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US 4234718 - a cyclic integrated process for production of cellulose acetate from

methanol, cellulose, and carbon monoxide is disclosed.

US 4234719 - a cyclic integrated process for production of cellulose acetate from
methanol, cellulose, and carbon monoxide is disclosed.

US 4352940 - hydrolysis of methyl acetate to acetic acid.

US 4544511 - process for producing acetic anhydride.

US 5144068 - Rh catalyzed methanol carbonylation process.

US 5001259 - Rh catalyzed methanol carbonylation process.

US 5206434 - purification process for methyl acetate.

US 5770770 - reactive distillation process and equipment for the production of acetic
acid and methanol frem methyl acetate hydrolysis.

US 5831120 - Production of Rh or Ir catalyzed methanol carbonylation acetic acid and
replacing at least a portion of the methanol feed with a component selected from the group
consisting of methyl acetate, dimethyl ether, acetic anhydride and mixtures thereof. The
recovered effluent from this and other processes may be purified of carboxylic acid by reactive
distillation with at least one C1 to C3 alcohol.
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anhydride.
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DETAILED DESCRIPTION OF THE INVENTION

Polyvinyl alcohol is commercially produced by the reaction of vinyl acetate with a
radical initiator and methanol to produce polyvinyl acetate. The poly vinyl acetate is then
reacted with methanol in the presence of a base to produce poly vinyl alcohol and methyl
acetate. The byproduct of the reaction is methyl acetate. The methyl acetate produced is
typically co-mingled in a stream containing methyl acetate, methanol (excess reactant in the
above mentioned reaction), light organic impurities, and potentially polymer solids and water.

The methyl acetate is typically converted to acetic acid by hydrolysis. The acetic acid is
then sold or can be recycled into vinyl acetate preduction.

The process to hydrolyze methyl acetate contained in a stream as described above is
costly due to capital equipment and energy (operating costs) requirements because of the
multiple distillation/separation steps required and expensive materials of construction required
by the corrosive environment.

A process in which the methyl acetate stream could be sent directly to a carbonylation
process to produce acetic acid (or acetic anhydride or co-production of the acetic acid and acetic

anhydride) would eliminate the need for the equipment and energy requirement for hydrolysis.
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in the reaction to produce polyvinyl alcohol. The methyl acetate byproduct would be purified

and fed directly to the production of acetic acid, anhydride, or coproduction thereof. Hence the

process is integrated from acetic acid production through polyvinyl alcohol production,

including use of byproducts formed in intermittent reactions.

To effect the process integration, a suitable purification step is required for the methyl
acetate. A process has been demonstrated wherein streams from the polyvinyl alcohol polymer
process were recovered and refined for feed to a methanol carbonylation acetic acid process.

For example, the siream containing methyl acetate, methanol, water, light impurities, and
polymer solids was purified by separation/distillation. Excess water and polymer solids were
removed while organic losses in the aqueous stream kept to a low level. Other aqueous/organic
streams which contain a subset of the above listed components could also be purified/processed.
The product of the purification step is a stream generally containing methanol, methyl acetate,
acceptable level of impurities, essentially no polymer solids, and sufficiently low amounts of

water. The impurities or amounts thereof, as well as the water concentration can vary based on

the desired application and the equipment in use. Typically, for methyl acetate to be used in a
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Water may accumulate in the continuous production of acetic acid or acetic anhydride or
coproduction thereof, by direct or indirect ingress into the reactor system. The removal of
excess water or control of the water balance in carbonylation processes is the subject of
numerous references. However, a problem with water removal is the simultaneous removal of
components such as methyl iodide. The methyl iodide can be recycled into the reaction, or
disposed. If disposed, it must be disposed of properly due to environmental concerns. It is
desirable that the methyl acetate employed in the present process has minimal amounts of water.
It is critical in making acetic acid in a carbonylation unit that the water be present in less than
stoichometric proportion relative to the methyl acetate content. If making acetic anhydride, it is
desired that no water, or methanol, be present. With respect to methanol during the production
of acetic acid, methanol concentration is not as large a concern as water concentration.

An additional concern with the use of methyl acetate from a vinyl- or ethylene- alcohol
or vinyl acetate - based process is the carbonyl content in the stream. Carbonyl impurities

include acetaldehyde, acetone, methyl ethyl ketone, butyraldehyde, crotonaldehyde, 2-ethyl
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Process,;
The methyl acetate by product formed may be a mixture of methanol, acetic acid, water,

light organic impurities, and some polymer solids. Methods to purify the methyl acetate include,
but are not limited to, separation of the water, impurities and solids via distillation, extraction,
filtration or crystallization.

