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| ~| ~I p~I 91 ~~~ PROCESS CONTROL FOR ACETI C ACI D MANUFACTURE Cr 0548 R&Ce?8hce
to Rel ated Application This application is a continuation-in-part of U S.
Pat entwdppbinoati on Serial No. 09/611,067 filed July 6, p®fseajesentitl ed
MANUFACTURI NG AND PROCESS CONTROL METHODS, which is a continuation-in-part
of U S. Patent Application S Serial No. 09/216, 330, now Patent No.

6, 103,934, filed Decenber 18, 1998 and entitled MANUFACT - SS
CONTROL METHODS. Field of the Invention This invention rmmmmﬁuammt hod
of 1 nproving process control in the manufacture and puri acetic
acid, and a nethod of manufacturing acetic acid 10 utili zi ng'4H#roved
process control. Background of the Invention The prevailing nethod of
acetic acid production involves continuously reacting rreymﬁmmmmwmwmfar bon
nmonoxide in a stirred reactor. The reaction m xture cont e
catalyst from Goup 9, specifically iridiumor rhodium and retbeyl 1 S

i odi de/ hydrogen i odi de pronoters which accelerate the rate of reaction. The
two primary reactions which occur -in the acetic acid process involve the
carbonyl ation of -1 2 8 DEC 2004 WD 02/0.t39-t PCT/LTS01/02.~89 net hanol
w th carbon nonoxide to formacetic acid and a water gas shift reaction

whi ch form%mwmmgm‘h@ﬂ%cmm¢mxi de and water.

Hydr ogen production fromthe water gas shift reaction further |eads to the
f or mat i on @Qfose-REfeNine8 k& Reladd App 'I[%I onty in the reactor solution. 5 A
conpl ex network of dependent equilibria involving liquid acetic acid

reacti on conpongpt i.sts.in the reactar. i cha I hese
equilibria can nfﬁla%ggﬁ%%‘%éil d%ggargpgit}j%)ﬁ&n-ao&geo&ggef%tg%{]épélgcaggl‘f§Fﬂ)1/e{gg\}o.
stability and activity in the reactor. These changes can ultinmately lead to
Composi 1 G L P lsd Taly 6.2400 andendlafMANUEAGHURRIGANDFRACESS Sect | on
of an acetic acid plant practicing nethanol carbonyl-ation 10 technol ogy.
The use ofCONTRQOE MBTHODXS] whileH iy 3 icontiruaton-in-phit ofi T). 8 cRuatérd A pplicatiof

conposi tion has been described in U S. Patent No. 6,103,934 entitled

Seri al No. 08 D01 00RT P Vel DT ye o300 A B EP B ML TR RN

PROCESS T each incorporated herein by reference in their
enti rety%ﬁ%&%@%ﬁ%@&@%”ﬁﬁ%ﬂ%ﬁ i nstant adj ustnents
to be nade via process control |oops to effect optinmal reactor performance.

I n the prcEiehkoffhedgetnifornci d production and purification, it is of course
necessary to renove other .conponents fromthe acetic acid products and,

where necessar yms%wnaog@ggtgs f&i‘ﬁémS&%?;%ﬁggﬁaﬁﬁré‘%és%X o‘iti%&%ps to the 20

reactor or other parts o process. sirtron o ese
purification/recycle streans is.partially a fupctign of .reactor .

P oS 11 GRAVSARUR A A omOE R S 2 ARriBat bf MeBLiEREPg drstciaeid  on
col um performance. -2 2 g DEC 200 WD 02/ O t 39~ PCT/ USOL/ 02. ~89 There is
t hus &0 neeuatilizing imypremedhpropesscessolcont rol via on-line infrared analysis to
the purification and recycling section of an acetic acid reaction system
such as imﬁlﬁﬂﬁa%%éﬁﬁeﬁ{iﬁﬂt' Summary the Invention The present

i nvention provides a nethod of real tine process control of conponent

concentrations jp a reaction system. for. th rroductjon of,acetic acid from
t he carbonyl ati ltgﬂe BFeY Pﬁ%@ng‘{f‘:ﬂ‘ﬁ %°1%H@%u ?RPF‘?{O!&Y@E GPRHNOUSLY FEaRtRg
present invention, sanples of reaction systemsolution are collected from
col ums armiethanelr andsfagyon momsidioimastirred meaofora The agaction wEssEd condains 4 he
concentration of one or nore 10 conponents in the sanple is neasured by an

infrared agaﬁma%amﬁhﬁoﬁp@fo%g@c e HRalIP BRILATR PhEdiRhe akG fdthyp make _
adj ustnments in the ‘process. The ‘concentration of one or noré conponents is

adjusted, either directly or indirectl i n_ope or re.locations in the
relact ﬁgn s gﬁ%ﬁﬁdg%e&%%%’rqrﬁ&?ﬁé&dm%e@é 3@&%&2 EII‘hi')%"%xarrpl e,
the flowrate of a solution streamin a transfer |ine can be increased or
decr eased pomAYy teactions3vhieh ocour bf the acaticuaid process involvdthecarpoaylation ofon of

one or nore of the conponents in that colum or another vessel in the
reaction system Alternatively; the tenperature of the solution in a colum
or streamor the tenperature profile or-gradient in a columm could be

i ncreased or decreased to affect the concentration of one or nore
conponents in the reaction systemsolution. Al so, the concentration of a
reacti on system conponent can 20 be adjusted directly by direct addition or
extraction of that conponent into or out of the solution. For exanple,

wat er concentration in the reaction systemcan be adjusted directly by

i ncreasing or decreasing the water feed into the reactor vessel, and
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N 1 T | o 1 o R o . -



" The vent gas rate out of the reactor vessel or a colum can al 5¢ .
i ncreased or -3 2 8 DEC 200 decreased. Thus, reaction systemco oﬁ%t
~concentrations can be adjusted directly or indirectly by varying any nunber

of proGepMeoabl es in the reaction system Further, adpediEBitdon ONE
| ocation of tttﬁe reag{i 0 s%]Tsétem may_cause_ concentrati on changes at either
TN

that | ocat i BAI&ROLTH Seno e i form Reeic ackhind »watar gas siEBreastion mdich
process 5 control, the neasurenents are transmtted to a control unit for
real time eERyeabon disdiderraddyiiwgentonscaben medexidehsd vatdratlyyirdgast ant | y
after the infrared analysis. There is thus provided a nethod for

cont i nuous|prodyptiahifign tHeewaenghstshFngeadion! AahLA8545 8RS Vo%rn%{'{b% 8f fg{&a e .
o thereby o _|pmze t he

process control in real time of the overall process t
producti on FﬁPﬁ”Ei k i of etic acid product. 10 A possible specific
expressionzg e F%égﬁ%F%%quog&ﬁEthod of effecting process control of
conponent concentrations in a reaction systemfor the production of acetic
“acid fromthe cahigemplextmestonsiof depéndant squilibmiarineslmingdijuid atdtiogeid gk ON
system sanpl e from downstream of a reactor vessel in the reaction system

and measur icdgnpofients exieRih ke refdioOfEvih sh@ﬁt’s&ha{i’%@tiﬁ féhéﬁg ggﬁi?i%BL %%:f 91'389%1 ents | n

an infrared anal yzer, 15 characterised n tha urement 1s of the

concentrati : C onent s cted.fromthe group consisting
of acetic acg?%?érra@teh%ﬁﬁggeé? ggfgfc(t) B y§t(§gqlb§§}' and actiyifei the reastpar dhasehons,
propionic agid, hydrogen iodide and m xtures thereof, and in that the

met hod f ur t9R8RESE GAR Mitealelydpadipicampasitiona) changes i ligeidtstratme antering the
reaction systemin at |east one of the reactor vessel, a downstream col um
or a 20 dowusification $ectom ban hdedle abid puﬁ@pf&ﬁah%%tﬁmeﬂbbii%x&&&?mse to the
measured concentration. Brief Description of The Draw ngs e acconpanyi ng
“dr awi , i e incorporated in and constitute a part of this

speci P?jcg:at ?%Er}l]?lgllc’%?hstrate enbodi ments of the invention and, together with a
general 4 2 8 DEC 2004 description:of the invention given above, and'the
detai | ed descri pkhedise §f Qrhing dnfrared eralysis incoakrpllimigreadter lpmuidcompesitiaf hishe
invention. FIG 1 is a schematic representation of an acetic acid

manuf act ur ibeen ddsaribed il 1GS. Patesit Mo 08I 0359 Bt drftitle® MOANCIF ACTURINYSANEY €di ct ed
concentration values for acetal dehyde (CH3CHO) showi ng the validation of

Lhe | abor abmocresd Conatron RSslone 4% 806agl el Heany, R8sk, Fhy s

schematic representati on of one node 0 esent

i nvention i e ter. of, the light ends recovery section; FIG 4Ais a
schemati c Fﬁﬁﬁ&ﬂtiﬁbﬂd&m@%wﬁéﬁmmm@@ﬁss iGONTRORe 10
present invention applicable in the |light ends col um bottons, drying

col umi5f eeETHODSE, eacH movrpotutal/ereinGy referano® if @eF eafitetp! REMGImd atvieed;
4a 2 a oEC 200 WD 02/ 0. t39~ PCT/USOL/02.489 r~IC. 4B is a schema){i [

repr esent ab¥ Aot sG10RbY Sliowd! he on- | j sis of the present '
i nvention appl i cabl e Tnthe %Igb {a&éﬁgrgg@tglt%ﬁgm%g?t Pc%ﬁsff’%d@B?HfrFﬂ f eed,
drying column, heavy ends cqol um feed and product tank feed; FIG 5 is a
schemati c Fgg?té)gﬁmaifqaﬁwrng%“ﬁ@rID(I@E@TWFS%Qf@CGW peidpredigtionpmd of 5 the
present invention in the decanter of the light ends recovery section; FIG.
6 is a nuf purifieationnifig of comnst rfecéssanyato tahove@he&Gomptneas fofm Mékckidheidat a
for five heavy phase decanter sol ution conponents and sol ution density;

FIG 7 is grgmbtsi j al i nut of run tine
Gata for 1 Pepe e BR s iEnich HEa P el 0b BB ofeneit e
densigb; 10 . FIG .8 is a mufti-conponent trend file containing 140 m nutes
of ruf ti nEeaGieF gr Pher BT ofdhe progesss d hasemppsition of thesopudBeasionsetysie FI G 9
is a mufti-conponent trend file containing 15 mnutes of run tine data for -
four |i ght stptemsds gextiaily arfusctiont dfoeactarpapesitisnpefoafhntel 28 aspsytay; FIG 10
is a mufti-conponent trend fite containing 80 mnutes of run time data 15
for four | geRtoPHA ool R nts;. FIG 11 is a

muf t i -conponentlptrlzeﬁjéag?ﬁgﬁgét}ﬁ%g ni nggig‘%%rfglgggt es of run tine data for five
| i ght phase decanter solution conponents; FIG 12 is nufti-conponent trend
file containing 45 mnutes of tun tinme data for five |light phase decanter
sol uti on conmponents and sol ution density. 20 FIG 13 is a nufti-conponent
trend file containing 50 mnutes of run tinme. data




“for three |ight ends colum bottons solution conponents; FIG 1#gipECazi04
mufti-conmponent trend file containing 65 mnutes of run "tinme data for two
_ productwsto@asisol uti on conmponents; -5 Q 8 DEC 2004 WOr@RUS011039%

PCT/ USO1/ 02-t 89 : i fafi rend.file. containing 180
minutes of run tﬂrfcge (11%11? gg?8?5%&':?}3%\%'gﬁggstsgéwﬁ%w%fmg% _ atregf’?ag‘éﬁﬁ to

sol ution copponepts., FIG .16 is a mufti-conponent trend file containing 75
mi nut es of MRERUEPFAIIONANG Teeycling section pfamepetio peihiieacsion systaposwshias ins FI G 17
is a mufti-conponent trend file containing 85 nminutes of ruin tinme data for
two dryi ng medufactusmg planbn conponents; and FIG 18 is a nufti-conponent
trend file containing 110 mnutes of run tine data for two drying col um

conponents.s,pghﬁ;ﬁ%gltﬁpﬁﬁ,rehﬂgﬁon 10 A. The Acetic Acid Reaction System An
acetic acid manufacturing plant practicing nethanol carbonylation _
t echnol pgy, as icted schepatical in FIG_ 1, can be conveniently

di vi dedg) into t hr o PRGRREE MysRRon PRo .eg'f‘qucﬂ{reqlitw Progess cprlzehadr v, ~ and
purification. Acetic acid reaction systens may vary in the type and nunber
of distil | atdmpenewt aomnentrations oxartpétpnaystitn fdethe produttion ofaticRsideémNos.
3,772,156, 4,039, 395, 5,831,120, 5,227,520, 5,416,237 and 5,916,427 and in
PCT publ i cehi Sl S B at hc i iLfhin the skill
of one of ?Pgieﬁgzr‘gﬁski Iﬁprinﬁm'?'ﬁoel' ?ra '? ?¥§§%%H%P§%S%SF%%%}3§%%W of this
i nvention I.n glneral t he.reaction seclti.on consists of a reactor 10 and
flash tank BYHURRSAmMRES of reacipa,systed Splutian asrrollested dromy colugng art{es col umm
30 and a phase 20 separation vessel 40 (decanter). The purification section
consi st s altcansir lineredowngtneammfs reastarmessel) and thevesnkerttrationdfwhégr @eteimm 50
and optionally a heavy ends columm 60. The various colums and vessels are

connect@d hibrgoRBatt & tHelsA@Ble S WdAsi@ed By Eﬁﬁzﬁa} sﬁifégl}ei‘!h"rﬁé‘ EntlRRE! | ON
I t of “punps. Fo

systemsolutions flow, .typically wth e al r-ease of -6 2

8 DEC 2004 39. 1 PCTI US01/.02~89 depjction a di scussi.on, .the =
transfer Ii[%geagu%%gétaf%ﬁ%ﬁ;% ial‘p”:i%e“rtsellné‘b? BIgeess- ﬁgﬁeépﬁcqlgaa%of Pna O
sane, using the term"streant. The feed to the reactor 10 is via stream 12
conpri sed GROWEPFRABENS if adiustad, eidhandirectlyeartipdirently] t enecor more lomatsnd ner eof .
Water may al so be present in stream 12. 5 Carbon nonoxi de or mxtures with
i nert gasesh@reactidissystepdlin RspdiSe BY 6 6Fmstidam HbdsBrhdnts. W?g& ol
reactor 10 operation, reactor contents are continuously wt r'gwh as a
liquid. Thisg | ] v_flashing reactor .solution acyoss val ve (not
shown) to pffo %ﬁa&%&@i g%;ﬁ;@orr?%/tf (it ‘&%‘f%@f&ﬁﬁ%ﬁ%&?ﬁ leﬁreia?rés%‘i{w{eﬁs‘%rg@mg B t ank
20 where vapor is separated fromthe |iquid. The liquid, containing

-catal yst, #¢&cuhed a¢dumnio elier the cornentzation®f one phaofe afthe tcampoRtsindhats
punped back into the reactor 10 via stream 110 by a catal yst recycle punp P

‘1. The vapeolmin eranclid vessaVintge tdactidrofystem. OltérativdlpShe tetiferARreCFhl NS
the acetic acid product, water, methyl iodide (Mel), hydrogen iodide (H),

and low |l e Pa] g | Lani ' nd .acet al dehyde. This
vapor is f\ggiutﬁgﬁt]%g g 16I23?ir5%ﬁ1 cogl%e%&%& H#%g%ﬁl?ﬂggﬁﬂeﬁgw ‘iﬂi‘l’%ﬂé’g“ t he
flash tank 2Q._.is t8 s'gparate the catalyst I5 fromthe crude product and

al | ow t he OstEgarpased o decreased o aert the coneenization of onepor mipes domplonents distheol umm.
30 is criti calto the, overall process as it serves the dual purpose of
crude acet ireatdioitdygiemisblutiohi Grisagnitk cohcdrteiion bN@rdaebnlSydiats KotPohdi cipact i on
section The light. 'ends colum 30 is fed fromthe overhead vapor stream 120

fromt fl : 3l . i.Qn he highet boilin cetic
“aci d fjrbgm tbﬁza'|l%\€/\éea§&&fgﬁ%gﬂd|u%%t aggﬁnlﬁgg’g%@%lg ﬁ?g@ ngﬁﬁg iy ﬁ&Pu%%éE%t e
(MeQAc). Thr streans 130, 140,10 are renoved from+the |ight ends col um
30. The ové?ﬁgaﬁ EP’F@%’E‘ Svatereonssniraton in e reaction system csnbe adivstedont ai ns -
sone water, MeOAc and acetic acid and is sent to a phase separator or

decant er 4dirdetlicby inedeabingaw dedressinke the avite tfecbimolthe rédcedh veb&l | dndhhdifnds
colum 30 consists of wet acetic acid, which is sent to the drying colum

ot toms. ot PLa TR oo alg Rty ol irto e Seag e RPE
recycl ed tcl,t.he reaction s rg}t@i on, which enconpasses t-he reactor 10 and -
flash tank .Ve*ﬁfeaS%tE&HBOg fegsforivieese] orggolupn san alsoberiycreased pon i s t he

phase. separator 40,

-3-



"5 nore commonly called the decanter. In. this decanter 40, a hfgwmcpﬁﬂ§e 42
consisting primarily of Mel and an imm scible |ight phase 44 consisting
_primarily of aqueous acetic acid are separated. The prinmary purpose of this
separation of Iight phase 44 and heavy phase 42 is to recycle Mel to the
reactor 10. The Mel to be recycled collects in a small boot 46 of the
decanter 40, the volune of which is nuch less than that of the 10 renaining

top portio I NS i . .ap THE
Vol | boote Rl Tak,pnh Sudi Mpitat plcahiRidn3 e bORp RO SR or 0.

