WD 03/ 064364 PCT/ US03/00503 1 5 Process Control in Production of Acetic
Acid Via Use of Heavy Phase Density Measurenent BACKGROUND OF THE

| NVENTI ONvDO3Bsssbel OF The I nvention This invention rel ategcrawsas/osvhod of

i nproving process control in the manufacture of acetic acid, and a nethod
of manufacturing acetic acid utilizing iln'pr oved process control. The

Rel ated Art 15 Anobng currently enpl oyed processes for synthesizing acetic
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3,769, 329. This patent df¥ct¥FUHFHE e Denyty Measursmsated car bonyl ati on
catal yst, either dissolved or otherwi se dispersed in a liquid reaction
medi um or el se supported on an inert solid, along with a

hal ogen- cont ai ni ng cat al ystBA¢CBGRQEYNROEIEHPINYENHTIGN met hyl 20 i odi de.
However, it is understood that various catal yst systens, particularly those
incorporating Goup VIII netals, may be used for the production of acetic
aci dot hreghof Niee Baeligiy! ati on of nethanol. Generally, the carbonyl ation
reaction is conducted wth the catal yst being dissolved in a liquid
reaction medi LS tHestighrel#escth acaetbehonisxyiog pipsessicongolinithrmarifoctimet] ed.
usS. P 769, I - ITRY: . to the reaction
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concentrations between about 14-15 w.%are typically wused. This is the

so-cal l ed "high ter" carbonylation process. An alternative to the "high
wat er" ¢ S n process is the "l ow water" carbonylation process, as
descysi bed in Mmg Eai&fty Mffoyed (H0Cessed For Smbrelizidticeftic:

concentrations 1elgow 14 ywt. /g}éncfgevesn bgﬁ W 1%2\/\%. (%ca%ngeo}léégﬁl%?%os}{ﬁé&ml ow
wat er " 3®noaetbmily linthe catafyizot embonytmpinoyfinmgghanol eahwatben nomosaletas disclvsed in
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concentration in the carbonylation reactor and the concentration of iodide
sal t useah inert selgbialdngevitthehalpgaii-comtataing cgtalyst promates @s excagplfedtbiyamethyl 35

unexpect.ed. .advant age..of _oper.atj t he reactor at high.net acetate i.s a
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di oxi de and hydrogen ich are formed by the water gas shift reaction,

are al sgnethangleSenewpllpdhe sarbenylmion neasgion o gmmlucted with the catalyst being dissolved
in a liquid reaction medium through which carbon monoxide gas is continuously bubbled. U.S.

Patent 3,769,329 discloses that water may be added to the reaction mixture to exert a beneficial
25  effect upon the reaction rate, and water concentrations between about 14-15 wt.% are typically
used. This is the so-called “high water” carbonylation process.

An alternative to the “high water” carbonylation process is the “low water” carbonylation
process, as described in U.S. Patent Nos. 5,001,259, 5,026,908, and 5,144,068. Water
concentrations below 14 wt.% and even below 10 wt.% can be used in the “low water”

30  carbonylation process. Employing a low water concentration simplifies downstream processing
of the desired carboxylic acid to its glacial form.

U.S. Patent No. 5,144,068 discloses that, at low water concentrations, there is a
synergistic effect between the methyl acetate concentration in the carbonylation reactor and the
concentration of iodide salt used to stabilize the rhodium catalyst. It also teaches that an

35 unexpected advantage of operating the reactor at high methyl acetate is a reduction in the
formation of undesirable reaction products. In particular, propionic acid is reduced by an order
of magnitude. Carbon dioxide and hydrogen, which are formed by the water gas shift reaction,

are also reduced.



2 5 Various neans have been proposed for controlling the processes for the
production of acetic acid. For exanple, U S. Patent No. 5,474,774

di scl oseswa ispet3en for controlling the liquid |evels in &crasos/anses | asher
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pProcess yhictled BRRNESA midhdrdl foell 86 1Pl 5 Q MBRNSR i .

