0.400.260.420. 26---__
Exanple 5: 15 This exanple is simlar to Exanple 4 except that HOAc was

added to Wwaodeqanter instead of water. The trend |ines ipethides/03489 show
ion on |i hase conpgsition. As expected,

the effect of ,.{his_H addi ht ]

water, the buf “é’Blmy?”ﬁtef-h XG5 Wtcorfﬁ%ﬂ%%awegﬁmfé% ieB#yes eaghon-line
decrease in concentration from28.02 nolar to 25.56 nolar. The |ower water
concent r at i oninfraredtasalybashis cyifens drogn Thtdel 14.0 This expetimasiahisnddins@Z@es the
concentration in this phase, i.e. a redistribution in Mel fromthe heavy

phase 42 to tdwlitylofghtlinehaERed theasiignddt @hbivehl JLRRy X d
bef ore and aftertylgOAc ' addi t?on?as'l'he dat aélivn %ggllpgéi?@%%ow g%ﬁgﬁeecﬁf;ﬁ)glh?

correlation b I .predicted h -line infrared and the

i ndependent oﬁig\??ﬁ%r}l%%" é%gléﬁgl}ugnsl:?@?ﬁ@?m?‘é%%ﬂﬁ&ﬁw It dereppsieteddndis ¢ he
ability tg) detect and quantify changes as low as 0.05 nolar in all 25
conponent® corféemPlatiodnbat pracessgmml 0yEnYs FIITEUStioh 0F 48D tropRBr&kidwh

Addi tion of HOAc to Decanter Light Phase Correlation of On-Line Extended
M d- I nf rar ed cdaldissachieivbd thackedesdimn in@hfed lahmgsidnal yti cal Techni ques

(GC/ Karl Fischer) Conponent On-Line Infrared arl Fischer Before After
Before After Before After AdditionAdditionAdditionAdditionAdditionAddition

H20 (Mol ari ty) 28. 0225, 56- - - - - - 27.9725. TABIIAG4
(Mol arity)6.046. 725. 986. 70- - - - - -

a

Addition of HI and H,0 to Light Ends Bottoms Stream
Correlation of On-Line Extended Mid-Infrared Values with
10 Independent Off-Line Analysis (GC/Karl Fischer/Titration)
HI (Molarity) H,0 (Molarity) HOAc (Molarity)
Infrared | Titration | Infrared KF Infrared GC
0.0290 | 0.0294 |3.01 3.07 16.51 16.52
0.0471 |[0.0494 |3.12 3.18 16.48 16.46
15 0.102 0.101 3.39 3.45 16.37 16.35
0.149 0.151 3.64 3.70 16.27 16.24
0.201 0.201 3.89 3.95 16.16 16.13
0.248 0.249 4.12 4.18 16.05 16.02
0.291 0.297 4.39 4.44 15.95 15.91
20 0.287 0.293 5.00 5.07 15.73 15.69
0.282 0.290 5.62 5.71 15.54 15.47
0.279 0.285 6.26 6.31 15.35 15.28
Example 9:

Using equipment as in Example 8 and infrared equipment as in Example 1, a

[N
W

product stream 200 type solution was continuously circulated through the infrared
transmission cell for about 1 hour. The starting solution was 300 mL of commercial
HOAc. It should be noted that all commercially available HOAc contains ppm levels of
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MeQAc (Mol arity)l.061.041.041.04------ Mel (Mol arity)0.670.780.640.74------
10 Exanple 6: Simlar conditions to Exanple 4 were used except where noted.
Thi s exampd e2/043eonstrat es on-1ine nonitoring of acetal dePgU®S@L2489s
concentration increases in the decanter |ight phase 44. A light phase
solution was nmonitored for a 2 hour period during which tine a data point
was obtai ned every. 2 nm nutes Lng this 2 hour 15 period, 10 aliquots of
acet al dehyde M@%ﬁ@@@mqﬁ%{' tlejaépcl:j‘s%?eﬁé%‘f (G amakysisishowgd fhat Hes stariagease i n
acet al dehyde froma starting value of zero up to about 21,000 ppm The

sol ution was solutionldoptagmdpise dpindf 6 mdeldStppac popictédycde  Addifried daagotdie
sanples analyzed by GC. As in Exanple 3, five infrared data points were

averaged to Oi¥eotthiged évaly AhBRLIEABuAD tﬁé‘E&rE@ﬁf@Bm}_@rﬂlg}? 5 gagxgunft‘g 8??1%(2 (Acy of

approximately +/- 150 ppmis 20 obtained, whic enonst ing a
rolling avera at ints ov bout a.10. mnute perjiod all ows

ef fective rmn%taSﬁ% eé&‘ﬁ@%ﬁ%&@ﬁﬁ%&&ﬂ%%mﬁﬁnﬁ Fl}‘P"é&%‘EéIECé?Pse L0
decanter |ight phase operation. WO 02/04394 PCT/US01/02489 TABLE 12

Addi tion &f Asacentténg demeesulrsldymneling infated PMariabomipdésa bbaimedbefore Li ne

Extended M d-Infrared Values with | ndependent O f-Line Analytical
Techni ques ( GdYitfon! dtleaé HLD eRqUE} wefe BRAd B KadTsched Gdmpatbot $60n188nd 813

off-line data in Table 15 shows that H,O can be measured with an accuracy of
approximately +/- 25 ppm. As in Examples 3 and 6, five infrared data points were
averaged to obtain the data reported in Table 15. The trend line plot in FIG. 14 also
10 contains data for propionic acid. This plot shows that the variance about the actual
value (precision of approximately +/- 100 pﬁm) is uninfluenced by increasing H,0
concentration, i.e., the calibration model for propionic acid is not compromised by
variable H,0 in solution. The results from this experiment demonstrate that product
quality control in terms of H,O and propionic acid concentration could be achieved
15  through on-line infrared analyéis with a rolling average of data points approximately

every 10 minutes.
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3066 4832 15 11004 20766 Exanple 7 0 274 541 752 1021 1581 1952 2946 4787
10839 21093 In this exanple the return line 310 fromthe decanter heavy
phase 42 was2/0ohnected to an ATR tunnel cell equi pped w paT/@Swia¢s9sel eni de
crystal. Analysis was 20 carried out in the md infrared region using a

DTGS detector. About 45 nminutes of on- line data were obtained at a
particul ar fi—xeg—decanter—conposttton—desertbet—+r—Fable—33—A—data—pag nt

acqui si ti on |gfdditlyoof Waker selrodubs Stiimsn used. A sanpl e obtai ned at the '
m dpoi nt of |tCrerckxipreoi Orehine BasndadMidAefared Valuesneittbindégendemt G&¥llindK&ther fand
t he data cqrfighedidalysion-1ine data in Table 13. C ose agreenent between

the of f-lineTand on-tTne 25 yal ues_uenornsSirates the acguracy of —tie—ATR
nmethod i% on-line analysis. THéraek@sm) |ikesFisgheri(@pmlp illustrate the
precision of this technique [n_compositijon _nmonitoring.|-43 WO 02/04394
TABLE 13 PCT/ US01/ 02489 5 10| &%l e 8: | 436 B
549 568
657 650
721 732
10 821 814
927 913

Example 10:

A similar experiment to Example 9 was carried out except that in this case

aliquots of propionic acid rather than H,O were added to HOAc in the flask. The

15 purpose of this experiment was to demonstrate that on-line infrared monitoring of heavy
ends column 190 type solutions or product stream 200 type solutions can be used to
effectively quantify ppm level changes in propionic acid concentration. Solution was
continuously circulated through the infrared cell for 3 hours with a data point frequency
of 2 minutes. During this period, 7 aliquots of propionic acid were added via syringe to

20  the flask. The trend line plot in FIG. 15 shows the increase in propionic acid
concentration as measured by on-line analysis. Manual samples obtained before every
pfopionic acid addition were analyzed by GC. Comparison of on-line and off-line data
in Table 16 in which each reported infrared value is the average of 5 data points, shows
that propionic acid can be measuréd with an accuracy of approximately +/- 100 ppm by

25 on-line infrared analysis. This result demonstrates that heavy ends column performance

could be monitored and optimized based on the propionic acid concentration in the feed
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Mel 8. 918. @ dYr@a2. 041. 96 HOAcl. 701. 74 H2(0. 590. 55 Hydr ocaidimnseiotysd. 11
Densityl. 621. 63 Usi ng equipnent as shown in FIG 4- and infrared equi pnent
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Example 11:

Using equipment as shown in FIG. 4 and infrared equipment as described in

Example 9, a drying column feed 140 type solution was continuously circulated through

the infrared cell for 75 minutes with a data point frequency of 1 minute. The initial

20

composition of this solution was 3.0 molar H,0, 16.6 molar HOAc and zero ppm HI.