A secondar r .t h I i s to return unp P4
via str eamxri(gl%cggrﬁwg v%{yﬂi%‘fg‘&l 4‘%&%“ gﬁg@géﬁiﬁgé@% lﬁﬁ'pﬁﬁea{: %OI{ Wéyem- glgh)'%/rtht%ﬁds
columm 30, the remainder of the |ight phase 44 being recycl|led, via

St r eam 180 KSR RLORS BFAED g eReRHIOPEY P GRE CRTcRFgiom changsn ab e
directed to stream 170 versus stream 180 can be adjusted by one or both of
punps P3 afihgghatNegajionoetpsirean of dompsense of dahlogationadigr oplimam meessessi ng
of the heavy phase 42 and the |ight phase 44. |In processes such as those
descri b&d icontthl Sthe Baetasuremisiots areltraiBthi®@iXo axcodittl @i6foanchl EntcAmalySis, dndahdeavy
phase 42 is further treated to renove 20 all canes. One such process is

shown i n Fla@ustinenfiedre niade siitystindialy baamtly affovik infedredinaldid. STHeeélistusa
portion of the heavy phase 42 via stream 210. The overhead of the colum 70

I's returneqryyidedsd &e@ﬁu%&Ocohﬁna&lﬁljlﬁgﬂ%afe%omﬁo@@ftﬁé KARAG Eystdh ROT L ONTE

.
are sent .to waste via stream 230. er of acetic acid pr&%esses have

addi ti onal i .44 t0 renove
pur 1 os LR BRSteds dhurbl G BHNREE 5y RGeS BB R
acetaldehydgﬁﬁgd its, co ensat%on. ro uct(gl;cf Exanpl es of such acetal dehyde
renoval syPT¥EiR gn 192521 Of fretic 8a9pIRQist Nos. 5, 599, 976, 5, 723, 660,
5,625,095 and 5, 783, 731, EP Patent No. 487,284 and PCT Publication
W9817899. Al | dpessblesnecific expragsipn ofthe dnvention s mathod of affedtingaioasss ng t he
current invention to provide inproved control of the individual processing
st eps as webhtrdofovmpandnt poeesstiasin aotactiblusystdne &irithepedactignasaestid he

| i ght ends columm 30, as discussed above, as well as a drying colum 50 and
heavy ends agidl o tiesarddylatios OF nfetld@bl cOMPE SRS 66116 anE airéhcibn apkddh i onal
columm 80 to strip acetic acid fromhigher borling inpurities. The drying

columm 50 i I hstd | vl ; [ t
acetic aci 5512 lreeianI? ?8Qif§%éa¥dr gﬁn%{ %ﬁgﬁﬁé&ﬁ? “‘gﬂiggg%%‘?ﬁ?i“%% a%1 E?%é&g'ﬁﬂl ulr%\BPS. As

its -nane i i : i_rar rpose of the dr.yin colu 50 is to
remove wat ech #ern gr?nﬁ?rﬁgteaﬁﬁ%aaﬂg é'%fgié? ?aénpg% F%H‘PWP@HXPB%%%B ‘g*ﬂ%%r head via
strean1%84 ho a colum overhead drum 56 _and returned to the reaction

sect i of”vi #hapetensRdigshalfheympssuramenhisdithe epncentration of ghlsasi oag ce@pPeRgbn i n
drum 56 is returned as colum reflux via stream 188 by punp F9. In sone
acetic 15 aeleeted foorths ggoupuonsiging pbaceteawd, metlyl avetatesmethytl éodiddyos .
5,599,976 and 5, 923,660, a portion of the overhead stream 184 condensed in
drum 56 i s anetdidchydeahydracesbars, pioponicaid, hiydrogen fcalidd dndanixtures theghbf, aadds
colum 30 or drying colum feed stream 140. The current invention woul d

of fer inpr oy et fHeaR@ESd ARHef 8dmpriset BGuBHMCLEIRSondRiSDnteiftFhtion id fiR. above
patents. Dry acetic acid is renoved fromthe bottons 52 of the drying 20

col um 50 g@ﬁtlbﬁ lsjfggl&g gﬁ %tgb'%ggﬁge g%ﬂh@?éa!c%rrvgss@f, %glg%(s)t?%??l&@?tor ghown) or to

a heavy ends co via stream renoval of

i mpuri t,j,es such as propignic acid. Additional acetic _acid can be recovered
f rom sePeaoTasHn BRSTE isdn MiF reacton ySteiin FeP PR B BRSO by pump P7.
The recovered acetic acid is returned via stream 198 to heavy ends col umm
60. Waste SPBEHANRYand hi gher acids are sent for -9 2 8 DEC 2004 WD
02/ 0. 139: 4 PCT/ USOL/ 02~89 di sposal via stream 199. The overhead of heavy
ends col umBuef Description of thesPrawinmgsd 92 t o drum 64, condensed, and returned
by punp P 10 as reflux .to the heavy ends . colum 60 via stream 196 or

sent via streamTi@hctampanyingdrawirigswiich amrindetporaitddn pud persetudé a b of
optional heavy ends colum 60 is to renove higher boiling propionic acid

i mpuri ty frgRisa&fidatioAGildstral d8mBOdiRAR P Ml ihPehtiPR a8l tbgétha%ﬁwag&%%awol um
60 consists primarily of propionic acid while a sidedraw stream 200
consists of pure acetic acid which is seait to storage in a product tank. B.
Process Control The generally ,accepted nethod of overall plant control is
the concept of 10 inventory control, also known as level control. This is
primarily achieved in two areas: the reaction section and the |ight ends
recovery section. In the reaction section, the flashing rate of reactor
solution nmust be sufficient to match the reactor feed rate and thus

mai ntain desired reactor solution level, as well as reaction tenperature. |,

e L, - r o o o o .



“functions. The first function is to return Mel back to the reactor 10 with
a mninmumof inventory shift. Level controlling the heavy phas%8 G A0k he
_ boot 46 achieves this objective The second function is to renove the
correct amount of acetic acid fromthe |light ends. colum sidedraw stream
140 and feed it forward to the drying colum 5 0. 20 Level controlling a
sidedraw tray (not shown) of the light ends colum 30 and flow controlling

the decant fesdrigih oPRRSRvEMEH R RenSbb8ahd Y defifo Ael LA pRRSOTRLE Shes

this objective. These two conttols work together in nore ¢r

acetic.aciq?gg@?@gg§?§§%£@g0§ rwar tivril_a stream 140, the flow of the Iight

phase recycle e reactor 10 is decreased. This forces nore

i ght phase ref3§¢ gLa SH%eag1170 to the b%?ht.-lQ 2 ? DEC 2U04 WO

02/ 0. 139 PCT/ USO1P02 %8 SHgHe tarensntaden ol g 2o5tie Acid manufasiirilg Mdite acetic
acid down the colum .30 to the |evel controlled sidedraw tray. Conversely,
if less crude adilf £4s 2 eprrrlatienploterf achghys Reedispest wentr?élonlvgﬁ;eeﬁa stream
180 of the decanter 40 |ight phase recycle to the reactor 10 is increased.
The resdl t acetaldehyde (E1:GIO)rshbving the salstation of thelabarmtory eadibtdtionansdd! i t he
overhead of columm 30 and less acid on the sidedraw tray to be fed forward
vi a streamtielfecadtephdwty phaye; control concept is to contain H in the bottons
34 of the light ends columm 30. A mininmumrequired water concentration in

the bottons 34 gngus§sa §dhdialil fepFlsehaiBh BorRGhOW M}ﬁ? 31'1—%‘3933%1’%&1% ﬁgthgnd | s

returned to the reaction section rather than noving torwar ryi ng

col um 50.é&%ﬁmphbguﬁgq??%ﬂﬁgggﬁghwhgﬁgﬂ%ﬁﬁgﬁﬁg&%&g%%%grks reasonably wel

in ensurin ality con 0S| change bccur which may | ead
to undesirable diti.ons .in t.he process. As sone of these conpositional
changes may not ﬁﬁ@ %f%ﬁf‘é}ﬁn{ fr eﬁegtégf’n ﬁg?ned@g&%?é@e Pﬁﬁ’é‘etapﬁléfﬁlﬁ of §¢hi on)
by inventory control, it would be appreciated by one skilled in the art of
acet i c 18ci drepspiunsentionapphcableciarthe hgh sadupriama dotteme fdryingsohent feed,
concentrations of various streanms and colums would greatly benefit optim
oper ati on dliryihg gblunmpbsaviyendy eslymarfeedoandifroduat tabk fegict i ons. This is
particularly the case in the practice of |ow water technyol ogy where water
concentration in the various. columms is critical to product purity, as

wi |l be described below. Typically, downstream analysis is conducted by off
| i ne sanpling foll owed by 20 | aboratory anal ysis of sone of these streans.
These sanples are obtained a fewtines daily and generally there is a |l ag
of several hours between sanpling and the stream conposition data.becom ng
avai lable to plant operators. Also, while this off line data helps in
determ ni ng average columm performance, it does not give any information on
any possible cyclic behavior in any of these vessels. The cycling of the
purification -11 2 8 DEC 200 WO 021 0. ~39: ~ PCT/ USO1/ 02. ~89 section can

| ead to breakt hrough of inpurities such as iodides into the product stream
200, which ultimately reaches the product storage tank. Such cyclic

behavior m ght be invisible to infrequent daily sanpling but will be
readi |y apparent from continuous online data in accordance with the present
invention. . 5, The ability to analyze the various process streans and

colums in a typical acetic plant such as that depicted in FIG 1 allows
for various |levels of process control. Each vessel in the purification
section can be controlled separately or in conjunction with each other.
Each vessel can be controlled using a mass bal ance principle, nanely that
the mass flow into and out of the vessel can be adjusted based on the
conposition 10 of the streans in and out so that the conponent or
conmponents being nonitored can be controlled singly or in conbination.
Dependi ng on the desired |level of control required, it may al so be
necessary.to change the tenperature or tenperature distribution in the
distillation colums. Typically, this can be achi eved by adjusting the
steamflow to the colum reboiler alone or in conbination with colum
pressure. It is also 1 S sonetines necessary to additionally control
columms that are before or after the columm being controlled in a
cascade-type of control schene. Not only is the nonitoring of the various
streans possible by the current inventida but anal ysis probes can be
inserted at key paints throughout individual purification colums to
provi de informati on on conponent gradients within the colum. Profile
information of this type can be used to 20 control the rate of change of
colum conditions to mnim ze upsets. The process control of the present
invention may provide a significant advantage in the | ow water processes,
such as described for exanple in U. S. Patent Nos. 5,001, 259, 5, 026, 908,
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" decanter 40 should be avoided. If the water concentration in tRe DEQHI04
phase 44 falls to a low level, the light phase 44 becones predom nantly
_acetic acid, and an increasing amount of Mel becomes soluble in the |ight
phased4dwg g2/08¥3r ene cases, there exists 15 only one phasect/tsal48decant er

40, which subsequen!dy igh idukRatié RPrd¥Bitat WISRbIRE ifdRe bP i drl i
t hroughout the.entire decanter 4*(}? As a result, the E)urrp vx/r?iol\c%]é z:ﬁl\s{,ﬂg'vélessQlfgned

"to recycle 1S ' ' |,.concentration is . not able to

recycl e suf ﬁﬁ}g‘%tﬁt {g&?ﬁt&ch %H?Ee]b%g%%ﬂg?wﬁ@ cflgs ﬁ@% OIS, g column fesde | ¢ |
the reactor 1Q is "quenched" and the oprating paraneters need to be

adj ust ed t o 9PARS FRIvmRchepvy epdyicalump feedand produgiiiank ésed; a 20 hi gh
concentration of MeOAc in the tight phase 44 allows Mel to dissolve in the

light phase 44 t BlGheisexdohematidwbresertytiodnss 1BRSLMOUL 5F thel db-lidteardREANYrEr 40.
For exanple, if the continuous analysis of stream 160 -shows that "Mel

concent at | Sdned. : i | G..: 1 .can be increased
so that Pja cg{r?sqi‘isﬁ{l fjglcr;;lé)unt_ O'fﬂlél\/eélﬁafltjgpér‘\f.e@%}lgig(rj% td (E))?E'Ecﬁg‘_3 esggttl%nr’ 10 -13 2 8
DEC 2004 WO 02/ i 9~. PCT/ L.TS01/ 02~89 T%j portion of the |light phase 44
that is returned % § e Pifktorapapentizing Hle sontaiame-3q mynuiesef Tue fimedata

bal ance the water | oad between the reactor 10 and the downstream drying

col um 50. fdr fivedieavic phasetlecanies solation o@tpdmentshad|sbfiondegsitygol urm 30 by
increasing the reflex via stream 170 and decreasing the recycle via stream

180 to the S rea r Izl ent I ved..in e

si dedraws pr oductF IQt‘;"a7k1<]asgaf rpﬁgﬁﬂa u n?&é@é@tﬁ%%@%@ﬁﬁ‘hémé%ﬁ ﬁ@“&&eﬁ‘?ga 50 via
stream 140.fTHe ?%ter | oad in the d{%i ng colum 50 can be increased to the
extent that ‘FHECHSPIRARASE desants Solubp] compPoneptiand sehfiomdensitinat er r enoval
function. Conversely, "if too much water is sent through the recycle stream
180 to lfhe react BIG.IDis a multidcoppogentdtrandifils Contaipintye] 40rminutas! df yunifilneaided 10
and allow inpurities such as hexyl iodide to break through into the product
stream 200. foNatt Kaky pKadeieBarér sbhﬁioﬁ@@ln%&ﬁ&ﬂ' capabilities of the current
invention is to control the light ends Colum 30 by ensuring the acetic

acid and water c tration in sidedr stream 140 i s maintai ned. One
exanpl e of a con?%f&gcﬁfa '?Q?HOBG.&%"&@%I? FRAIEIRNG: L SonauteS AL A tieriala er

tenperature_al one or in conjunction with the colum reflex 170 based 15 on
the acetic BEifenrdight phasedecantsrysolation Bemponeats dvd sobrtivardensity;ons of wat er
and/ or MeOAc may chahge in the reactor and in the downstream areas, to

either increase PIQMOCEaefuliRiotdhed: deal BOG ok Aing 80l hinit@lorlieupaduct 1t
is inmportant to nonitor the-conposition of both the |1 ght phase and

heavy ase ' rd 0 avoid the case where the decanter 40

cont ai ?12 onfoé%%%g{g%gﬂpﬂ%gs%ﬁtﬁy\é%%C%‘B?Iifé‘ %5 of the two phases 42,44 can .
i nform operators_of changes in conposition that, if left uncorrected, may

| ead to conditi oﬁgj’-dﬂ 1§ Ry pomponent snd tseeméaining 126 minautesio€ niratime dhia
concentration of water in the |light phase 44 and the concentrati ons of

MeQAc in bofolnmbﬁghtgmscnbm&réauﬁaﬂcm%omn@base 42 are paraneters that can
be used as guidelines to avoid undesirable conditions in the drying colum

avoi 0i 13 the contid onor ety Eebd A cohiadty 43 il O G0e 8B (e

wat er concept.rati.o an al so be used to maintain the proper bal ance of

wat er bet me’%ﬁﬁ(%ﬁbggﬁéﬁﬁgeqan@é%@m@quen@ apgisolwtiop@ensityy exanpl e of an
integrated control schene based on nultiple continuous analysis of heavy
phase 22 and | i gRIG.Ai34s @ multiicon@iovient teal 61 coftdilingS0AnRINESR JfQuitiffe data i |

Mel ' concentration decreases in heavy phase 42 then the flow by punps P2 and
P3 is adju : R i 2| returned to the reactor
10. Becauszﬁag%éhglﬁ%% #ﬁ@?ﬂg@%&#é@@ﬂ@ﬁ?ﬂ% (grteen 4 could affect the water
bal ance in the r tor. 10, the water anal YSi s of light phase 44 is used to
adj ust the make-{iF-idiis @ mllwomponens fisns file contaiping S3cninutesefsun timedata ant
wat er concentration is 10 nmi ntai ned. Anot her enbodi nent of the current

i nvent i on ifor Spppiadatt sireanf solutmnmompesantg;ont rol to the acetic acid
processes described in U S. Patent Nos. 5,599,976 and 5,723,660. If the
anal yses of heavy phase 42 and |ight phase 44 indicate the inmm nent
presence of a single phase, a portion of stream | 86 which contained a high
wat er 15 concentration can be directed (not shown) to stream 120 or the
decanter 40 to inprove phase separation. Additionally the water bal ance in
the decanter 40 can be maintained by adjusting the flow for punps P3 and
P4. Hydrocarbons can sonetines build up in the heavy phase 42 with Mel.

- Carbon nonoxi de (eO used in nethanol carbonylation is generally sourced
frominconpl ete 20 conbustion of natural gas or oil residues. As a result,
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" have a high degree of solubility. The density of |ower al kanezai ﬁE(?fZUGtkhe
order of 0.7 g/nL and thus, as well as diluting the Mel in th&"heavy phase
42, the |ower. al kanes will -15 2 8 DEC 2004 WO 02/ 0. t39.~ PCT/USO1/ 02~89

- tend todepipase the heavy phase density. As heavy phasecrepav@ison is a

function of bot 0 e immscibili densi t. LOCr. easi hydr ocar bon
concentration rr%}éagt'ésrasrélpnij-gqrﬁggﬁenéﬁggﬂgl&co M %@E@m%&gﬂ%&m & SNe

1, an al kane (hydrocar bon)1 removal columm 70 receives a flow of heavy phase
42 i ncl udi A MPdrea¥n eRdsEoluRY opBIodBCh ATgam SO REIPRZOUPPREUS;t he boot 46 of
decanter 40. Mel is separated and fed back to the reactor section via

stream 220, whef&@s16 ixa hytti-compdeastrendfileesatagdny 78 nihiteesT R3Umeikanes
renoval columms are known to those skilled in the art of acetic acid

manuf actur'&qh?gcbrﬁg fanfP Toly| .batch or continuous node. On-line
anal ysi s o? hydr ocar ESES m%%%kgiﬂpgl\%ngs’det erm nation of the appropriate
fl ow of. decanter__he Y 10 phase 42 to an_al kanes renoval colum, 70.