speci fi calll y %he a%%i ve 20 cateal yst é%eci es, n%gﬁgf&gg%{c%,aﬂé\;g?g}e}. and

met hyl acet atBumgpedn Raterit dpplicatibnaiil P92 785 Addlesmtibas & priugessfor éepoodietion of
thereto,_the cqncentrations of the catalyst .species, nmethyl iodide, and
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the carbon nonoxide flow to a reactor by neasuring carbon nonoxide flow ng
25 t hr oudtitvativasriherept tpgathen mpenokisierieing cantiertddge ecqit asid andl adjusting the arri ve

at a ting- a car I f ate: determ ning a nmaxi mum car bon
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it does not eWcee@dtehhNocslosasatielosmunruetddcaiproadti@ionMrdbceldivERbToansl

publ i cati ons E;&,;'e”ed to herein are hereby incorporated by reference in
their erfPFest MR4Ch MEASEIGHVARRUSIEaCtECONNPRRTT CORFenetipnse sRagtficaly Eietactifie r el at es
to pr . j i r i : . it ing the
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system o COREOIAT Bestiy gt 6% 9P0cess. The density neasur ement is used to
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reaction zone to optimze reactor conditions. e densi'ty measurenment nmay
al so be agstrdlling the carbon monoxide flow to a reactor by measuring carbon monoxide flowing

25  through a control valve; performing a background calculation to arrive at a time-averaged
carbon monoxide flow rate; determining a maximum carbon dioxide flow rate; and controlling
the carbon monoxide flow rate so that it does not exceed the calculated maximum flow rate.

All patents and publications referred to herein are hereby incorporated by reference in
their entireties.

30

SUMMARY OF THE INVENTION
The present invention relates to a process for monitoring and controlling reactor
conditions during the production of acetic acid by the catalyzed carbonylation of methanol. The
process of the present invention comprises measuring the density of the heavy phase of the light

35  ends distillation column in the purification system of the carbonylation process. The density

measurement is used to adjust the feed of methanol and/or to regulate the temperature in the

reaction zone to optimize reactor conditions. The density measurement may also be used to



WO 03/ 064364 PCT/ US03/00503 3 5 adjust other paraneters in the reactor
system The invention is also directed to the systemfor manufacturing
acetic acwo obaesds on the process control procedure descri lped/USMOIsSIDr i Ng

t he heavy phase density in accordance with the present invention nmay be
performed near in tinme to renoval of a s%nple or alternatively, the
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purification, I ons. IsTprocess I's represented
acetic acid.

25 Figure 2 is a diagram of the equipment arrangement used in accordance with an

embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to a continuous carbonylation process for the production of
30  acetic acid and in particular to a process for the production of acetic acid by the carbonylation of
methanol and/or a reactive derivative thereof in the presence of a catalyst system which may
comprise, for example, a Group VIII metallic element, particularly Rh, Ir, Co, Ni, Ru, Pd or Pt,
and most often Rh or Ir, a halogen promoter, most often a hydrogen halide or organic halide,
particularly an alkyl iodide such as methyl iodide, a stabilizer/copromoter, which is a salt of a
35  metal of Group IA or ITA of the Periodic Table, or a quatenary ammonium or phosphosium salt,
particularly an iodide or acetate salt and most often lithium iodide, or lithium acetate.
The continuous carbonylation process may be thought of as comprising three basic

sections: the reaction, purification, and off-gas treatment sections. This process is represented
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recycled to the reaction section. Heavy liquid y products are renoved from
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of acetic¢ acid is one such chem cal process. One nethod of manufacturing
this density measurement, the continuous carbonylation process can be altered to prevent
undesirable process excursions during the production of acetic acid.
Wet acetic acid is removed as a side stream 14 from the light ends column and is fed to a
30  drying column (not shown) where water is removed overhead and an essentially dry acetic acid
stream is removed from the base of the distillation zone. The overhead water stream from the
drying column is recycled to the reaction section. Heavy liquid by-products are removed from
the base of a heavy ends column with product acetic acid being removed as a side stream.
In some chemical processes, it is necessary to monitor the progress of the chemical
35  reaction and to adjust the supply of the reactants to ensure that the reaction proceeds as desired.
The production of acetic acid is one such chemical process. One method of manufacturing

acetic acid, by carbonylation of methanol or its derivatives, such as methyl acetate or methyl

iodide, involves a chemical reaction initiated by a catalyst system as described previously.



acetic acid, by carbonylation of methanol or its derivatives, such as

net hyl acetate or nethyl iodide, involves a chemcal reaction initiated by
a cat al yswoagst4m as descri bed previously. WO 03/ 064364 PETTUS03NBAH03 5 5
Car bonyl ati on has becone a preferred route to nmake acetic acid.
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chem cal reaction in the oduction of acetic aci that ¢
react i ondizdageddah). BePadett &bt 6d 08304 y Addiionallyy eneitatieg aysemepbdsed epdregback to
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of the rggaGhtAR d7ABPantddes AERANGBGS h¥hi1Bydl REnRIRSRRAEE and expense necessary to
maintain the equipment in an accurate functioning state. Additionally, the gas chromatography
systems may require a considerable period of time to analyze a sample, resulting in a lag
between the results and the actual status of the process system as mentioned above.