During the 75 minute period, 15 aliquots of HI solution were added via syringe to the

flask. The trend line for HI in FIG. 16 shows the increase in concentration as measured

by on-line infrared analysis. Manual samples obtained before every HI addition were

analyzed by titration. Comparison of on-line and off-line data in Table 17 in which

25

each reported infrared value is the average of 5 data points, shows that HI can be

measured with an accuracy of approximately +/- 100 ppm by on-line infrared analysis.

Trend lines are also included in FIG. 16 for H,0 concentration and HOAc
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TABLE 14 10 15 20 Addition of H and H2O to Light Ends Bottonms Stream
Correlation of On-Line Extended Md-Infrared Values wth | ndependent
Of-Li newoatysps (GC/ Karl Fischer/Titration) H (Ml aritPQFHRE1/02489

(Mol ari ty) HOASndeMpdtni i i i onl.nt . _
.02900. 02943. 013. ot%a%gfiﬁ . 52%@%%%%@%2%%3##2%?%%5 ggﬂ@ﬁ%‘%’m were

.1020. 1013. ‘ . 3716.35 0..1490.1513. 643.,7016. 2716. 24

. 2010. 2013. g@%lféﬁémféfgf %§ G DyapraE X.a]%’é%. %585y that monitoring

. 2910. 2974. 394. 4415. 9515. 91 0. 2870. 2935. 005. 0715. 7315. 69

. 2820. 2905. éumngraolens feeg 149 by op7oe. inksed aedysisanlBalkev aptimizatiph ef BghtUsi ng
equi pnent as in Exanple 8 and infrared equi pnent as in Exanple 1, a 25

product st r eands20min/pefoakilid 10 Mninksiz¢ B cbiteAEalon if ks Weal Reniiipugh the
infrared transm ssion cell for about 1 hour. The starting solution was 300

m. of co rei . Cr: t h all .conmercially available
HOAC con?;? ng{egg%nggﬁ\?éeﬁlﬁd %?&Q&%%ﬁb@%&g%bé?% ‘E§§6§9 @"i‘&%@mﬁ optgal

pr opi oni c aci&gl. Karl Fischer and GC anal ysis showed that this starting

sol uti on confeaitxdd0 isthehighi sadlocalvanm¥srern thadespitenlight abase.44an i nfrared data
point was obtained every 2 mnutes. During the course of nonitoring, 5
aliquots of H2O were added to the flals}foﬁﬁyri nge. The trend line plot in
FIG 14 shows the increase in H20

[oNeoloNeNe)

Addition of HI to Drying Column Feed
Correlation of On-Line Extended Mid-Infrared Values with Independent Off-Line Titration

10 Analysis
Infrared (ppm) | Titration (ppm)
40 0
61 106
136 211
15 235 312
468 422
525 528
686 636
774 744
20 830 845
921 950
1053 1056
1188 1164
1224 1270
25 1387 1426
1614 1692
1825 1886
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5 concentration as neasured by on-line infrared. Manual sanples, obtained
before addition of each H20 aliquot were anal yzed by Karl Fischer.

Conpari sovoot/03m | i ne and off-line data in Table 15 showBCT/H&e1/22€9 can be
nmeasured wit gy qlgge%.racy of approximately +/- 25 ppm As in Exanples 3
and 6, five data points were averaged to obtain the data reported
in Table 15. The trend line plot in FIG 14 also 10 contains data for

propi oni ¢ “aci d. TkmgRySprehoNshbRatin FI® vaiiiafeed ageipinchhes detid inval ue
(precision of approximately +/- 100 ppn) is uninfluénced by increasing H20

concentratio I .€.0 .the calibration |__for.propioni i.d is not
conpromn sed giﬁam?}grsr aag{yéng_&dmi%ﬂ 0 Sﬁ%ﬁ%’ﬁsva?ﬁgm}@gﬂ@ygufﬁl&%%ttﬁﬁogg%rﬁ}ﬁ’eri nent
denonstrate that product quality control in terns of H20 and propionic
aci d concent fdkareseeddor & mandesividy e data pork Fregisncaf 33 sreondy. r Bresinitwhal ysi s
with a rolling average of data points approximately every 10 m nutes. WO

02/ 04394 5PCT £l AT hiAdolutibn Wao #9. B cir MO Rdoibelar $IO8aDusihE he?gs on of
On-Li ne Extended M d-Infrared Values with I ndependent O f-Line Karl

Fi scher Anal X%%%?eé@ﬁég@ﬁ@gg% 5 AIRfubR'PHA RPRrAM 2 P8 Hhoskd 9k Fhhe?

Kar| Fi scher

such that the composition changed from almost 100% water on a molar basis to almost |
100% HOAc on a molar basis. The trend lines in FIG. 17 show the incremental
decreases‘ in H,O concentration and the corresponding increases in HOAc concentration
10 associated with addition of HOAc aliquots. The purpose of this experiment §vas to
demonstrate that the H,O:HOAc molar ratio, which can vary from 0:100 to 100:0 from
the drying column bottoms 52 to the drying column overhead 56 can be measured with
great accuracy by on-line infrared. Results in Table 18 show the correlation between
off-line analyses by GC and Kar] Fischer of manual samples with corresponding on-line
15  infrared values. Both HOAc and H,O can be measured with an accuracy of +/- 0.1

molar over all concentration ranges.
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732 814 913 A simlar experinment to Exanple 9 was carried out except that
inthis case aliquots of propionic acid rather than H20 were added to HOAc
in the fve@k2/04Be 15 purpose of this experinment was to dePONEBOARES hat
on-line infrared nonitoring of heavy gngsggptum 190 type solutions or
product stream 200 type solutions can be used to effectively quantify ppm
| evel changes in pr opi onic acid concent rati on. Solution was continuously

circul ated tHrough TAT.TAr €0 3 Nours WU a data pormnt

frequency of Aéﬂﬂ% FEQ ﬁch g ‘ft}OBd 7 aliquots of propionic acid
wer e added vi £osryhnwg@f%Lm®Eztmed Nh@klﬁaﬂ'ddé/aﬂueeﬁﬁammlqnl@ﬁl) wihFI G 15
shows t he i ngriedependent Qif-bp dmilytiat Tethnigeons (@0KasitHioherps measured by on-1ine

anal ysi s. . Manual sanpl es obf ai ned before ev d—gO pKNJ{JI OTi C[acTd—addtt+on
were analyzed by GC. Conparfi sof@iMolerityhe 4dtO4¢{Molarigydata in Table 16
in which each reported infr d S tne average or. 5| data points,
shows that propionic acid %ﬁmﬁé r@%&{‘}s c@ raby of
approxi mately +/- 100 ppm by H-11ne, frar . This result
denonstrates that heavy ends %%:f]ﬁnﬂ per nnnc?do‘@c %Bge noni t ored and
optim zed based on the propi of & dcid ¢ ntratjon i he feed -47 WO
02/ 04394 5 PCT/ USO1/ 02489 ’IQﬂ/ﬁ\}égrcuq prﬁfﬁrl c%aig’? c%rlmi ntration in the
heavy ends flow to a product 4ank,| i.e.42 4% ¢dugtostireany200. TABLE 16
Addi ti on of Propionic Acid pe—Preduct—Stre Correllation lof On-Line
Ext endedi®M d- I nfrared Val ugs 389.64 || ndepangent &d2 Ui ngogd Anal ysi s
Infrared (ppm '45 10 15 -