Acet al dehyde (C@%Hﬁ/ § smyi-coraranenb irend filesptaining 85 minvtes et wn tirge date can
under go hydrogenation in the reactor 10 to form ethanol, which may be
subsequent ffyr to@rdrgingl ot selufien compaehtnand aci d, which is difficult to
separate fromacetic acid in the purification section.' Acetal dehyde may

al so condense t i ; ., . 8, ich Wil ML the .

cor respondi ng i%lgdie/%}%ﬁle%oﬁ%aﬁﬁgfreﬁé% 8(?{3 ae ]':qu [%g}lyg%gtf%l%ﬂ%ggﬁ
troubl eso in the practice of |ow water acetic acid manufacture technol ogy
as it is diFFtFOATYINESO FAMROREHIH acetic acid in the drying colum 50 and
may | ead to iodide contam nation of the acetic acid product, for exanple,
as di scuss@etijlediPesenipitionat i on No. 985, 65.3. ?0 Acetal dehyde has a boiling
point of only 21 C and thus will tend to accunulate in the |Iight ends

col um 30 gyefﬁgeggetfyq‘qcigwgﬂ%iﬁ%ei n the decanter . 40. On-line-analysis of
this conponent Tn bo ecanter phases 42,44 would thus. hel p in conbi nation
with on-line reactor .analysis_of other conponents; in identjfying optinal
reactor conditi a%cﬁflﬂifmnféa%m&ﬁawrgﬁwﬁamsﬁh@ﬂ%mwoaf ‘process
-16 2 8 DEC 2pp; WD 02/0.139 PCT/US01/02~89 npbantanons are |rnown in the
art for retashiolggycstdepistddstbemativally e FEGal, \chn ba comenizntly dilddad inbethréer ei n
al l ow i nproved process control of any of these known processes. The

concent r at RaRtighalaeslsa |r63%m${¥,qhgh@ eﬁ@sﬁ‘é&&ferﬁ%ﬁ?uﬁﬁcﬁtﬁoﬁ CchétiQWci{dﬁgﬂéio‘ﬂW on

| ine anal ysis, but any acetal dehyde concentration changes 1 n ecant er

40, where it . 5 can bhe nonitored, .can, be asonabl y.expegted to correl ate
with chang®SHHs Ha¥ VP@'a@t%?_%?@.ahﬁ .nuigrbBrc%é S'agarﬁ’t"P 14‘?1‘?% SKFPRLE &nds Col umm
Bottons Hydrogen iodide (H) fornms a high boiling azeotrope in acetic acid
sol utildns Aeserihed i Ul Satenh Mos.ah 612,135, #03%,3841 5,831,120, 5H2276205,416,237
concentration falls bel ow about 5 10 wt.% azeotropic breakdown and Hl

vol ati | i zahhd§,916402 BRGINPEY pa6GEdtionSNOISYLAAT, khd §3dH Wiialbhd, whedfark0 | ess

H in the bottons stream 150 returning to the reaction section, and thus,

may - adver sgj.y. i t k.odi de..inventary. .The, vol at.iljzed H .w.ll now
princi pal | ;g/)l%lédc@gn%ﬁ%%éf&%fo % n?"iyg%fﬂ lé’ntg‘g a.& %’8&?@9@@‘?"@&&%%{998? o&ggs acetic
aci d which feeds the drying colum 50. Process equi pnent generally used in
HOAC 15 nmiftyesdeny b S@eahttg@ masction sactipnepnsisty of aaeeacm;iamagﬂashmkzﬁay be
corroded or :otherwi se adversely affected if H. concentration levels in the
syst em r eaThe ighedtis Yedoweh @Btibreysststs JitiSghtlehes Bi18SAN0aNAa phasé Oni fi cant
concentration of H in this feed has consequences both in terns of

corroghon Lf [ vessal sqand Jd.n _terns..of iodide coptan nati on of
Final 2cer repebiton s aeRRE. TR Ruitaht BBron somih SR PR et 8 or 20
performance and purification section performance that the water level in .
t he bott ongol , epwelliagardring sobmmudhagboptionatly atheavieehdstcobinm 60.nThe
concentration of about.5 wt.% (about 3 nolar). H and water can be

accur at el yvirns WoBdnkyarfi 1disdls HélceRtRtd b PrinféraiRe SufP99pipeddneikh) or
m d-in. &red (400-4000cm ") spectroscopy. Thus, on-line analysis of the

Serve to | RAARE et R ol PRI b b Bl o r BB ' O

| evel s and thus hel p avoid colum upsets. 3. Process ‘Control in Drying

Col um Feed and Drying Col um The dryi ng6ecolum feed is the side stream 140
fromthe light ends colum 30. 5 This is primarily water and acetic acid
with small quantities of Mel and MeOAc and trace quantities of H . The main
purpose of this columm 50 is to produce dry acetic acid. Water is renoved
overhead via stream 184. However, the drying colum 50 is not designed to

- produce a very pure overhead stream The water conposition in the :
over head, stream 184 should optim ze the additional cost of recycling the

_____ A~ 2 o, o o, . . o




"2 8 DEC 211p4 WO 02/039.4 PCT/ US01/ 02~89 drying col urm trays 2@W0Ed z)§ ow
any undesired decrease or increase in colum |oading to be quickly
_ i dentiiceghasd addressed. A second advantage of a wat er POTASI/E4 t he
dryi ng col ueflofth 4 ASHAALANEL rihdrlh 1-AWaNPLiRlardsEHER ROYerelEN W ner e, 2
m nor byproduct, forns a constant boiling azeotrope wth acetic acid and
wat er and hence,is diffjcylt.to renmove by distillation. Furthernore, the
vol ati | ity OBf 1Tt i S2rRs.Hse %“ﬁ@bﬁgﬁg%s with decreasing water concentration
with the potential for increased iodide contamnation in the bottonms 52 of
the drying col uffire$eed tdthicsreaetoet0 jsrvid streamc bhemppriseg pif mesthane ], idimethyyi ng -
colum 50 is described for exanple in EP Publication No. 985, 653, and the

present i ngapt imshAGcphR\dragiknied iR Water FRQIRbeRBéd0in QfeathE Vat er
profile of the dryling colum 54 useful in association therew th. Hexyl

iodide ds sent at .the billion ) vel ow. for

det ect Pon SSRGS G AERy Es PEh il 2Rt AR Bfe oMo ez,
content versus azeotropic breakdown water concentration will allow on-Iline
anal ysi s ofDurmgaiormal eecterskhopesatipnyteastor eantensm aresontingpusbivHbdrewmntag® nat i on
in the acetic 15 acid product. Such dynamic control would negate the need

for a dedi qyjuRyl T sdehiees R ashimgrihct8NEbhitidrSackexad vab/eSinBNitowed s CoSt

savi ngs. 4. Process Control 1n the Heavx, Ends Col um. The primry purpose

of the heay n I . i [ v o 6 acidanpurity fromthe
acetic aci (ﬁo%g%ﬁ’g&% -ubcg%%%htl@&wgggtlif%g gdgt?‘g%&f %5156103”\:?6\%?’“ 50 stream
of propionic acid, while the pure acetic acid is taken off in a sidedraw

st r eam 200 sepateted gom the diame rlhedifuidh spytaininggatalv, sscomulatesdn dhe bottam B2
quantified down to about 200 ppm either by a transm ssion cell or by a
fiber wpti ofcoishdardk Zimd iJ ppinpad back ihtvethé eadtok 110 rissdtreannl By 4 cathlyst heavy
ends colum 60 could include about . 200-1000 ppm of propionic acid. Thus,

anal ysi s of lﬁ?ﬁj t i - S Mﬁ“ [ Q: ~39. ~
PCT/ USCL/ 0 E%g&a%e |€§'a€?%%sﬁ% ggg?%\?vl% }égg%gé%%togo%l%tgﬁﬁgw t e!?g?%ljrms
performance, to be npnitored and all ow a continual updaj. f acetic acid
product purthe geetip agidpredust, WatepmeHY 109&4%&%)@&3{%6%96@gaﬁﬂ)@dslovﬁams al so
permt the water concentration to be quantified down to about 100 ppm Pure
aceti c aci efimpatitids, e paEdidnic acidtaad asetaldehstde] AhisS/apOr fsafed Jo thatlight erddsot her
exanpl e of process control is the control of the amount of condensed stream
192 that i Nany r ; blffq? : i grgﬁg) 94 to
stream 140%\9[ersu§6'§g?,%m%@e e %gﬁjrog%m ggh%g?ggﬁgﬁ%o%%péﬁagepﬁoﬁlc st
concentration qf stream,200. .In additiqgn, to the flow of the two streans
Toa 106 1 HETR She St BRtictene allod ik saralvis e Be betiped RIS seR 18 0t oni ¢ and
hi gher acids are present along with a substantial concentration of acetic
acid in the heavihedigit endsl opinmip 30 isoriticelto theldvaralbpeoicessastit seresitie dual be
recovered fromthe bottonms 62 by feeding stream 197 to waste acid stripper
col um  80. s¥ o erudb a&&ﬁ%icﬁﬁmﬁié@&&@ﬂe?ﬁlﬂgwwb&ﬂéﬂorﬂxéfbabt?@d/y ends

colum tenperature 15 and the Tlow by punp P7 to maxim ze acetic acid

recovery and mnij ze . waste tor djs | . Cal i,bration del.i -

o raren et T et adsCoolBhn I PR Hoim (oo eRE e RBaD O s as
described in"U S. Patent No. 6,103,934 and U S. Patent Application Serial
No. 20 09/ Glaskesik 20e¥palioyed sepamation pHthgthighephoilisg acesivasih&owi the lewerhei r
entirety. Chenonetrics is a branch of chemical analysis utilizing

stati sig CS BYIRLLdinInBats ishéACOMEE Rl oG Nadetat(Me DALY ETHek GRbarhgi C are
incorporated . to obtain a calibration nodel involving nultivariate analysis.
The term nufti.-vard.ate_anal ysis pefe to the r i on.o - ntration
of a comporiait 430 iRt Holp [ EhT e sb it &0 e By tbed VBB 58" e
2004 WO 02/ 0~39~ . PCT/ U501/ 02~89 sequencies. ~ottware pronucts are
comer ci al |opnsistsipriataridy afiMehbpiealsd containsisonapwhter AdeQ@Ac ahd @ndtieasid andis
techni ques. Representative products include PIROUETTETM from Infonetrix,

Seattle, VAghi a0 sHase Jeparabit bR debantdraD ekl betbw, NA dRieatA4 stichnt NEGROREL 1 i C
calibration nodels are well known to those skilled in the art. 5 Also, the

T ed st anage s eo ERR et b o MR Sp shddSthhoraa

E165594) ", incorporated herein by referegnce in its entirety, in which
recommended gui delines are provided. To‘obtain a good chenonetric '
calibration nodel it is inportant to properly 10 choose the calibration
~.standards. A |l arge nunber of calibration standards nmay need to be prepared
and anal yzed where there is a broad weak signal forhe conponent of interest
which is overlapped with signals from other conmponents. The nunber can be
in the range of 30 to 300. To create an accurate calibration nodel, a

. . o M




- WD 02/ Q. i39d PCT/USCOL/ 02~.89 net hods are then used to fi't thezgaé%. 004
Utimtely the accuracy of the calibration nodel is tested by®Co aglng
concewlg @dse9xs of the reaction system conponents obtai REFYOUM4EN on-|ine

" anal yzer 3y by'guapPEC THBIight &8 $5tt6H8 stréank 1 SN EorRE SN &1t HANSdabEdy ned by
actually sanpling the varilous .streans and col ums axed analyzing for -

conponent 5. D J I ] n f 1l tic ds.
The: spect ri Al E Py s s ek AR, M ensh R T bty fA
conponent in the extended md-infrared, which is from 7000 cmi" to 4000
cm ', and 1#Bi#X M- d infrared, which is from4000 cm' to 400 cni', are
shown in Table 1.- TABLE 1 10 15 Extended M d-Infrared (using Transm ssion -
cell) and M d- | The secent parsoftpe Aghesnds redvint sattidiefsitbe prase aemehtby 4Gpect r al
Regi ons Used for Quantitative Analysis of Light Ends Recovery and

(o ) BocanPsPERIRRRELE Easty B ECHSRRRcan RN TNEd dpfordafigl’ )M ¢
|31 001y RIS Mk L 43 JEiils deBmiRe G domssing oy sfpguecus
. 2046- 1536CH3CHO62f 0- 4240 Densi t y6980-42404018- 1567, 787=658Decanter (~;i ht

FhMal 6211- 806 acid ag0separteg. depridty pagese bl sepR6dH 62 Nplbaha 84 55d5;
4730- 42401836- 1662, 1131=991Hz06980- 612' 0,

5580- 45303944 - ' 3046 _ASALI ght
Ends B Lt H B e M R oA T TP et e 8. 97 40
2 8 DEC 2004 W 0.02/Q:39.t 5 PCT/USQ.102. ~89 . HQAC6957- 5550,

4620- 42404%%}%%6,% OQM%%% @%&mﬁ%u rleﬁfl}g?n thebeftBei ¢ Aci d
6700- 5590, ' 4700~ 42400y yi ngH 4808- 4240Col uri m Feed' -"' H20 5580- 4700

4120- 2040 14@AIEAS opIHB00n 4%00the AeCxataGOIVhOh cdrt6Hs GeOliEhtiphgsdz4 7Tt NEDO

. 4120-2140Col umn . HOAC6957- 5800, 4610- 4240 - 4100- 1780, 1366- 699 Attenuat ed
Total Ref | BdRn46 is(redRled BTk 0ty pulnd P8 vid bdteonty stkahl Fool A SecdnligShni que

wel | known to those skilled in the art ‘of spectroscopy, and invol ves |l i ght

froman infrared L ntering.a crystal imde t an_infr d

Lransm t ¢ | PIGPRE L TRen S8 PR gRPATgign o 4 B RPLbY HBR P FHBSIFght 14 SPROEr nal | y
reflected and extends beyond the.surface of the crystal - into the sanple
that is .i nthedightphasef4 as reflax do thetlight endsuotuinn A0othe rérpainder efitbel lightephiage m
transmission used in Table 1 refers to the case where infrared energy is 15
passed di rerhéing tdyeled RiatstBannse to ﬁ&ct@bf@w? piEY, ITE arRudt € 1ighi 1 ar ed

energy. Simlar to the ATR technique, the renainder of the energy reaches
the detectgr. LI is.well k to those illed i.n t art of infrared
spect ?%sco@gf’s? Pigfm%%t&swmpg(}%%ﬁuﬁé e%&%ﬁ@ﬁ%ﬁéf‘ﬂﬁ@%é’ﬂepﬁ _°t(l9 rgy is
passed on to a detector. ATR produces a very short pathlength for the
infrared |PyAps Phand®4.sanpl e. fundanental - absorption bands in the

m d-infrared. have correspondi ng overtone bands or "echoes" of | ower
intensity in thefaayeednitedidhrdedsedrdontdif a@diiondl @Pbce8sing BE tHedravy Phasefazar ed
regi on, which incorporates the extended md-infrared region, stretches from

" he et SRR A EAPLREl Tl of gt R HORLF U BggERRs o110

magni t ude | €ss intense than the fundanental absorbances. Sinmilarly, the
second ovefdBhEZH It 2R6And 5,305, M6, thedieavy phase #2ds PEther Grateid® tn®39: 4
PCT/ USOL/ 02~89 hi gher near-uztrared frequencies are an order of magnitude

| ower 20n i slkeiesi Onedgeh Procdsd IS showtyindIG. Neviye tHediRArdartthnsirémb i column
near-infrared could be used for quantitative analysis by nodifying the cell

Component & %3 B kRt dhane hrnrkBRGR P WPt Roeiol Rl ERr =T Cg) on.

column 70_,is returned via stream 2_20 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

-8-



~ The infrared instrument, transm ssi o‘n cells, ATR cell and trang é‘nngﬁ
probe to be described in the | aboratory si rrul ations are substan @Hi he
sane agvgqubmnt used in a manufacturing faC| lity. ProcesBUSMN02sAed

Vendors sucti-ae Rt oA ERaARTERBRTE, ShndeEaP YRR dR RlR R

Quebec, Canad Wi |- hI? %I’Oﬂl C co onents of | aboratory and process
spectronetersgsﬁl?aéaée's Fﬁleélllpif d%@’f?’ité\hqs 389818 Safvd @l 5163490 mad
considerations require that process spectroneters are packaged in expl osion
proof, pur géd/83akilnEPPatedit Mol 487,984 el RITE PublicationMJOO81 D4 I9MaAlL 6£ the @Bdlict | ons
in.a process environnent conpared to a Iaboratory infrared cells are

usual |y mai nbil §6eksd btréamdcaMRHna

cabinet. 1t sholjgl d be under st ood g& eg%tlplg‘r’%gﬁoﬁggg}dsvg&eje?&pi egl on
used for. quantjita anal yzin rt| cuI ar co onent, may vary

dependi r‘?g Iﬁtﬁ%l#ég%éﬁyd“g@%% gﬁ%&?ﬁs&%vﬁuqs§"5 ]rlﬁ’omélc%%d-, gi ven that
a particul ar conponent may be nore concentrated at one location in the
reaction system a3iifisaien entompasses thadxghéamdsajoimm 30 a%(mmgstehabow}@ﬁwlenn

This can be seen in Table 1, where, for exanple, is neasured in the
ext ended M ds b dEyiag eSluERMPMmHea @&ds%%ﬁﬁ-?ﬁml f&? hase
and in the ext gﬁ%e m d-infrar edegegl on 621¥a§¥t§@&1 @ﬁfo%%sesgsgéo‘éﬁ% er

| i ght phase; or _.vessel to.be simulated, nmulti conp nent
sol uti ons wearrlg‘&?)lpggg&gﬁhﬁg  SIFR aEfHE %k?g@?m&%&% eilme; imnygities; sEhed

create calibration nodels. -24 2 8 DEC 2004 WO 02/ 0~. 39: ~

PCT/ US01/ ozcsbm@zﬁﬁ@rﬂtlﬁ%aeld@ﬁﬂlaang eelufnprwhible tes suitufeed asvatepaticcnititeaant
with the ranges examined in the individual on-line exanples detailed

Wi t hi n.10For 140 &ivpd the lighe eledN® sad el -r i ]
e lighee Atk 30 HRBuARESES PSS 8 its MJ] egﬁ'j’“ﬁéﬁ“ﬂ&ﬁ .

decanter |ight and heavy phase calibratTon standards are
LI GHT PHASE r _Acetic Ac EIOA 9 npl ar Met hyl
Acet at e (Nb&éﬁgog%o'ﬂﬂ%%ﬁgcom%&%ﬁ& ? EHYE V(W ?)m(t F?@P’étraci"(lﬁ 2dt al dehyde
(CHBCHO) 0 20,,0d0 ppm | ~EAVY PHASE Water (H20) O - 1.5 nolar Acetic Acid
( HOAC) W afer is FRROTAL ¥prhead siasteeamniddute p colummiovashead drim\AS dnd retuomtidde

(Mel) 8 15 nol ar Hydrocarbons 0 -. 1 nmol ar Acet al dehyde (CH3CHO) 0 - 20, 000

ppPM As out | tonthe reavtibhaectivawda stekeand 186 BEp@RPPRC AL h&HiSn of Md Rdbised sHREGH S
for all corrponents | n all vessels/streans were validated by preparing -

sol utions of, bt ai ni i.nfrared spectra
of these corrponents an quantclg8"‘“%91%21@2 %ﬁ@%’r? ?%e O FOE8FSHG £ he
appropriate calibration nodels., Validation of the decant er heavy phase :
cal i br &Pi on? ‘?’r&&é‘?@s?% SpehAs thedeseribediin hS. RagantNos. 5,489,876 anéﬁd’BﬁGQ,raaphl cal
format for CH3CHO in FIG 2, .in which eight solutions of known conposition

Wer e prepar pettian®f thenoenhead strearn. 186 cendenesd iatdetn 5% 8 @ddabvia tAnSenlEe #gp4 VO
02/ 0439.1 PCTI USOL/ 02-189 the calibration nopdel s. Oorrel ation coefficients

(R factors) t

indicate a %%Nhrgéggrﬁgg%gh ceﬁl?ség?/ﬁ ﬁaﬁ%% a e?hgﬁgr%}%ﬁéﬁt ?Lgnd al so
for quantitation.of densi il t?mlar val i dati on vvas carried out for the
decant er Il‘a'}’ffenﬁl"ﬁ’fé‘ 100, oo s mpERNEr Proqess eonitgl of tieprocsssasalesasiveidn shown
in5 Table 3. Simlarly, Tables 4, 5and6report val i dation data for |ight

ends col u nnthb@bomatcgtt}semy) hceticaoid is hemoyedefrals tiesohattom P D fitie di'ﬁﬁ% ty pe
solutions and drying columm feed type solutions, respectively

02103920 N KO P
a0 3 N @i ®h Shicitnt Qi ifdeiy fo H@géj@&q nf} §Bwmor 6 hi"?%ﬁt o

ovN

ends column 60 by pump P6 via stream 190 for further removal 6f 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

-9-
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a{;ago,sal i str;@né 9%’[’% @rerﬁlsadgfsneavy ends cc?l\fumn 60 is sent via stream 192
to drum 64, condensed, and returned by pump P10 as reflux to the heavy egds-column
60 via stream 196 or sent via stream 194 to be mixed with stream 140. |

The purpose of Fhe optional heavy ends column 60 is té remove hiéhcr boiling

propionic acid impurity from acetic acid. The bottoms portion 62 of the heavy ends

column 60 consists primiarily of propionic acid while a sidedraw stream 200 consists of

pure-acetic acid which is sent to storage in a product tank.

