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ternary m xture of nethyl acetate, nethanol and

acet al dehyde. The purified met hyl acet at e/ net hanol

m xture is particularly useful as a feedstock in a
carbonyl ati on process to produce acetic acid.
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United States Patent No. 7,1 15,772 to Picard et al.

di scl oses a process wherein a nethyl acetate/nethanol
m xture is recovered froma nother |iquor of a

S ni.fi ¢a ,on process. The '772 patent further
_sigéﬁ—?@%—k‘ﬁi%t the mixture can be used as a feedstock
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Background of the Invention

Mixtures of methyl acetate and methanol are generated when producing
polyvinyl alcohol by way of saponification of polyvinyl acetate. United States
Patent No. 7,115,772 to Picard et al. discloses a process wherein a methyl
acetate/methanol mixture is recovered from a mother liquor of a saponification
process. The ‘772 patent further suggests that the mixture can be used as a
feedstock in a carbonylation process to make acetic acid. It was determined,
however, that methyl acetate/methanol mixtures so produced contain significant
levels of acetaldehyde which are believed to have a deleterious effect on
impurities generated during carbonylation. In particular, it is believed that
acetaldehyde present in a carbonylation reaction mixture produces propionic acid
which is difficult and expensive to remove from acetic acid in order to meet

product specifications.

Acetaldehyde is particularly difficult to remove from methyl
acetate/methanol mixtures in spite of its relatively low boiling point (20.9°C). So
also, methanol is difficult to separate from methyl acetate because methanol and
methyl acetate form a low boiling azeotrope. Thus, in conventional operations,
methyl acetate is typically hydrolyzed to acetic acid and methanol prior to further

purification and/or re-use as a feedstock.
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product specifications. Acetal dehyde is particularly
difficult to renove from net h%/l acet at e/ net hanol

m xtures in spite of its relatively | ow boiling point
(20.90C). So also, nmethanol is difficult to separate
from net hyl acetate because nethanol and net hyl

acet at & Hagbeeiuhseadllyi fogndinertsrdasce Withishe prosent invention
conventional operations, nethyl acetate is typically,
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Thus '

purified, the nethyl acetate/nethanol m xture can
be directly fed to a carbonylation unit to make acetic

agid withouyt the need for nore el aborate treatnent.
Sé%&#@%ﬂti on The present invention is

di r ect qfie phesest ilGertioni§ aRedted fdistHgSd plebsutized di3A118616h column
that is operated at higher tenperatures than an

athabtpinsrated atdvigherttemperagiwes thgnan atmospheric tower to remove AcH,

as an overhead, from a MeOH/MeAc mixture. There is provided generally in

accordance with the invention a process for the removal of acetaldehyde from a
feed stream mixture comprising methyl acetate, methanol and acetaldehyde, by
introducing the feed mixture to a distillation column, distilling the feed at a
pressure of greater than atmospheric pressure, removing a low boiling overhead
vapor stream enriched in acetaldehyde, and withdrawing a high boiling residue
comprising methyl acetate, methanol, and reduced levels of acetaldehyde. If so
desired, the purified mixture can be directly fed to a methanol carbonylation unit

without further purification.

Without intending to be bound by theory, it is believed that methanol
reversibly forms a high boiling hemicaetal with acetaldehyde at relatively low
temperatures and that at the higher temperatures and pressures of the invention,
the methyl acetate/methanol/acetaldehyde equilibrium favors the formation of low
boiling “free” acetaldehyde which may be removed as a “light end” from the
mixture. The equilibrium constant for the formation of the AcH/MeOH
hemiacetal was confirmed to be temperature dependent. Higher temperatures
were found to favor “free” AcH. The use of a single higher pressure distillation
column that operated at higher distillation temperatures than an atmospheric tower
was discovered to provide efficient AcH removal from MeAc even at high

concentrations of MeOH, i.e., >20 wt%. In one example, a 60-tray distillation
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stream m xture conprising nethyl acetate, nethanol and
acet al dehyde, by introducing the feed m xture to a
distillation colum, distilling the feed at a pressure
of greater than atnospheric pressure, renoving a | ow
boi | i ng over head vapor streamenriched in
aceluaindemysperatedak 48 pdigl (avettregd aedeivgh phesbire neith pedhdated
conprising nethyl acgetate., nethanol, and,reduced
www&&&-s#&m@ﬁy%fﬁ@w ¥ ,fgtﬁ%gawraﬁfrmééo- The
ThofhL(8. EATral® \Ws-eLs 0. PR dveriRalRiiiRre at this operati
car bonyl a?tlpf)n u‘ﬂallst wlét%oout fur{hgr pur i icea%iolﬁ.()peramg
Wptdssure wian ~88.9P@gwhizhdewbtred tlae dngpilibraon gondentraton of the

bel | ev at. net hanol, reversj bl orns a hi.gh hojl.in

e HEMEDH RS Phebstyire Slev kbR roruery of oltpe Act 39

U GEREERL iHﬁﬁﬁt)ﬁﬁﬂhé Baérhddd &iS8I1E SR&Im | BRRRErahat 954 ¥ the AcH
pressures of the invention, the nethyl
atrethatfegdnwasrgnoived dronathe dgAe/MeaQH miktireim f avors t he
formation of |ow boiling "free" acetal dehyde whi ch may

be renoved as a "light end" fromthe m xture. The

e ek DREdriptiof Of SheaDiaviifgs t he formati on of the AcH MeCOH
hem acetal was confirned to be tenperature dependent.

Hi gher The ipention isdesqidbed ingigiadl helpw sidyreforence'to fhetfollowing
TaﬁwHﬁfs:Of a single higher pressure distillation

Figure 1 is a plot of absorbance versus wavelength at decreasing

temperatures showing the reduction in “free” AcH as temperature decreases;
Figure 2 is a plot % “free” AcH versus temperature;

Figure 3 is a plot of % “free” AcH versus temperature for different levels
of MeOH in a ternary mixture of MeAc, /MeOH and AcH;

Figure 4 is a schematic diagram illustrating an embodiment of the present
invention utilizing a distillation system for the pressurized distillation of

acetaldehyde from methyl acetate;

Figure 5 is a plot of residue AcH concentration versus reflux to feed (R/F

ratio);

Figure 6 is plot of AcH concentration data taken over a continuous
distillation run (Example series 17) showing residue product AcH concentrations

and overhead AcH concentrations throughout a four day run;
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hi gh concentrations of MeCOH, j.e., >20 wt% In one
exanple, a 60-tray distill atidncol um was oper ated at

45 psig (overhead receiver pressure) wth preheated
MeAc/ MeOH feed containing -1200 ppm AcH. The feed tray
was tray 40. The reflux-to-feed ratio was ~4.6: 1.0.

The ov@igwed is amderdtAute rakovahasd eprluatAckbeqrcestsation versus
was ~93. 9C, which | owered the equilibrium

c 8Kerbrad tsmpsRIYE; Mk AcH MeOH heni acetal and,

therefore, allowed for renoval of "free" AcH as
light-end inpurity in the overhead distillate stream

G eat eFigurar8 i9@%chémativedidgraim illustisingeesirhonylatomsystdm which

f th Ac/ MeCH mi . Brief Descripti f th
PR GRedTLemieainn Wi fe breo} POSeh dotail bel ow.

with reference to the follow ng drawings: Figure 1 is
a plot of absorbance versus wavel ength at decreasing

t Bletailed Desertptidnowi ng t he reduction in "free" AcH as
tenperature decreases.. H.gure.2 is I %" ) L
ver Sus TR Pt FERSFrig B dfibel iy Rutbipostt of bupt fition
vV @hé HRustratiesdy U Mo dificatidng tepatituliesbsdimbntyrdthin theaspirit
ternary m xture of MeAc, /MeOH and AcH, . .

and scope of the present invention, set forth in the appended claims, will be

readily apparent to those of skill in the art.

Unless more specifically defined below, terminology as used herein is
given its ordinary meaning. %, ppm and like terms refer to wt.%, parts per

million by weight and so forth, unless otherwise indicated.

“Distillation pressure” and like terminology refers to the pressure in the
distillation tower, suitably measured at any level, but preferably measured in the

overhead space of the tower.

“Distillation temperature” or like phrases refer to the temperature in the

overhead stream of the distillation tower unless otherwise specified.
The following abbreviations are used herein for purposes of convenience:

AcH — acetaldehyde
DMA - dimethyl acetal
DME — dimethoxy ethane
EtAc — ethyl acetate
MeAc — methyl acetate
MeOH — methanol
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invention. Detailed Description The invention is
described in detail below for purposes of
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AcH 20.9 - -
MeOH 64.7 54 18.7
MeAc 57 81.3
H20 100 70.4 8.1
EtAc 77.2 91.9
H20 100 61.3 3.6
15 DME 64.5 96.4
MeOH 64.7 57.5 242
DME 64.5 75.8
20 CRC Handbook, 50" Ed.