36.89 36.83 5.89 5.82

3443 34.56 6.66 6.76

31.97 32.08 7.45 7.39

29.63 29.55 8.17 8.10

15 27.48 27.29 8.87 9.01

22.43 2248 | 10.33 | 10.45

18.15 18.03 11.73 | 11.70

12.86 12.96 14.62 | 14.68

6.40 6.33 15.44 | 1549

20 3.22 3.15 16.48 | 16.32
1.75 1.82 17.04 | 17.11
0.99 0.95 17.26 | 17.34

Example 13:

A similar experiment to Exami)le 12 was carried out except that a fiber optic
25 coupled transmission probe as shown in FIG. 4B rather than a transmission cell was
used. This one inch diameter, 0.5 mm pathlength probe equipped with sapphire
windows was obtained from Axiom Analytical, Irvine, CA and was coupled to the FTIR

via two 5 meter lengths of low OH silica fiber optic cable obtained from CeramOptec
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Exam|p a 11: 101 264 308 364 548 1078 2190 GC (ppm 105 166 218 291 338
527 .1149 2038 Using equi pnent as shown in FIG 4 and infrared equi pnent as
descri bedwigvoxanpl e 9, a drying colum feed 140 type solpgtrmdnvage
continuously circulated through the infrared cell for 75 mnutes with a
data point fridgusiresy East Longngaos, Mrve Andndium Azenide (pdss) tetoctonivag ined.
solution was 3.0 nolar H20, 16.6 nolar HOAc and zero ppmH . During the 75

m nut e per i odThelfurpbse@iettis exferitlenswhdtbishow \Wedt @ tRESsbhHredd 41398 siRiiihe
flask. The trend line for H in FIG 16 shows the increase in concentration

as measured 1RYe1O8r dd-RSC | S | es. obt aj before
every Hi additi%naa%dfgl%c%%ac{%ggoggg%?‘?Jrl%?lf%%?g 'n%%%%@ﬁuﬁlaﬁﬁﬁﬁeﬂgnd
off-line data,in Table 17 | ich 25 each reported infrared value is the
aver age of 58*859% 6‘?‘9&%@3@%%%@@10% tha{ these twermethads af samapie aollestionr acy
of approximately +/- 100 ppmby on-line infrared analysis. Trend lines are
al so i ncl ydedgiverisd G simiarfpoecisi@Cirgloaccemty.at i on and HOAc -48 WO 02/ 04394
PCT/ US01/ 02489 concentrati.on. Starting and end concentrati ons as neasured

by off-line analysis were
TABLE 19

Addition of HOAc to Drying Column Solution

Correlation of On-Line Extended Mid-Infrared Values (Transmission Probe) with
Independent Off-Line Analytical Techniques (GC/Karl Fischer)

10 H,0 (Molarity) HOAc (Molarity)
Infrared | Karl Fischer | Infrared GC

49.41 49.55 1.89 1.94

46.16 " 46.26 2.87 2.99

43.20 43.22 3.97 4.06

15 40.55 40.48 4.90 4.81
37.96 38.03 5.66 5.53

35.50 35.42 6.38 6.50

33.15 33.31 7.05 7.12

30.47 30.50 7.85 7.88

20 28.32 28.22 8.51 8.44
22.97 22.84 | 10.07 | 10.18

18.61 18.60 | 11.37 | 11.21

13.35 1327 | 1331 | 1334

6.92 6.80 | 1532 | 15.19

25 | 3.35 324 | 1647 | 1641
1.98 2.05 | 1684 | 16.98

1.01 097 | 17.11 | 1724

0.03 0.00 | 1740 | 17.49
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within 0.05 nolar of the on-line infrared values. These results show that
moni toring drying colum feed 140 by on-line infrared analysis could allow
opti m zatwon2/ef394 i ght ends col um performance to m ni m zRCHUSEIONENt r at i on

in this feed. SinThagloe dRolBAH HenMsiies !ﬂgﬁ}ge%gge{i%a{ifgeﬁxpéﬁ this feed

could be used to determne the optinma re P f Heltn tends[,)rc_ol um
30 fromthe decanter |ight . .phase 44  TABLE 17 10 tion of H to Drying
Col um Feed O PRIAIORS [Pl GPUBIEAPR 8t e BRI 404 AR AFn 0 peasis i h

| ndependent Of-Line Titration Analysis Infrared (ppm) 40 61 136 15 235
468 525 686 mpdugmn®3e dtted byInfta@ meaardmess b88ImAGbAt Jorcemtitions (Ppm 0

samples collected continuously from locations in the reaction systém downstream of the
5 reactor vessel, with immediate responsive adjustments made in component

concentrations, whether directly or indirectly, at an appropriate location in the reaction
system. The reaction system includes numerous columns and streams, each of which
when fitted with the appropriate mdnitoring equipment can provide concentration
information that informs the system operator where adjustments are needed. The

10 system operator may be an individual or a computerized control system. In other
words, the process control can be either manual or automatic. Because the
measurements in the process control of the present invention are continuously taken,
such as at 30 §econd to 3 minute intervals, followed by substantially instant adjustment
of some process variable in the reaction system, the system operator would

15 advantageously be a computerized control unit that analyzes the incoming data from the
infrared analyzer, comparing it to known control limits set for the process variables, and
automatically effects the appropriate adjustments to maximize the production of pure
acetic acid. Alternatively, the data may be fed to a display unit to be interpreted by an -
iﬁdividual who adjusts reaction system components or process variables manually. The

20 adjustments, as stated above, may directly or indirectly alter the concentration of one or
more components in one or more locations in the reaction system. Direct adjustment
may occur by adding or extracting a component at a location in the reaction system.
Indirect adjustment of component concentrations may'occur in any number of ways.
For example, adjusting the temperature of a solution or the temperature profilein a

25 column affects component concentrations. Decreasing or increasing flow rates of
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106 211 312 422 528 636 744 845 950 1056 1164 1270 1426 1692 1825 11886 WO
02/ 04394 PCT/ US01/ 02489 Exanple 12: Using equi pnent as shown in FIG 4 and
i nfraredvequt/psent as described in Exanple 8, a drying cBPCTRRO/O2HES

sol uti on was gefink fealshe/vesidl ChiiiRs aFBEOYaRpIA chiteh@itRhs SRl fust O 8%
mnutes with a data point frequency of 35 seconds. The initia %S

conposition i LUtj S. .49, | ar H20 an nol.ar HOAc. During
Che g5 - nuriesiolh Bufelbis8 Rt ot BB ol 3Pl s egainsnt o The
flask via syringe such that the conposition changed from al nost 100% wat er
on a nol ar ba¥s&m: olhere#yemany gelasipahirs detveendhedifiseant commnentsreongprisingghe i n
FIG 17 show the increnmental decreases in H20 concentration and the

cor r espondi ngsolutione s differtiPAccationsefthe adaction sykfendss aalatRdd Wy bie addLy i on
of HOAc aliquots. The purpose of this experinment was to denonsStrate that

the H20: HOAC k4t Al g [fgiynﬁ : t 0.0 from 1he
dryi ng col um bottdrfaglag%at t ghtﬁ’?@f‘%g&%{%‘}‘{ﬁ%&’gl&ér aetlé)g%gn%gﬁatb@ Bured
on-line infrared. Results in Table 18 show t he

w th great accuracy b |

correl ati on brST‘?'i}é?éﬁyslfB‘%fcﬁP have ayefferken meye iben gpeicomEponert eqnisertrasion mament
sanples with corresponding on-line 15 infrared val ues. Both HOAc and H20
can be nmeasurtbah et locationan chermagtionfsystbm. Thiss, real time infrared measurement, analysis’

and adjustment is used in the present invention to control an acetic acid manufacturing

process so as to maximize the efficiency and output of the reaction system.