30 It is therefore desirable to provide a monitoring system that facilitates more frequent
monitoring of the chemical reaction in the production of acetic acid so that changes in the
reaction zone can be detected early and to generate appropriate feedback to change the reaction
conditions. The present invention provides this early detection capability by relying upon
analytical samples taken from outside of the reaction zone. In accordance with the present

35  invention, the heavy phase density is measured. The heavy phase density is a function of the
concentration of methyl iodide and methyl acetate in the heavy phase. In turn, the concentration
of methyl iodide and methyl acetate in the heavy phase is indicative of the concentration of

methyl acetate in the reaction zone. In particular, as the methyl acetate level increases in the



35 invention, the heavy phase density is neasured. The heavy phase density
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concentrat,d on. Under. these .circunstance ittle, if any, difficulty is
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si gni f i ¢8R0y lesaswhigh frvaliens cansratiytassdciasabwith ¢he wsenf drkdivat caralyststhe hi s
situati ] I I hcreased tential for the reactor nethyl acetate
concent ?g%ﬁtltgﬁ?%tg dl‘la ot ggggngrhéﬁ? H}Cﬁﬁ?ﬁ%@te F%Cregégtéo% 1 eégl?éf_'ec%‘iuﬁ}ﬁtﬁnic_%%hﬁle»
di st ur bafiaes difficultolsngpicABrexpetienesd i condiildGethBAked ) héthf AMhLEN 1S
undesi rabl e because it interrupts production and creates a potentially

danger oFERES{IGARIFINg sactioadympeatire rHewe ey asaeehyltacet3® conernbmationst approaah s o
leads tg \;vﬂ%tcﬁ't%réitérytﬂer}ed:cﬁ LRL iG &m?g S, uptaKe, Tglisas lead to
the necessity to vent carbon rr%)sn%é&lhge ?g%gg?eﬁlggmﬁ&rrﬁﬁg ,ceﬁgggul ting in a
| 0ss of conedntmtiomnlaxthibesituatimy resd isnnéidréased potntidLastthoteablor HREGA QEctaret hy!
acetate concentrati.ons at high 1[Tet hyl acetate
concentration to increase rapld%r. n1s 1ncrease will cause significant disturbances in
downstream equipment and the plant may trip which is undesirable because it interrupts
production and creates a potentially dangerous situation. Unsteady reactor methyl acetate
30 concentration also leads to instability in reactor carbon monoxide uptake. This may lead to the
necessity to vent carbon monoxide for control purposes, resulting in a loss of carbon monoxide
conversion efficiency. Control of reactor methyl acetate concentrations at high methyl acetate
concentrations is therefore a significant problem.
Although it may be more difficult to control reactor conditions at higher concentrations
35 of methyl acetate, it is nonetheless desirable to operate at high methyl acetate concentrations
because certain beneficial effects are seen at higher concentration levels. Notable beneficial

effects are the ability to operate with lower catalyst concentrations, reduced propionic acid

production, and a reduction in the water gas shift reaction resulting in improved CO efficiency.
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Table 1 sets forth a series of data depicting various methyl acetate concentrations over a
range from about 2.0 wt.% to about 7.0 wt.% with corresponding heavy phase density values
measured in a typical acetic acid production system.
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React or Heavy Phase Methyl Acetate Conc. Density 1.7 1.97 2.0 1.95 2.3
1.93 2.8 1.89 3.01.87 3 AA1.84 3.81.79 4.11.78 4.4 1.77 4.5
1.75 4. WB.06/044360 5.5 1.61 5.7 1.59 6.0 1.58 6.2 --1PBI/USU3/50348 7.1
1.45 10 Cenerally, this data denonstratgs that the density of the heavy
phase w Il increase or decrease in the range fromabout 0.05 to about 0.1
wth each | wt.%decrease or increase in nethyl acetate wt.% concentration
in tHe reaction zone. However, the specific corresponding density range
will vary fi-omreaction systemto reaghjel system Accordingly, it wll