Preliminary studies at atmospheric pressure confirmed it was very difficult
to separate AcH from MeAc in the presence of methanol, despite the low boiling
point of AcH. For example, at feed methanol concentrations of >7% essentially
25  all of the AcH fed to a distillation tower operated at atmospheric pressure exited in

the residue stream.

Not intending to be bound by theory, the cause of the difficulty observed
with separation of AcH from MeAc as a “light-end” was found to be primarily due
30 to the presence of MeOH in the system. As shown in Equation 1 (below),
methanol acting as a nucleophile added to the carbonyl carbon of AcH reversibly

forming the corresponding hemiacetal.
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separated fromternary m xtures of MeAc, MeOH and AcH
as di scussed bel ow. Table 1 - eotropi ¢ Conpositions
and Boiling Points B.P. Azeotrope Conponents C B.P..C
wt % AcH 20.9 MeOH 64.7 54 18.7 MeAc 57 81.3 H20 100
70.4 8.1 EtAc 77.2 91.9 H20 100 61.3 3.6 DVE 64.5 96.4
MeOH 64.7 57.5 24.2 DME 64.5 75.8 CRC Handbook, 50th

Ed. Prelign nary studies at atnnDsphgni C Pressiioy OCHs
confirmed it was very difficult o
I E— | > |
4.——
Eql) CHsCH + CHOH < CH;CH CH;CH
| - H0 |
OH acid catalyst OCH;4
AcH MeOH a hemiacetal dimethyl
acetal

The preliminary distillation experiments at atmospheric pressure were consistent
with the hemiacetal having a lower volatility (higher boiling point) than AcH,
which caused the hemiacetal to be concentrated in the distillation column residue
stream. The estimated boiling point of methanol hemiacetal is about 109 °C at
atmospheric pressure. Analyses of samples containing AcH and MeOH by gas
chromatography were not able to detect the hemiacetal; however, UV/visible
instrument experiments substantiated that the conversion of “free” AcH to the
methanol hemiacetal was temperature dependent, as is seen in Example series A

and B, as well as Figures 1 and 2.

Example series A — Preliminary Hemiacetal studies

. An ultra-violet spectrometer was calibrated with solutions of acetonitrile
and methanol at varying concentrations (0.5% - 1.0%). After calibration, a
solution of approximately 1 wt% AcH in methanol was transferred to a vial,
sealed and placed in a GC oven at 60°C for 15 minutes. After 15 minutes the vial
was quickly taken out and used to fill a spectrometer cell. After a thermocouple
was placed inside the cell as well, the spectrometer was closed and scans and
temperature readings were taken. Results appear in Figure 1, wherein it is seen
that the absorbance of “free” AcH at 285 nM decreased with temperature as the

sample cooled.
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the AcH fed to a distillation,tower operated at

at nospheric pressure exited i% the residue stream Not

i ntending to be bound by theory, the cause of the
difficulty observed with separation of AcH from MeAc

as a "light-end" was found to be primarily due to the

pr esen€arthdr skilits (Bxainpk: wyiss BiweAscatdoviediusingguaddified high

(bel ow),. net hanol actjng as a nucl eophij] e ed to the.

c BresBHS liapidobppmayperaphy ARRAZRIYS mwpﬁ%f\&ﬂthg W&ls%le photodiode
cohiesnaengi ng hemacetal . O O CH3 + CH3OH OCH3 Il | Eq
1%& CH + CH3OH CH3CH 1 CH3CH - H20 1 OH acid
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Bg:mn?;: q}lﬁgjnx}'yziégfw pRoto@AE aay abtettof ¥f 4 BoBRATIoMAHPING (high
pressure liquid chromatography) apparatus was calibrated using AcH standards
prepared in HPLC grade acetonitrile. The standard solutions contained AcH
concentrations in a range of from 0.1wt% to 1.5wt% to determine a Beer’s Law
molar absorptivity coefficient for AcH. Methanol solutions containing AcH
concentrations in a range of from 0.5wt% to 1.5wt% were injected into the HPLC

detector and absorbance readings were taken over a range of temperatures (30°C

to 100°C). Results appear in Figure 2 and Table 2, as well as Figure 3.
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AcH and MeOH by gas chromat ography were not able to
detect the hem acetal; however, UV/visible instrunent
experiments substantiated that the conversion of

"free" AcH to the nethanol hem acetal was tenperature
ddjabledenTemperatise Pepondencentifiek A ldehyde CoicarchtiBn as

well as Figures 1 and 2. Exanple series A -
PreI|n1nary an1acetal studies An ultra-violet
spect r giF Th sol uti ons of
acet oni var nceptrat i ons
(0.5% - aﬁf? yhgg"&o/% %h‘gf Actl
appr oxi : et hanol wa L&HSL%FF%G—LO
a vial, d and p?&%ed iin a @AWen dt 6009 or 1
m nut e After 15 mnutes tlhe vial was quickly taken
out and useéd to [fill 264spedtrondtH6 cel I|. Aft/et a
t her nodoupl e was| pl aced inslide the cell las well, the
spect rqmet &0 was| cl 08@d and scarsl®nd t gnper diOd e
readi ngs_were taken. Result|s appear in Higure 1,
whereir it 60s selen t5a9 t hg absaximnce of "fried) Ach
at 285 [nM decreased with tenperature as [t he sanpl e
cool ed.|Fur tfAger sft udi gg3 ( Exanpl e (s%16 €es B) werg .1
conduct|ed using ja nodified |high

80 1053 0.425 28.4

90 1333 0.538 35.9

100 1600 0.645 43.1

Equilibrium constants were calculated from the experimental data and
Arrhenius plots of Ln Keq versus 1/T °K indicated a fairly good data fit and
consistency between different data sets and literature values. The best-fit Keq
relationship with respect to temperature for the reaction of AcH in MeOH to form
the corresponding hemiacetal was developed using averaged data from the HPLC
experiments along with two literature data points (see Eq 2, below).

(8522 /RT)

Eq. 2) Keq=4.61x10"7

where R=1.9872, and T= °K

The Keq equation (Eq. 2) was used to calculate equilibrium compositions
at various temperatures and initial MeOH concentrations using an initial AcH
concentration of 0.12 wt%. For example, a plot of temperature versus calculated
% “free” AcH expected at equilibrium starting from initial MeOH concentrations

ranging from 1000 ppm to 5 wt% was included in Figure 3.
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phot odi ode array detector of conventi onal HPLC (high
pressure |iquid chromatograp appar at us was

cal i brated using AcH standards prepared in HPLC grade
acetonitrile. The standard sol uti ons contai ned AcH
concentrations in a range of fromO.1Iw%to 1.5wt%to
determ ne a Beer's Law nolar absorptivi ty coefficient
for AcH.. Met hanol sol utions contai ni ng

concenttiaaperseiated from Fagreckt Ftr%hal%thsm%%frme%aldehyde
ég edsth BEHE g.n{dﬁ&npof 8thakdiGn A& SHie 1ﬂ&gas@pstﬁfsk%f’eﬂ? gmlCY, be

readi ngs were taken over a range of tenperatures 0

t eevee@}to faves fiet acagdelardeiby iktrganing thederdpdrabirea®] pressure.

well as Figure 3. Table 2 - Tenperature Dependence of

Free Al dehyde Concentration Equilibriumconstants were

cghembri@did rom t he experinental data and Arrhenius

plots of Ln Keq versus 1/T K indicated a fairly good

dat a f iReferiog towRigust dne yixhe(Goptay ﬂllddrdmhdisa&atmn@@pgratus 10

dlit | Th -fi | hi
o s Bt oty Bl 2 M. MO Eg AR b RigBurs at
Mefekhte® tdn@peratuia. wmminemdbﬁmaeﬁmdz waﬁ sixty (60) trays

devel oped usi ng averaged data fromthe HPLC

eppwidederitls a fgedriglepl 4 Bt Ta040,ian ovethgad oudetding gt hé and a eesidue
Eguget al? Tb.oﬁle overhead line is provided with a condenser 20 having an inlet 22

and an outlet 24 for coolant. Condenser 20 is coupled to a receiver 26 for
receiving condensed overhead and providing it to a reflux line 28, which is

optionally provided with a pre-heater 30.

