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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.

EP 108437 - use of methyl acetate and/or dimethyl ether with carbon monoxide or a

mixture of carbon monoxide and hydrogen to form ethylidene diacetate and/or acetic acid

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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acid, which would be used to produce vinyl acetate. The Vlnyl acetate produced would be used

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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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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of t heopmhtiver mhy ftid tsecialtheBveasl] plaﬁﬂ?‘dsﬂétﬂlm@é’udﬂﬁﬁﬂfétcbE‘tg)fttltéﬁsﬂw&gg{] Li quor
Col um_at ag el ev?t ed pressure, the overhead conponents or eads can
be useftoter Japersolug ?Y?éhffaérs’fréﬁﬁﬁé‘fasrl@g@very colums in the WD 03/ 059860
PCT/ US03/ 00416 7 Pol yvi nyl al cohol plant. Operating at about 55 psig
allows for over 50 % of the energy used in this tower to be recovered.

Gt her streans nay additionally be EXAMPOEShe nother |iquor col um

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.



for separation. For exanple, a stream containing water and nmethanol from
the extractive distillation of vinyl acetate and nethanol, which is often
used in twe oBN&Meprocess can also be sent to the nother [pCqusos/emienm for
separation. Wen the proposed nother8liquor colum is used, a columm to
separate net hanol and water could be retained in the PVOH process. The
streamfromthe extractive distillation could be forwarded to the nethanol
water ¢ol um, or a nother |iquor colum. The nmother |iquor colum, or an
ext r act' A€ ldi Soplypigof horateniledperinaent o distidlatioreef feed methadel/mbibyEacatapor t i on
or all of thaifstehanol in the feed was allowed to exit the col um bottom
with the water and solids. The colum bottom;,dor ][esidue ;:puld be g
orwarded to the t hanol wat enMémbrtim. TAuSowgode O operation may fin
Lse in the overal T°BP {costLiqpslimeaatMéﬁMlpggae %‘t?é!l‘ifof Resigneporting t he
not her i quor waktRvHverhead shregam was T gy ge. EXANPLES elA
distillation was conducted using streans froma PVOH process. In the
| abor at ory, a Methanol 64t%Q) der shaw5Sol um wak7.&npl oye66.at24e\IM(E®6'-ﬂ6e(y F gressurfeeOI
nd tenperat ur er |iquor,, . stream cqnt ai ni ng.0, o solids was
gbgut g'pdway c%ﬁet{lﬁé&g{oa%urm, \C/]\,hi Izg‘lan aqueo met ha‘?{gp st r e cont ai ni ng O.
13 wt % sol i ds (wés) fed to the col unm about one Lhird fromt[]e base. Ig8trc1:e
spheric distillation the overhead and the base tenperatures were
2?130180 C T %@8{@9@% The rr@ﬁér |i quor’>feed rat@®4was 1817 g/nmin and
t he aqueous mas;da@)ﬁ@tp ‘irged rate yps 11.5 gN@ n. Th_e]\fdsfl ux Fétl 0 was
mai nt ai ned at about (S) 3. No foamng or major fouling problens in the
reboi | er wer e imsdwyldettaluri ng t hE7 di stil | aNdon. Dar k2br own/#d ack st ai ni ng
or fouling served fromaround tray 15 to the base. However, this
m nor fouli n\é\%@bnot plug the small tray holes or downconers of the
A der shaw col dithyh Ac@thie (pprays absiés theI ;mt NﬁrI i q;Jg)(EG f eeddﬂ@[e cl ga?.heThe
lysis of the feed, agverhead t hanol / met hyl acetate product, an
323 gwat er rgs‘;F‘iﬁEiggf@%@?n&)en in%%bl e 1 beNdw. Puri$l®d netmy| acetate was
enpl oyed in the production of methanol carbonylation acetic acid Acetic
acid was produced having no atypical inpurities or inpurity profile. WO

03/ 059860 PCT/Tokewy Gowic 8 nd Nd 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



Table 1: Analysis of |aboratory experinment on distillation of feed

met hanol / net hyl acetate m xture. Conponent Mt her Aqueous Product Residue
Li quor Fewo odsdsanol Feed Water (wt% 21.4 82.5 5.3 100 WMetrhzsopbosfemt %)
55.3 17.5 66.8 0.0656 Methyl Acetate927.1 Nd 27.9 nd (w% Ethanol (ppm
1476 75 1704 nd Acetone (ppm) nd Nd Nd 16 D nmethyl Acetal 17 Nd 22 nd
(ppm Endpptiméal aditis(RpA)in Beahid b3k, Mthe & 3 nd
Tol uene (ppm nd Nd 74 nd Acetic Acid (pp%%@gq%dyxﬁgog%mﬁ%ﬁé@?g%m
<100 7@?@0@?&1“@3%965@@&%%%&1@@9eameplndt nor mal i zed. Product =