. ..Process tro

Thg generally accepted method of overall plant conﬁol is the concept of

in\}entory control, also known as lével control. This is primarily achieved in‘two areas:
the_reaétion section and the light ends recovery section. In the reaction section, the
flashing rate of reactor solution must be sufficient to match the reactor feed rate and
thus maintain desired reactor soluﬁo-n level, as well as reaction temperature. A reactor
cooler (not shown) is frequently used to hélp contr_oi reaction temperature as the |
flashing ratio is varied. In the light ends section, the inventory concept has two prh:ﬁary
functions.. The first ﬁmctioﬁ- 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

ligﬁi_".ends column sidedraw stream 140 and feed it forward to the drying column 50.'
Level controlling a sidedraw tray (not shown) of thé light ends column 30 and flow
controlling the decanter light.phase recycle stream 18.0 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 is decreased. This forces more light phase reflux via stream 170 to the light
o 1 O -
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controlled sidedraw fray. Convcrsely, if less crude acid is to be removed from the
system, the ﬂovlv via stream 180 of the dec;mter 40 light phase recycle to the reactor 10
is increased. The result is lower column reflux via stream 170, more ac_:etic acid in the
overheé.d of column 30 and less acid on the sidedraw tray to be fed forward via stream
140. Another key control concépt is to contain HI in the boftoﬁ:ns 34 of the light ends
column 30. A minimum required water.concentration in the bottoms 34 ensures that
thé HI remains below the sidedraw tray and is returned to the reaction section rather
than moving forward to the drying column 50.

While the concept of inventory control works reasonably well in ensuring

quality control, compositionallchanges can occur which may lead to undesirable

conditions in the process. As some of these compositional changes may not be detected

(or at least not detected in a timely fashion) by inventory control, it would be
appreciated by one skilled in the art of acetic acid inanufacturc that continuous updates

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
vanous columns is critical to product purity, as will be described below

Typlcally, downstream analysis is conducted by off-line sampling followed by
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

-11-
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section can lead to bregkthrough of impurities such as iodides into the product stream
200, which ultimately reaches the product storage tank. Such cyclic behavior might be
invisible to infrequent daily sampling but will be readily apparent from continuous on-
line data in accordance with the present ini/ention.

5 The a’bility to analyze the vﬁﬁbus process streamé and columns in a typical

acetic plant such as that depicteci in FIG. 1 allows for various levels of process control.
Each vessel in the purification section can be controlled separateiy or in conjunction
with each other. Each vessel can be controlled using a mass balance principle, namely
that the mass flow into and out of the vessel can be adjusted based on the composition

10 of'the streams in and out so that the component or components being monitored can be
controlled singly or in combination. Depending on the desired level of coi'.itrol _
required, it mé.y also be necessary to change the téinperatme or temperature distribution
iii the distillation columns. Typically, this can be achieved by adjusting the steam flow
to the column reboiler alone or in combiriation with coiumn pressure. It is also

15  sometimes necessary to additidnélly control coluriins that are before or after the coluinn
being controlled ina cascadé-type of control scheme. Not only is the monitoring of the
various streams possible by the current invention, but analysis probes can be in,sertgd at
kg}e-_points throughout individual purification columns to provide information on
cdi_ii}ionent gi'adients 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 inventioﬁ méy provide a signiﬁcant advanfage 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

-12-
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PP reacti%e %fstﬂlatlon techmques in some of the columns by injection of potassium acetate

or metha_nol to scavenge iodides, for example as described in U.S. Patent No.
. 5,772,156. The current invention allows the feed rate of the component beihg injected
5 into the coimpn to Be controlled based on the analyses of fhe column profile, feed or
outlet,
1. Process Confrol in the Light . ds Decanter
Conditions where confinuous updates of the corriponeﬁt concentrations in the
light ends decanter ve;sél 40 are .liseﬁ.ll to process contro!l arelouﬂined below.
10 " In cases where thé reactor 10 is _tb be operated at-low water and/or high MeOAc
lconcentratio'n, conditions in which Mel cannot be separated as a distinct phase in the
| decanter 40 should be avoided. If th.e water conceﬁfration in the light phase 44 falls to a
low level, the light phase'.44 'becom'es prgdominantly -acetic acid, and an increasing
amount of Mel becomcs soluble in the light .ph_ase'44. In extreme cases, there exists
15 | only one phase in the decanter 40, which subsequeﬁtly dilutes the Mel concentration to .
a low level throuéhqut the.entire decanter 40. As a result, the p;J.mp which is designed
to recycie a f:hése that is high in Mel concentration is not able to recycle sufficient MéI
‘to. the reactor 10 to maintain reaction. Asa result, the reactor 10 is “quénched” and the
operatifig parameters need to be adj ustéd to resume the desired reaction. Ir-.1.add.it.ion, a
20  high cc;ncerx.t}'ation of MeOAc in the light phase 44 allows Mel to dissolve lin the light
phase.44 Fo the extent that only one phase exists in the decantér 40. For example, if the
continuous analysis of stream 160 shows ﬁat 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.
—_ 1 3 —
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reflux also serves to balance the water load between the reactor 10 and the downstream

drying column 50. If too much water is retufned to the light ends column 30 by
increasing the reflux via stream 170 and decreasing the recycle via 'strea.m“ 180 to the
reactor iO, then more water is eventually removed in the sidedraws product takeoff and
subsequently sent to the drying column 50 via stream 140, The anter load in the drying
column 50 can be increased to the extent that the column is flooded and will not
pel;form its water ;emoval function. Conversely, if too much water is sent through the
recycle stream 180 to the reactor 10, the drying c‘:olumn 50 may be éritically unloaded
and 'allon impurities such as hexyl iodide to break through into the product stream 200.
Another example of the analytical capabilities of the current invention is to cbntro! the
light ends column 30 by ensuring the acetic acid and water concentration in sidedraw
stream 140 is maintained. One exﬁmple of a control sc_heme is to adjust the light ends
column reboiler tempcfatur_e alone or in. cbnjunctibn v'v'ith._the column reflux 170 based
on the acetic acid and water analyses.

Because the concenﬁaﬁons of water and/or MeOAc may change in the reactor
and in the downstream.' aréas, to either increase préduction rate or to change the qﬁality

of the product it is important to monitor the composition of both the light phase 44 and

heavy pﬁa’s&4_2, particularly to avoid the case where the decanter 40 contains only one

phase. - On-line analysis of the two phases 42,44 can inform Operators of changes in
composition that, if left uncorrected, may lead to condltlons of one phasc in the
decanter 40. In particular; the concentration of water in the light phase 44 and the
concentrations of MeOAG in both the light i)hase 44 and heavy phasé 42 are parameters

that can be used as guidelines to avoid undesu'able condmons in the drying column 50.
- 1 4 -
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UdNend' ~n~' n00~z PCT/ USOL/ 02a89 - 29 2 8 DEC 2004 WO 02/0.t379€l¥’E
PCTHIT, ~89 TABLE 5 Accuracy of Laboratory Extend - ared

Cal i br\gg’ljl{aﬁg%del s for Propionic Acid and HzO in Heavye%nllc?lllsjgbé}g%srr?n Feed and
i n Product Imadditigelectveising the genditiorhof dPeghaseid tieadedanter 49, ktooled gEmfitloesi t i on
Were UsedSanpl e No. HZO ( ppm) Propi onic Acid

( ppm) Act uahwiiee dondeAghtita Jﬁh%ﬁo%lﬁ&ﬁ%%ﬂiﬁé’%%%@ogper balance of water between
464249023843542' S3056262046686791584 ~15147347193884268198369701010

. 936952105 ¥ 4 6 cura f _Laborat.or tended .

M d- I nfrar gg%@%é%g%%&@%%ﬂ Olé(ré]'3 ’»'i}ﬁg‘ﬁé’?&fﬁﬁﬂ%&é&&éﬁﬁﬁﬁ?’ﬁﬁs

Ei ght Prep%re Sanpl.es of .Known Conposition Were UsedSanpl e No. H

( ppm) Act uaPBE GRCLEBRIS FOREREPLS sualysinefieauy phase d3 a6 Sighbnimsa 44 0EYeE9 - 30

2 8 DEC 2p04 WO 02/ 0~39~ PCT/ USQL/ 02-489 The interchangeability of the ATR
met hod 5and below. eXitk referdned 0 KIGabsifiviel comcentritiar detreueésiacheaty plinat Ugited S
illustrated by the two sets of data in Table 4. This table conpares the

accuracy ofy.t [ : 1 1.SSl h for
anal ysi s o?lelmﬂgﬁg@ gg%drlrgg E%at%t’%s@t? %%&ggildau |ngtna}sl{2r$§@ttso Z%/I(I)eg rgﬁ%wglds :
excel l ent accuracy for_both techni ques over all ranges of H, H20 and HOAc
exani ned. h °é??@{ﬂrégyBﬁ?ﬂilsﬁ?'@é?‘@eé%ﬂﬁfﬂ%ofmmm4%%@{1#éﬁf@ﬁthea‘ﬂ@tet argely
a function of the signal to noise ratio for the spectral response of the .
conponent bélangetie thestzactdiol G ¢her witer anatysiswfdight phaaaddis wseditakdjastshe n

i nstrunment performance usually associated with electronics. It is well
knoun €0t BaRE.ufvahdrdekd @ot 8wl to BE rHBEELDIS EURNsthAbatl oLt is
conponent being neasured I's preSent in sufficien fy hi gh concentration the
signal,,to noise ratio is very large and noise will not adversely affect
quantiltoati H}?m%’tﬁ%cﬁ the infrared signal is very small, as in the nmeasurenent
of ppln levels of acetal dehyde in both decanter phases and in the .

neasur ement of ppatherembadimkntofhé anrent mvientiomis appligatiends tieoirocess or  pr oduct
stream solutions, the signal to noise ratio can be sufficiently 15 | ow such

that the neif@] itd%@%&ic%?d‘ﬁr%é&és‘&scnmp% (ﬁ?}‘i‘é?@n?%%.@,@% bo§laR] noise can

be averaged out by: (a) iIncreasing the [engt ime t'o dcquire a

‘spectrum kcal:.acqui sition ti i s5,0f .th rder of ..30 seconds.

| ncr easi ngg\’t’]%l){’gg(?'oiffgq ﬂgﬁyﬁeﬁa&e@yygﬁqseg;mﬁl&ﬁt &?ﬁs?%é‘?ﬁi%e ﬁ%’?émﬁ%‘in%%t whi | e
| eavi ng the signal unaffected; or 20 (b) averaging the results for a nunber
of spect r aPEANCe @8 singlephesm 2 pocioand stréwn f 86 Whidhesmtanet abighgvaterchni ques
were used in acquisition of quantitative data for ppmlevels of

acet allgehy egncefiiratiofithe be diteoted (ORI t&6irdhm THE oL BE ARER4AD thiﬁ’xhléci\)% FIG 2
shows the scatter associated wth five repeat neasurenents fox decanter :

heavy phas y i t he,ei ght ,val i dati sql uti.ons. At
concent r at ﬁ%%gg e égl%glwﬁ@ﬁﬁf%“g%@%ghn Wge ﬁ'~@gg~mg@ﬁ%§%i9‘iﬁé~89 |
ppm indivjdual predicted values may vary by as nuch as +/- 300 ppmfrom

t he act ual byadiygingfheBowfor prrapeRband®4.of 5 neasurements which is the val ue
reported in Table 2, inproves the accuracy to about +/- 100 ppm Even with
thi s aver agi ng. Hytifveardosédn sosetifes bowd té}s)irﬁﬂhle beavyepHaad e withAel.t @irben at
concentrations bel ow 200 ppm acet al dehyde. 5 Simlarly, ppm val ues of

propi oni ¢ agid.: ‘] . | ues, of Hl.in Tahle.6 are the
aver age- o%%g'gxﬁ‘ggg@gﬁn% F‘lt’% pneﬁfa?xéﬁ%ﬁul?og@%éﬁﬁg% %%{eraﬁ@vﬁg{'/"écrefi %fm{)w@le&ﬁf rared
measurenments of individual conponents will vary in accuracy and precision
as. a PHnct PORDUstion REngiural gas Arnil residuesy dAsoF resWhnff) stieams may lfentelaipace. Thus,
where a particul ar spectral response is strong and distingui shable from
responses gumntities of hy@rockfbone geasRlly alkafesa Iﬂﬁ@g&ch?QGwS&cﬂﬂﬂé to noise

rati os are obtai ned even though the concentration of the conmponent may be

[ ow pom valGEe e il AARRE CabuRin Bl bR Red RRRER: Whenietl "

resulting jn greater reljabiljty and | ess variance between actual and

pr edi ct ed 5%4@%&@311 g@ﬁ%ﬁ%&ﬂ@h% Tihp denstyeaf lowsey alisanes irricthe peder 0A0.7
conponents.. 15 EXAMPLES In all exanples relating to.the decanter 40,

equi pment ' g/asl stxbthns,ias well@s dRuting the el it thesheavy phaset42¢ thy loeRs slkeas WwIENT .

. A glass decanter 40, nmade froma gl ass reducing Tee, was used to study the
appear ance and neasure the conpositions‘%?‘the | i ght phase 44 and heavy
‘phase 42. The dinensions of the nmain section 48 of the




© 20 decanter 40 were 3 inches inner dianeter by 14 inches Iong,zgﬂﬂE%he boot
46 was 2 inches inner dianmeter by 5 inches long. Typical |ight é@ﬂy

phase conpQ@sitions were prepared and added to the decant he heavy

~ phase M09 Olug(t% ? in the bottom of hoot section 46, w t]ﬁégﬁg}o%@g&?f ace
Bbout 2 i nchES D EFaRAE e DAY BRI S5RI o rAS Reavirghasesseparpion 4@ fuhctidreof

decanter 40, To mnimze the material for these studies, the -32 WO

02/ 0~39: ~ 2bethEplute omispbilitysal demigincieghing hydmearbdn aottbengaion phAase 42

wer e i ndependently and continuously recirculated via return I'ines” 300, 310

respect i vel ydverielnaffsbiBscantdd éeﬂfoﬁ&ngjlg, CAdSEAM: & FI?:}P F’E g%tafig O@ﬁdﬁ%@ t \4’1\?

streans fromthe return lineS 300, 310 were m xe

j ust before j t ecant 40.t0 siul aje the, mixture of conponents
Lhat 1s byl bt o SEEA ¢ Hor Grhy oRtsl b luginecnycppcarons and el
manner, _conpositional equilibriumcould, be established between the |ight
phase 44 an#2§Es¥y 230 fwa the boohtpobdechuter 4 sMshismpatated saddedbackdgithé onal
wat er, acetic acid, nethyl acetate; hydrocarbons, Mel, CH3CHO or m xtures

thereof to teaetol gtibn PhaseahP20WaRaPHE h?ﬁ%%ﬁbgﬁ% Sre26db oo e ?@?hOf a

three way valve (not shown) connected to phase punp In ot 10

shown). In relating to the |igh nds colum 30, ~drying colum
50, heavy engs g%ﬁ%ﬁ;%ggﬁﬂan %F%ﬂﬁ%?ttqglﬁﬁ? gl%‘hﬁ‘fﬁ’r@ﬁ@“&:fagﬁwuin FIG 4A
and FIG 4B was. used. A one liter 3 necked round bottomed flask 92 was
filled w thmaBfashiiag anheandeaperatdiine batthuorn amtifownmods:. i On-tide 2EOHEIQSIT | ONS
wer e changed by adding the desired 15 conponent via syringe. directly into

the flask 9Bydrboartins voRdBllEes a dbRENDRHGE bPMe H?%g{ﬁ@ |

manual | y obt ai ned sanpl es were gas chronmat ograg?o{?? , %?&aﬁ%gé%@ (KF)
wat er fptraty.oh h ¢ i odi titration. These are well

est abl i shezIS ana?%ﬁ%%?ﬂ%%%%%gailgdgﬂ’tﬁ acid manufacturing with accuracies
greater than orngqu |. to +/ 5% GC analyses were 20 carried out using a
Varian | nstrune %‘?tai@ﬁtbmt(cﬁzgg@ i5m wrsigsireaymoduns in theweactorelfuilppesd With a
NUKCL 64 neter capillary colum and a flame ionization detector. Karl

Fi scher watundergodiyyisegenswnreinehe feattr 00to fSin dha0] FNiGe} ) wn,  NJ
AQUASTAR nodel VIB titrator. lodide (as hydriodi ¢ ac?g gﬁgfg%@g@m@%

carried -3 = . PCLEMSOL/ 02~89 qut by titration
with sil Veftaﬁbiot%%r%%égiﬁ?{ %Pa\ﬁﬂrﬁ%&gﬁ%@ hstq'vfgj%u?%tgtsgf?ar‘f?tﬁ&?% eac ingosin v
i ndi cat or. geol utilon densjties were determ ned by weighing 1 nL of solution.
The i nf r ar &8¢ BFERGAtISRSetion,; Asgtaldehyda may alsel condanss tagive AV G@tarodel

obtai ned from Anal ect Instrunents, Ponona, CA. Two types of detector were
used. ¥ 5 afdohals) which-will fomh ileconrysdndat isarieaf The &, RMidd Mg &kBES M SSion
cell nounted in the cell conpartnent -of the spectroneter, a deutero :

triglyci ne pattichifSis tlohbiekorHS iEhE gﬁaé:‘ﬁg%oflr%%aﬂepaf%% agltrdgﬁénufgﬁ%{npl' ©s

invol ving use of a fiber optic ¢ ansm s$ %di um

ar seni de (Ig A%éydetechgé vi/as used. Loss of signal as it is transmtted
through fi B&PRBI98Y & itif Alcyltioseparate fg?gﬁlagfﬁl%cl methadryng eolyinm Seardh As
detector. 10 A nunber: of nethods were enployed to obtain on-line inured
anal ysi s f @aylead forigdideconisemsnationfof et et adiy Product) forékagiti€ nd Aecussed

m d-infrared region for the decanter |ight phase 44 arid heavy phase 42 was

carried outinBP PeBliB&Tdn NG dsigsseturn |ine of one of the streanms 300, 310 to
‘the inlet of a 0.5mmtransm §sion cell equipped with zinc sel eni de wi ndows

pl aced,oi n the c%ﬂ@ggrgggrhrrent .of an FTl12 spectroneter 90, and the 15
out | et"“was conné¥ G Aas Hbgilingpoinhetonly R ACaod thusuwilistend teemicnmulate ed
the material to the decanter 40, as shows in FIG 3. Alternatively, a O 5mm
pat hl engt hitf ihbénghbmdsccob.mnt@dvérh@dﬂsdﬂd&:‘éh@éhtﬂ%@i'ﬁ@th@ﬁéﬂaﬂfé’?Q83"’ilg51ﬂljﬁé‘pphi re

e

wi ndows, obtai nable from Axi om Anal ytical Irvine CA . coul

inserted,i : ' t] ) 46,01 .t he canter, itself, as
shown in Flﬂﬁé)ys%@@t(‘){rﬁ?%érhg t%fétq@gtgﬁlr%&%tgggﬁaﬁﬁﬁ@ﬁa’oﬂfg u_§ﬁ8\R/rW. On 20 Line
anal yses of _splutions_in the one Liter flask 92 were.simlarly achi eved by
cont i nuous FYPRIBALRR With,pg-insreacipr analysisef ofhes compenay) iv hdantififing bptitmal r ar ed
cell 90 back into the flask 92, as shown in FIG 4A or by direct insertion
of the fi btsaclopromditionstbeninimiae SyprodicTonialn. % vhméty o Bfoceie |iter flask
92 as shown in FIG 4B. -34 2 8 DE £004 WO 02/ 0. ~39.~ PCI/iJS01/02. ~89
Infrared analyses in the md-infrared region were simlarly carried out by
connecting the return line of one of the decanter streans 300, 310 or the
outlet line 320 of the flask 92 to the inlet of an ATR tunnel cell equipped
with a zinc selenide 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 retdrn line