Apparatus 10 was operated by feeding the ternary mixture MeAc, MeOH
and AcH to inlet 14 of column 12, condensing column overhead in condenser 20
and feeding the condensed overhead as reflux through line 28 back to the column.
Residue was withdrawn at 18, while condensed material was reboiled to maintain

flux in the column.

A series of distillation runs were made at approximately 45 psig
distillation operating pressures using MeAc spiked with AcH to achieve tower
feedstock with a target AcH content of about 1200 ppm. The distillation runs
were made with various reflux/feed (R/F), feed rates, and overhead condenser 20
coolant temperatures, as seen in Table 3. Condenser 20 temperatures, maintained
by passing coolant through coolant inlet 22 and coolant outlet 24, affected the
temperature of the overhead receiver 26 distillate, which was used for reflux, and
the cooled reflux affected both internal reflux rates, and the equilibrium
concentration of AcH and its corresponding MeOH hemiacetal in the reflux

stream. Overhead condenser 20 cooler inlet 22 coolant temperature was increased
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tenperatures and initial M concentrations using an
initial AcH concentration of '0.12 wt % For exanple, a
pl ot of tenperature versus calculated % "free" AcH
expected at equilibriumstarting frominitial MCH
concentrations ranging from 1000 ppmto 5 w % was

| (edrd dedlievffdegeratly X10t°C for Brpples atBdo hewrtevel gfiawoud 37 °C
that whil e the anopun free acetal dehy ecr.eases

astarting with Gxample &reéfwn@ﬂus Rre-heater 30 wseaqdﬁg durjag the series of
U RS @fe@ QQ\'&%V wEﬁ Efxgl\#gr[esﬁg T £e8Y Ahe Wak le@‘i)?é ﬂéﬁ@&‘ﬁp&)mrol

by 1 ncreasin e tenperature and pressure.
lichpeRgthier ring to Figure 4, a sixty (60) tray

A dershaw di stillation apparatus 10 was used to
distill ternary m xtures of MeAc, MeCOH and AcH under

Pr essuihepiting! deialk Al d r&URS T@Maﬁﬁ)lespﬂﬁ’é AR ddfnntékized in Tables

i ncludes a colum 12 with sixty (60) trays provided
witand # dnddhke distussiondbelaw.t ray 40, an over head outl et
line at 16 and a residue outlet at 18. The overhead
line is provided with a condenser 20 having an inl et

22 and ExAmplds| 187 wéfe éRfied o ith sub_estleN ®elux 2Pabsut 7 °C + 4 °C
coupled to a receiver 26 for receiving condensed

ovktates o 18:4dt Pricy/min.rihich cersespondsd taxeflyxto-fegd (B aafio
| Values in a range of from 2.63:1.0 to 6.45:1.0, see Table 3. The initial three

Examples in this series (1, 2, and 3) had non-detectable levels of AcH in the
residue product stream 18 samples; see Table 3. In Example 4, the apparatus was
charged with 1246 ppm AcH in the MeAc/MeOH feedstock prior to start-up, and
the overhead receiver 26 was charged with materials that had been further spiked
with AcH to a concentration of 5.33 wt%. Example 5 was a continuation of
Example 4. Both of these Examples (4 and 5) had low residue product stream
AcH concentrations (i.e., 79 ppm and 1 ppm) even with the use of the spiked
overhead (OH) receiver charge and subsequent reflux (OH samples) that
contained 2.24 wt% and 1.69 w% AcH.

In Example 6, the apparatus was charged with about 5 wt% AcH in the
overhead receiver 20 and Example 7 was started-up on an overhead receiver
charge with about 10% AcH content. The residue stream AcH concentration was
lowered to an acceptable level of about 76 ppm in Example 8, which was
conducted with an initial overhead AcH concentration of 1 wt% that increased
during the run. A reflux rate of 10.7 g/min (R/F=3.47:1.0) was typical, and the

overhead condenser 30 coolant temperature was increased to about 37 °C.

In Table 3 it is seen the R/F ratio was reduced to < 2.32:1.0 for Examples

9-14 and the overhead coolant temperature was maintained at 38 & 2 °C.
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overhead in condenser 20 and feedi ng the condensed

over head as refl ux through lilfe 28 back to the col um.
Resi due was withdrawn at 18, while condensed nmateri al

was reboiled to maintain flux in the colunmm. A series

of distillation runs were nmade at approxi mately 45
PHx@mlesta dridalld were Mot sthiteup LSiAg vetkletl snd@vevhedd receiver 26
spi ked with AcH to achieve tower feedstock with a .

t maierial from thsrareyipupiung Example X0 oApgan berseen oy thedata ig Table

r qn&e%%ﬁuﬁmgﬁ c\SﬂEé %ﬁoﬁse\%%ﬂé)gbgﬁgpl S(BQ%gmfi%?ﬁxamples

rat es, ad condenser coolant te ratures,
a® anddif) with dadpéspoitdingonerhnab(ORPrecanpefreflun)e’scH concentrations

mai nt ai ne sing cool ant through cool ant inlet 22
ah’aaéweéﬁ(%lagé‘thpfiitgzg?’t%ffect ed the tenperature of the
over head receiver 26 distillate, which was used for

reflux, and the cooled reflux affected both internal _
r ef | ux Bxamples ldnd2; e ard)lift Webe canducted aealowagrirefiwofo faediratio

<0 aht 160+ Rebal QLA aREE e Pese s Bt

! QERBEA I HiRichEStabl) i ARRsid(é MRPD cdn¥étiifioRs. Eﬁzﬂﬁ%l@' 1 ywas
<10 C for Exanples 1-7) to new |level of about 37 C

ststartefl ngthan initek angrheadrecaiverchargef qonfeiping SHewte Ackband

V\@gsuﬁg&j Fndregfél{lie rs‘%nﬁllég w?&rdﬁs— P¢I34 ppm AcH. Example 12 residue
contained about 737 ppm AcH and was started up on the reboiler and overhead
mixtures from the proceeding Example 11. Example 13 was started up with
reboiler and OH receiver material from the previous Example and residue samples
showed AcH levels of up to 1568 ppm. Example 14 was conducted with a fresh
overhead receiver MeAc/MeOH charge that was spiked to only approximately 2
wt% AcH, which resulted in residue stream AcH concentrations that were lowered

only slightly to about 1050 ppm.

The overhead receiver 26 was charged with MeAc/MeOH spiked to
contain 2 wt% AcH for Example 15, and the previous <2.32 :1.0 R/F ratio was
increased to a higher R/F ratio of 4.3:1.0. The residue stream contained about
0.16 wt% AcH for Example 15. The next run (Example 16) was started-up with a
lower initial AcH concentration (i.e.,1wt% AcH) in the overhead receiver 26, a
reboiler charge of about 0.12 wt% AcH, and was operated at even a higher R/F
ratio (i.e., 6.19:1.0). The residue AcH content was lowered to <500 ppm during

this run.

Figure 5 is a plot of product (residue) AcH in ppm versus R/F ratio

wherein it is seen that removal efficiency increases dramatically at R/F rates



Exanpl es starting wth Exanple 14. The feed |line was
al so pre-heated to control tenperature. QOperating

waledaiossasand results for Exanples 1-16 are sunPel/Ugmas/011292
in Tables 3 and 4 and the di s%ussi on bel ow. Exanpl es
1-7 were carried out with subcool ed reflux at about 7
C 4 Cat rates of 10.4 0.4 g/mn, which corresponded
to reflux-to-feed (R'F) ratio values in a range of
from2.63:1.0 to 6.45:1.0, see Table 3. The initial
t preaceranghoas2. The kisidueeXdiesortént (Bpmaootrdpted adth R/F ratio in
non- det ect g | evel s of AcH in the residue product
s@?‘é’é&@f gﬁ'l%‘?é%rm‘g%-e Table 3. In Exanple 4, the
apparatus was charged with 1246 ppm AcH in the
MeAc/ MeOH feedstock prior to start-up, and t
over head Eedi ver 2@%C¢AQH];@@HWFﬂﬁ2ﬁﬁ@er%%flgl:?tﬁat