10 While the present invention has been illustratéd by the description of
embodiments thereof, and while the embodiments have been described in considerable
detail, they are not intended to restrict or in any way limit the scope of the appended
claims to such detail. Additional advantages and modifications will readily appear to
those skilled in the art. The invention in its broader aspects is therefore not limited to

15 the specific detaiis, representative apparatuses and methods and illustrative examples
shown and described. Accordingly, departures may be made from such details without

departing from the scope or spirit of applicant’s general inventive concept.

WHAT IS CLAIMED IS:
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nol ar over all concentration ranges. WO 02/04394 TABLE 18 PCT/ USOL/ 02489
Addi tion ofwH@¥4399 Drying Colum Sol ution Correlation of On-Line Extended
M d-Infrared Values (Transm ssion Cell) with |ndependent OPET{SAE02489

Anal ytical Tedhni ques (@ctkshad dficsiertare)progesy qqmloheﬁp GOPYPOREN eneeniraiionomz
45.63 42.57 39.64 Karl Fischer 49.34 45.60 42.68 39.49 15 20 Exanple 13:
36. 89 34. 43 3Le&fiodYyfiemIdr th8 pbdudonlst.atéticlatidBfof. tHdcarbonylation of methanol,

comprising:

collecting a reaction system sample from downstream of a reactor vessel
5  in the reaction system, the sample comprising at least one component selected from the
group consisting of water, acetic acid, methyl acetate, methyl iodide, acetaldehyde,

hydrocarbons, propionic acid, hydrogen iodide and mixtures thereof;

measuring the concentration of at least one of said components in an

infrared analyzer; and

10 adjusting a component concentration in the reaction system in at least
one of the reactor vessel, a downstream column or a downstream transfer line in the

reaction system in response to the measured concentration.

2. The method of claim 1 wherein the adjusting is accomplished directly by
adding or removing a component from at least one of the reactor vessel, a downstream

column or a downstream transfer line in the reaction system.

3. The method of claim 1 wherein the adjusting is accomplished indirectly
by adjusting in at least one of the reactor vessel, a downstream column or a downstream
transfer line in the reaction system at least one of a temperature of a reaction system
solution, a temperature profile in a column, a flow rate of a reaction system solution or a |

5 vent gas rate.



3.22 1.75 0.99 36.83 34.56 32.08 29.55 27.29 22.48 18.03 12.96 6.33 3.15
1.82 0.95 HOAc (Molarity) Infrared. 2.04 3.16 4.07 5.02 5.89 6.66 7.45 8.17
8.87 10. 380 02043%4 14. 62 15.44 16. 48 PCT/US01/02489
4. The method of claim 1 comprising collecting the sample from a heavy
phase of a light ends recovery decanter column and measuring in the infrared analyzer
the density of the heavy phase and the concentration of hydrocarbons in the sample and
adjusting a flow rate of the heavy phase to at least one of a hydrocarbons removal

5  column and an alkanes removal column in response to the measurements of the density

and the concentration of hydrocarbons.

5. The method of claim 1 comprising collecting the sample from a heavy
phase of a light ends recovery decanter column and measuﬁng in the infrared analyzer
at least one of the concentration of methyl iodide and methyl acetate in the heavy phase
and adjusting at least one of a flow rate to the reactor vessel of the heavy phase and a

5 light phase in the light ends recovery decanter in response to the measured methyl

iodide or methyl acetate concentration.

6. The method of claim 1 comprising collecting the sample from at least
one of a heavy phase and a light phase of a light ends recovery decanter column and
| measuring in the infrared analyzer the concentration of acetaldehyde in the sample and
adjusting at least one of a water feed rate into the reactor vessel, a vent gas rate out of
5 the reactor vessel, and a flow rate of the light phase to an acetaldehyde ~removal system

in response to the measured acetaldehyde concentration.
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17.04 17.26 GC 2.09 3.11 4.18 4.96 5.82 6.76 7.39 8.10 9.01 10.45 11.70
14.68 15.49 16.32 17.11 17.34 A simlar experinment to Exanple 12 was
carried ovoopssept that a fiber optic 25 coupl ed transm BET/OROPNetYe as
shown in FIG 4B rather than a transm ssion cell was used. This one inch.
di aneter, 0.5 nm pathl ength probe equi pped with sapphire w ndows was

obt ai ned from Axi om Anal ytical, Irvine, CA and was coupled to the FTIR via
two 5 neter lengths of low OH silica fiber optic cable obtained from

CeranOpt ec -H1 WO 02/ Opigddetibd oS8R 02689ribing uslidctias théasiplt ABAMERLAW, Na.

An | ndium Arseni de (1 nAs) detect-or was used. The purpose of this

e e oftfesk B PREW chPfecdd AP BB DRA MR IR (R} Miefla a8 © 1gf

accuracy an recli sion as Sm SSi on ce
and the correl ation data |n Tabl e 19 indicate that these two net hods of
sanpl e col | e#tfashons fgfufb%cqm@@r@tt@n@fmareauanwbé@pw@ﬁaaﬂ@03@@9{3a@glmthe

sample and adjusting at least one of a flow rate of the light phase to a light ends column,
5  aflow rate of the light phase to the reactor vessel and the temperature of a solution in

the light ends column in response to the measured concentration of water or acetic acid.

8. The method of claim 1 comprising collecting the sample from a bottoms
of a light ends column and measuring in the infrared analyzer at least one of the
concentration of water and the concentration of hydrogen iodide in the“ sample and
adjusting a flow rate of a stream comprising water into the light ends column in

5 response to the measured concentration of water or hydrogen iodide.

9. The method of claim 1 comprising cc;llecting the sample from a feed
stream to a drying columm and measuring in the infrared analyzer the concentration of
water in the sample and adjusting at least one of a feed rate of a light phase from a light
ends recovery decanter column to a light ends column and a feed rate of water to the

5 reactor vessel in response to the measured concentration of water.
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TABLE 19 Addition of HOAc to Drying Colum Solution Correlation of On-Line
Extended M d-Infrared Val ues (Transm ssion Probe) with |ndependent .
O f - Li newoatga3ve£al Techni ques (GC/ Karl Fischer) 10 15 20PQBUSRI®2¢8%0I arity)

. : . 6 ; ; 8.61
I A el ©

ends column and measuring in the infrared analyzer the concentration of propionic acid
in the sample and adjusting at least one of a water feed rate into the reactor vessel and 2
vent gas rate out of the reactor vessel in response to the measured concentration of

5  propionic acid.

11. The method of claim 1 comprising collecting the sample from a heavy
endé column and measuring in the infrared analyzer the concentration of water in the
sample and adjusting the temperature profile in a drying column in response to the

measured concentration of water.

12. The method of claim 1 comprising collecting the sample from at least
one of a feed stream, a product output stream, a bottoms waste stream and an overhead
output stream of a heavy ends column and measuring in the infrared analyzer the
concentration of propionic acid in the sample and adjusting at least one of the

5 temperature profile in the heavy ends column, a flow rate from a heavy ends column
overhead drum to the heavy ends column, a flow rate from the overhead drum to a
drying column, a flow rate of the bottoms waste stream and a flow rate of the product

output stream in response to the measured concentration of propionic acid.