~A N e N o o e v o ~ o~




- 20 of a higher concentration of MeOAc in the heavy phase al so al |l owed
greater solubility of both HOAc and water as shown by the tren 8 PR@<2004The
heavy phase was manual |y sanpl ed before and after the MeQAc addi tion. These
" sanpl evewy@3danal yzed by off |ine independent methods SCTARAMYESS,

speci fi cal | yRUHEAVPRKard knpiwgidhdhe art Foe remb ving acdtakiekyde, akmweeﬁﬂg-hl:zﬁnt
agreenent between the val ues -35 2 8 DEC 2004 WO 02/ 0. 1391

PCT/ USOL/ 02 r@hquiseidkerized Heyei@ Bidw rmapmtaa ?f&@s@dydtﬁoh@fr& fof'th%@ hEGhNi aues
and illustrate the ability of on line infrared anal ysi etect even

smal | chang t br ought abqut .b ncrea5| ng
concentrat i ??ode e&@g@:&ghe{x % Qﬁﬁf%ﬁ&de A rfog\ﬁm 1? oAQ¥, teiablawen-
MeQAc to Decanter, Heavy Phase Correl ati on of On-Line Extended Md-Infrared
Val ues with lPﬁ&%%Jbéﬁ&émt agy pcetaldehyda spyeengation cengesmabe (€@BhaAD, where it

Fi scher) Conponent . On-Line InfraredGCKarl FischerBefore AdditionAfter

Addi ti orfBef oambddmnitoredAfdndse rAskbnbblgEREEREEIAMeld

(Molarity)f.~ 70.89 .- ,0.590.93 mﬁp O cfingld H ine 184G

(Mol arity) 1. 65I 631 471. 56- - MeQAc (I\/bI arity)1.98.2.651.952.79---' _ Mel
(Mlarity)l 1.7210.711l.8010.63---Hydrocarbons _

(Ml arity)0.0690, 020 0450 042- Density (g/mnlL)1.951. 861.961. 85-

xa a Simlar coné 535 ontrol ypdhe L ight finds Golumin Batidmsant er heavy phase
sol ution of corrp05|t|on as shovvn is the first data row of Table 8 was

moni tored for a ®lydrdgeariodide (11 folrns mmowrvoﬂihgtdz%tréﬁd ifYettk £4id Solutions

hydr ocar bons sol ution were added at 20 approxi mately 12 m nute |nterval S.
The trend | ha@sg FErGhan’a i3 e ase ons
concentration frg%laalgouatn (S’%ggy\/%léﬁ%% aédggt“}a gncregﬁ'gfpon%abp

decrea in.gonce trat ot her _heavy phase_conponents as d| I ut| on
occur SSI%SO| 732 b" %@%@@%E@§tlé@tﬁﬂﬁﬂﬂ&emo@ﬁcurhesuvbr y light
hydr ocar bons (agzprom mately 0.7 g/nl) repl acing the .very heavy Mel

(appr oxi mat ¥platilzagiog/will)leadTiode2 Hisialthe battortestraann]5y desursiaBh 8 fRefipme each
hydrocarbons addition and the sanples analyzed by off line i ndependent

met hods of gge@iby,Sdnd thed fdd@éﬂé 2 /039: 1
PCT/ USOL/ 02. 189 concentr |ons Sa é@&e&qﬁ?ﬁﬁg Pdldgd& &gﬁm&g{ﬁéﬂfﬁl Tabl e
8 show very reepent between_ on-ljne and off Ilne t echni ques and

i |1ustrat eswﬁkggigpgf?ﬁﬁegewq p#TEof tﬁﬂ‘&*‘%@dﬁéld&@%ﬁe&mlmﬁt@Bw
quantify chan es |n h dr ocar bons concentration. -37 2 8 DEC 2pp~ H WO

02/ 0.1t 39-t the dyog coldiin 50~~Hrece@d eqmpmant gm&@l@l@ﬁpﬁw rMp
M, ~Uosvcet c~~o~~ a, ,,, ROU ~*a~rr. 7' O"UM ~I; M

~h," O 180 Mnhﬁu:facmﬂ: is stibstarttialld indrt to the coﬁﬁponents 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

coneequences both in terms of corrosion of purification vessels and in terms of 1od1de

contammaﬁon 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 minimﬁm concentration of about.5 wt.%