generally 15 be necessary to cgfd, %ﬁﬁﬂéﬁ&%@@ﬁlhgﬁsm p between nethyl.
y

acetate concentrati on and the heav ase nsity for each reaction system
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gi ven reaction systen1Ls&£ﬁEﬂﬁ§ (hmﬁs ' _ent Dewiyiti on _dr ovi des a neans
for accurately and continuousliy7nonitoring the L%acti on zZone net hyl
acetate concentration gnd 20 pra¥i di ng feedback ggs change |or mai ntain
reacti on paraneters in|responsedo this eedbacly 93 The regcti on paraneters
may be changed in a var[iety of Jgys. One sucn\M@%ga to hange the
nmet hanol feed rate to tjhe reactyy- Another—way .ls;u change the reaction
t emperature
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5.0 1.70

5.5 1.61

5.7 1.59

6.0 1.58

6.2 1.51

7.0 1.48

7.1 1.45
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Generally, this data demonstrates that the density of the heavy phase will increase or
decrease in the range from about 0.05 to about 0.1 with each 1 wt.% decrease or increase in
methyl acetate wt.% concentration in the reaction zone. However, the specific corresponding
density range will vary from reaction system to reaction system. Accordingly, it will generally

15 be necessary to calibrate the relationship between methyl acetate concentration and the heavy
phase density for each reaction system in which the present invention is practiced.

Once the relationship between reactor methyl acetate concentration and the heavy phase
density for a given reaction system is known, the present invention provides a means for
accurately and continuously monitoring the reaction zone methyl acetate concentration and

20  providing feedback to change or maintain reaction parameters in response to this feedback.

The reaction parameters may be changed in a variety of ways. One such way is to
change the methanol feed rate to the reactor. Another way is to change the reaction temperature.
This is often accomplished by adjusting the temperature of a recycle stream flowing back to the
reactor through one or more heat exchangers. Additionally, the temperature of the reaction

25  system may be regulated, in whole or in part, by adjusting the temperature of other streams



This is often acconplished by adjusting the tenperature of a recycle stream
flowi ng back to the reactor through one or nore heat exchangers.
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P menl yef acetate in ?he reactor. Iln agotﬁlel engbo%lment Ele system of the present invention may

be programmed to respond (or an operator will manually respond) by lowering the temperature
in the reaction zone to decrease the rate at which methyl acetate is converted to acetic acid. In
30  another embodiment, the system of the present invention is programmed to respond (or an
operator will mémually respond) by a combination of increasing the methanol feed rate and
lowering the temperature in the reaction zone.
Figure 2 depicts an embodiment of the present invention demonstrating the placement of
the components of the monitoring and feedback system. Any suitable density measuring device,
35 such as anuclear or optical densitometer 20 is provided in the heavy phase heavy phase recycle
line 21. The densitometer 20 may be any of various commercially available densitometers such
as the commercial nuclear densitometers manufactured by Berthold. A suitable model is the

Berthold LB 386-1C. The densitometer allows for the continuous monitoring of the heavy phase
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aut omat i levweeddb desiredo theraperapracasseek torreckive agivndd itheeopposithéirateins by onet er 20

may be w . t herw,se in, comuni.cati wW.th, a control |qo ith a
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thi s enbodi nent, the system nmaybe programed to automatically control 30

oper at i dff?nﬁ?nﬁfaﬁén-heat exchanger or the methanol feed or a conbination of

the dswo in T eaRABAE: L g%@gléhﬁéftﬁﬁéreggengéﬁ)}%ngg&, e syRfe8t RleGuibBarghk Lt ! on from
automatic feedback control process. In this embodiment, the densitometer 20 may be wired, or

otherwise in communication with, a control loop with a feedback control means 23 providing
feedback to the control valve of the heat exchanger 10 and/or the control valve 2 for the
methanol feed. In this embodiment the system maybe programmed to automatically control

30 operation of the heat exchanger or the methanol feed or a combination of the two in response to
deviations of the methyl acetate concentration from desired levels as indicated by the heavy
phase density.