13. The method of claim 1 wherein the infrared analyzer is a Fourier -

Transform infrared spectrometer.
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40. 48 38.03 35.42 33.31 30.50 28.22 22.84 18.60 13.27 6.80 3.24 2.05 0. 97
0.00 HOAc (Mol arit),) Infrared 1.89 2.87 3.97 4.90 5.66 6.38 7.05 7.85 8.51
10. 07 11.VeGoAG3%34 15.32 16.47 16.84 PCT/US01/02489

14. : The method of claim 1 wherein the infrared analyzer operates in one of a

mid-infrared region and a near-infrared region.

15. The method of claim 1 further comprising transmitting the measured

concentrations to a control unit for real time analysis.

16. The method of claim 15 wherein the adjusting is substantially instantly

after the measuring and analysis.

17. The method of claim 1 wherein the measuring and adjusting is performed

about every 30 seconds to 3 minutes.
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17.11 17.40 GC 1.94 2.99 4.06 4.81 5.53 6.50 7.12 7.88 8.44 10.18 11.21
13.34 15.19 16.41 16.98 17.24 17.49 -52 WO 02/04394 PCT/ USO01/ 02489 The

above di sgups@icasmqdenonstrates that process control of conp@@ase/02489

concentrationg,for optim zation.of the manufacture and purification of
acetic acid E?'oduct mat;/Xl IHEélg‘gP%?f%eéﬂn%WCFﬁsr"QP@@ GHEEPPBPRI foRCaDTatenRIBAENt

concentrations in sanples collected continuously fromlocations in the
reaction syst esactiowsystane fomtlef prodiestion o€ agstio ncidémse the cattidnylatios @F stethanol,
responsi ve adjustnents made in conponent concentrations, whether directly
or indirectl ycoﬁpﬁﬁﬂgzappropri ate location in the reaction system The
reacti on systemincl udes nunerous colums and streans, each of which when
fitted with the appropriate nonitoring equi pnment can provide concentration

i nformation that inforneolidtingy sdaetiornpereat QEinpMIR6S Atays bABRIT 2308t BrRded.
The

5 recovery decanter vessel downstream of a reactor vessel in the reaction system, the
sample comprising the components of water, acetic acid, methyl acetate, methyl iodide,

acetaldehyde and hydrocarbons;

measuring at least one of the density of the sample and the concentration

of at least one of said components in an infrared analyzer; and

10 adjusting at least one of the following in response to the measured
concentration or density:
(2) the flow rate of a recycle stream to the reaction section;
(b) the flow rate of the heavy phase to an acetaldehyde removal system;
(c) the flow rate of the heavy phase to a hydrocarbons removal column;

(d) the feed rate of water to the reactor vessel;

(e) the vent gas rate out of the reactor vessel.

19. The method of claim 18 wherein the recycle stream in (a) is from a light

phase of the decanter vessel to the reactor vessel.

20. The method of claim 18 wherein the recycle stream in () is from the

heavy phase of the decanter vessel to the reactor vessel.
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10 system operator maybe an individual or a conputerized control system In
ot her words, the process control can be either manual or autonmatic.
Because e o02/msasurenents in the process control of the pPeB@81/2#89ent i on
are continuoysly taken such as at 30 second to 3 mnute_ intervals,

fol |l owed by gibst ant i a@?rr}e?mdaq{_tdad@j 1§sVhrasin thefeckelpstrpnmp it isfaomabl e in
the reaction system the system operator would 15 advant ageously be a -
conput er i zeddpomg cahmuiverhtihto thesdagwesedséle | ncomi ng data fromthe

infrared anal yzer, conparing it to known control limts set for the process
vari ables, and automatically effects the appropriate adjustnments to

maxi m ze the production of pure acetic acid. Alternatively, the data may
be fed to a display unit to be interpreted by an individual who adjusts
reacti on system conpongnts qgr .pr.ocess variables manual ly. The 20 )

adj ust ment s, 525 st at ed ‘8bBY ,Odﬁf?admrléc‘i’ greigthg W&Yﬁ%é‘?i’a}n&}(ﬂ&s froma a light
concentration of one or nobre conponents in one or nore |ocations in the
reacti on syserdacobimetna fashusntkeent nay occur by adding or extracting a
conponent at a location in the reaction system Indirect adjustnent of
conponent concentration's may occur in any nunber of ways. For exanple,
adjusting the tenperature of a solution or the tenperature profile in a 25
colum affects conponent concentrations. Decreasing or increasing flow

rates of -53 02/ 043 PCI/ USQ1/ 02489 . st.reans from one.vessel to anot her
affects conp%%gnt concgﬁﬂnﬂ Ogrﬁ)g,c’{aﬁr&ﬁ%j“(&etrmpﬁheﬂ‘?%%e Smg}éflstﬁﬁmﬁay al so
af fect concentrations in other vessels throughout the reaction system
There are nalydpedraensgaonya sobmmieenflashdéardi f f er ent conponents conpri si ng
the solutions in the different. |locations of the reaction system as
understood by one skilled 5 in the art, and the adjustnent of one conponent
concentration at one location in the reaction systemcan have an effect on
nore than one conponent concentration at nore than one location in the

reacti on sysgem Thus, | L i.nfr.ared nmeasur enent nal.ysis' . and
adj ust ment i&é&used in hg%ﬁ%’g@ £ 131118\/1§nek?e5?‘}n?1?)e 18%&%65&#‘3@ era%é‘h%l}n%\rci d
manuf acturin process so as to maxim ze the efficiency and output of the

reaction sys @?ﬁfo{lﬂlw‘ilr?@sﬁqﬁi@o@ﬁ@ﬁent i nvention has been illustrated by the
description of enbodinments thereof, and while the enbodi nents have been

described in considerable detail, they are not intended to restrict or in
any way limt the scope of the appended clains to such detail. Additional
advant ages and nodifications will readily appear to

25. The method of claim 18 wherein the infrared analyzer operates in one of

a mid-infrared region and a near-infrared region.

26. The method of claim 18 further comprising transmitting the measured

concentrations to a control unit for real time analysis.

27. The method of claim 26 wherein the adjusting is substantially instantly

after the measuring and analysis.
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those skilled in the art. The invention in its broader aspects is therefore
not limted to 15 the specific details, representative apparatuses and

met hods aw@d g2losssat rati ve exanpl es shown and descri bed. Aggaighonghige
departures may be made from such details wi thout departing fromthe scope
or spirit of applicant's general inventive concept. WHAT IS CLAIMED | S: WO
02/ 04394 PCT/ USOL/ 02489 1. A nethod of effecting process control of
conponent cordent r at i ofdeimetlod efadaimold whetiarthé measunmgpndddjesignisof acetic
acid fromthe carbonyl ati on of methanol, conprising: collecting a reaction
syst em sanpl gcfo@medRBasdveB A0 fcofdd 8BGhRIteéessel 5 in the reaction
system the sanple conprising at | east one conponent selected fromthe
group consisting of water, acetic acid, nethyl acetate, nethyl iodide,
acet al dehyde, hydrocarbons, propionic acid, hydrogen iodide and m xtures
thereof; neasuring the concentration of at |east one of said conponents in
an 10 infrared anal yzer; and adjusting a conponent concentration in the
reaction systdmin at [Teasethasdef cdgim Hecompaistngradjustisg bnlya(a}imvestonsats thel um
or a dowmnstreamtransfer line in the reaction systemin response to the
measur ed conasdatured t@identZatiohte demdifyod of claim | wherein the adjusting is
acconplished directly by adding or renoving a conponent from at | east one
of the reactor vessel, a downstream colum or a downstreamtransfer |ine
in the reaction system 3. The nethod of claim1l wherein the adjusting is
acconplished indirectly by adjusting in at |east one of the reactor '
vessel, a doynstream colum or a downstream transfer line in the reaction
system at |ed¥ one of Lhe msthnsrofclaia I§comprisietadiisting onbyrtb) iaksponsaito the
tenperature profile in a colum, a flowrate of a reaction system sol ution
or a 5 vent ngpasuredtacenttdbiodOr d2isdg394 PCT/ USOL/ 02489

31. The method of claim 18 comprising adjusting only (c) in response to the

measured concentration or density.