(about 3 molar). |

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

7000 cm’ Hor rmd infrared (400-4000cm D) spectroscopy Thus on-line analysis of the
- 1 7 -
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UO0V10~N00 o~ ~ ~\V?~nerr, Wt;M;Z' ~~~r.O"" ~~ "0 4~ ~ xU7 Ig@"( ~
~~~~' ... i..r.-1...NMtO0 h 'OC, OOC~ 4. ~O C~.~CU~vaN~IN

. ~C n‘%OQerOOQd UH -38 PCT/LTSOL/02.t89 WO 02/ 038¢i/ubsavimse 3: 28

DEC 200 PCT; RaOs d t
wher e not edﬁé&‘?hl S e%géﬁg%ﬁw%%gﬂgﬁhggr@&nﬁﬁegﬁ ﬁg‘gglralbj’ gé?e £ yde

as its conc n es | the d canter heavy phase. A heavy phase
sol uti on vvagﬁtcgﬁﬁ QY&Y 5‘? B@ndiﬁﬁ?tﬁg 5, which tine a data

poi nt was obt ai ned ever Dur| ng this 2 hour period, 9 aliquots
of acetal dehyde weiQcess ED6&In8 Cohon the increase in
acet al dehyde. from a startl ng val ue of zero up to about 12,000 ppm The

sol ution was narTigd dryirasRingdfdeafioime sﬁﬁ%&eﬁﬁqu@'ﬂ%?&m g@%&#&@ﬁ“gpt he

2 nl1nutes

sanpl es anal yzed by GC. Because of residual n0| se pres rared
data, f4ve fp 2 S were dto ethelnfrared dat a
in ea(:h5 r ow o{ 'Paa g%}éggﬁgmﬂm%lq‘mtﬁ tH’e?tsé’ dnd MeQA g al | ows
an accuracy of approximately +/- 1 SO ppm when the infrared values are

conpar ed t dracpauatitiesof B. Themeainpuppiesofithissobmmms0 ishapratuicegrypadesit| i ng
average of data points over a reasonably brief time period, such as about

10 ni nut es agid, omfatee i @eHov¥EVERREAI0K A Bkt 1@&%@&,@yﬂg %@@% Ag%nal ly.

expected in decanter 15 heavy phase operatlon
02/ 0~39~ P ABLE 9 Additi Acet al dehyde to Decanter Heavy
Phase Correée ?é%(e(a%ogn%d%c%%vatpéﬁﬁ%eﬁﬁ 24 Str5Rm, (Thg Wakér rompsition im dependent
Of Line Anal Qci Technl ques (GO 5. ~Infrared (ppn GC
(ppm) 690 30955%13 stream 184 ghould optimize the additional cost of recycling the acetic acid and
. 7731011 49103115861489188419463120309555525447151231712115 tam exanpl e 4:
In thild exalmpiast of feparating tie dccticad@ronf whise. 96malk ffis bid géad%‘?ﬁrﬁ(kﬂ1 ol

a a

connected to the infrared cell. Infrared equi pnent was I1dentic

descri bed ition as shown in Table
10 v al | Su2aRad o hanCPEF R RhodR 185 1R0ush pERp B o makiali s etere vitera
poi nt was being recorded, about every 35 seconds, as shown in FIG 9. The
trend |i neénvfeB&’Wﬁfés’é’éPﬁ‘%déh@W ¢anche l§e¢)tcefaeémter¢¢ the/light efds coblran 30as
achieved for all conmponents. At this point water was added to the decanter.
The trendsanhdédatterd0show the effect of this water addition on Light phase
conposition as nmeasured by infrared. As expected, water showed a

signi f1 cant | nCre@styih cABnGRAEALEANIIYY hE W ARarire BN doRedt aad b ™"

15  number of liquid loaded trays (not shown). On-line analysis of water in the drying

coulumn 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 _;ft}tnb:r of purposes. If too much water is being sent to the drying column 50 from
_ tﬁe I'igﬁt ends column sidedraw stream 140, the water load in the drying column 50 can
| 20 Be increased to the extenj: 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 bécomc unloaded. A combination of on~

line water analysis of light ends bottoms 34, light ends sidedraw into stream 140 and of
| -18-



showed the | argest percentage decrease in concentration. The %lﬁ ht phase
was manual |y sanpl ed before and after water addition and the sa < omf e
anal yzed by GC and Karl -40 WO 02/ 0. ~39~ PCT/ US01/ 02. 4?@ ﬁrg%ﬁggg

" ~j ~ra. cWEh02/0B% aaia m 1 able | U show excel | ent correl at f ol Bet lieen on- Li ne

5 10,1 nfrar g andiihe vl wbliGulberhol AleS ANoASIRASLERIR T, LDRmADkAbY Of

on-line inf ratel'y quan changes 1n |ight ase solution
conponents in response tq-cha s in water concentration. TABLE 10 Addition
of HZOto D&%ﬁﬂ"é‘ﬂdﬂmyﬁ%é‘%‘gg‘%ﬁﬁs@rati on of On-Line Extended Md-Infrared
Val ues wth I ndependent O f Line Analytical Techniques (GC Karl Fischer)

. Conponent On- Li n@ depériceadvefiafaof a Watee penfibe b Dthe dAyidg tolurmaf $(eis agsbdiatédnBef or e
Addi tionAfter AdditionBefore AdditionAfter AdditionHzZO

(Mol arity) 23, wter technology® ERR9Viof R D minor byproduct, forms a constant boiling

( Mol arity)-6§’étg‘é.g‘gd’§£?§%°._}5’° °§5%3 Vbl arityy L 641871 891, 83-- - - “Rel
(Mol arity)0.400. 260.,420. 26--;--, Exanpl g 5: 15.Thi s exanple is. sj;mlar to
Exanpl e 94 e#&85ePE WP aﬁma%gndaﬂﬁtéggq‘ﬁhetnﬁglso%g?@et? r?ﬁgyezg}aglgﬁha%qner_ The
trend lines in FIG | 0 showthe effect of this HOAc addition on Light
phase conpoFutthamordshexpiedlitydf thisezeoirophidedsedsks with deereasing WRAI | | ght phase .
44 showed a significant decrease in c_ohce,ntrajti on from 28.02 nolar to 25.56
mol ar: The |.guehi@dEkitk BRGIMLRL fRtndrfastd fodidedd¥nt BRiastortth theBoftémas2 of

increase in Mel 20 concentration in this phase, i.e. a redistribution in
Mel from the heay ase_42. 10 the |light phase 44...The light phase,44 was
manual | y- saglbq %ﬁ“éé’%&r%“ a%dTgllstvéarter e&aﬁ?ﬁp? Wﬂw?ﬁ%gbeaérgg‘gﬁ SO Bl show
excel l ent correlati on between the values predicted by on-Line infrared and
t he i ndependestribed forleixampletn &FoPukdicktior NeHR85,453¢ And theesesgRbNyentioist r at es -
the ability to detect and quantify changes as low as 0.05 nolar in all 25

conponefy  CoRGRHEds AhbtB8 of mAgrovedcchtiob6r the WhtohpProfle@f i dryink odlidhh 501 | 5
PCT/ USOL/ 02~89 Addi ti on of c to Decanter Light Phase Correl ation of

On- Li ne Extended. M d- | nfr I TN 1 136: tical
Techni ques ("ﬁﬂ%qsgﬁ%% 3@3%‘”@@%%%%% é% Hﬁrg&l%gg f@% gg&:&étﬂrq?ﬁﬁﬁg% r Bef ore
Addi ti onAfter AdditionBefore AdditigonAfter AdditionBefore Additi onAfter

Addi t i onH20 lgvebitee law fozgletsotion erquantizatiopbydl IRs byta-kavledge of the column

(Mol arity)6.046. 725.986. 70--- MeOAc (Mol arity)l.061. 041. 04L04---__ Mel

(Mol ari ty) 0.vut& coBnbésusezeotropic bitfkdowaiwhr Goncehtraticar wilbalibvw ordlimet 0
Exanpl e 4 were used except where noted This exanpl e denonstrates on-1ine.

moni tori.ng qf _ tal i ' ' ior er
gt _phase 05 of PR Y6 e Bl B A8 BELGAIANE 1oidceBRGEh i 1E PR
during which tinme_a data point was Qbtained every 2 mnutes. Duri. this 2
hour 19 5! Der iastd producs Saﬂbé)@aﬂf‘c QM%WMB%%SE%S%QH?#(E@a?&?é}Q?i nes in
FIG 11 show the increase in acetal dehyde froma starting value of zero up

to about 21,r8@6viroiumhendthiisiicad o sigsificantcakt savimgepl ed bef ore each
acet al dehyde addition and the sanples analyzed by GC. As in Exanple 3, five

infrared data poipt 3 ! & Eh8mipnf 1 Xed data in each row of
Table 12. An accu%w—l%%%%ﬂugxgﬁg e%ggl;t-"'l 50 ppmis 20 obtai ned which
denonstrates that_using a rolling avyerage of data_points over about a,10
m nute period.al | DYPTHRIRY PIRASE ﬁgmeﬁﬁPYﬁﬁnﬁfwg’E@ g‘?lf’etﬁﬁﬁném&? ProRiARIGacld
normal |y expected in decanter |ight phase operation. -42 2 8 DEC 2004 WO

02/ O. t 39~ PGipuf6 froR-thO acktiBlakidl Thadaittomoportién 62 of tliziediyua is » lave valums
Li ght Phase Correl ation of On-Line Extended Md-Infrared Values with

I-ndepengignt  (Xeb mldrpeoak YbidC ahild Bfetraibssic 66¥Dis 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 propionid acid. Thus, analysis of the feed stream 190 and of the
-19-~



“Infrared (pprn) GC (ppm) ' 146 259 274 . 352 541 613 752 ' . 10 Z060 1021

| 668 1581 1813 1952 3066 2946 4832 ~ 4787 15 11004 10839 20766 29PECa2084 | n
this exanple the return line 310 fromthe decanter heavy phase 42 was

" connectWO,284¥4 ATR tunnel cell equipped with a zinc sel BaT/Y801K24%} o .

Anal ysi s wasacgfc ecid sidedraotdtreain 200evduld allow e eslume eeBrmiisndado ba nidE8red
detector. About 45 mnutes of on.. lint data were obtained at a particul ar
fixed decantgyy A rJ sl s T . a int.acqui.sition
of about 35 flrecaglgﬁg%%hgge@. §t%\d§ ggr%lce&%) a}iﬁgé’%gfﬁtnhqgﬁﬁg Pmon&qacg e
experi nment mstan%ed of f Ii&e bgl/ GC.or Karl Fischer and the data
conpared to GRS ERanalysis weii alsq permif e walgyconsrairetine tobequantified downi ne
and on-line 25 val ues denonstrates the accuracy of théeé ATR nethod in
on-1ine analtpsbsut Meppim. cPutelatcetzsacidprod@t nb2mally teitsias bt 0pI5D0IppREN Of
this technique in conposition nonitoring. -43 2 8 DEC 2004 WO 02/0. 439
Tp$LE 135 PCTyaig01/ 02~89 5 10 On-line Anal ysis of Decanter Heavy Phase
Solution in Md- Infrared Region Using an ATR Cel | Conponent I.nfrared

(Mol arity)GC or E‘gﬂé | ari t¥21 Mel 8. 91 8. 7T6MeCAc2. 041. 96HOAc1. 70, 1. 74HZO ~
0. 590. 55Hydr ocar | CrfEample|ofProgass peneol gpthe contral of ghesmapntegondsnised

equi pnent as .shown in FIG 4 and infrared equi pnment as described in
Exanpl e 1 (witeamt193 thatderecicled froat oweapyalidnem 64tBygrumpBN0 #atressl 19aitge

wi ndows were used), a light ends columm bottons 34 type sol ution was

circul ated tdtrepmdiotvaesul BERAHAEALD sikdA0 396 55ved Bngﬁél {?]roggbém?lg’&ggjn?%@%zqf The

initial conposition of this solution Is describe Tabl e
14. A data pQin s .obt aj.ne but every 35 seconds. r the course of
the first GOS%%’%L%@S:II‘%&@M%?POﬁQ%W ﬁytﬁﬁéﬁ’%s‘é@&éﬂl%mg/éﬁ? Felyrngpbailari nge.
The flask, was manual |y sanpl ed before each H addition; for off .line

anal ysi 50 by tempergturecambriadivsted. Fi scher. The trend line plots in FIG 13
show t he stepwi se 20 increase in H after each addition. Water al so shows a

stepwi se addi ti orPrapiohltan@IRERE 6éidk aﬂé'préb%ﬁﬁalbg% %’?{E%’ s%f?ﬁﬁhﬁ%@ cén?raﬁoét%%

aqueous-solution. To denonstrate that 'the H ration nodel .Ts no

bi ased or i s inci.dent increase.n t.er, 3 aliquots of water
wer e added ﬁlﬁﬁ%}ﬁ?ﬁ‘e&é&g&yﬁdﬁfm%&pﬁo&oﬁ%ﬂ??%taP?fbc.a g b%nd |ines
show the stepwi se increase in water during this period without any increase
in H . 25 HEReOvEsed; i thebostomsdp hyeferding stream d B7 tewhste aridrstrppet colnenn 80,
noni toring period due to -44 2 8 DEC 200 WD 02/0.139 PCT/ USCOL/ 02. 189
dilution wi tAndtysisnefiwiste feaael 9oedhn b%wsé@{@éﬁtﬂﬁzéﬁééﬁf‘éhdﬁ QS}xﬁIrIltEHp%%mre

e . I's

anal yses and on-line infrared anal yses is evident from Tab n

Torve ot ory SN B kbR b nftRiee aer bR oo Sk TR e e

sol uti ons. Tge accuraci es of neasurenent denonstrated in this 5 exanple
show t hat p & control interms of prevention of azeotropi.c breakdown
coul d be achieved through on-line infrared analysis. TABLE 14 10 1S 20
Addi ti on of GICaibehtidnMbdelingght Ends Bottons Stream Correl ati on of On-Line
Ext ended M d-Infrared Val ues Wth | ndependent O f Line Analysis (GC Karl

Fi scher/Titratio LAl i HOAC . ) :

(Mol arity)lnfraredTi teglgtgll!l %1’%?(%1%’%15? %a&%?%@tg# é@&i&%&%ﬁ@&?ﬁ@?‘@%‘?ﬁﬁa. 5116.
$20. 04710, 04943. 1 3®8§28>| 4816, 460, 1020. 1013, 393. 4S, 16. 3716, 350, 149 , 0.1 S
13. 643 . 701657P8d 3 Y-S Slatrnb Np26,803,93& 2w Uel. P 2tep0 Apploatioroleriat No1816. 0S5
~16. 020. 2910. 2974. 394. 441S. 9S1S. 910. 2870. 2935. 005. 071S. 731 5. 690. 2820. 290S. 6

2S. 71120541994510,0679ex2851. iA6dipSialed 136k feratfte i rethBir cfivéty. CHUBHRRicsAS
in Exanple 8 and infrared equi pnent as in Exanple 1, a 25 product stream

200 type soliyi i il s hrough the i.nfrared, .

ransi as; o »oe B L A kR HE USRS Wt el Mo S i hps o
comercial HOAc. It shoul d be noted that all commercially_ avail abl e HOAc
contai ns ppAPf Epthiemaical lagic argincomomigbto gbtan pralimysion prdealSmolviog muds- Hz 0
and propionic acid. Karl Fischer and GC anal ysis showed that this starting
sol ution corveditnedalgsis.5 TherrertrQuitheatifb apdiRiP Fefers e tHe RGitidn oiitnd N rar ed
data point was obtained every ? mnutes. During the course of nonitoring, S
al i quot's of c5K&en ge&sn f ' I . end line plot in
FIG 14 shows thgﬁﬁﬁ%rease dﬁ‘i}?@#@%ﬁg@ét@%ﬂ%ﬁ%ﬁ%ﬁ{ﬂ% °5y on-1ine
infrared. Manual sanpl es, obtai ned beftd¥& addition of each HLO aliquot were
anal yzed by Karl Fischer. Conparison of on-line and off |line data in Table
| S -shows that H20 can be neasured with an accuracy of approxinmately +/- 25
pprn. As in Exanples 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 cantains data for propionic acid. This plot shows that the variance:

o




“value (precision of approximately +/- 100 ppn} is uninfluenced I8 pec 2004

i ncreasi ng H20 concentration, i.e., the calibration, nodel for propioni gﬂ

_acid i m‘gt clorrﬁrom' sed by variable HZO in solution. The results fromthis
exper i OHgﬁw %r at?)_ %?vat‘#)rgduct ual ity control in t&GHUN0MHH and
propi oni ¢ acl c§ &P ATEEHP R 25 & OLER g dy 2 ailaple g permit teady i nf r ar ed

analysis with a rolling average of data points approximtely every | 0

m nut es. -453PPh23t83ﬂ3E'G%2§4§m8W9 tectinia 39~ Regresait@ivedtodiR®s idditide i on of Wt er

to Product Stream Correlation of On-Line Extended Md-Infrared Values with

| ndependent FIROWETEERS front lifohRiriA884018] Washihsthh 2 ;gcher
(ppm | 460 | 486 549568657650751732 10 aar e TBE gbtblsiehs Fﬁ‘@(vaeﬁp e 10:

A simlar expsei : PL.8: ried t except that in this case
al i quots of pr o%?%g%htegl&g ra% é’?a‘wﬁz“ﬁ&ﬁ%& regllig’(?&@ 0 sﬂéﬁbe‘hﬁpfthﬁé‘“flask.
The 15 purpose of this. experinment was to denonstrate that on-line infrared
noni t or i #:g o‘gﬁﬂlé%@f“’é %QF‘GWOIgeswl)gp?éldé\éﬁtgmlélﬁagsmma@puhﬁshsd aeam 200
type solutions can be used to effectively quantify ppmlevel changes in
pr opi oni ¢ aclogumentitisd “Stamiard Fiattidels dor Waared (I itREMSE AhafjstS AR 54T ough
the infrared, cell for 3 hours with a data point frequency of 2 m nutes.

During this P i i ropi Qnic..aci d re added via syringe to
20t he. 1 sk The P LAl il By BoreRhORRA by ip MG RFirEmead ol
propi oni ¢ acid congcentration as neasured by on-line analysis. Mnual

sanpl es obt AHEPVHELore every - propionic acid additi on were anal yzed by
GC. Conparison of on-line and off Line data in Table 16 in which each

reported infraredloebtain 4 goodvhemonieaitcoatibrabiofl MiciePRiidnspor pwzﬁrwgy
propi onic acid can be nmeasured with an accuracy of approxi mat +/°- 100 ppm

by 2~ oD | | Nfiobdbh el Haidhvas] N Brk i sLEates that heavy ends
col um performance coul d be md%f%so%%%n ' o%qtrg%gg@a&g‘%%sgﬁm#sﬁ%y?ﬁ%ﬁ?oni c
acid concentration in the feed, -47 2 8 DEC 2004, WO 02/ 0d394

PCTI TJS01/ o%@é&%‘fﬁi ?Pé’raé‘&kvzﬁ‘f Yhrisithere ig2 broad weak sigael fon thercompentmafy ends
flowto a product tank, i.e., product stream 200. TABLE 16 Addition of
Propi oni ¢ Aditgresiowhich dsiever8ppeshwith signals dtoat biher edm$dhehish ThHetuRBEEShn be

M d-Infrared Values with | ndependent Of Line GC Analysis . , Infrared

(pPm GO ( pp e HARIEINE Y05 R EROZARIOBINRTRANR, 114015, 71002038

Exanmpl e 1l : Using equi pnent as shown I n ment as

descri bed i mle 9 dryin olu feed 140 type sol ution was

cont i nuousl ga@% ?tg%f %?%W&%?Bﬁ&ﬁ’gf ecarCE?JPa‘iaé’dn&@ﬂ Pf%FOWOWIﬁ%n@maMYt h a
data point frequency of 1 minute. The initial 20 conposition of this

sol uti g7 waBreaew iptheneastian sysemosotution Se@rcoraiibfthesa coppohtnts DéltbBg the 75
m nute period, 15 aliquots of H solution were added via syringe to the
flask. The. everualylinabe bg iihfrired fhebtrod®ps.n e c6rﬁﬁoﬁe§5&r5’lﬁgﬁvlo{lﬂal standards
concentration as neasured by on-li'ne infrared anatysis. nual sanpl es

obt ai ned befqr: e Ktion re apalyzed. by titration. Conparison of
on-1line andg'%flﬁdﬁ):é’qggn&{z}ﬂt%&l%g b%zggpcée%ﬁ?_x}l c\/ﬁ'ﬁ% aE&bH‘S (08 pRprierencen thagr ed
value is the average of 5 data points, shows that H can be neasured with
an accur acy°BFCUBRenSRt Faghiibave-pn agetherp Bheynaximiimand minimusconsaitiasibs. Tr end
Lines are also' included in FIG 16 for H=0 concentrati on and HOAc -48 - 2

8 DEC 2004 VéuePéidested i ' [ L wend
Hpeetkd RETHeWeAtioN 2y s8R soRMBRREN bk b bodhd | nubgi_t%@?.n&fﬁn

concentrations as neasured by off-line analysis were wt ar of

t he on9hi ne;daad; These results, show that nonitorjng drying

col urmzp eedldf%a%ﬂy%glr?}b%én&g%lb%epﬁ?g Sar@"g@esgelﬁﬂr% ar PEﬁHaEﬁS‘ttLW?%‘Sti on of

l'i ght ends columm performance to mnimze H concentration in this feed.
Sinilarly, %’-%E%P?&gﬁ Ixtectedantatbe indraceshanaliizenand 4 spectiossopizesigrabisl adllbetedised t o

determne the optimal reflux 170 to the Iight ends colum 30 fromthe

decant er | i Ghherplhyshe #lividdBlsFectd f6lthetchMBraén Hand@ddksife égﬁb&feg iffed
Correlation of On-Line Extended Md-Infrared Values wth I ndependent O f

Li ne Titrat j:gn: i red ( Titratipn 40061106136,
~211152353 1%%@?&@5@2’?%%@@?@%%4‘?&“ dighee with'dhe cér?é’sg%n g concentrations
.845921950_10f5gl 05611881164. 122412702513871426161416921825 ~1886 -49 2's
0EC 200 oI the component which is to_lbe' measured. Partial Least Squares (PLS) regression

-2]1-

(@]




- WO 02/ 0~39~ Exanple 12: PCT/L1S01 /02.189 Using equi pnent as 2§Omﬂhb FI G
4 and infrared equi pnent as described in Exanple 8, a drying | U @@pe
solution was continuously circulated through the infrared cell for 85
" minutes mNFH”Q*ﬁEt oint frequency of 35 seconds. The i RrYP3}j1/03:89
conposi tion of™ft ‘?GE ag%‘ihﬁ? PS5 tlsthe Jata. Hifimaateliitie agptacy oftheamalibi@don mbdeli ng
the 85 minute period of nonjtoring, 15 aliquots of HOAc were added to the
flask via syrilhtfeted b Romparingtoarceptatins of the meactiamgyednd dontpomdnstiaid0femat er
on a nolar basis to alnpst 100% HOAc on a nolar basis. The trend lines in
FIG 17 show wheniliterenpnt dluisipar aaeprobds HiQhiaofs e0idetisifls ALY,
ition

correspondi ng i ncreases.in HOAc concentration | O associated w
of HOAc al i quaetmalid ben ReSHIneh i i was. t.o denonstrate that
the HZO HOAc nol ar}Tr at;fl%,g whi gﬁ“c%%@%@f@?%%ﬁ%%ﬁﬁY%Hglgﬁf’?fnl?qnﬁ?ﬁ t he
drying colgm ‘ th [yi col unn overhead 56 can be neasured
with gr eatyacg%&gﬁof%ﬁgﬁﬁ%%%ﬁ/ﬁgﬂ? igplmeethofdsTapl e 18 show t he
correl ation between.off |ine-.analyses by GC and Karl Fischer of manual

-sanpl es with cor reiBSﬁ%ﬁc 8 Tegions; ysed b dining palibrarion weaslels dort dacH@Apoment hiZO
can be neasured with an accuracy of +/- 0.1 nolar over all concentration
ranges. -50 NgXtepded mihinfraredpiiich & fong 70HC2 DB40PCHNSAE A0 =89 4.Addi t i on
of HOAc to Drying Columm Sol ution Correlation of On-Line Extended _

M d- I nfrared Vftapsl whithds foins00emTed 400 otht, ird RERREMEQL 1 OF T Li ne

-Anal ytical Techniques (GC/ Karl Fischer)5 ~HZO (Ml arity)HOAc
(Mol arity) TnfraredKarl ' T ' '

'Fi scher | nfrared. GC49. 2149. 342. 042. 0945. &A}SE 1303. 163.1142.5742.684.074.18' .1
039. 6439. 495. P24 -9636—8936—835—896—8234-4334--566. 666 7631 9732 087, 457. 3929
.63~ 29. 583 1rBxtendegMiddpared G8iry7Prafshil &iohicell)-and Mid-Infrared (using Attenuated
22.4810. 3310. p50t8l REAg1apGAclly ShcktrdR defor8 Bh2d 8 Quantitative Analysis of Iig '
. 14.6214. 686. YBidsFeLbvetv bod PR3 APSrebmbred@1H. 321. 751 8217. oAt o, %P
1 0. 951 17.26 [I7 373 Examte—13—A—5+ftar—expertnent—to-Exanple 12 _was
carried out ex¥essel/Steam g Gomperenspt i g Extended ik @nt) ang wig $ex@h pr obe as

shown in FIG|4B rather tm a T ansirssium_cetrt—was—grset—+h+s—ere—-Hch
di amet er , 0: 5 %?a%%%lﬁg)m or obe equifBpeBili t h sapphil 2620x42ows was :
obt ai ned From_ P 3&{(?%1 Irvi rg (ﬁ% nd was coypLed, rotie—FTR via
two 5 neter ljengths of | qua silica P%é Yptic cabl e%‘@r%ﬁ"ﬁed from

Ceranptec -H1 2 8 DEC|26fas WO 02 L - - 01/ [ StT.16€
-East Longneadow, MNA. An [-heitHr-Anseni 521¢?§§>§§§%ﬁ42}§t }9 Jsglgﬁ'gﬂ%e

purpose of tHis experimenfydasabonshgwsthadqoa transm $giqmippobe allovs .
simlar |eveljs of accura¢y anmtprectstori—as—a—tFahrsH-$s+ohr-cell —The tirend
lines in FIG| 18 and the|&ePrel ati on|§3T%=4708 Tabl e 19| “OrE-2370e2046at536Hese
- two net hods df sanple col N 5 gfVe T15e Lo ST ar—precistomr—afit
accuracy. TABLE 19 Addi tgﬁﬁé HOAC tég%‘prd@l ation of PlOw- Li Tndependent
O f =Li nDryi ng Col uim Sol by e Exte d-Infraref V' e Trcar
Techni ques {E; BrbHE-G—d—2 h?reneég ion Pr %ﬁﬁf)ﬁ scher) )6@1)8-‘/6%9?&%%
(Mol arity) Fi QA#scéeet ari t yMelnfrar edK(EstuEgﬁjgerl nf rarej%%ﬁlr
49. 551. 891. 944BightPha6) Z§2 87295943043 —223-0+4-061540.5540 48" 4 90
~4.8137. 96: 38. 035. 665. 53aHOAG035. 426 65HB460033. 1533: 31 7895ik622" 30. 473050
~7.857.88. 2(28.3Z -
~28. 228. 518. 4422. 9722. 841040, 1818 631085 55147307040 21 13363663, DB1$H93113. 346
. 926. S015. 3215. 19253. 353] &6. 4716. 4 %Qﬁ%‘gépgg%; 8410, P8O0 97+7—13H7. 240