An alternate embodiment of the invention involves a process for using methyl acetate
comprising

a) producing acetic acid,;

b) contacting the acetic acid with reactants under conditions sufficient to form vinyl
acetate;

¢) contacting the vinyl acetate under conditions sufficient to form poly vinyl acetate ;

d) contacting the poly vinyl acetate with a base and methanol under conditions sufficient
to form poly vinyl alcohol and methyl acetate as a byproduct;

e) treating the methyl acetate sufficient to remove at least some of the impurities
therewith;

f) directing the methyl acetate to an acetic acid production process.

Yet another embodiment of the invention involves a process for using methyl acetate
comprising

a) producing acetic anhydride;
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b) contacting the acetic acid and acetic anhydride with reactants under conditions
sufficient to form vinyl acetate;

¢) contacting the vinyl acetate in under conditions sufficient to form poly vinyl acetate;

d) contacting the poly vinyl acetate with a base and methanol under conditions sufficient
to form poly vinyl alcohol and methyl acetate as a byproduct;

¢) treating the methyl acetate sufficient to remove at least some of the impurities
therewith;

f) directing the methyl acetate to a coproduction process for production of acetic acid

and acetic anhydride.

In the production of poly vinyl alcohol (PVOH), the resultant methyl acetate formed is
considered a mother liquor to be ultimately purified and fed to a methanol carbonylation reactor
for the production of acetic acid. The crude methyl acetate mixture is directed to a mother liquor
column for purification to remove impurities such as light organic components, polymeric solids
and water. The column is operated at elevated pressure, and heated, to remove essentially all of
the methyl acetate in an overhead stream in purified form, and over 95% of the methanol from
the impure methyl acetate crude mixture. The reflux of the column is adjusted to maintain about
one mole of water for every mole of methyl acetate in the column overhead. The polymeric
solids typically consist of poly vinyl acetate, poly vinyl alcohol, and sodium acetate and exit
from the bottom of the mother liquor column as a residue.

By operating the Mother Liquor Column at an elevated pressure, the overhead

components or overheads can be used as a heat source for other recovery columns in the
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Gt her streans nay additionally be EXAMPREShe nother |iquor colum for
separation. For exanple, a stream containing water and nethanol fromthe
extractive

Example 1

A distillation was conducted using streams from a PVOH process. In the laboratory, a
40 tray Oldershaw column was employed at elevated pressure and temperature. A mother liquor
stream containing 0.24 wt% solids was fed about midway on the column, while an aqueous
methanol stream containing 0.13 wt% solids was fed to the column about one third from the
base. In the atmospheric distillation the overhead and the base temperatures were 68 C and 100
C, respectively. The mother liquor feed rate was 13.7 g/min and the aqueous methanol feed rate
was 11.5 g/min. The reflux ratio was maintained at about 0.23. No foaming or major fouling
problems in the reboiler were observed during the distillation. Dark brown/black staining or
fouling was observed from around tray 15 to the base. However, this minor fouling did not plug
the small tray holes or downcomers of the Oldershaw column. The trays above the mother
liquor feed were clean.

The analysis of the feed, overhead methanol/methyl acetate product, and the wastewater
residue is given in Table 1 below.

Purified methyl acetate was employed in the production of methanol carbonylation acetic

acid Acetic acid was produced having no atypical impurities or impurity profile.



distillation of vinyl acetate and nethanol, which is often used in the PVOH
process can also be sent to the nother |iquor colum for separation. Wen
t he propowedsmsdsher |iquor colum is used, a colum to separatses/maihanol
and water could be retained in the P¥OH process. The streamfromthe
extractive distillation could be forwarded to the nethanol water colum,
or a nother liquor colum. The nother |iquor colum, or an extractive
distillation, could then be operated in a node where a portion or all of
the metRRIRdF Anakypie of lebarajery eapsroned ondisitlation dicfeebingtianblahethm adetare t he

wat er and sol MdtureThe col unm bottons, or residue could be forwarded to the
nmet hanol water colum. This node of operation may find use in the overall
pl ant cost optimzation if theMesbr of tr parting the nother |iquor

col um over head stPBBHRAs Ia;iqaorfggﬁwaqé%?fﬂ@m)l odugt diResidne ati on was
conduct ed usi Ngatst (wWeeys from a BYQH procesg, sTh the Jaboratgyy, a 40 tray
A dershaw col unmm was enpl oyed at el evated pressure and tenperature. A

not her |i quor M@h@@éﬁv}%nt ai ni ng53. 24 wt % b5 i ds was6.8ed abedss mi dway on