32. The method of claim 18 comprising adjusting only (d) in response to the

measured concentration or density.

33. . The method of claim 18 comprising adjusting only (e) in response to the

measured concentration or density.
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4. The nmethod of claim 1l conprising collecting the sanple froma heavy
phase of a light ends recovery decanter colum and neasuring in the

i nfraredveoatyses the density of the heavy phase and t hePCDUS@NR248% i on of
hydr ocarbons_in the sanple and_adjusting a flow rate of the heavy phase to
at |east one3%f a hydr 6cBfBeh ef elisebnaprosesssrntol of sampanet kamsstratemsvmp
colum in response to the neasurenents of the density and the

concent r at i oreaofiorhgystenct for tersodiztion béaceeit oid fm tHe@arBohyRE6R bf Siefhanol, :
collecting the sanple froma heavy phase of a |light ends recovery decanter
colum and npgskdifd i n the infrared anal yzer at |east one of the
concentration of nethyl iodide and nethyl acetate in the heavy phase and
adjusting at |least one of a flowrate to the reactor vessel of the heavy

phase and a 5 |ight phe@&ciiﬁgaF@cﬂié@mteﬁﬂ%ﬁl@ﬁsmearwgkﬁgﬁ@gato% lfgﬂ%érﬁf%_ﬁgnse

to the nmeasured nethyl iodide or methyl acetate concentration.

met hod ok cl al ISl |l ecti the sanpl.e fromat |east _one of a
heavy' phfeslse gérgg%’e}aryﬁ?%mér%h%gle&o Sg&}‘?g’ﬁ? TRRGE Ve %ld%*}egfeafgt"&ﬁ%’ gFmethturm and
measuring in the infrared analyzer the concentration of acetal dehyde in the
sanpl e and SAPRIS FORBrERS the£emiPepenine! Watoh eestic peidgmethybadetatey mdthyliedide or
vessel, a vent gas rate out of 5 the reactor vessel, and a flow rate of the
| i ght phase wml #etakdehydd;dehyde renoval system in response to the neasured
acet al dehyde concentration. WO 02/ 04394 PCT/ US01/ 02489 7. The nethod of
claiml,conprising collecting the sanple froma light phase of a light
ends recovery decant ermegdunng atleast wpasfithe dgnsity of e sanfpleareithe bedcgaRitionat
| east one of the concentration of water and the concentration of acetic
acid in the ofangkeor®d saidicefipbichtPtn dnSARkre® B er:amfl OW rate of the Iight
phase to a light ends colum, 5 a flowrate of the |ight phase to the
reactor vessel and the tenperature of a solution in the Iight ends col um
in respéfise to the neasljustitgadhesohe af therfoldwingiressinsa €ethetnasidd 8. The
met hod of claim1 conprising collecting the sanple froma bottons of a
l'ight ends ceindgmir86H oPBARYUYI Ng in the infrared anal yzer at |east one of
the concentration of water” and the concentration of hydrogen iodide in the
sanple and adjusting a flowrate of a streamconprising water into the
light ends colum in 5aj gedwsetd 6f thOBgieRsie et eRA8MNdsali on of water or
hydrogen i odide. 9. The nethod of claim1 conprising collecting the sanple
froma feed '

(b) the flow rate of the light phase to a light ends column;

(c) the temperature of a solution in a light ends column;
15 (d) the feed rate of water to the reactor vessel;
() the vent gas rate out of the reactor vessel;

() the flow rate of the light phase to an acetaldehyde removal system.

35. The method of claim 34 wherein the infrared analyzer is a Fourier

Transform infrared spectrometer.
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streamto a drying columm and neasuring in the infrared anal yzer the
concentration of water in the sanple and adjusting at | east one of a feed
rate of avoOovyh3dphase froma light ends recovery decant ePCTOSUM248% a
light ends cgeumn and aHe@eAhd@dR1Mh 3881 Rreih Ond REaRd |

‘ e E T TP

response ‘to the neasured concentration of water. WO 02/
10. The neth f. i onprising collecting the sanple froma heavy
ends col um %&%ﬁ'ﬁeﬂgé%‘ri:}% of%nr%)%réeaﬂf%aﬁder&g]e?ﬁal 3zer t he concentration of
propionic acid in the sanple and adjusting at | east one of a water feed
rate-into the reactor vessel and a vent gas rate out of the reactor vessel
in response to the neasured concentration of 5 propionic acid. 11. The

met hod of claim 1 conprising collecting the sanple froma heavy ends

colum and meadsuring i IThehesthddl dfal0e 3aTakNebmpHSing MREAIHAS e Mmakusgter in
the sanple and adjusting the tenperature profile rn a drying colum in

response to f, en%ﬂrtﬁgcfiﬂqu%ﬂﬁr&tljeﬁ%tn?%an &F - 12. The method of claim1
conprising collecting the sanple ffroma east "one of a feed stream a
product output stream a bottons waste stream and an overhead out put
stream of a heavy ends colum and neasuring in the infrared anal yzer the
concentration of propionic acid in the sanple and adjusting at |east one of
the 5 tenperature profile in the heavy ends colum, a flowrate froma
heavy ends c3Bumm OvefIhembthhdwf\cla&nBﬁ@HMNﬂueeﬂﬁﬁtiﬁ%Edﬁﬁbstaﬁtiefﬂy%étﬁﬁlﬁ from
the overhead drumto a drying colum, a flow rate of the bottons waste
stream and a uct output streamin response to the
measur ed conggﬁlﬁlﬁ%@%ﬁl@%%@gﬁ?gﬁfc acid. 13. The nethod of claim 1 wherein
the infrared analyzer is a Fourier . Transforminfrared spectroneter. WO
02/ 04394 PCT/ USOL/ 02489 14. The nethod of claim1l wherein the infrared

anal yzer operates in one of a md-infrared region and a near-infrared
region. 15. The nmethod of claim1 further conprising transmtting the
measur ed cond®ntrati on§he methodadtianh 3dmitierdio thermeedsutindan baiphyisg $s

performed about every 30 seconds to 3 minutes.

40. ~ The method of claim 34 comprising adjusting only (a) in response to the

measured concentration or density.

41. The method of claim 34 comprising adjusting only (b) in response to the

measured concentration or density.