.030. 001 7. 4017.49 -52 P8 DEC 2004 30-433BCrPUEEA702. ~89 The
above di scusgion denonstfatesghhat plg ontrol of|conponent _
concentratiomps for optim Za?g on-of the naniitacture and purification of
acetic acid product may pPesdifiect ed bgogonfaqar ed neasur?mgr_ﬂgoofw%porent
concent r at i ofiS T TT—Sanptes—coHectet—pontavousiy—from locations i 0 1 he
reacti on sys SN ERAS t r epHH of the 5 [é808t42d0vessel , W 40B8L1T8R i3858 307
responsi ve affegement s nfge. 1 i CONPONENT CUNTeNtTatops—wnhether—ei+ed
or indirectly, at an apptOpriate.iochfI®Qrt578 t he reacl #@86:2140st em Thd
reacti on system includes numerous colums and streans, each of wiich when
fitted wth the appropriate nonitoring equi pnent can provi de concentration
information that inforns the system operajor where adjustnments ire needed.
The 10 system operator may be an individual or a conputerized control
- system In other words, the process coritrol can be either manual or., ,
‘automatic. Because the neasurenents in the process control of the present
i nvention are continuously taken, such as at 30 second to 3 minute
intervals, followed by substantially instant adjustnent of some process
variable in the reaction system the system operator would

n

tly




- 15 .advant ageously be a conmputerized control unit that anal yzesg DB dopcom ng
data fromthe, infrared anal yzer, conparing it to known control limts set
for the ﬁ{(g&?@ﬁ%vari abl es, and automati cally effects thecEpsnopms? at e
" adj ustne 0 naxim ze the production of pure acetic acid. Aternatively,
the data may[be fed to splay uni ' e e h Ny 442Howi qual
who adj ust S'yr eaction sy t@n‘ggn%nnpnk%g‘gﬁf%@E{ﬁém ?g% 1788, 1366549 The
20 adj ust ment $icaBSEMAt §dy,@bove, nay seio-ggd4l y or indirectly alter ths
concentrati onppfgy@ne or HeFe—eeRpeRgRt-sS—-A—ene—er—ete—tocattons—Tth
reaction sysfem Direct |dippistierdoid @yobETIM 4TH0-42HQ r}ng or extracting la
f
e

conponent at [g tocarionm (i the reacil 05' System Tndi fect adj ust ment g
conponent con®&iPgati on' sHIrmy occur |*A%%fA%hunber of ways. For exanpl

adj usti ng thea%bﬁp’eﬁ%ﬂur% a sol utgggb_gz%ot he Tenpergiyi s frofile in a. 25
n i r

col um affects conponent centratj creasing I ncreasing. flaw

rates of -53| 2 8 DEC 2ggd,M0 02/ 039087063 kSLAAR 183061 180a1Sss 6w gne
vessel to aan‘ her af-f ectis—conporent-concenttati-oRs—Hot—ust—-A—+hes
vessel s, dut |Dayingl so afff@ concent|r5a00-a680 i n ot her |v@sGR140 t hr oughgut the
reacti on systi@@uniher e aremany retgtTonshrps—betweenr—the—drfferem
conponents conpri si ng t @8 ut i ons |i6AST-ABOGLIAETAAZ40: | 14360 T80 $365-6%N )
reaction system . as understood by one skilled 5 1n the art, and the
adj ust nrent of one conponent concentration at one location in the reaction

system can h%&naac@’r{)ﬁmefﬁ&aﬁw@m@%%%% § QH?B{T@&@‘P%&I&&M@@ at nore

than one location In e reaction system real ti1ne infrared

measur enent, anal ysi nd adj ust pent i.s _used in the prese invention to
control an ac W&’Eﬁ%%ﬁ%@%ﬁﬁ%ﬁﬁ °6Fp038§gs§°%ar§smi'@v?%ﬁ%§ﬁr% he
efficiency and output of the reaction system 10 Wil e the present

i nventi on hadnfEessquree paiering aarvsipl made fisa an infiered iragsmitiinountzaa o tigker eof

o4 TTO Tl

and whi l.e the enbodi ments have been described in considerable detail, they
are not it errefativoindest Thedighbis internaliyreflegted indi exteniebeyoop thesrriadset Higpended
clains to such detail. Additional advantages and nodifications will readily

appear to thaggtd ldtd tRGample e isdfi tontite with \igdrie4l. iAnpdrtion bf thabhdimredspects is
therefore not limted to 15 the specific details, representative

appar at uses’ aeggrs,gggt ARG DR n’Bé }eﬂn%g{d%f\tﬁe @ﬁé?ggné Bass&l W AaRecEesaTRed.

Accordi ngly, ures may be e fromsuch details W thout departing

fromthe scope or spirit, of | i,cants.general i nventiwe concept. WHAT IS
CLAI MED 1 S: %ﬁce?fgem%gﬁg@ﬁﬁgeiﬂ? cm&%gféné?lﬁecti ng .process
control of conponent concentrations in a reaction systemfor the production
of acetic acid froRetere EanrBisHon el dmTde Faafers fothe cessipersinfgred RF&Li ng a
reaction system sanple from downstream of a reactor vessel in the reaction,
. system abfl nemssedidirectiytbrovging sampie whioh absorhs a pestion obihe inftared-rmergiiny| e
components in an infrared anal yzer, characterised in that the neasurement
is of the corgigihrRithoATRtechhighsdlsd repaiad &@TRE MmBigyedched theldétéaon t he gr oup
consi sting of aceti.c aci.d, nmethyl acetate, nethyl ,iodide) acetal dehyde,

hydrocar bons, prog’&wem Blu to YU RORA irl B AR i Sp¥sttsEspyiigr eof ) . and

in that the method, further conprises adjusting a coirponent concentration

in the reactign,sys in.at,least .one,of.the reactor v stream
colum or a d@ﬂ%ﬁ?&%ﬁh"f‘%’ﬁ Pé‘?ﬂll"ilH‘&W‘ﬁ'%aée(ﬁéaé’gtcf’%%@g?/s %%@Fﬁﬁ‘?%ag%%% to
the measured concentration. 2. The method of claim erei n_the adjusting
i's acconpl i sh@deehoee Qfjlgwesintensifyiim e gxtendedamifvineas FERE- TRORRET | east
one of the reactor vessel, a downstream colum or a downstreamtransfer.
line in 20e riafetedoegicy sthismin@rpofites therextéraldd ofid-infrered tegioneytetches fiem
adjusting is acconplished indirectly by.adjusting in at |east one of the

react or vesselpprokidlaysi00e i 6012500 o', ThelavsidrRagbiidnstiefing inke i n the
reaction systemat |east one of a tenperature of a reaction system :

solution, at £ Aty nrofil.e | &&ﬁu : ted, N
system sol uti %ﬁ&;ﬁf @gﬁ%&ﬁ%&gargé@% e&gﬁ%@%ﬁ%’@ﬂ# 2 %JIE%C]:I] tg%%ﬂth ﬁl The
‘met hod of clajm.1 conprjsing collgcting the s | e From,a heav hase of a
i ght ends. r B8 EHsmgRal A aPanset. Y et WEmPHs LA PRYPIESE MRl y zer
the density of the heavy.phase and the concentration.of hydrocarbons in the
sanple and adjusting a flow rate of thengggvy phase to at |east one of a
hydr ocarbons renoval ' 5 colum and an al'kanes renoval colum in response
to the neasurenents of the density and the concentration -of hydrocarbons.

5. The nmethod of claim 1l conprising collecting the sanple froma heavy
phase of a |ight ends recovery decanter columm and neasuring in the
infrared anal yzer at |east one of the concentration of nethyl iodide and
met hyl acetate in the heavy phase and adjusting at |east one of a flowrate

b e S N o o




- AVENDED SHEET ~ 11: The method of claim 10 wherein the sanple b griigrehun
conprises water, and 'the nethod further conprises neasuring in the

infrar e%&g%&;@r the concentration of water in the sanplgposhiadigssti ng a
~ flow rate o am. IS - ' nds_col.um in
response tonf%(g?%rgeag?ﬂ%%g%ﬁgéen%% P \gfelt%llr’lo#g& %’%‘%&L@g%‘ﬁ‘%emﬁ%Fﬂi} Wl aim 1
conpri si ng | 1 ecti the sanple froma feed sfreamto a drying colum
wherein t heﬁﬁ-ﬁﬁ“@! o;tlgl?e[ QHEFLORG é’ég‘cﬁé{a’é}"'ﬁﬁaﬁ‘f EPUHE B8 UPGAQT ianantitativent r ar ed
anal yzer the concentration' of water in the sanple and adjusting at |east

one of a feeadalysisbyafodifyingyihe celhasprobe sindow pathiengtin SAY bandssfinttesafirer
colum to a light ends colum and a feed rate of 'water to the reactor

vessel in r i i : : . net hod
RPRABSGrd et bF Eo &Eﬂfsea%g&‘sagﬁgptetﬁ?ﬂvgﬂu £ Rhin &]i(g

of claim1 conprising collecting t _ roma heavy en col umm and.
measur i in the infrared anal yzer the concentration of propionic acid in

t he san§?e 5?&10%@] usting 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
measur ed concent rieiinfraref igstupicot transnsission tdlls, AER well hnditrafisniksiomprobe to
conprising collecting the sanple froma heavy ends colum wherein the

sanpl e furt heidesRbRE IS8R 195rRbry 3 i | 'allﬁﬁlﬁ' 13-81% the
concentration gf waf er | nﬁﬁ:e Eyanp?leaﬁgﬁ%&g ngstnlﬁhg t ggélgénpgg%t rgﬁ(téfs%?i |l e

in adrying.colum_.in respanse.to th asured congcentration, of water. 58
AVENDED SHEETY? ma?“?“%ﬁk‘igfg@ﬂ%zs .ﬁr s ‘fﬁfSIB’PSa?ﬁ%a%@%W%%fﬁ% col | ecti ng
the sanple fromat |east one of a feed stream a product output stream.a
bott ons was tspectionteders arecsuppliedohyesevemativendoputuch tas dmmicnt Irstiuaruts, PBomong,ol umm
and neasuring in the infrared anal yzer the concentration of propionic acid

in the 19anplc and ABE BsineROna! Queke! cmapmn@ﬂk%mﬁ&%&n@é% {slog i n the.

heavy ends colum, a flow rate froma heavy ends colum over rumto

t he heavy e o - W j te fromthe.ayerhead,.dr to,a dryin

col unmy. & IRreia s Bk Bnger 8F stsern el anicey T aRe Favgiishea
product output streamin response to the neasured concentration of

propi oni ¢ aéPesiderationsiyequits thatpresess specrometerpans packaggddn explosiopngradfe sanpl e
froma bottomportion of a light ends colum, the sanple conprising the

conponent s gfirgedicabineBC Sirhflardg béca@e&ohmﬁhgglgrbnMic%ndﬁiaﬂs alh YRfceft the

~tenperature of a solution in the light en columm in response to the
measured con tration. 17.. .The.nmethod. of claim 1 conprisi.ng. cqllecting the
sanpl e fromch?lPoég@ergt P@a%gefl(go ﬁ"&’?ﬁt‘%’ B’gﬁafﬁdfents %G-E%V@%ﬁﬁ}eaﬁ fg the
conponents of water and acetic acjid) and adjusting at |east one of the
fol | owildg i AoRstany seroperayre ine qpndisionedisasapleeabinet i on: (a) the flow rate of a
| i ght phase froma |ight ends recovery decanter colum to a |1 ght ends

colum; and (b) ThshokEsk virmderstarid af WBat ﬁheaf)}lm tieRpettral @6£6h useBfor The
nmet hod of claim 17 conprising adjusting only Fa) or only (b) in response to

t he measure . LY SHEET .. 2 DEC 2 '19.
The net hod g‘}l&gﬁgﬁnglgg%%%?? é?%g@%{ ?%%?&ﬁ%% ?peenf]ﬁpg'rﬂ% ©V&¥5 Yone of
a heavy. ends colum) a., feed stream. ,to the heavy ends colum, a product
out put” st r e AFeaHE I WhichHbisheing analyaed, givenithet 2 parbeitlaveampensntmey beamorout  of
.the heavy ends-col um and an overhead out put stream.out of the' heavy ends

‘col umm, t he comentirated arpiié bcatipriheheeaRiessem &f compaed PR EdMteRAttbnodid
propionic acid, .and adjusting at |east one of the Tollowing in response to

the neagure AETch e read. out put, stream
back ¢ o2 1 e RRBURRAA 1 e e LONAIEL Pk o SRR AT AR B
streamto a _dryin olum, (¢) a nowrate of the bottons waste stream {d)
a flow rat eﬂtﬁgxit_ egpaaﬂefrmgmw 0%@5éa5ﬁ51(@'P%3@%¢T£%%wafmﬂe in a
drying colum; (f) the tenperature profile in the heavy ends columm; (g) a
feed rate ofn thatetended tdid-infeaed @gionasfH2l 1-5505 cenVierthe dacantatizhophasefl t he
reactor vessel. 20. The nethod of claim 19 conprising adjusting only (a) or

only (b) or only r Y. . . - r..onl or
only (h) inres p(l);(r?géa osu?%lg orlr-élggssﬁfr){é’c}’%%gfeag dl’ %ﬁlgﬁh%)ﬁlpg%é%%ﬂ‘&onéak%)\/ENDED
SHEET . A . A2. AF. ASl . Aw_. A, ) L L

AL A3. A . ARBSR2IEd, tp oRtaiy the gpogirgscopiodata nacesgark & greapycakibration madels. A | A

9. A3F. A3. AY. AH. A% A, 2. A3. A5l y. A. Afn. Aul . A H _ _

A A5l . A3r. AL% AU. AS. Al % A{. A3. A. AN9. A. A(. A A@ A uy. A@. A, . A@. Af,

' 5Co, xYB45 '

0} w mhc”Y] ca] ca] ca] ca] ca] caU] cal] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] cal calchalc
aJca] ca] ca]cal] c”a]ca] c: al.cTal] caUl ca] ca 0{k

KRN % P<43?CO[vqgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajca] ca]ca]ca]ca
] ca] c”a] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! " k@&B?5\an@vql gb] X] ca] ca] c
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Methyl Iodide (Me) 0 -3 molar

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

EAVY PHASE
Water (H,0) | 0 - 1.5 molar
Acetic Acid (HOA) 0 - 3.5 molar

- Methyl Acetate (MeOAc) 0 - 4 molar
15 Mothyl Todide (Mel) 8 - 15 molar
Hydrocarbons 0-1 molér
Acetaldehyde (CH;CHO) 0 - 20,000 ppm
As@.ggﬂined iﬁ ﬁe abox-/e identified applications, calibration models for all componenté
in;,-.'al:-f-:v.e'ssels/strcams 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 fof CH,CHO in FIG. 2, in which eight

solutions of known composition were prepared and concentrations were pred1cted using
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obtained from Analect Instruments, Pomona, CA. Two types of detector were used. In
5 Examples 1—12, which involved use of a flow through transmission ceﬂ mounted in the
cell 'compartment of the Spécu-ometer, a deutero triglycine ISulﬁde (DTGS) detector was
- used.. In all other examples involving use of ai fiber optic couplcd transmission probe,
| an indium arsenide (InAs) detector was used. Loss of signal as it is transmitted through
fiber optic éables s offset by use of the more sensitive TnAs detectbr.-

10 A number of methods were employed to obtain on-line infrared analysis for _
testing purposes. Infrared analysis in the extended mid-infrared-region forl 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 inlét of a 0.5mm transmission cell equipped with zinc

‘selenide wmdows placed in the cell compartment of an F’I‘IR spectromcter 90, and the

15 outlet was connected to the pump P, which then contmuously recirculated the material -

to the decanter 40, as shown in FIG. 3. Altemative]y, a O.Smm. pathlength fiber optic
- coupled transmission probe equipped with sapphire windows, obtainable ﬁ;:)m Axiom
' Agglyhcal, Irvine, CA, could be inserted into the main section 48 and boot 46 of the

dccanter itself, as shown in FIG. 5, or into the return lines 300, 310 (not shown). Qn—

20 line analyses of solutions in the one liter flask 92 were similarly achievé_d by

* continuously circulating the solution 94 via line 320 through the infrareci cell 90 back
into the flask 92, as shown in FIG. 4A or by direct insertion of the fiber optic coﬁpled
transmission probe 96 into the one liter flask 92 as shown in FIG 4B,
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0,
ax10% & () - 0%pthihaie %I‘)éfﬁigl OAU@%)'TIC&X jlgcéd(%n ghe compartment of an FTIR spectrometer

5 90, and the outlet was connected to the pump as described above.
Example- 1:

In this example, the return line 3 10 of the decanter heavy phase solution was
connected to 2 0.5mm transmission cell equipped with zinc selenide wmdows, Le. thc
heavy phase 42 was contmuously monitored by extended mid-infrared analysis. The

10  transmission cell was placed in the cell compartment of an FTIR Spectrometer eémpped
with a DTGS detector. Decanter solutlon of composmon as shown in the first data -
column of Table 7 was allowed to circulate for about 18 minutes while an on-line data
point was being recorded about évery 35 seconds, as shown in fIG. 6. The trend lines

for this 18 minute period show that a _measuremeﬁt precision of bettg:f than +/- 0.06

_15 molar was achieved for all components. At this po'in.t- MeOAc was added to the
decanter, The ﬁ'end lines in FIG. 6 shqw the effect of this MeOAc addition on heavy
phase composition as measured by infrared. As éxpecteq, MeOAc showed a signiﬁcant
inciggée m conc;entaﬁon from 2 molar to 2.65 molar and Mel, the bulk solvent in the
heavyphase, decreased in concent_ration from 11.7 molar to 10.7 molar. The presence

20 of a higher concentration of MeOAc in the heavy phase alsq allowed greater solubility
of both HOAc and water as shown by the trend lines. | |

The heavy phase was manually sampled before and aﬁer the MeOAc addition.
These samples were .analyze'd by off-ling independent methods of énalysis, specifically

GC and Karl Fischer. The data in Table 7 show excellent agreement between the values
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5 Addition of MeOAG 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 | . Ge Karl Fischer
Before ' Aftc; Before After Before After
Addition | Addition | Addition | Addition | Addition | Addition
H,0 Molarity) 0.57 0.89 .| 059 0.93
10 | HOAc (Molarity) 1.45 1.63 1.47 1.56
MeOAc (Molarity) | 198 | 2.5 1.95 279 | -~ |
Mel Molarity) 1172 1071 | ' 11.80 10.63 -~
Hydrocarbons 0069 [ 0072 0045 [0.042 -
{Molarity) _ :
15 | Density (gfml) 195] 186| 196 | 1.85 — ]

Example 2;
 Similar conditions to Eﬁcamplé 1 were used. A ldccanter heavy phase solution of
composition as shown in the first déta row of Table 8 was monitored for a one hour |
period during yvhjch time aliquots of a hydrocarbonn solution were added at
| 20 apmm&mﬂcly 12 minute intervals. The trend lines in FIG. 7 show the expected
| inernaSes in hydrocarbons concentration from about 0.25 molar to about 0.70 molar,
couplec} with decreases in concentration of other heavy phase components as dilution
oceurs. Solution density also decreas;es as a function of fhe' verf light hydroc.arbons _
(approximately 0.7 g/mL) replé.cing the very heavy'M_eI (approxirnately 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, épeciﬁcally GC for
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B/B¥%L0% & ()-0 ax10% & ()-0 ax10% & ()-0 ax10%&rfoifo2189
0

0

0

ax109% & () - ONOQRTUWYl L, ax10% & ()-0 ax10% & ()-0 .
= ()-0 ax10% & ()-0 ax10% & ()-0 ax10% & ()-0Y[] bd_IL,
ax10% ax10% & ()-0 ax10% & ()-0 ax1l0% & ()-0 ax10% & ()-0

def hi SirfitdricondisinAOs Brebiile Biwede dd axd@¥irdiete ndled X8 & Rirhple O
oM $ {Ctj Kkl mopqt X< axlO ax10% & ()-0- ax10% & ()-O-

LT ol i %‘9&3??%96” ST Ron e

RSCanieobiReY (et A Bew A OB IR NS ROTSTE o b b ppriod dmi
which time a data point was obtained every 2 minutes. During this 2 hour period, 9

| aliquots of acetaldehyde were added. '1"h§ trend lines in FIG. 8 show the increase in
acetaldehyde from a starting value of zero up to about 12,000 ppm. The solution was
manually sampled before each acetaldehydé addition and the samples analyzed by GC.
Because 6f residual noise present in the infrared data, five infrared data points were
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 .infrarect-
values are compared to the GC vélues. This example thus shows that using a rolling
average of data pointé over a reaéonably brief time period, sﬁch as about 10 minutes
allows effective monitoring of acetaldehyde at -le\}els normally expected in decanter

heavy phase operation.
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ax10% & ()-0 ax10% & ()-0 ax10% & ()-0 5& ()-0{ ax10% & ()

21096 & () - 0 FRdBIahaD (pendieboiean OB OGS () -0 1096 & () -0 o096 ()-0
Zﬁgfﬁ' g‘ 8:8 :‘Zq_r@%!i@n ggomfiaxmmed W& BIAEP Valaas Wi i%{ér&b@%igﬁ%;& 1”{%} - ()-0
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69 0
306 |- 258
21 | 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 ﬁe ci'ecanter light phase I44 was connectéd

to the infrared cell. Infrared eciuipment 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;;huwn in FIG. 9. The trend lines for this period show that a precision of +/- 0.05
mdlarwas 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, watef showed a significant increase in

25" concentration from 25.41 molar to 27.92 molar agd MeI which is immiscible with water
showed the largest pcrcent.age decrease in céncentx"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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axiggﬁ) & ()- o“éj%fégfgf“ﬁﬁ) 69‘?\“???20 §< ﬁ,}) 5‘9%@/‘%@ 5%‘%)"52% SeFROTNE $ { Ct
Zilo&; & ()- % G+ ax10% & ()-0 ax10% & ()-0 ax10% & ()-0
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ax10% & () - 0 ax10% & ()-0 ax10% & ()-0 ax10% & ()-0 ax10% & () - O(
ax1096 & () - Croputately quarify shangediralighd Yhabe(shhioRxdBYbAE irre Qﬁo%h(a)lg&
ax1l0% & ()-0 ax10% & ()-0 ax10%W & ()-09%&(*,-vV:IL, axl ax10% & () -
ax10% & () - Onawat@%odicéntrdioax10% & () -OMM $ {Ct-/023467kK/" ax10% &' ()-0o"
ax10% & ()-0 ax10% & ()-0% ax10% & ()-0 ax10% & ()-0 ax10% & ()-0
axlO%‘_&'§)-079; ?@DcC/ TABLE 10 _

'Addition of H,0 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
10 H,0 Molarity) 2541 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 0.26 042 0.26 . -
15 This example is similar to Example 4 except that HOAc was added to the .

| decanter instead of water. The ﬁend lines 1n FIG. 10. show the effect of this HOAc
addition on light phase composition. .As exoectéd, wé.ter, the bulk solveot in the light
phase 44 showed é siglﬂﬁcant.-decrease_in concentration from 28.02 molar to 25.56
molar. Th'o lower water concentration in t—hc light phase 44.1ed to an incfease in Mel