5 had been further spiked with AcH to a concentration of
5.33 wt% Exanple 5 was a continuation of Exanple 4.
Bot h of these Exanples (4 and 5) had | ow residue
product stream AcH concentrations (i.e., 79 ppmand 1
ppnm) even with the use of the spiked overhead (OH)
recei ver charge and subsequent reflux (OH sanpl es)
that contained 2.24 wt % and 1. 69 wb AcH. I n Exanple 6,
t he apparatus was charged with about 5 wt% AcH in the
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over head receiver 20 and Exanple 7 was started-up on

an overhead receiver charge with about 10% AcH
W@ ewhess182 The resi due stream AcH concentrat i onP@EES2008/011292

| owered to an acceptable | evel of about 76 ppmin

Exanpl e 8, which was conducted with an initial

over head AcH concentration of 1 wt%that increased

during the run. Areflux rate of 10.7 g/mn
(RIF=3.47:1.0) was typical, and the overhead condenser

anmmoer-at it AL or Acpod +t A AlhA~rt 27 A
= 7 ) CII.’.CF acuou < VVCA 9 1 I_IL;I DU U avupPoul J \V) 3
[able it i|s seep,tlhe |R F_rptije. was |&Lefucled [0 | |en
3Pzl 2 0 4P ERampl 5 |R 1% ¢@Qd|Z hE 9lerfedd |(Qpqlank; |S
n $ maintaijned af 38 |2 QC. Exapplles |9 and
stfartedfdp 191 Nl RPOIA €5, @and|Ovier Headl,
c Bater {@l | 1 ri@n|ih¢prBvObuE 19n| Bxanpl ¢28| %
&h |Fr oth Ihe—dat a|trn|Tabt e—4 /7t e [Fesrdye
r on¢gn{satd ous (wels pbaut [L1% RO ppm f oL |.,
a A 20| | |cpriFesgolyi fap |aveehizad 4R [T |
(of [ux) | AcH clongenfra ioins Inla frange |of
0 3wt Pa Eaag)l&s é.loxlé h3|apd (b were (o
= = |2 19
n 2 [Foyer d el gk {8 [Red n& iz [ Ehodt |5 |2
94 1 {$ee| Tabl g 3 nd alll of these
st agio Exanpl es rlesul t¢d | n unaccept pblly hi gh
Si ‘BCH %orggeu,rm;i S [@arwlg]j; Ngsgtaﬁrtgdﬁ 2
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cont ai ned about 737 ppm AcH and was started up on the
reboi l er and overhead m xtures fromthe proceedi ng
wez@oapheasdl. Exanple 13 was started up wth rebOl/U82008/011292
and OH receiver material fromthe previ ous Exanpl e and
resi due sanples showed AcH |l evels of up to 1568 ppm
Exanpl e 14 was conducted with a fresh overhead
recei ver MeAc/ MeOH charge that was spiked to only
approximately 2 wt% AcH, which resulted in residue
stream AcH concentrations that were | owered only
sli ghgly to about 1050 ppm The overhead receiver 26
was cHlarged with |\/EAC/ MeOH spi ked to contain 2 w % AcH

for Exfanpl e3 rheprevieus <232 6+Rratio
was i-acreaspd iBhels ReF|&atHo (B (2 38 19D.| The
residge str Sai| @e goalouf <0.| &6 |t YA flot
Exarrpi}e 15. run (Ex le 16) d- up
withHg | owe AcH _cogcgnt natiion e ,|kwtj% AcH)
in thg over i Yer=26n oy ¢8oilFercha 9& df
aboutg(0. 12 W% AcH, and|was erated at| eJyen |a Hi gher
RF ratio ( ~ Pp. 197 1]0)] € fnesifdue AJH dontlent
was Iger ed| S o Espe psmleulengst hes (s fidee [s is a
pl ot &f proctS(fesidug) in|ppmversys R Flratio
wheregn it Fs—seegptihatre —efficrgncy—Tcrgases
dran@;i cal | Q’atﬁﬁg 1at sgreafey |Hhap apodt, o The
residge AcH@ortept: (Zony ¢Qr 18} alded Wiigh R EJ4tio in

E 2 o0 o~ (=] ~ |t~ |t~ o~ |00

&

[}

5 Q sl (B (BB |8 |5 |8 |8 |5 %

. m &

3

[

A4 B olalal=3lRxm (825

=l 2 SIS I IR v b |5 |9 |8 IS |»

S| < > — | 'SUNN ES B Ko IS

9 = g I3 3 5 Q &

o a8 @ |F | |&R I (G le|F |

g < & |+ o IoN & -

70}

g b= . ) g ) ~

BN A R ER A

=4 gs'gs'gs'gsgsg

— > > > > >

5

s =2

2 g‘ < m < m <

[

Z v

: - - -

@ > ° 2

= o, o [="

I m m m

v

2

i

=




16

accordance with the fornul a:
= 102,000 e -2.53 x RRF ratioTable 3 -
w@ondiossiens and Cal cul ati ons for Acetal dehyde RenDSz008/011292
by Distillation at El evated Pressure (45 psigTable 4 -
Representative Anal yti cal

Acet al dehyde Renoval

Eg. 3) Residue [AcH,

Qper ati ng

Resul ts Sunmary for
El evat ed

Pressure (45 psig)Table 4 -

by Distillation at

ppm

Representati ve Anal yti cal

Results Sunmary for Acetal dehvde Renoval by
Distillation at El evated Pressure C45 psiQ)
E ont'd) Table 4 - Representative Anal ytical Results
dunmary for Acetal dehyde Renoval by Distillation at
El evat pd—Pregsure (45 pshg)yfeq “*"‘) able
presegt ali Y& MAoallyt il 8all-Re@uljis (Surprar| fii8 |2
et al geh Semovab by Pistld ||&tijoh |dt | dwat|ed
E essule ( 4% p<|n ((nnt'd)TaHp 4 -1 Reprgse tatli ve
Anpal yt Qal’éﬂhgul Sumeairly fley |Aceialldehyde Regpval by
B stil @tig}nR at |8 eSral S | B dSs Ui (B4 PpsRy)| R dantf d
_ETabIe e mres;itatlve Anal yti gal |Regul tifs Summary
Epr Acerardenyde al [y |[D g f[ratfi on art| Fievat ed
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four days. Feed conposition and operating paraneters
are seen in Tables 5 and 6. The run was nade at a

w@r@smssie2 of about 45 psig during the first threpUsSIVES/011292

one half days and was | owered to about 30 psig for

about the last 8.5 hours of the fourth day.

Refl ux-to-feed ratios were held at about 4.6: 1.0

during the run. The data taken over the run showed

t hat residue product AcH concentrations typically ran

at about 100 50 ppm whil e operating at about 45 psig

gfrrespondlng to overhead AcH |l evels of about 1.4 0.5
% Wen the pressure was | owered to about 30 pS|g in

gpy 4, rhe—resiguerAchegresntrations iereased—o
'Elght ¢ oge[—250 pm é‘l’a%eﬂ SF:'e_echcajantéj)r Dat a
or - Cofisi neoy® Acet & dehy Beneval I Destid ||stijon at
§5 psi g—and Pubsequentll vy 1l owergd tlo 30 psig22 (Taldle 6
K Oper p&i Mg fondict i| gnsf qr  Cont|i ndeug Adet 4l dehvde
rova Oby EnSt |B ats ¢F 4f 4% pst gand shbdehyshtll y
Epwer e¢ft 0—30 psig|Figure 6|is|a plot] off oyerhead and
Essi dugC gntration of Jacet al derydel\dLrlr%the
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WO 3Romsa1e2 - 93% at operati ng pressures of

with high MeOH content when distilled at atnospheric
pressure (0 psig), the % AcH renoval was increased to

-45 psig, respectively (using 1200 ppm AcH f eedst ock
ina RFratiorange of -4.6: 1.0). This result is

i ndeed unexpected in view of the ineffectiveness of
conventional |ow pressure distillation to renpve

acet al dehyde from m xtures of nethyl acetate with
thanol. The effects of el evated tenperature and

¥ essure as well as R'F ratio are further appreciated
reference to Figure 7.23 Figure 7 is a plot of AcH
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greater than 2.5, grater than 3 or greater than 4
within this RRF ratio range. In various enbodi nents of

wo b@ojossaent i on, the method is effective to purP€lUsINes/011292

feed to AcH contents of |ess than 100 ppmor |ess than
50 ppm where the feed has an AcH content of nore than
100 ppm nore than 250ppm or 500 ppm or nore than
1000 ppm The feed m xture may contain nore than 1200
ppm acet al dehyde, such as 2000 ppmor up to 5000 ppm
or up to 1 wt. %and optionally nore AcH The feed
xture may al so contain fromabout 5% to 50% net hanol
lch as from about 10%to 40% net hanol or from about

Pressure
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g{oduc é ' Bur t iyl |Acefajd/ Nt hangl
Xt ur gg > hpmio|o njeit pesspufi feedl in
accor dj ioh may he fedlditectlylto a
t hanpg t s p.feedptogk 1o hmke
dceticl@ 3n|Tnj € [Bo|8f [Bn|E Pags is
§ own &Fé] igure 8| alpnglw th assopci &t ed
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St r ean ahd DpiFomml |§ agd(Ei mpa
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bi - products are vented fromthe reactor to maintain an
opti mum car bon nonoxi de partial pressure. In the

WO 2@9N8R182 a car bonyl ati on reacti on occurs to pPOOHUSE®08/011292

acetic acid while a suitable reaction mxture is

mai nt ai ned. The reaction m xture in reactor 112

includes a G oup VIIl netal catalyst, optionally an

i odide salt, an al kyl halide pronoter, carbon

nonoxi de, acetic acid, nethanol and/or reactive

derivatives thereof, and water, as discussed in nore

tail hereinafter. The Goup VIII catalyst netal may
a rhodi um and/ or indium catal yst. The rhodi um net al

t al ygt—rayberadgednyany suitable form such that

o

6

73

£

ghodi Ui sGi —Hp;c&ag)ét solution as an equilibrium
L N =) . . . .