42. The method of claim 34 comprising adjusting only (c) in response to the

measured concentration or density.
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16. The method of claim 15 wherein the adjusting is substantially instantly
after the neasuring and analysis. 17. The nethod of claim 1l wherein the
measur i ngvanzioggy usting i s perforned about every 30 seconBETAS1A289NUL €S.
WO 02/ 04394 %T/ USQOL1/ 02489 ]hg A g{gf{_jhgd of effecting process control of
conmponent cofitent rat i ona M§hed of glaup P4 sorpesipgativsting enly(@uimaesponsedp theet i ¢
acid fromthe carbonyl ati on of methanol, conprising: collecting a reaction
syst em sanpl medsupt conbavnrajiophadensiif. a | i ght ends 5 recovery decanter
vessel downstream of a reactor vessel in the reaction system the sanple
conprising the conponents of water, acetic acid, nmethyl acetate, mnethyl

i odi de, acetal dehyde and hydrocarbons; 10 neasuring at |east one of the
density of the sanple and the concentration of at |east one of said

conponents ip,an infr d_apal,yzer: d adj.usting at |east one of the

fol | owing i nﬂ%'es ponsea? e?‘ﬁ@"ﬁ@iﬁ%‘iﬂégﬂ CRTREERE F@’gﬁ%‘i‘g oLy deiairesponsedy thene
flowrate of a recycle streamto the reaction section; (b) the flow rate of
t he heavy ph@gesured epacenttion defignddyr enoval systemy (c) the flow rate of

t he heavy phase to a hydrocarbons renoval colum; (d) the feed rate of
water to the reactor vessel; (e) the vent gas rate out of the reactor
vessel . 19. The nmethod of claim 18 wherein the recycle streamin (a) is,
froma |ight phase of the decanter vessel to the reactor vessel. 20. The
met hod of cla m 18 wh in th cyc stream i a) i fromthe heavy
phase of t he%dec ant er e?/%s%lglllhoﬁc?%?lﬁ%n b%ﬁWB?SI{}%ggé‘I(’t?rzg %@Y@%ngao the

PCT/ USOL/ 02489 21. The nethod of claim 18 wherein the recycle streamin (a)
is from a measured concentration or density.
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drying colum overhead to the reactor vessel. 22. The nethod of claim 18
wherein the recycle streamin (a) is froma light ends colum to a flash
tank. 23.wDwmasishod of claim 18 wherein the recycl e streaorwsoqelsshs from
a hydrocarbons renmoval colum to a flash tank. 24. The. nethod of claim 18
wherein the idbrared andl yethodiof effedmgrrireresTeamsl of corpdneat &shcemegionomes er .
25. The nethod of claim 18 wherein the infrared anal yzer operates in one of
a md-infrarededcqh ¥t hé natHnl : i h chaim
18 further conprisiﬁg trgﬁgni??@%gﬂ%ﬁg%%gggﬁgtgaggﬁggﬁggggggﬁgﬂﬁ%&%mg$ntro
unit for real CE’%‘ S.an,al ysis. 27. The nmethod of claim26 wherein the
adjusting is su anei al | y instantly after the neasuring and analysis. WO
02/ 04394 PCT/ USOL/ 02489 28. The nmethod of claim 18 wherein the neasuring
and adjusting is perfor t r .10 n.nutes. .29. The

met hod of claim 18 com%cﬁgggéﬁéﬁﬁ%ﬁgr@g&?%& |énn ?fgas fBgﬁ%OhLHH@
measured concentration or density. .381. The nethod of claim 18 conprising
adj ust i ng “onl §°WB§ SR @ Bﬁglévetsgat“h CTeAcHon EVPteBiBe sumpleicomposingdhsi t y .
31. The nethod of claim 18 conprising adjusting only (c) in response to the
measur ed conceempenentspiovateteactic ucid3dd hythegeetddiit; of cl ai m 18 conpri si ng
adjusting only (d) in response to the neasured concentration or density.
33. . The nethod of claim 18 conprising adjusting only (e) in response to

t he neasured concent r at PSASBNEIBasorcgniraion®s A0E3Y HnPOT $AUSCIMPRARSs i34n A

met hod of effecting process control of conmponent concentrations in a

reacti on syst etfrdral adaby@enraaduct i on of acetic acid fromthe carbonyl ation of
nmet hanol ,

adjusting the temperature of a solution in the light ends column in

.0 response to the measured concentration.

47. The method of claim 46 wherein the infrared analyzer is a Fourier

Transform infrared spectrometer.

48, The method of claim 46 wherein the infrared analyzer operates in one of

a mid-infrared region and a near-infrared region.

49. The method of claim 46 further comprising transmitting the measured

concentrations to a control unit for real time analysis.

50. The method of claim 49 wherein the adjusting is substantially instantly

after the measuring and analysis.
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conprising: collecting a reaction systemsanple froma |ight phase of a
light ends 5 recovery decanter vessel downstream of a reactor vessel in

t he reactwon2/e4st em the sanple conprising the conmponent sPOT/USRIIERHEY aceti C
acid, nethyl sacetate, | OH n ’ 5 peasuring at

| east one of 5?'he densi {Tgl%%?‘[é&t%&;&lscgﬁn%ﬁ%’ g’r}fg&ﬁ@legge%gﬁ{grétgiaéhus{{e Bat | east_
one of said conpone %f in an_infrared_anal yzer; and adjusting at |east one
of the folloﬁfWg”?%P a4 %ﬁ§%3¢8”9 REJLGHES concentration or density: (a)
the flowrate of the |ight phase to the reactor vessel; (b) the flowrate
of the Iight phase to a light ends colum; (c) the tenperature of a
solution in a light ends colum; (d) the feed rate of water to the reactor
vessel; (e) the vent gas rate out of the reactor vessel; (f) the flowrate
of the light phase to an acetal dehyde renoval system 35. The nethod of
claim 34 wherein the infrared analyzer is a Fourier Transforminfrared
spectroneter. WD 02/04394 PCT/ US01/ 02489 36. The nethod of claim 34 wherein
the infrared anal yzer operates in one of a md-infrared region and a
near-infrared region. 37. The nethod of claim 34 further conprising
transmtting the neasured concentrations to a control unit for real tine
anal ysis. 38. The nethod of claim37 wherein the adjusting is substantially
instantly after the nmeasuring and analysis. 39. The nethod of claim 34
wherein the nmeasuring and adjusting is performed about every 30 seconds to
3 mnutes. 40. The nethod of claim34 conprising adjusting only (a) in
response to the neasured concentration or density. 41. The nethod of claim
34 conprising adjusting only (b) in response to the
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measured concentration or density. 42. The nmethod of claim 34 conprising
adjusting only (c) in response to the neasured concentration or density.
WO 02/ 04364 PB39lidySOL/ 02489 43. The net hod of claim 34 conpdrsidagon@p usti ng
only (d) in response to the nmeasured concentration or density. 44. The

net hod of cl aPn 34 conpAiBsthed elgiipstingiprosesspontagl dfisompepent sendentratiens in a
measur ed concentration or density. 45. The nethod of claim 34 conprising
adj usting_onl seagtion systerrefoptrsodudtibh6f ARES itie drosPHERRtHoAY I8N BF mdgRARbL Y. WO
02/ 04394 PCT/ USOL/ 02489 46. A method of effecting process control of
conponent cong&gﬁr&qﬁ':ons in a reaction systemfor the production of acetic
acid fromthe car on%/l ation of nethanol, conprising: collecting a sanple
froma bottomportion of a light ends colum 5 downstream of a reactor

vessel in the reaction wﬁhmai&&imﬁmﬁ%we&&&ewm@?&? of
0

wat er, acetic acid and hydrogen iodi dé; neasuring the concentra of at

I f ' ' ' d I ; d | [ h
omper atufe ofo ainSPURRRRE B 4 Helt vt BTG oeB o 80 btk sommaning ' ne

measured concentration. 47. The nethod of claim46 wherein the infrared
anal yzer is abEGomperenty efiétterandiangticaacid spectrometer. 48. The method of
claim 46 wherein the infrared anal yzer operates in one of a mid-infrared
region and a near-infrared r.egion. 49. The pethod of claim46 further
conprising transmitti ngn?%nﬂgg?&ogﬁenuéﬁﬁ%‘é%ﬂ%ﬂ Msoftsgidcomenenes ipi t f or
real time analysis. 50. The nmethod of claim49 wherein the adjusting is
subst ant i al | yinfrassdzmalyger; and

adjusting at least one of the following in response to the measured

10 ‘concentration:

(a) the flow rate of a light phase from a light ends recovery decanter

column to a light ends column; and

(b) the feed rate of water to the reactor vessel.

53. The method of claim 52 wherein the infrared analyzer is a Fourier

Transform infrared spectrometer.