20 cdﬁceﬁtr’atioﬁ in this phase, i.o. a redistribution in Mel from the heavy phase 42 to the
| ligﬁi'pﬁase 44, The light phase 44-was mé.nually samp'lled. before and aftef HOAc
addition. The data in Table 11 shoW excellent correlation betwoen 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

'25 component concentrations.
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0294334109 & ()-0 ax10% & ()-OMM $ {Ct] _

?E cg 2009

" abcdeoSTTAISIXADB & () - 0)
ax10% & ()-0 ax10% & ()-0 ax10% & () - OLARKEAW & ()-0 ax10% & ()-0

QAL QL [/ \

n'

e i,
Yotiiviviad in Sobt Engengpens Ofttinax 1006 &
3%“'\"&&5&4?@%@} 7 o/ o (?ﬁ};& azmﬂfl(?qf%x%% & ()1
b@&’f@%‘l& ()-0 @w@f(a;edm 30S7 a GC10 ax100% & K PRME S
D ax10% & () -0|anfld & ChrBOKT Before | Afier Before | After
Addition | Addition | Addition | Addition Addition | Addition
H,0 (Molarity) 28.02 25.56 27.97 25.53
HOAc (Molarity) 6.04 6.72 5.98 6.70 —
MeOAc (Molarity) 1.06 1.04 1.04 1.04
Mel (Molarity) 0.67 0.78 0.64 0.74’ -
ample 6:

Similar conditions to Example 4 were used except where noted. This example
demonstrates on-line.monitodng of acetaldehyde as its concentration increases in the
decanter light phase 44. A ljght phase solution wcs monitored for a 2 hour period
during which time a data point wcs obtained every 2 minutes, Durmg this 2 hour
period, 10 aliquots of acetaldehydc were added.__ fhe trcnd lines in FIG. 11 show the
increase in acetaldehyde from a ctaning value of zero up to about 21,000 ppm. The

solution was fnanually sampled before each acetaldehyde addition and the samples

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

mﬁ'a:red data in each row of Table 12. An accuracy of approxunately +/- 150 ppm is
obtamcd which demonstrates that using a rolling average of data points over about a 10
minute period allows effective monitoﬁng of acetaldehyde at levels normally expected

in decanter light phase operation.
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Example 7: |

-0 axXIOW & 1)-0

ax10% ax10% & () -0

In this egamplg the return line 310 from the decahfer heavy phase 42 was

connectcdlto an ATR tunnel cell equipped with a zinc selenide crystal. Analysis was

20 cagu'ieds;out in the mid infrared region using a DTGS detector. About 45 minutes of on-

I

line datawere obtamed ata partlcular fixed decanter composition descnbed in Table 13.

A data point acqulsmon of about 35 seconds was used. A sample obtained at the

nndpomt of the experiment was analyzed off-line by GC or Karl Fischer and the data

compared to on-hnc data in Table 13. Closé agreement between the off-line and on-lme

‘ 25 values demonstrates the accuracy of the ATR method in on-line analys1s Thc trend

lines in FIG. 19 1llustr;te the precision of this technique in compasition monitoring.
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ax10% & () wo@R/4394ax10% & ()-0MF $ {Ct ax10% & ()-0 ax108druso)oixse

ax10% & ()-0$&(-0_?, axl ax10% & ()- FABUDE & ()-0 ax10% & ()-0

ax10% & ()-0 ax10% & ()-0 ax109% & ()-00579?@?, M $ {C ax10% & ()-0
0

ax10% & () -0 ax10% & (~B—axtOW-&—(r—OEECHHMPAraxto&— -
ax10% & ()-0 ax10% & (Pr-tinedardysis of Pacarger dieagoRhase Splubormin iy &' (-0
ax10% & () - OMNOPQRSB&InfaredBsgonYsirgonh TR Cetht ax10% & () -0 ax10% & ()-0-
ax10% & ()-0 ax10% & [).- OSTUVVKY 5, 00 X10% & ()-0
ax10% & ()-0 ax109% & [ YoPET0w én%recg@‘g %E—‘ﬁ“ﬁ@é@“&% -0Z[\] A At X<
ax10% & 3x10% & ()-OMfier$ {1 gx10% & ()18@1 8.76

MeOAc 2.04 1.96

HOAc 170 | 1.74

H,0. | 059 0.55

Hydrocarbons 1.08 L

10 Density . 1.62 | o - 1.63
Example 8:

Using eqmpment as shown in FIG. 4 and infrared eqmpmcnt as descnbcd in
Example 1 (with the cxceptlon that sapphire rather than zinc selenide wmdows were
used), a light ends column bottoms 34 type solutmn was c1rcu1ated through the mﬁ:arcd
15  transmission cell for 100 mmutes The initial composmon of this solution is descnbed
in the first row of Table 14. A data point was obtained about every 35 seconds. Over
-. the'pourse of the first 60 ﬁinutés; 6 aliqubté of HI were added to the flask by syringe.
-The flask was mé.nually sampled before each HI addifionf for off-line aﬁalysis by
titawom; GC and Karl Fischer. The trend line plots in FIG. 13 show the stepwise
20 - incrédse in HI after each addition. Water also shows a stepw}vise addition as the
commercial HI used in this experiment is a 55% .aqueous solution. To de:ﬁopstrat'c that
the HI calibration model is not biased or influenced by cgincideﬁt increase in water, 3
aliquots of water were added during the 60 — 90 minute peﬁoa of lm'onitoring. The trend
lines show the stepwise increase in watef duﬁng 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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{C ax10% & (9(%{0 ax10% & ()-0 ax10% & ()-0 ax10% & () - Ov 8%?/0%53‘0%
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ax10% & () Ogéiutiar YOI 8L/ ¢iter) ExcdlBI Girfe)ation bxth@d fie(Off-hetand§86s&nd pn-line
ax1l0% & ()-0 ax10% & ()-0 axI10% & ()-0hLO ax10% & ()-0 ax10% & ()-0

ax10% & () -0 mEhAAhRANIesGs SideaiEdm (Thble 1aXiQJsﬁe&p&?n1&t %&@Jﬁl&sﬁ)ﬂ‘epﬁé>h|—0
ax10% ax10% & ()-0 ax10% & ()-01 ax10% & ()-0 ax10% & ()- LO

ax10% & () -0 aAxd%r&nihe hakHOREa ke t@é}l/go Océ‘mg etcoai%)é%%tg‘pgn)ﬁle of light

ax1l0% & ()-0 ax10% & ()-0zZ: I LO ax1l ax10

ax10% & ()-01 X< axl ax (V & ax10%

109 & ()0 %4}‘%8%% e () G- RStttk s
O 1

ax10% & ( )5 N example show that process control In terms of prevention of azeotropic breakdown

could be achieved through on-line infrared analysis.

TABLE 14

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 [307 {1651 |1652

0.0471° {00404 |3.12  [3.18 | 1648 | 1646
15 0102 |0101 [339 345 1637 |1635
0149 |0.151 [364 (370 (1627 |1624

0201 |0201 (389 |395 -|16.16 |16.13
0248 0249 1412 {418 |16.05 - |16.02
0291 |0207 |439 |4.44 1595 | 1591

20 0287 10293 |5.00 5.07 1573 | 15.69
0282 029 |s5.62 571 |15.54 | 1547
0279 |0285 |6.26 631 . |1535 1528

Example 9;

Using equilﬁment as in Example 8 and infrared eqtiipment as in Example 1, 2

™~
i

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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S {O ax10% & ()-0 ax10% & ()-0 ax10% & ()- Ot X< ax1 ax10% & ()- &8 DEC 2004
ax10% MO P31 0% & ()-0 ax10% & ()-0 ax1l0% & ()-0 ax10PE U489
ax109%8 & ()-0"Bt X< axl ax10%W& ()-0 MM $ {Ct ax109% & ()-0 ax10% & ()-0 .
© ax10% & ()-0_C< axl ax10% & ()-0 ax10% & ()-0 ax10% & ()-0 ax10% & ()-0

1006 & ()~ 0o aP Ppicg ULt FEE A ia Sr bl bt i zBelrtde o
1096 & ( ) - GRUBPRGORETBUAES PP AR08 HEFO Brapistiosid Joomfered dptarporat
ax10% & ()-0_?0 ax10% & ()-0 ax10% & ()-0 ax10% & ()-0 ax10% & ()-0
ax10% & () - aobtHa& ¢ver02 nEmasAVf Drrig(the auti88t &inohit6risg MQ%Q{SI)O'L‘Q%ZO were
ax109% & ()-0 ax10% & ()-OhLO ax109% & ()-0 ax10% & ()-0 ax10% & ()-0
ax10% & () - QdacdlQ%hé&nadk B SHHBYE Ené dreith line plot in FIG. 14 shows the increase in H,0
5 con?:enixation as measured by on-line inﬁ-ared. Manual samples, obtaihed béfore
addition of each H,0 aliquot were analyzed by Karl Fischer. Comparison of on-line and
off-line data in Table 15 shows that H,0 éan be measured with an accuracy of -
approximately +/- 2§ ppm. As in Examples 3 and 6, five infrared déta points were
averaged to obtain the data reported in Table 15. The trend line plo't in FIG. 14 also
10  contains data for propionic acid. This plot shov?s that the variance about the actual
value (precision cl>f approximatély -F/- 100 pﬁm) is uninfluenced by'lincreasing H,0
coﬁcentration, ie., the cali‘bration‘model for propioniq acid is not compromised by
variable H,0 in solution. The results from this ex_pell'iment' dezﬁonstrate that product
quality control in terms of H,O and propionic acid concentration could be achieved
15  through on-line infrared an'a'ly‘sis vs)ith a roliing average of data points approxirhafely .

every 10 minutes.
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A similar experiment to Example 9 was carried out except that in this case
aliquots of propionic acid father than H,O were added to HOAc in the flask. The
15 purpose of this expcriment was tQ demonstrate that on-line hlﬁ'éred monitoring of hea{ry
énds column 190 type solutions of 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 witﬁ a data poiﬁt frequency
of 2 mimités. 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 abid
concentration as measured by on-line analysis. Manual samples obtained before every
prbpidnic 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 6f 5 data points, shows

that propionic acid can be measured with an accuracy of appfc)ximétely +/- 100 ppm by

9
w

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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ax10% & ()-0 axlO% & ()-0 MM $ {Ct~t X< ax10% & ax10% & () -
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ax10% & ()-0z"Bt X< ax10% & ax10% & (J-0 ax10% & ()-0 ax10% & ()-0
ax109% & () - 0 pfluckstfedm 269. ax10% & axlO%&'() 0 ax10% & ()-0 ax10% & ()-0
ax10% & ()-0 ax10% & ()-0 ax10% & () - E 18%x10% ax10% & ()-0 ax10% & ()-0
ax10% & ()-OoMM $ {Ct ax10% & ()-0t X< axl Yo ax10% & ()-0 ax10% & ()-0
ax10% & ()-00_ax10% & ()-0 ax10% & ()-0 ax10% & ()-0 ax10% & ()- 0z >t X<

ax10% 3#910%4 ‘gf‘\c(d)tloﬁ OM{&&A&E t(pPrMMct §u'e{ug

5 Correlation of On-Line Extended Mid-Infrared Values with Independent Off-Line GC

Analysis
-} Infrared (ppm) | GC (ppm) |

45 | 105

101 166

10 264 | 218

308 291

364 338

548 | 527

1078 1149

15 | 2190 | 2038
.xa 1

Using cquipment as shown in FIG. 4 and infrared equipment as described in .'
Example 9, a dryjng 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 coxnggsiﬁon of this solution was 3.0 molar H,0, 16.6 molar HOAc and zero ppm HI.
Dé_,thc 75 minute p;:n'od, 15 aiiquots of HI solution were added via syringe to the
flask. The trend line for HI in FIG.- 16 sh_ows the increase in concentration as measured
by on—line infrared analy'sis._ Manual samples o_btained before every HI ad_dition were
analyzed by titration. Comparison of on-line and off-line data in Table i7 in which
25 | each reported infrared value is the average of 5 data points, shows that HI can be |
measured with a.n accuracy of .apﬁroximately +- lQO ppm by on-line infrared analysis.

Trend lines are also included in FIG. 16 for H,0 concentration and HOAc
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5  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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samples collected continuously from locations in the reaction system downstream of the

5  reactor ves_sel, with imx_nediatelresponsive adjustments made in component

concentrations, whether dir_ectiy or indirectly, at an appropriate location in the reaction

system. The reaction system inclﬁdes nﬁnerous- columns and streams, each of which

When fitted with the appropriate mo.nitoring equipment can provide concentration

information that informs the system operator where adjustrnen’gs are needed. The -

10 system operator may be an individﬁal or a computerized control system. In other
words, the pfocess control can be either maﬁual or automatic. B,eé:ause the
measurements in the pfoce_ss gontrol of the present invention are continuously taken,
such as at 30 §ccond to 3 minute i:nte_rvals, follbwed by shbstanﬁally instant adjustment
of some process variable in the react'ilo'n system, the system .Oper'ator would "

15 | advantageou;ly bea computerizcd control unit that_anal'yz;;s the incoming data from thc_ .
infrared aﬁalyzer, comparing it to known éontroi limits set for the process variablés, and
automatically effects the appropﬁate .gc'ljustmenjcs to maximize thq pr_oduction of pure
acetié- acid. Alternatively, the data may be fedto a displﬁy unit to be interpfeted byan °
individual who adjusts reaction system components br process variables manually. The

20  adjustments, as stated above, may directly or indirectiy alter the concentration of one or
more Components in one or more locafions in the reaction system. Direct adjustment
may occur by adding of extracting a compqnent at a location m the reﬁcﬁoﬁ system.
Indirect adjust,mgnt of component concentrations may.occur in any number of Way_s.

For example, adjusting the temperature of a solution or the temperature profile in a

25  column affects component concentrations. Decreasing or increasing flow rates of
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& 10%& () - GYvUA10 , Sy 100@$8& ()-Z ,f109%$&& ()~ , & "LOYESRE ().

| 10958’ 0‘}0%%1% L2 1098& ()-YF p }]=vW410 , ! 109%8$8&& (ACTAUSOINRH#RSRS () - P
, 1 1098$&& () Streams fong ogsrEsyl)o an@BIOtRS R ofpone® chabEERMi0hY, nY¥Pjult i thode U V
t XvU410 ,, ! 10%8$&&' , ! 109%8$&&' ()-P , ! 109&$&& ()-P ,! 10%8$&& () -P

o e S Al e e
, 1 1098$&& ()

1.109 ) -P, 109R$&& ()-P 0,
|1 109838 ( )s: Igte%?r? ﬁ%%%#@%%% )dl_fflfgérer]itocorx%pon:gt)s coll:npnsmg ‘the
PvUAL, 11,1 1098$&& () - P . | 1098$&& ()-P , ! 10%8$&& ()-P , ! 10%8$&& ()-P
T11098$8& () tl,qnmx;/gg@ffgx):nqdocanons of the reaction system, as understood by one skilled
5  inthe art, and the adjustment of one component concentration at one location in the
reaction system can have an effect on more than one component concentration at more
than one location in the reaction system. Thus, real time infrared measurement, analysis

and adjustmént 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 illustrét;ed by the descripti'on of
embodiments thereof, and while the embodiments havé been described in considerable
. detail,_théy are not intended to restrict or 1n any way limit the scopé of the appended
IS claims to such detaill. Additional adVanfages and modifications will readily appear fo
those skilled in the art. The invention in its broader 'aspects' is therefore not limited to
15 thg specific detaiis_, representative apparatus)es 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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FLI"10%& () -cluBe () -, ! 10%63$8& ()-P 5WO0! d */0|[:-4 108 , ;- ,
10988 ()- .t!I'TO%E ()-S @f#10%8& ()-m 0*S L0%B&! (- 1095 & ()
(10988 () - 301 ’>LZ\ kbA4 10$ | F10% $: & ()- ~10% $: & () - 6

10% $: & ()- Yot 109 $reéhed Dﬁ,f@‘ﬂm;@gﬁﬁ bi[rﬁ?zﬁlé)&;j&ssoﬁ')po&' ?g)adtl&}%tl .13’3},8%‘62? |(.5, |

' ' 1 10% $: &

| /1 (r)g%% 4&| (12)%@3%‘%‘ )syf'gﬁ“(f)e%*&ﬁ(%?l)dwm ofi acetig agid (flon) thewbonyldtah &h:ndéthind!,

' ' - | 0, !
163 % () AP %O%czqﬁpézw%;%gy; St dsbmeniiid
' : i?‘fﬂog;j g ((&) () thJeQ{%c& g;tsgn ain%ior(;f/ﬁg%ué‘n 2?*@00{1%3{?@%}91%06@09&; one oG s&n(ple |
components in an infrared analyzer, charactensed in that the medsurement is of the
cqncentratson of at least one component selected from the group consisting of acetic
abid.‘me'thyl a'cetate. methyl iodide, acetaldehyde, hydrocarbons, Propionic acid,
hydrogen |od|de and mixtures thereof and in that the method further compnses
adjustmg 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. Thé method of claim 1 wherein the adjustmg is accomphshed dxrectly by
- addmo or remowng a component from at least one of the reactor vessel, a downstream

column or a downstrcam 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 lemperature of a reaction system

solution, a temperature profile in a column, a flow rate of a reaction system solution or a

vent gas rate.

55

AMENDED SHEET



110% $: & nN./4 110%$: & ()-] '10%$:& ()-| 110%$: & ()-| !1094 |
!%80/33:&'8 I 5WGz- ! R6/ 4 |100/§2$ I&'() | 5W&-1'110%$: & ()- ||10%$§£?)é“¢‘
110% $: & ()-| '10%$:& ()-| _C/4 1'109%10%$:& ()-| !'10% $: &() |
110% $: & ()-] 110% $: & ()- | 110% $: & () - | 110% $: & () - | 'jJ*/'lO%$&() |
110% $: & ()-| '10% $: & ()-| '10% $: & ()-| !'10%'$: & ()-

*9>

|5\5/\/%il : ?/()10% g%f 6 10(%? fgf/?g yo oﬁ?%‘gf‘lc%}g)&zlsm)g F%%é’@g % %z{ -;+e from a héﬁw

Waz- ! 1 10% $: sbrd 10Y% lﬁ% % $: Xf;( ./ 110%
?#10%3%&'((; gp}g“)io%o}ﬁﬂ{”%s 8‘%’&& q’OC§T ) HP= ™68 & pnal

§51822‘%Z‘1&;§) BT T "%"éﬁ# kA "M el gt bons 125@%;%“
%8 () - 9% 310048 ( 108%.08%) X7A108%

R0, R i I T

I I0% #E () - M LLiALOR% 01008 () - Y. & S10%:& ()-m Ty) i OO/A#A&'()
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10#10#10# & 10%#&}, - 6100#& ()~ | 4s! 1006:& () - - S2° 10%t& () - Y}] AbUALO #

| 109%6& ()- | 109 &i%“cqnfeh/aﬂg?f drocerbomge’ ()- s° 10%t& () - YF10%t& ()-Z';

QRVFH, 4 11008& ()-1" 110%& ()- |10%& ()- 110%:& ()=
1 10%t8 ()-V] " agl geE, 4 1 10%:& () | 109%#& ()- | 10%:& ()- |10%& ()-" |
| 109! ()- 1109%& ()-qrwf hL, 4 1100& ()- 110%:& ()-', 110%& ()- | 10%:& ()-

%Wt& () - eG+4 | 109%6&
| 10%& () Tgxg method of claim 1 comprising collcctmv the samp)e‘ﬁ'om 2 heavy

phase of a light ends recovery dec_:an(cr column and measunng in 'lhe'mﬁ-ared analyzer at
least one of the concentration of methyl jodide and methyl acetate’in the heavy phase
and adjusting at least one of a flow rate 10 the reactor 'vessehl of the heavy phaseand a

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

iodide or methy! acetate concentration.

6. The metBod of claim 1 Eonjpr;'sing collecting the smnble ﬁ—qxjri at Jeast
one of a heavy phase and a light phase of a light ends recovery d'ecant.er column and
~measuring in the .infrared analyzer the concentration of acetaldehyde in the sample and
adjusting at least one of a watd feed rate iﬁlo the reactor vessel, a vent gas rate out of
5 l};é reacto.r vessel, and a flow rate of the li g;v,ht phase to an acetaldehyde removal system

In response 1o the measured acetaldehyde concentration.
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8. The methodlof'claim 1 comprising collecting the sample from a light -
phase of a light énds recovery décamcr column and mensu_n'r'xg.in the mframd analyzer.
the concentration of acetic acid in the sample and adjusting at least one of a flow rate of
“the light phase to a light ends column, a flow rate of the light phase to the feactor vessel,
and th¢ .tempcrmurc of a solution in the light ends column in rcsponseﬁto the measured

concentration of acetic acid.

9'. ' Thg method of claim 8 wherein the sample further comprises water, and the
_ method further co‘mpriées measuring in the ‘infr'ared analyzer the concenfration §f
watgr in the sample and adjusting at least one of a flow rate of the light phase to a
Iight endls column, a fiow _réte 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.

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

into the light ends column in response to the measured concentration of hydrogen

iodide.
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10 & A 4103#3
Ton & i1 m '?8’3%%?%5 Aot e 1804 B oF At
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...... .dCA4103#3 'S10% & ()- ~10% & ()-° 10% & () n#s@‘

10% & () - m 11!20% & () 'me ﬁmﬁﬁé@&@laﬁm AL ?’no"coi"l /?ng tl-(c)sample ﬁ10 %:
y s$10%&'() 109 &

_streamto a drym° column wherein the samplc further comprises waler, nnd measuring
in the infrared ana])zer the concenlra_tion' of Water in the sample a‘nd adjusting at least
one of a feed rate of a light phase from a ﬁght ends recovery decanter column 10 a light

ends column and a feed rate of water to the reactor vessel in response to the measured

concentration of water,

13. The method of ¢laim 1 com;.u'isihg coll.ectinlg lthe' sample ﬁ-om a heavy
ends column and measuring in the iﬁﬁ'arcd analyzer the -cont‘;entration of prdpionic acid
in the sample and adjusting at least one of a water feed rate into the reactor vessel and a
vent gas rate out of the reactc.Jr vessel in response to the measured concentration of

propionic acid.

14. The method of claim 1 comprising collecting the sample from a heavy
ends column wherein the sample further comprises water, and measuring in the infrared -

analyzer the concentration of water in the sample and adjusting the temperature profile

- in adrying column in response to the measured concentration of water.
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(h) a vent gas rate out of the reactor vessel.
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