Xt ur gzi med @ng[@w( )21 2] anion as is well known
Bh thelart en rhodilumisol ution is in the carbon
fbnoxi §€r i gh[enviyr gnegg [of the reactor, solubility of
tne rh1@iq§%is g&nerally |mai nt ai ned because
Bhodi upffcarbenyl| i odi de ani oni c species are generally
g | ubl ¢4 =Wt e and aceilic aci d. However, when
'g'ansfaﬁre 1§ ¢ar bin [Bpnoxi de depl eted environnments
&6 typ{@al£y|exi|st [in|the flasher, light ends col um
ahd sofforthj—tie—gquiftt1ri um r hodi um cat al yst
cpbnposi i on ¢hanges-silace | ess carbon nonoxide is
g«ai | abOe. SRAZi| &m iy ¢ pi tates as Rhl3, for exanple;

ptai | gsas t ¢ he figy nroff entrai ned rhodi um downst r eam

[ ]] . .

o the|react¢r ijs not [weljl understood. |odide salts
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hel p alleviate precipitation in the flasher under
so-called "l ow water" conditions as will be

wappposiiat ed by one of skill in the art. | odi deCHEB1088/011292
mai ntai ned in the reactionnﬁinges may be in the form
of a soluble salt of an al kal4” netal or alkaline earth
metal or a quaternary ammoni um or phosphoniumsalt. In
certain enbodi nents, the catalyst co-pronoter is
[ithiumiodide, lithiumacetate, or mxtures thereof.
The salWhitetheriaveition myedaedeadﬁil@sﬂl with eeferenee wathel prefardd

that will generate an_i odi de The i odi cat al yst.
seaodiments PRYI0NE m%ﬁ%aew@ﬁ%eé@tw arww%ﬁ‘eby (rosd Skilled
r 6R el r@ﬁ a%I EdVlin ug’*lhte%ﬂéﬁt's ehis ﬁfs@l%sdred iTflErefatt Lit [Bitehfed

generate in-situ since un er t he operating conditions
ofthatt Hlee meauiomncmyls aB wclmnmdxfmahmmdcadtemﬁnns tockhel dull extent

S QBRI LB B SRR he s BP OB Ao dSyigns thereo.

stablllzer For additional detail regarding iodide
salt generation; see United States Patent Nos.
5,001,259 to25 Snmith et al.\ 5,026,908 to Smith et
al .\ and 5, 144,068, also to Smth et al., the

di scl osures of which are hereby incorporated by
reference. Simlarly, an iridiumcatalyst in the
liquid carbonylation reaction conposition nmay conprise
any iridiumcontaining conpound which is soluble in
the liquid reaction conposition. The iridiumcatalyst
may be added to the liquid



reaction conposition for the carbonylation reaction in
any suitable formwhich dissolves in the liquid

WO e@eFg182 conposition or is convertible to a spCTYOE®08/011292

10

15

form Exanples of suitable irjdiumcontaining

conmpounds whi ch may be added 3o the liquid reaction
conposition include: 1rd3, Irl , IrBr , [Ir(CO2I]2,
[Ir(CO dA] , [Ir(CO2Br]12, [Ir(CO2I2]H +,

[1Ir(CO2Br2]H +, [Ir(CO214] H+, [Ir(CH3)I3(CR]H +,

| E4amp)el2ries 17C 3. 3H20, 1rBr3 H20, 1r4(CO 12 , iridium
metal, [r203, Ir(acac)(CO 2, Ir(acac)%, iridium

acet at &uljzingtbe preoedpigand Fppasaiss noted RORKSAIINGREYS di ¢
aqisinbéid Al ﬁl(amplgyeﬁﬁ p’?'vtfzfs%gn&m&i Gith Dpeiatibh b¥er i period of
such as acefates, oxalatés and acetoacet gt es are

usaal days. diepd ogragositions tad dpearatingpparametiess. ard keeni iniTéhblen5 and 6.

catal yst congentration ip the Liquid reactjon
c ahpals prsR 9t pRresTie pbabaif éé Pgls_ #@@gﬁﬁe E%Hﬂﬁepmd one half
T'Elﬁyscﬁfdtt\%k)’lb%lfélaﬁo %ome;m,gsligl)gorlabbﬁﬂ thé NGt 8 5IHOULYBS the fourth

catal yst 1s we known an general l'y described in
t dey.f Beflaxtoreedmatiesow@e dckisat Rhowtrk. 6 :Nidsduring, the pumy 6bhe data

5,932,764, 5,6883,295. 5 877, 348 5, 877,347 and .

5 168 o3 e AL e thepad e piahe AcH Farictp B opically ran

| BEAEURN 60 £303pnt KhEE Bp&atihg hCabolit 55 ?EE lcbfradpoatlin@So ioberhead
set forth in their entirety. An alky al i de

cécthlestly of Appwnoter is generally used in conbination
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iodideTis’a preferr
residue AcH concentrations increased to slightly over 250 ppm.

Table 5 — Feed Composition Data for Continuous Acetaldehyde Removal by
Distillation at 45 psig and Subsequently Lowered to 30 psig

Component I Feed (wt%)

AcH 0.1141
MeOH 22.1
EtOH 0

MeOAc 77.61
DMA 0.0023
EtOAc 0.013
Water 0.016




al kyl halide pronoter. Preferably, the concentration
of alkyl halide in the liquid reaction conposition is

WO poovlossisange 1 to 50% by wei ght, preferably 2P¢DUSDRB/011292
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by wei ght. The al kyl halide pronoter nmay be conbi ned
with a salt stabilizer/copro er conmpound, which may
include salts of a netal of Goup |A or Goup26 HA or
a guat ernary anmoni um or phosphoni um salt.

Particularly preferred are iodide or acetate salts,

e. 9. Tablet6hi Operatifly @@nditiohs foti ContinaeisA eetaldeinele Removal by

pr onot er sDastillation Bf PIPLiL bd BAbsehLentSACbvased &S 30 pligt he
catal ytic systemof the present Tnvention as described
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refere S e Sg7 ectegyTrom 12
r ut heni . rhanium _ Einc, ¢adm um

i ndi um NS cQEl|, 8pRat | AAM] yarvddium
ti t ani sm—=ecopper—atumAtiR—-paptiApRys—aht—gare
nore pfef EF ?‘eg%lleéépgd S Ut Bedd umd3rd s
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Pat ent | No. 6, 627, 770, t'heflentirdty of hich i
i ncor por alaeritved diime GC) r e§ed46Zg. S9R4pr p9aL7Rr | medB.(fe

1 t of

T U1 LI

pr esent

sol ubi | i elajtdi gn 2@;7“"0;98'701 %q{gor

any |i

Pressure (psig) | 458 | 458 | 46.5 30.4
Distillate (g/min) 0.0285 | 0.0326 | 0.0246 | 0.0969

Reflux Line (°C) 30.82 | 30.08 | 29.77 30.35
R/F Ratio 4.64 4.62 44 4.72
Reflux (g/min) 10 10 10 10
Residue (g/min) 1.77 1.88 1.91 1.82
% AcH Removal 89.76 | 92.99 | 92.33 81.57