54. The method of claim 52 wherein the infrared analyzer operates in one of

a mid-infrared region and a near-infrared region.

55. The method of claim 52 further comprising transmitting the measured

concentrations to a control unit for real time analysis.
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after the neasuring and analysis. -66 WO 02/04394 PCT/ USOL/ 02489 51. The
nmet hod of claim46, wherein the nmeasuring and adjusting is perfornmed about
every 30weonmissto 3 m nutes. WO 02/ 04394 PCT/ USOL/ 02489P6PUSH/areg%hod of

effecting progess control of co ne oncentrations.in_a reaction system
for the pr odgé'ti on of iﬁgmeﬁw@@?ﬁﬁm&ﬁm éelegllﬂﬂo%iﬁ%t’é‘lgi%?ﬁﬂanﬁﬂbh@ﬁ@ﬂﬂy
conprising: collecting a reaction systemsanple froma feed streamto a =~ -
dryi ng 5 col afer tiomeeswriagandinadysi®act or vessel in the reaction system the
sanpl e conprising the conponents of water and acetic acid; measuring the
concentration of at |east one of said conponents in an infrared anal yzer;
and adjusting at |least one of the following in response to the neasured 10
concentration: (a) the flowrate of a Iight phase froma |ight ends
recovery decahter colu | i-ght ds colum; and (b) . the feed rate of
water to theg?'eact or Vgg%éﬂ%h%gé?fg{%ﬁ’é%?m@}%ﬂngqe@F%ﬁ“ﬁfléf?l@\ﬂ%}lgp}g $Bhe
infrared anal yzer is_a Fourier Transforminfrared spectroneter. 54. The

met hod of cl B§Amsd AheteveryiINscrords ¢ daminwss.yzer operates in one of a

m d-infrared region and a near-infrared region. 55. The nmethod of claim52
further conprising transmtting the neasured concentrations to a control
unit for real tine analysis. -68 WO 02/04394 PCT/ USOL/ 02489 56. The met hod
of claimb55 wherein the adjusting is substantially instantly

- 58. The method of claim 52 comprising adjusting only (a) in response to the

measured concentration or density.

59. The method of claim 52 comprising adjusting only (b) in response to the

measured concentration or density.
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after the neasuring and analysis. 57. The nmethod of claim52 wherein the
nmeasuring and adjusting is perforned about every 30 seconds to 3 m nutes.
58. The meohwe3ef clai m 52 conprising adjusting only (a) parisepossde to the
measur ed conc@htrati on Amelsedsofeffectity probess eeiihslhf@bmpbaértcbr-cARIMIHs $h BY
adjusting only (b) in response to the neasured concentration or density. WD

02/ 04394 PCT/ gg%@?gk&% féptheér&ﬁtcg&gopafceﬁé L& %oggﬂ@rc%@%gflggg%]%f%ﬁthg%clolac otic

conponent concentrations in react i on systemtor t
acid fromthe carbonyl ati on of methanol, conprising: collecting a reaction
syst em sanpl €% | east one of a heavy ends 5 columm downstream of a

reactor vessel in the reaction system a feed streamto the heavy ends

colum, a product outp Q he_heavy en colum, .a bottons
wast e stream out of thgCF %%Igg@qgﬁggogos&ﬁtﬁ ANy eaﬁowgfel%ta%le%ta&ﬁ?"ys‘?’rdéam out
of the hgavy ends colum, the. sanple conprising the conponents of water,
acetic actd & Aopnsirsem of @& reactaryepssh i fbF mepctipie systame.enteedsticam ofthat | east
one of said conponents in an infrared anal yzer; and adjusting at |east one

of -the fol | ovieagy emisrceimun agroduct bepuraemuhemt o8 GeMN @ids @B} bBtbheW
rate fromthe overhead output streamback to the heavy ends 15 col um;

a flow rate fyom &ReONE: eam it rying col um:; a flow
rate of the bottons m%siﬁgbgéé?]ee%a‘leag)ﬁ%hﬂa{g\gvar%aot%gﬁlg%&Pﬁ%ugﬁ?aﬁl&utgﬁ% ut
stream (e) ,the tepperature profile in a drying colum; 20 (f) the
t enper at ur e prEBYY ?qé{;i%ﬂ{% tﬁ‘?e%ﬂ}’flee‘?ﬂi@rts&&mﬁ compegnenss ¢lgpafer, aeasicatidgader to
the reactor vessel; (h) a vent gas rate out of the reactor vessel.

propionic acid;

10 measuring the concentration of at least one of said components in an

infrared analyzer; and

adjusting at least one of the following in response to the measured

conceniration;

(a) a flow rate from the overhead output stream back to the heavy ends

15 column;
(b) a flow rate from the overhead output stream to a drying colum;
(c) a flow rate of the bottoms waste stream;
(d) a flow rate of the product output stream;
(e) the temperature profile in a drying column;
20 (f) the temperature profile in the heavy ends column;
(g) a feed rate of water to the reactor vessel;

(h) a vent gas rate out of the reactor vessel.

-70-



-70 WO 02/04394 PCT/ USQOL/ 02489 61. The nethod of claim60 wherein the
infrared analyzer is a Fourier Transforminfrared spectroneter. 62. The
nmet hod ofw@bz043960 wherein the infrared anal yzer operat esPCHUSOI02¢89 a

m d-infrared gegion an The net hod, of. cl ai m 60
further corrprtlglm ng tra%%@?@édbfﬂélﬁ{ng(gvs@?% tggéﬁaéEQ?%YZGﬁ?at UE€Eont rol _
unit for real an 64 The nethod of claim 63 wherein the
adjusting is F&‘Ef%?ci/sﬂe%@é‘ﬁ?fl-y after the neasuring and anal ysis. 65.
The net hod of claim60 wherein the neasuring and adjusting is perforned
about every 30 seconds to 3 mnutes. 66. The nethod of claim60 conprising
adjusting only (a) in response to the neasured concentration or density.
67. The nmethod of claim®60 conprising adjusting only (b) in response to the

measur ed conggntrati on 02489 8 The
met hod of clai m 60 corrprleslﬁﬁgégg °d%1¥%(8‘%§%é”yﬁf‘ @lxrrlelérs% &ﬁg%‘)e{ ©§iepne of

measur ed concent or. den %ar W,g Fr%’he nmet hod of claim 60 conpri sing
adj usting onl )fn’(drdl)n S%IBBPI’% af‘ THETReES%ed concentration or density.
70. The nethod of claim60 conprising adjusting only (e) in response to the
measured concentration or density. 71. The nmethod of claim60 conprising '
adjusting only (f) in response to the neasured concentration or density.
72. The method of claim60 conprising adjusting onIy (g) in response to the

nmeasured conggntrati on e BRRASH d06laih¥0 FRGe ?lr%z e 6818 ??H?ﬁl 0

adjusting only (h) in response to the neasure on en

concentrations to a control unit for real time analysis.

64. The method of claim 63 wherein the adjusting is substantially instantly

after the measuring and analysis.

65. The method of claim 60 wherein the measuring and adjusting is

performed about every 30 seconds to 3 minutes.

66. The method of claim 60 comprising adjusting only (a) in response to the

measured concentration or density.

67. The method of claim 60 comprising adjusting only (b) in response to the

measured concentration or density.
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68. The method of claim 60 comprising adjusting only (c) in response to the

measured concentration or density.

69. The method of claim 60 comprising adjusting only (d) in response to the

measured concentration or density.

70. " The method of claim 60 comprising adjusting only (€) in response to the

measured concentration or density.

71. The method of claim 60 comprising adjusting only (f) in response to the

measured concentration or density.

72. The method of claim 60 comprising adjusting only (g) in response to the

measured concentration or density.

73. The method of claim 60 comprising adjusting only (h) in response to the

measured concentration or density.
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