The foregoing disclosure and description of the invention are illustrative and explanatory

thereof, and variations of the invention will be apparent to those skilled in the art, and are

35  considered to be within the spirit and scope of the claimed invention.



phase density. The foregoing disclosure and description of the invention
are illustrative and explanatory thereof, and variations of the invention
will be awppase3cto those skilled in the art, and are 35 ®amdiSd&owsd3 t o be
within the spirit and scope of the clainmed invention. WO 03/064364

PCT/ US03/ 00503 CLAIMS We claim 1. A hod for effecting process control
in a reaction for the production of acetic acid through the reaction of
met hanol and carbon nonoxide in a reaétli®M¥i xture conpri sing net hyl
acetate, conprising the steps of nmeasuring the density of the heavy phase
of a light ends distillation colum conprising nethyl iodide and nethyl
acet at e; Wandaioontrol | i ng reaction conditions in the reactor in response to
t he nmeasured ﬂ?g{h&%ﬁ 2. The nethod of CIﬁjﬁ]I wherein the conditions of
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r eact i onageiate, wompriding Thestepstdfod of Claim | wherein the conditions of the
reaction mxture are controll by adjusting the te rature of the .
reaction m xt UF&SUAKE B e&’ﬁﬁﬁgfﬁ‘ﬁé‘eg‘ﬁ’e&*ﬂ%ﬁ %gglﬁé‘ilﬂ%ﬁ%‘gﬁﬁ@ttwntcﬁ@mﬁ CURRTBRE
m xt ur e. methyl {oRlid¥ndQRktRY] debtdieihid Wher ei n the concentration of methyl
acetate in the reaction mxture is fromabout 2.0 to about 10.0 wt.% 6

The met hod of cattzllingsreagtionesionditings imdhe eaactoain wsapaise tchibe meabyrbd demsitst e i n

the reaction,m-xture.l ter .t han about,.5 wt,.% 7. .The .method of i m
6 wherein t he*c (;fr;lgg?ﬁedrl% ?%é]ﬁg ‘it‘%}éel?%gﬁheyﬁongg'@ﬂlﬁf’gﬁe (E4CHEN MIXUES 16 Gontroliedr o
i s form bpadjtistihglhé engleeitire bf'Me ¥actdn nlikeurd®et hod of C aim 7 wherein the
density of the heavy ﬁhase is fromabout 1.5 to about 1.8. 9. The net hod

of O aim 5 whér €ii§ gthed elctlabnil cvhargn e qonditioas plibe gtactipe misamare dontddldi t y
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st eps Of yeaction mixture.

5. The method of Claim 1 wherein the concentration of methyl acetate in the reaction
mixture is from about 2.0 to about 10.0 wt.%.

6. The method of Claim 5 wherein the concentration of the methyl acetate in the
reaction mixture is greater than about 5 wt.%.

7. The method of Claim 6 wherein the concentration of the methyl acetate in the
reaction mixture is form about 4.0 to about 7 wt.%.

8. The method of Claim 7 wherein the density of the heavy phase is from about 1.5 to
about 1.8.

9. The method of Claim 5 wherein an electronic signal indicative of the measured
density of the heavy phase is sent to a control system which operates in a manner to control the
reaction conditions in the reactor in response to the density of the heavy phase.

10. A method for manufacturing acetic acid through the reaction of methanol and carbon
monoxide in a reaction mixture comprising methyl acetate with improved process control,
comprising the steps of:

measuring the density of the heavy phase of a light ends distillation column comprising
methyl iodide and methyl acetate; and

controlling the conditions in the reaction mixture in response to the measured density.



measuring the density of the heavy phase of a |light ends distillation
colum conprising nethyl iodide and nethyl acetate; and controlling the
condi t i orwO0I0B/064364 r eacti on m xture in response to the neavaraosienssity. WO
03/ 064364 PCT/ US03/ 00503 12 11. The netppd of O aim 10 wherein the
conditions of the reaction mxture are controlled by adjusting the

tenperature of .t reactio i xture. 12.. The nethod of C.aim 10 wherein the
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1.5 to about 14. 8he mthodlvé Glaitvhtiwhéreid the torbénivdtpneif ety @baaleif McGreitdnal
i ndi catiyve tOf .t%ﬁ n%’as é('ag genai'éqy of the heavy phase is transmtted to a
control SYSUEH whft OBE‘ pagoyt 00 Wattner to control the reaction

condi tions i n14,hehd BB O OlikeEPYRSSIntiRe E&ﬁelﬂ?ﬂﬁhto\frt}g{ m{:ﬁl?l &%@Yé’hﬁﬁ@se-