Figure 6 is a plot of overhead and residue concentration of acetaldehyde
during the continuous four day run, wherein it is seen the pressurized column
efficiently removes acetaldehyde from the feed mixture. It is appreciated from
Figure 6 that as compared to essentially zero AcH removal from MeAc streams
with high MeOH content when distilled at atmospheric pressure (0 psig), the %
AcH removal was increased to ~82% and ~93% at operating pressures of ~30 psig
and ~45 psig, respectively (using 1200 ppm AcH feedstock in a R/F ratio range of
~4.6:1.0). This result is indeed unexpected in view of the ineffectiveness of
conventional low pressure distillation to remove acetaldehyde from mixtures of
methyl acetate with methanol. The effects of elevated temperature and pressure as

well as R/F ratio are further appreciated by reference to Figure 7.



recycled to the carbonylation reactor fromthe acetic
acid recovery stage . Wien used, the pronoter is

W@ ovakd1y2 present in the liquid reacti on conpoRCT/US00&011292

10

15

20

25

30

a nolar ratio of pronoter to tal catalyst of [0.5 to
15]:1, preferably [2 to 10] 2 , nore preferably [2 to
7.5]: 1. A suitable pronoter concentration is 400 to
5000 ppm The carbonyl ati on reaction proceeds in
reactor 112 as net hanol and carbon nonoxi de reactants
are continuously fed to the reactor. The carbon

nonoxi de react ant may be essepé/a@g¥ Hre or
cont ai Higweriis F‘l?ﬂﬁfrq Ackkrempys! G6) g peAuetiAsH a%ntent versus

: | .
ERRRuc W hERHE s RRRI YRR N Eley Ui pfdlcPplrity increase
t Henesichliyiatnorthead eempetatyessabaresbdut 767C or by t he wat er

gas shift reaction is preferably kept |ow, for
exanple, less than 1 Bar partial pressure, as its

presenqge meﬁteiﬁ%r&mhnh&m&ﬂemmeaﬂs fa‘r PAYiSfiRg 8 Rahagn

products. The parti al ressure of carbon nonoxide in
t axtuesaefi hethyl acetam tagthanol and aestaldehyde bydistitiptipr at clevated

r ef er abl referab 1 0.1 .
DS sl e 1 0,e e BRI RRRORE b il o 75 pse
S hietsalthdle] such AS ﬁbﬁﬂ%gﬁ@ td 60 gSIQ oB2b to PO pEigl atilthesd Grédsdures,
100 bar, host prefera 15 to 50 Bar. The

t thegemaeratus pf thr— qm@ee@rw#yblatm@ntar@ééf% abeug 70°C to about

S0y SRS 1o BB Bkt i
nRefliiaed feed datiosd frorh Rqoi7drphdtble as are R/F ratio greater than 2,

greater than 2.5, grater than 3 or greater than 4 within this R/F ratio range.

In various embodiments of the invention, the method is effective to purify
the feed to AcH contents of less than 100 ppm or less than 50 ppm where the feed
has an AcH content of more than 100 ppm, more than 250ppm or 500 ppm; or
more than 1000 ppm. The feed mixture may contain more than 1200 ppm
acetaldehyde, such as 2000 ppm or up to 5000 ppm or up to 1 wt. % and
optionally more AcH. The feed mixture may also contain from about 5% to 50%
methanol such as from about 10% to 40% methanol or from about 15% to about

30% methanol in some cases.

Acetic Acid Production With Purified Methyl Acetate/Methanol Mixtures

Methy! acetate/methanol mixtures purified in accordance with the
invention may be fed directly to a methanol carbonylation unit as a feedstock to
make acetic acid. A carbonylation unit 110 of this class is shown schematically in
Figure 8 along with associated purification. Carbon monoxide and a purified
MeAc/MeOH stream of the invention (and optionally additional methanol or a
reactive derivative thereof) are introduced continuously into reactor 112 with

adequate mixing along with carbon monoxide at pressure. The non-condensable



reaction at a tenperature of from about 150 - 2000C
and a total pressure of from about 20 to about 50 bar.
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m xture as the solvent for theg reaction. Suitable

reactive derivatives of methafol include net hyl

acetate, dinethyl ether, nethyl formate and nethyl

i odide. A mxture of methanol and reactive derivatives

thereof may be used as reactants in the process of the

pbbprydiucts Aavevdntahfrofrthé esaatolr yo maiitiianaloptmihocarbet mphoxide

acet aLe are use as react ag At | east sonme of t )
ighBresg/ Byt Fé%a&fqrv%%r PRYJ AN, FAGHHAL, QEGRrS AP [PFO ge acetic

f ﬁa\ﬁ%ﬁlfeda {iRrab R IRAGHIXRIE ?’seﬂﬁmgﬁnem Hoea @il rﬁfx?urb i

I'quid reaction conposition by reaction with
acector 142 mmblpxiasduﬁtouprVIihhlvtahcataltheopimmﬁmIanadpdldm salf an

th | quj d ti

s erh bRl o Tt SR BOSoY e AU ran ol GPapErcasiiye
0 deri{Alived tRePofWRIdIRAter, A HRCENsE fI ABleYdetail Rerdm¥eibry

wei ght and nost pref erably 1-20% by wei ght. Water may

be formed in situ in the liquid reaction conposition,

ot handieup S el Bl e G e R g atyst

behe Blﬁdd?ﬁmqﬁéialt datdly nfedy heodidded i &y G@aBleTorrh 8@ ther rhodium

Wllst 1rr]1 tgé catalyst solution as an equilibrium mixture including [Rh(CO),I;] anion
as is well known in the art. When rhodium solution is in the carbon monoxide-
rich environment of the reactor, solubility of the rhodium is generally maintained
because rhodium/carbonyl iodide anionic species are generally soluble in water
and acetic acid. However, when transferred to carbon monoxide depleted
environments as typically exist in the flasher, light ends column and so forth, the
equilibrium rhodium/catalyst composition changes since less carbon monoxide is
available. Rhodium precipitates as Rhls, for example; details as to the form of
entrained rhodium downstream of the reactor is not well understood. lodide salts

help alleviate precipitation in the flasher under so-called “low water” conditions

as will be appreciated by one of skill in the art.

Iodide salts maintained in the reaction mixtures may be in the form of a
soluble salt of an alkali metal or alkaline earth metal or a quaternary ammonium
or phosphonium salt. In certain embodiments, the catalyst co-promoter is lithium
iodide, lithium acetate, or mixtures thereof. The salt co-promoter may be added as
a non-iodide salt that will generate an iodide salt. The iodide catalyst stabilizer
may be introduced directly into the reaction system. Alternatively, the iodide salt
may be generated in-sifu since under the operating conditions of the reaction
system, a wide range of non-iodide salt precursors will react with methyl iodide to
generate the corresponding co-promoter iodide salt stabilizer. For additional

detail regarding iodide salt generation; see United States Patent Nos. 5,001,259 to
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reacti on conposition. Water nmay be separated from
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fromthe reactor and nmay be Egcycled in controlled
anounts to nmaintain the requi4’ed concentrati on of
water in the liquid reaction conposition. Preferably,
the concentration of water maintained in the liquid
reaction conposition in reactor 112 is in the range
OSihthth 466,096,968 @ Smitkrer 4.; ané 5414a 068, dlsé o IAfth biyal., the
nost preferably 1to 10% by wei ght, SU|tany
| éssglosswsr’.om igh a5 hereby insgrnoried PEARIESACA12, a stream

of the reaction mxture is continuously fed via

conduit 118 to flasher 116. Through the fl asher the

pr oduc lSnratlmﬂjv,exnatidiﬂlnamialyktein iheg loquiid garbbnylation regbtiorends
(nmethyl. .iodide, nmethyl acetate, and wa re . . .

S CrRPLTEG e fomiass e RO asroheohe Sanaesndivhishs wofble in

C iy uRd RGEESH é&lﬁméﬁl‘ ThSirldAmRatdR St Why Be gﬂ&&l‘lb\{ﬁ‘éﬂhquld

gases to the distillation or purifjcation section 11

i neastlmg temposigen for sshcartionylagmnakaationdn oy swirblesform whlch
rec ed. t e reactor v onduit 132,

O el ARigER R eatpHEER o fesBviplels & sohltfe form.
S Ex6@plecs bF §u1tdbléjﬁﬂ¢ﬁmlééhtaﬁﬁngiboﬁ1ﬁ&xdd§Wlﬁ@{ &@9 bmaﬂ@ea td@he
partial pressures in _the flash vessel, and

e Haidi raeciion somporition andlade: xyds. dvh, TRy, [ﬁ(@%zﬂzb flr(&é?)uzGHz,

gf[ {%ﬁﬁz, [CBII Y PietO) e, BE! e\ T Bl (DT B, HY,
Iry(CO)y3, IrCl3.3H, 0, IrBr;.3H,0, Irs(CO);,, iridium metal, Ir;03, Ir(acac)(CO),,
Ir(acac)s, iridium acetate, [Ir;O(OAc)s(H20)3][OAc], and hexachloroiridic acid
[HoIrClg). Chloride-free complexes of iridium such as acetates, oxalates and
acetoacetates are usually employed as starting materials. The iridium catalyst
concentration in the liquid reaction composition may be in the range of 100 to
6000 ppm. The carbonylation of methanol utilizing iridium catalyst is well known
and is generally described in the following United States Patent Nos.: 5,942,460;
5,932,764; 5,883,295, 5,877,348; 5,877,347 and 5,696,284, the disclosures of
which are hereby incorporated by reference into this application as if set forth in

their entirety.