Met hyl Acetate, Methanol Product of Invention The exanple illustrates that
a net hanol / net hyl acetate streamcould be purified at a lowreflux ratio
wi t h | éside2hBrodiodGomit-eanmypd¢ Panol and | ess than 2600 ppm al kanes in the
waste water. Exanple 2 The net hanol /net hyl acetate product of exanple |
was fed to an experinental carbonylation unit in the follow ng manner:
Prior to feedijpganifhg materi al fli%ﬁﬁarrpl e | to the nethanol carbonyl ation
experinmental unit, the experinentalr  unit was brought to steady state using
pure net hanol rhetbd agetated5 OC, 158@pmpm Rh, 2.2 wt % MeQAc, 2.2 w % H20, 6.5
w % MeL The restul tli r}’g, space ti gﬁd}“ eld was 20 nol s/L/br. Reaction

condi ti ons wer®’ ﬂ]éar%e gﬁst ant Phe distillate fromexanple 1 replaced
MeOH as feed twtyrigelgpdeer i ment agpgﬁllit. Water was added to the experinental
unit such that total water in thé feed was equinolar to the total nethyl
acetate in th&-¢tbdgotopsldsbydondf Lippns were mai ntai ned for three days. The

reaction rate propionic acid 1601 ppm

Acetic Acid Balance



remai ned unchanged at 20 nol s/L/hr. The conposition of the acetic acid
product fromthe WO 03/059860 PCT/US03/00416 9 experinmental unit is listed
in the tawbe3bsisew. The concentration of propionic acid (HOP)S0s/m41¢ he
product increased after feeding materital from exanple 1. Table 2: Product
From Exanpl e 2 net hanol 189 ppm nethyl acetate 53 ppm crotonal dehyde,
1.4 ppm butyral dehyde 6 ppm 2-ethyl crotonal dehyde 5.2 ppm propionic acid
1601 ppm Acetic Acid Bal ance WD 03/059860 PCT/US03/00416 10 CLAIMS 1. A
process for using a nethyl acetate SLAIMS i n a net hanol car bonyl ati on

process CORPri SiAng. &);f&rlgg%q ' t. | yner or copol yner
whi ch is hydrol yzgg[;oc b) for nlg&gyin%%é Jﬁ%/i a%%tlgtagﬁ‘%g%}oggﬁ}éf)?ﬂ%}on rpge(‘?f’i ng
t he methiypriaegtate to a purification process; and, d)directing the purified
met hyl process. rocess for using

cetate to t hanol, car bonyl ati on ! 2. A
a net h%fpao élflggé’lréyila‘érg?ﬁe?’ﬁseg & 6P°R9&YIB%‘§11’§?%W%‘?1@%%§S conprising: a)
producbpgoﬁliﬂ@hmylgﬁeﬁ@%mggt; of vinyl al cohol which undergoes a
subsequent net hanolysis réaction; b) formng a nethyl acetate byproduct;

c) di r ecdirpaiingliee methy) hostate tona purificatiopprocésscatd, on process; directing the
For s THETRLAbr BELRL PGl Rl FRpRen SR ARSI RG0S > A process
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;



a) producing acetic acid; b) contacting the acetic acid with reactants
under conditions sufficient to formvinyl acetate; c¢) contacting the vinyl
acet at e uwoas/osseai ti ons sufficient to formpoly vinyl acecatusos3/ow)e
contacting the poly vinyl acetate witt1 a base and net hanol under conditions
sufficient to formpoly vinyl alcohol and nethyl acetate as a byproduct;
e) tred) icogtattivey thetbstlc kil fetitlhdtyaii@dvith QedcBRBMEdRE cdftiBis SRR i he
inmpurities therewith; f) directing the methyl acetate to an acetic acid

pr oduct?BhVIBrFce@: 4. A process for using nethyl acetate conprising a)

pr oduci j Lde- . i the. agetic.anhydride with

react aﬁ}s goﬁﬁﬁgﬁgggw? frléoegage gﬁ%ﬁ‘ri%g]?&éﬁ(gﬂstsgﬁ}%?%% AP Ol‘églé’g' g?céfa?%) contacting
t he vi dylcontedingtthe polyuindracetatedivith obsse andl fietiaadl utder EQ1dmRRIWEAGERY to

acet at id.ﬂ“% cont f\é%l nqq tge g[)oly vinyl acetate with a base and net hanol
under CBRFYY SHe! d6eiql and methyd acetafe as pBYRIOdRHy | al cohol and nethyl acetate
as a bypreguitthe Sletiiv] gadik I hei.ent .to renove at
| east ?gn_e g‘f@{ the i rryrl)u?%t%tleglslff{&geen??vmﬂa%ﬁﬁve%@%%%??Iggﬁ{r}fg u?lﬁlémr]‘rcgtt{ﬂ?f’wﬁg’cet ate
to an Bcéirectingifieymethibagstateitoct ¢aproductarep®cess fordrphation df hestic usidngdmesiny |
acet at %ag%gri sing a) coproducing acetic acid and acetic anhydride; WO
03/ 059 / 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
nmet hyl acetate as a byproduct; e) treating the nethyl acetate sufficient to
renove at |east sone of the inpurities therewith; f) directing the nethyl
acetate to a coproduction process for production of acetic acid and acetic
anhydri de. |