19. A reaction systemfor the carbonylation of netha o”acetic acid
conpr i siiegetiquanixtergds geatevthaniabowt@ wt.%i qui d reacti on medi um conpri si ng

net hanol, a ¢ St, a.S ent d.water to form.a reactor product
conpri sing acgé'?tyea PO dr‘?ﬂ:;(a)ﬂn gcgﬂq?@%%wcm%vp qul‘ﬁ IH%tfﬁY](%)"Paée inthe her
for recefeuttiig thixeure eapled forR MIUEL 0@ BRI N8vifogact or and capabl e of flashing
off a portion of the reactor product to forman overhead stream conpri sing

acetic acid, hbtHysmghedeaf Elaimabdwhaseimphe dengity of the bpavpeshase fsdromabadttli g
the reachii: pgoduct to the flasher; (d) a light ends distillation colum
for receiving the overhead stream and capable of distilling the overhead

stream to for18.alhd gbthopbaCkiand whdreia\y cRiassic sodhl MBRASVS Grthdidegslig at
| east a portiopn of the overhead streamto the |ight ends distillation
col um: cgqqalty oP the fheavy phase 1s transmitted to a control system which operates in a manner to
control the reaction conditions in the reactor in response to the density of the heavy phase.
19. A reaction system for the carbonylation of methanol to acetic acid comprising:
(a) reactor containing a liquid reaction medium comprising methanol, a catalyst, a solvent, and
water to form a reactor product comprising acetic acid, methyl acetate, and methyl iodide;
(b) aflasher for receiving the reactor product form the reactor and capable of flashing off a
portion of the reactor product to form an overhead stream comprising acetic acid, methyl acetate,
and methyl iodide;
(c) means for directing the reactor product to the flasher;
(d) alight ends distillation column for receiving the overhead stream and capable of distilling
the overhead stream to form a light phase and a heavy phase;
(e) means for directing at least a portion of the overhead stream to the light ends distillation
column; and
(f) means for measuring the density of the heavy phase.
20. The reaction system according to Claim 19 comprising means for controlling
reaction conditions in the reactor in response to the density of the heavy phase.

21. The reaction system of Claim 20 comprising means for generating an electronic

signal indicative of the measured density of the heavy phase and transmitting the signal to a



(f) neans for neasuring the density of the heavy phase. 20. The reaction
system according to Claim 19 conprising neans for controlling reaction
condi t i orwO0I0B/064364 r eact or in response to the density of tReThSavgosphase.

21. The reaction systemof O aim 20 conpii Sing neans for generating an

el ectronic signal indicative of the neasSured density of the heavy phase
and transn‘itii ng the.signal to a WO 03/064364 PCT/ US03/00503 13 control
syst em WAL %gﬁn&f’v&ﬁﬂ CLIGRHAALPAnST OSRRTe) the Fractiemeqndsipns dnthetpaster inn t he
react or ieBpornk€RPOBINIIY JIffie BRRGIph¥se0f the heavy phase. 22. The reaction
system of Claim21 wherein the conditions of the reaction m xture are
control | ed by2Zad[lssteretipntsystefil aflClaiin Ak whearenl the condiBonsadthd @activnthixt@e as3.

Th i f imm._2 i h diti f th ti
it ur o OIS BY g 8 ol h bS] bt bR R @Rt "t e emots on
m xture and 3. adfjeushithi sybeml dfad 21 FRERANGL cbRlitde c{f?ﬁ’é?fe%l&{bn ' ?}%EHE Gre 24-

The reaction systemof Caim21 wherein the concentration of net acetate
in the S@Helledhy adinstinedhe tenmesrngisd the rRagionenixbueendOy &ljwstingsth@Bow Bfie

react i on,sysi 8 &e G@oNAdnpherein the concentration of the nethyl acetate

in the reaction mxture 1's greater than about 5 wt.% 26. The reaction

system of C a4n Tie rehetioai systemeofCinige2l Waéredthe toddd AR O maRRtaaStel iR thd Ne
reaction m xture is.formabout 4.0 to about 7 w.% 27. The r'eaction system

of O ai nfe! BIFR 1§ hem gepdi 4§ togboprh ). §84y§ phase is from about 1.5 to

about 1.8. 25 The reaction system of Claim 24 wherein the concentration of the methyl acetate in
the reaction mixture is greater than about 5 wt.%.
26. The reaction system of Claim 25 wherein the concentration of the methyl acetate in
the reaction mixture is form about 4.0 to about 7 wt.%.
27. The reaction system of Claim 26 wherein the density of the heavy phase is from

about 1.5 to about 1.8.