t he col um, i ueous anol stream contajning 0.13 wt % solids
was fed to t\rll\@/ﬂf‘,tg}d?{r}cﬁ%g%out ong‘imi rd fronﬁj&he base’?1n thédat nmospheric
distillation tW&pverhead and the base tenperatures were 68 C and 100 C,
respectively. _The ther liquor feed rate was 13.7 g/mn and the aqueous
met hanol f eed E}_léatn @ 11.5 g/ M1 The ref/Pux rati%%as mefdit ai ned at
about 0.23. Nadeagigen)or mejor fpuling pggblens ipfhe re é’i | er were
observed during the distillation. Dark brown/black staining or fouling was
observed fromlimeiibA¢ataly 15 to the base. Ndwever, this minet fouling did
not plug the | tray hol es or downconers of the O dershaw col um. The
trays above t ther 1liquor feed were clean. The analysis of the feed,
over head net h&itloll Avetbfeyppracet at 81pr oduct, ®ad t he wesd ewat efg residue is
given in Tablaﬁé Rjg ow. Purified nethyl acetate was enployed in the
producti on of &R e @4Pbony! #Fon aceti Nd acid Mk ic ackd was produced
having no atypical inpurities or inpurity profile. W 03/059860

PCT/ US03/ 00416 8 Table 1: Analysis of |aboratory experinent on

distillation dplueex@pmet hanol / metchyl acet aNd 74 nd
Acetic Acid (ppm) 45 Nd Nd 87
Alkanes (ppm) <100 781 3 932

Nd = non-detected; values are not normalized.

Product = Methyl Acetate, Methanol Product of Invention

The example illustrates that a methanol/methyl acetate stream could be purified at a low reflux

ratio with less than 1000 ppm methanol and less than 2600 ppm alkanes in the waste water.

Example 2

The methanol/methyl acetate product of example 1 was fed to an experimental
carbonylation unit in the following manner: Prior to feeding the material from example 1 to the
methanol carbonylation experimental unit, the experimental unit was brought to steady state
using pure methanol feed at 195 °C, 1100 ppm Rh, 2.2 wt% MeOAc, 2.2 wi% H,0, 6.5 wi%
Mel. The resulting space time yield was 20 mols/L/hr. Reaction conditions were held constant
and the distillate from example 1 replaced MeOH as feed to the experimental unit. Water was
added to the experimental unit such that total water in the feed was equimolar to the total methyl
acetate in the feed. These conditions were maintained for three days. The reaction rate

remained unchanged at 20 mols/L/hr. The composition of the acetic acid product from the



m xture. Conponent Mot her Aqueous Liquor Feed Methanol Feed Product Residue
Water (9% 21.4 82.5 5.3 100 Methanol (w% 55.3 17.5 66.8 0.0656 Met hyl
Acet ate 2W0D3Msbs2Y. 9 nd (wt % Ethanol (ppm 1476 75 1704 pad/uSéwetsone (ppm
nd Nd Nd 16 Dinethyl Acetal 17 Nd 229nd (ppm) Ethyl Acetate (ppn) 315 Nd
366 nd Acetal dehyde (ppm 248 Nd 313 nd Toluene (ppm) nd Nd 74 nd Acetic
Aci d ( ppmprisentiuditisibtedAh Kanasle bBRM. THAQ ed

val ues .are not normalized. Product = Met hynz%gtagl?ggprﬁg% ano?&ﬁ@%ﬁq{g

| nvent fSPrasst icasaseceatiar fi eadingmastiakfom sxmaplednol / met hyl acetate st ream
could be purified at a lowreflux ratio with [ess than 1000 ppm net hanol
and | ess than 2600 ppm al kanes in the waste water. Exanple 2 The

met handhblegt Rydduetdabat Bxapipdeldct of exanple 1 was fed to an experinental
carbonylation unit in the follow ng manner: Prior to feeding the material
fromexanple 1 to the nethanol carbonyl ation experinental unit, the
experimental ypsthawas br ought t L@ﬁdy state using pure nethanol feed at
195 C, 1100 ppm Rh, 2.2 wt % MeQAc, 2 WM% H2O, 6.5 W% Mel. The resulting
space tine yi emthy\laasetaﬁ: nol s/ L/ B3 ppiReact i on conditi ons were held constant
and the distil] att exarrpl e repl aced MeOH as feed to the experinental
unit. Vater wad 5%] o t he e%%é%pﬂijlrental unit such that total water in
the feed was equramabidfdet 0 the t@% Jn nmet hyl acetate in the feed. These
conditions were naintained for three days. The reaction rate renai ned
unchanged at Z2octhyrtenalichydthe &8mpositi on of the acetic acid product from
t he

propionic acid 1601 ppm
Acetic Acid Balance



WO 03/ 059860 PCT/US03/00416 9 experinental unit is listed in the table

bel ow. The concentration of propionic acid (HOPr) in the product increased

after feeaongosmberial fromexanple 1. Table 2: Product FromBEeaogie 2

met hanol 189 ppm nethyl acetate 53 pfm crotonal dehyde 1.4 ppm

but yral dehyde 6 ppm 2-ethyl crotonal dehyde 5.2 ppm propionic acid 1601 ppm

Acetic Acid Bal ance WO 03/059860 PCT/ US03/00416 10 CLAIMS 1. A process

for using a nethyl acetate streamin_a methanol carbonylation process _

conprising: a) producing vinyl acet S1ABAS ed pol ymer or copolynmer which is
fe
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acetate to a purification pr .
acet at eomprigngret hanol carbonyl ation process. 2. A process for using a
met hyl te stream.n.a nethanol carhonylatjon process. conprising: a)