An alkyl halide co-catalyst/promoter is generally used in combination with
the Group VIII metal catalyst component. Methyl iodide is a preferred as the
alkyl halide promoter. Preferably, the concentration of alkyl halide in the liquid
reaction composition is in the range 1 to 50% by weight, preferably 2 to 30% by
weight.

The alkyl halide promoter may be combined with a salt stabilizer/co-

promoter compound, which may include salts of a metal of Group IA or Group



ends columm, a dehydration colum, and, optionally, a
heavy ends col umm. The crude vapor process stream 117

wo ea@aosdie2 f | asher is fed into the |ight ends chPCT/IR2008/011292

10

15

20

25

30

120. Methyl iodide, nethyl acetate, and a portion of

the water condense overhead i4? the i ght end col ums

to formtw phases (organi c and aqueous). Both

over head phases return to the reaction section via
recycle line 134. The di ssol ved gases fromthe |ight
el of alquaterneey kminfondug for phespliosiuind dalt iRanticadaty preferred are
Before this vent streamis flared, residual |ight ends
ar@dide o Asskte salla, q-g@ff 1wy ipdjde prlithivgp @etate i j onal I y,

a liquid recycle stream 135 fromthe |ight ends col um
may al so be returned to the reactor. The purified

pr oc es Othe¢rpramofetOandscad pamotert indyHe wsedas péart bhthelcatphytic
end col 120 and is fed,to.dehydrati on _col 122.
VR g gL N o P B e pient Epbiiafian EP 0
aRdo2ug theauelo8tkeld? Wiith fs¢REdby QRcoYSThRADY rBfer&ickC [Shitable
line 134 as shown. The purifiéd and drie rocess

s prasaoterssee seleated fremomithedivam,iasmiwm) wngsteR 2hérdems Zinesi n
bed, 136 an(? ro%rct i s taken lEherletf.rom as (?howp .
CSPUBRY AJIaR. sgliim, sy, digkel hlafinim, vanadium, tifgnium,

C QbpyyER Sal@ehuns, ty, aﬁtﬁhaig},mnaaﬁfﬁbﬁq)ra&rmys séledredifrom
nore detail in United States Patent No. 6,657,078 to

Seutherjugyand|osmiwny iSpeeific cpPRPBAEFAFe davBibRg imPnied States
PhGGPRo: 6,%5’?,7%,%% Q&HE:S' oqfwhich is incorporated herein by reference.

A promoter may be present in an effective amount up to the limit of its
solubility in the liquid reaction composition and/or any liquid process streams
recycled to the carbonylation reactor from the acetic acid recovery stage . When
used, the promoter is suitably present in the liquid reaction composition at a molar
ratio of promoter to metal catalyst of [0.5 to 15]:1, preferably [2 to 10]:1, more
preferably [2 to 7.5]:1. A suitable promoter concentration is 400 to 5000 ppm.

The carbonylation reaction proceeds in reactor 112 as methanol and carbon
monoxide reactants are continuously fed to the reactor. The carbon monoxide
reactant may be essentially pure or may contain inert impurities such as carbon
dioxide, methane, nitrogen, noble gases, water and C; to C, paraffinic
hydrocarbons. The presence of hydrogen in the carbon monoxide and generated
in situ by the water gas shift reaction is preferably kept low, for example, less than
1 Bar partial pressure, as its presence may result in the formation of hydrogenation
products. The partial pressure of carbon monoxide in the reaction is suitably in

the range 1 to 70 bar, preferably 1 to 35 bar, and most preferably 1 to 15 bar.

The pressure of the carbonylation reaction is suitably in the range 10 to

200 Bar, preferably 10 to 100 bar, most preferably 15 to 50 Bar. The temperature
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conprising: (a) feeding the mixture of nethyl acetate,
nmet hanol and acet al dehyde to di stillation colum;
(b) distilling the feed m xture of nethyl acetate

nmet hanol and acet al dehyde at a pressure of 10 psig or
nore to generate an overhead vapor streamenriched in

actthelcdioyidiatian restipr ishitabllytin tierahge 100103 00E, }ﬁeﬂr&bly in
resi due stream depleted i.n, acetal dehyde as conpare

wiherfangrel 300220 Get Acetic agid i typically mepulaciged wa ‘F‘B&‘ii ahese
Sh{a‘é‘ﬁm thﬂ! %@&tﬁr@ of aCCO;‘i@X@'@ ?661@ i0€a %'taﬁb#és&%'o%om

tho

t heoud28ttd hb®itisS0maeol umm i s operated at a pressure of
from10 psig to 75 psig. 3. The nethod according to
Gaim1l, wherein the distillation colum is operated

at a presgyl d‘i’; ty fcg %QzllﬁfeldQnttl% r'ééct ngx fre ad solvent for
arser

met hod accor wher el n st
C tHeurmarction. oper at ed

Suitable reactive derivatives of methanol include methyl acetate, dimethyl
ether, methyl formate and methyl iodide. A mixture of methanol and reactive
derivatives thereof may be used as reactants in the process of the present
invention. Preferably, methanol and/or methyl acetate are used as reactants. At
least some of the methanol and/or reactive derivative thereof will be converted to,
and hence present as, methyl acetate in the liquid reaction composition by reaction
with acetic acid product or solvent. The concentration in the liquid reaction
composition of methyl acetate is suitably in the range 0.5 to 70% by weight,
preferably 0.5 to 50% by weight, more preferably 1 to 35% by weight and most
preferably 1-20% by weight.

Water may be formed in situ in the liquid reaction composition, for
example, by the esterification reaction between methanol reactant and acetic acid
product. Water may be introduced to the carbonylation reactor together with or
separately from other components of the liquid reaction composition. Water may
be separated from other components of reaction composition withdrawn from the
reactor and may be recycled in controlled amounts to maintain the required
concentration of water in the liquid reaction composition. Preferably, the
concentration of water maintained in the liquid reaction composition in reactor
112 is in the range 0.1 to 16% by weight, more preferably 1 to 14% by weight,
most preferably 1 to 10% by weight, suitably less than 10 wt.% water.



at a pressure of from25 psig to 50 psig. 5. The
nmet hod according to Claim1, wherein the tenperature
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about 1500C. 6. The net hod a;*?éordi ng to Caiml,
wherein the tenperature of t over head vapor stream
is fromabout 85C to about 1150C. 7. The net hod
according to Claim1l, wherein the tenperature of the
over head vapor streamis from about 900C to about
1000C. Féom TéwetordilBpal stiecano o fitha ge:etcooﬂmikmrdis dontimhmxsly fed via
conpri.sing refluxing at | portion, of th
o Gendviat Ko (sharid0r A orenelihs MR fedBpdi) 20gic apikand the
fly 3¢ BRNHIN Snd Anidy1 Todlde ARG R elobE ald Nakdr) AelsOfarated

Eﬂ}yls opfegratlé t lf?l}bre Uix toﬂfeg d (R'F) rglo g?a:a

g ﬁeat the re¢door catalyisd sollitien, raatl hhnjcradc: progtessgticamd 15iisf@warded

e S dh Gt T BB o o
THQSHTET‘M&?& @BRQUBH id Refdled 1 Be réfeedr&iidcdi¥it 132. Under the

distillation colum is operated at a reflux to feed
( chyssmmdmoos ofjtheeflash, thpdinngis sasceptible tordeavdiyation at the low

a°°§ et podif breraer BB 1SS wid o) BF cfifalifo

aﬁﬁéano;;% stéme119et hod according to Claim38, wherein

e distil ati on columm is operated

The purification of the acetic acid typically includes distillation in a light

ends column, a dehydration column, and, optionally, a heavy ends column. The
crude vapor process stream 117 from the flasher is fed into the light ends column
120. Methyl iodide, methyl acetate, and a portion of the water condense overhead
in the light end columns to form two phases (organic and aqueous). Both
overhead phases return to the reaction section via recycle line 134. The dissolved
gases from the light ends column vent through the distillation section. Before this
vent stream is flared, residual light ends are scrubbed and recycled to the process.
Optionally, a liquid recycle stream 135 from the light ends column may also be

returned to the reactor.