produc?ﬁégot USRI aggtets ba Gror GPRRIYME] wWaih s Rrdrelizedader goes a

subsequpfisrmin®h RAS) ¥sdtaetgpdduer; b) formng a methyl acetate byproduct;
c) dire’étingﬂghe nmet hyl a?::g?ate fo a purification process; directing the

puri f i ed diestinglthemetbad acetaie to apwifieatibn prckssnaidat i on process. 3. A process
for us Hme@{ﬁ{ght}/lg pﬁﬁﬁ&f‘ }Il%th%f? gcpezcteiltes jconagmg%al%l%gr %in}r;ll%tigr? Srtoicgss?Ci d:
2. A process for using a methyl acetate stream in a methanol carbonylation process

comprising:

a) producing a polymer or copolymer of vinyl alcohol which undergoes a subsequent

methanolysis reaction;

b) forming a methyl acetate byproduct;

¢) directing the methyl acetate to a purification process;

directing the purified methyl acetate to a methanol carbonylation process.

3. A process for using methyl acetate comprising

a) producing acetic acid;

b) contacting the acetic acid with reactants under conditions sufficient to form vinyl acetate;

¢) contacting the vinyl acetate under conditions sufficient to form poly vinyl acetate ;

d) contacting the poly vinyl acetate with a base and methanol under conditions sufficient to

form poly vinyl alcohol and methyl acetate as a byproduct;

e) treating the methyl acetate sufficient to remove at least some of the impurities therewith;
1) directing the methyl acetate to an acetic acid production process. ’

4. A process for using methyl acetate comprising
a) producing acetic anhydride;
b) contacting the acetic anhydride with reactants under conditions sufficient to form vinyl
acetate;
c) contacting the vinyl acetate in under conditions sufficient to form poly vinyl acetate;
d) contacting the poly vinyl acetate with a base and methanol under conditions sufficient to
form poly vinyl alcohol and methyl acetate as a byproduct;
¢) treating the methyl acetate sufficient to remove at least some of the impurities therewith;
1) directing the methyl acetate to an acetic anhydride production process.
5. A process for using methyl acetate comprising

a) coproducing acetic acid and acetic anhydride;



b) contacting the acetic acid with reactants under conditions sufficient to
formvinyl acetate; c¢) contacting the vinyl acetate under conditions

suf f i ci erwotos/ofmssom pol y vinyl acetate ; d) contacting thepPoalusoyieys
acetate with a base and net hanol undetl conditions sufficient to formpoly
vi nyl al cohol and nethyl acetate as a byproduct; e) treating the nethyl

acet at b) sofihiigtht ataid RONE @kt SASHIGONR Waclii LIBHE SR LOFLRM LY, 1)
directi.ng the methyl acetate to an acetic acid production process. 4. A
proces‘f,or Yy ACRGteret hyl acetate conprising a) producing acetic anhydride;
b) con Walek ! i M actants under. condjtions
sufficFZ%%M?%H%§§%?§§%éﬁnﬁgg%%%fg§h§§kg%ﬁﬁg%ﬁ?%§n¥ﬂ%ﬂxyﬁ?fw§ ate in under
condi t dbeentgetitfi the paly winylfaoetatepsitlya baseyhd aeeiaabbindd) c&RREREARidPS Pol Y

vi nyl ?ceta e mjtq_gﬁg%ﬁg and .net hanol  under conditions sufficient to form
pol y viAHPAY EFForc Y1 36eis @ea hxpraduifpr oduct ;. e) treating the

et hyl epeeitaloths Hekliye a he Lapurities
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pr oduct)i diteqhips treswethsl acatatr woeemrdductiusprogessgdiybdrtion aff @cdtio pid MidRgeticd)
coprodgﬁﬁﬂgd€cetic acid and acetic anhydride; WO 03/059860 PCT/ US03/ 00416
11 b) contacting the acetic acid and acetic anhydride with reactants under
conditions sufficient to formvinyl acetate; c) contacting the vinyl
acetate under conditions sufficient to formpoly vinyl acetate; d)
contacting the poly vinyl acetate with a base and net hanol under conditions
sufficient to formpoly vinyl alcohol and nethyl acetate as a byproduct;

e) treating the nethyl acetate sufficient to renove at | east sone of the
inmpurities therewith; f) directing the nmethyl acetate to a coproduction
process for production of acetic acid and acetic anhydride.