The purified process stream 140 is drawn off the side of the light end
column 120 and is fed to dehydration column 122. Water and some acetic acid
from this column separate and are recycled to the reaction system via recycle line
134 as shown. The purified and dried process stream 152 from the dehydration
column 122 feeds resin bed 136 and product is taken therefrom as shown.
Carbonylation system 110 uses only 2 purification columns and is preferably
operated as described in more detail in United States Patent No. 6,657,078 to
Scates et al., entitled “Low Energy Carbonylation Process”, the disclosure of

which is incorporated herein by reference.
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conprising: (a) feeding a m xture of methyl acetate,
nmet hanol and acet al dehyde to ¥ distillation col um,
wherein the feed m xture conprises at | east about 5

wt . % et hanol , nore than 100 ppm acet al dehyde and t he
bal ance nmethyl acetate;(b) distilling the feed m xture
of nethyl acetate, nethanol and acetal dehyde at a

pressure of 10 psig or nore to generate an over head
v%ﬂﬁ@@%ﬁv@@—b‘ged i n acet al dehyde as conpared with
the & 84 HrtefoPig atethfiR] TGk i

acet al%gghyde as 80 gregﬁ\?\nh%e?ﬁfelaf ee ?n%tﬁ{uer ;1 a[(l%tﬁne’
r ef | methagolandacttakdehpde ¢dneprisner: head streamto the

distillation colum; (d) controlling the tenperature
of the overhead vapor stream the pressure of the

distillati Oftafpéeamg RO thik e 61%&%’121 dRtat Btk thdRoland at i 0

of the distillation colum _su.ch_ at the residue
stream has an acstald¢hjdayele distilation cadimness t han 100

ppm and

(b) distilling the feed mixture of methyl acetate methanol and
acetaldehyde at a pressure of 10 psig or more to generate an
overhead vapor stream enriched in acetaldehyde as compared
with the feed mixture and a residue stream depleted in

acetaldehyde as compared with the feed mixture; and

(c) withdrawing the residue stream depleted in acetaldehyde from

the distillation column.

2. The method according to Claim 1, wherein the distillation column is operated

at a pressure of from 10 psig to 75 psig.

3. The method according to Claim 1, wherein the distillation column is operated

at a pressure of from 20 psig to 55 psig.

4. The method according to Claim 1, wherein the distillation column is operated

at a pressure of from 25 psig to 50 psig.

5. The method according to Claim 1, wherein the temperature of the overhead

vapor stream is from about 70°C to about 150°C.

6. The method according to Claim 1, wherein the temperature of the overhead

vapor stream is from about 85°C to about 115°C.



(e) withdrawi ng the residue streamfromthe
distillation colum. 15. The nethod according to Claim
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ppm acet al dehyde. 16. The net qod according to Caim
14, wherein the feed m xt ur e ilncl udes nore than 500
ppm acet al dehyde. 17. The nethod according to Claim
14, wherein the feed m xture includes nore than 1000
ppm acet al dehyde. 18. The method according to C aim
14, wherein the residue streamhas | ess than 50 ppm
acet al deh 19. The npethod according to Caim

de. ) 14,

wier Biemethed pecarding te Claimnl . yhereip ghe tempgrapure of the overhead
acet ; &b el to Claim 14,
V\her‘g#gp%h%%ﬁ} égap'gngg?ur e ?ﬁ%?ﬁﬁgs}g?‘i{%m about 5 wt.%to
about 50 wt. % nethanol. 21. The nethod according to

aim 14, wherein the feed m xture includeg f.ro bout
78" om0l Besrding 0,198k CHARRIComPBSINEHE R Gheas
acCcPdHifof fe Gveihdhd $reath'&y Bk QistiNSrid L& umhxt ur e

i ncl'udes from about 15 w.%to about 30 wt.% net hanol .
23. The nmethod according to Caim 14, wherein the feed

nb.Xt reem{:t?log %(r:clzo\fgglgft{) fim 8, wherein the distillation column is operated

at a reflux to feed (R/F) ratio of greater than 2.

10. The method according to Claim 8, wherein the distillation column is operated

at a reflux to feed (R/F) ratio of greater than 2.5.

11. The method according to Claim 8, wherein the distillation column is operated

at a reflux to feed (R/F) ratio of greater than 3.

12. The method according to Claim 8, wherein the distillation column is operated

at a reflux to feed (R/F) ratio of greater than 4.

13. The method according to Claim 8, wherein the distillation column is operated

at a reflux to feed (R/F) ratio of from about 2 up to about 7.

14. A method for removing acetaldehyde from a mixture of methyl acetate,

methanol and acetaldehyde comprising:

(a) feeding a mixture of methyl acetate, methanol and acetaldehyde
to a distillation column, wherein the feed mixture comprises at
least about 5 wt.% methanol, more than 100 ppm acetaldehyde

and the balance methyl acetate;



t he production of polyvinyl alcohol from polyvinyl
acetate by way of saponification. 24. A process for
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purifying a mxture of nethyl__acetate, nethanol and
acet al dehyde to renove acet algehyde by way of: (i)
feeding the m xture of nethyl acetate, nethanol and
acet al dehyde to a distillation colum; (ii) distilling
the feed m xture of nethyl acetate nethanol and

acet al dehydgbpdisallipgehs fied noiktut®oPmiethybicatae,anéthanol and
generate an overhead vapor streamenriched in
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with the feed m xture; draw n

resi due streanwithphefeed mirtuae endi dshipdstrearndepleted in
distillation colum; (b) feeding the rified residue
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car bon nonoxi de, the carbonylation m xture conpri sing
wat er, a catal yst selected fromrhodi um catal ysts,

i ridi um cat 4¢)yssfleixingch parkion p€thetdverhsad streanrtst thy (distillation

column;

(d) controlling the temperature of the overhead vapor stream, the
pressure of the distillation column and the reflux to feed (R/F)
ratio of the distillation column such that the residue stream has

an acetaldehyde content of less than 100 ppm; and
(e) withdrawing the residue stream from the distillation column.

15. The method according to Claim 14, wherein the feed mixture includes more

than 250 ppm acetaldehyde.

16. The method according to Claim 14, wherein the feed mixture includes more

than 500 ppm acetaldehyde.

17. The method according to Claim 14, wherein the feed mixture includes more

than 1000 ppm acetaldehyde.

18. The method according to Claim 14, wherein the residue stream has less than

50 ppm acetaldehyde.

19. The method according to Claim 14, wherein the residue stream has less than

25 ppm acetaldehyde.



i odi de pronoter and acetic acid; and(c) recovering

acetic acid fromthe carbonylation m xture. 25. The
woreaohosB1s8zcording to C ai m 24, wherein the catBClES2008011292

a rhodi um catal yst and the cg&bonyl ation reaction

m xture contains less than 1 by wei ght water.

20. The method according to Claim 14, wherein the feed mixture includes from

about 5 wt.% to about 50 wt.% methanol.

21. The method according to Claim 14, wherein the feed mixture includes from

5 about 10 wt.% to about 40 wt.% methanol.

22. The method according to Claim 14, wherein the feed mixture includes from

about 15 wt.% to about 30 wt.% methanol.

10  23. The method according to Claim 14, wherein the feed mixture is derived from
the production of polyvinyl alcohol from polyvinyl acetate by way of

saponification.

24. A process for the production of acetic acid comprising:
15
(a) purifying a mixture of methyl acetate, methanol and

acetaldehyde to remove acetaldehyde by way of: (i) feeding
the mixture of methyl acetate, methanol and acetaldehyde to a
distillation column; (ii) distilling the feed mixture of methyl

20 acetate methanol and acetaldehyde at a pressure of 10 psig or
more to generate an overhead vapor stream enriched in
acetaldehyde as compared with the feed mixture and a residue
stream depleted in acetaldehyde as compared with the feed
mixture; and (iii) withdrawing the residue stream depleted in

25 acetaldehyde from the distillation column;

(b) feeding the purified residue stream to a carbonylation reaction
mixture along with carbon monoxide, the carbonylation
mixture comprising water, a catalyst selected from rhodium

30 catalysts, iridium catalysts and mixtures thereof, a methyl

iodide promoter and acetic acid; and
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(c) recovering acetic acid from the carbonylation mixture.

25. The method according to Claim 24, wherein the catalyst is a rhodium catalyst
5 and the carbonylation reaction mixture contains less than 10% by weight

water.



