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BACKGROUND O I NTION

This invention relates to a novel process for the

purification of acetic acid which has been formed by the
carbonylation of methanol or methyl acetate in the presence of
a -Group VIII metal carbonylation catalyst. - More specifically,
this invention relates to a novel process for removing alkane
impurities from acetic acid formed by Group VIII metal catalyzed
carbonylation processes. |

among currently-employed processes for synthesizing acetic
acic} one of the most useful commereially. is the catalyzed
carbonirlation of methanol with carbon monoxide as taught in U.S.
3,769,329 issued to Paulik et al on Octocber 30, 1973. The
carbonylation catalyst comprises rhodium, either dissolved or
otherwise dispersed in a liquid reaction medium or else supported
‘on an inert solid, along with a halogen-containing catalyst
promo{:er as exemplified by methyl iodide. The rhodium can be
introduced into the reaction system in any of many forms, and it
is not relevant, if indeed it is pos_sible, to identify the exact
nature of the rhodium moiety within the active catalyst complex.
Likewise, the nature of the halide promoter is not critical. The
patentees disclose a very large number of suitable promoters,
most of which are organic iodides. Most typically and usefully,
the reaction is conducted with the catalyst being dissolved in
a liquid reaction medium through which carbon monoxide gas is

continuously bubbled.
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[err] Absrhodium:cpbalyst. is discpaged BATEERNEOH,PFommdndyr jassigned
application U.S. Serial No. 870,267, filed June 3, 1986 and
Eurcpean patent application 161,874; published November .21,
1985. As disclosed therein acetic acid is produced from methanol
in a reaction medium comprising methyl acetate, methyl halide,
especially methyl iodide, and rhodium preseht in a
catalytically-effective concentration. The invention therein
resides primarily in the discovery that catalyst stability and
the productivity of the carbonylation reactor can be maintained
at surprisingly high 1levels, even at very 1low water
concentrations, i.e. 10 wt.% or less, in the reaction medium
(despite the general industrial practice of maintaining
approximately 14 wt.% or 15 wt.% water) by méintaining in the
reaction medium, along with a catalytically-effective amount of
rhodium , at iea_st a finite concentration of water, methyl
acetate, and methyl iodide, a specified concentration of iodide
ions over and above the iodide content which is present as methyl
iodide or other organic iodide. The iodide ion is present as a
simplé salt, with 1lithium iodide being preferred. The
applications teach that the concentration of methyl acetate and
iodide salts are significant parameters in affecting the rate of
carbonylation of methanol to produce acetic acid especially at
low reactor water concentrations. By using relati.vely high
concentrations of the methyl acetate and iodide salt, one obtains

a surprising degree of catalyst stability and reactor



An t in the prior-art process for the carbonylation of an
al cohol to produce the carboxylic acid having one carbon atom nore than the
~.al cohol in the presence of a rhodiumcatal yst is disclosed in copending,
commonl y assigned application U S. Serial No. 870,267, filed June 3, 1986
(corresponding to US-A-5001259) and European patent application 161, 874;
publ i shed Novenmber 21, 1985. "As disclosed therein acetic acid is
produced from met hanol in a reactfon medi um conpri sing net hyl acetate,
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the process wherein distillation for the purpose of recovering.
the acetic acid product tends to remove from the catalyst the
carbon monoxide | which in the environment maintained in the
reaction vessel, is a ligand with stabilizing effect on the
rhodium. U.S. Serial No. 870,267 is herein incorporated by
reference.

The acetic acid which is formed by the carbonylation of
methanol is converted to a high purity product by conventional
means such as by a.series of distillations.

During the manufacture of acetic acia by the previously
described methods one group of impurities found in the crude
product is alkaqgs manufactured in the carbonylation process.
This formation of alkanes was recognized by Price. His

invention, described and claimed in ‘U. S. 4,102,922, involved

removiné the alkanes by stripping the acidic products of the
reaction away from the alkanes after removal of the catalyst.
The reaction mixture is carried to a pressure let-down vessel
denominated as a flasher where the products are vapqrized and
removed from a residue of catalyst. The catalyst is recycled to
the reactor. The flashed product containing methyl iodide,
water, acetic acid, and the alkanes is fed to a splitter and

allowed to separate into at least two liquid phases, one phase



I odi de content which is present as nethyl iodide or other organic iodide.

The iodide ion is present as a sinple salt, with lithiumiodide being

. preferred. The applications teach that the concentration of nethyl acetate
and iodide salts are significant paranmeters in affecting the rate of

carbonyl ati on of nethanol to produce acetic acid especially at |ow reactor
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productivity even when the liquid reaction nmediumcontains water in
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of recov%&&& ping gas, removing the alkanes as the bottoms stream from

the latter distillation.

We have discovered a method by which the alkanes can be
removed according to the method of Price but with the unexpected
benefit of realizing the recovery of acetic acid from the heavy
phase that would normally be discarded by the practice of the
prior art.

In a preferred embodiment of our invention we have found a
method of effecting the alkanes removal at low-water conditions

wherein the water balance in the reaction system is maintained.

SUMMARY OF THE INVENTION

The process of the present invention is directed to the a
novel method foF removing the alkanes from an acetic acid
reaction resulting in the recovery of acetic acid and a more
facile purification of acetic acid which has been formed by the
carbonylation of methanol, dimethyl ether, meﬁhyl acetate, or a
mixture thereof in .the presence of a Group VIII metal
carbonylation catalyst. Such carbonylation reactions comprise
catalytic reaction with carbon moﬁoxide in the presence of a
halide promoter such as an organic halide as disclosed in U.S.
3,769,329 or under low water conditions such as disclosed in
aforementioned U.S. Serial No. 870,267 wherein the catalyst

solution contains not only the Group VIII metal catalyst and
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the reactor while the overhead which coﬁprises largely the
product acetic acid along with methyl iodide, methyl acetate, and
- water is directed to a methyl iodide-acetic acid splitter column.
The overhead from the splitter column comprises mainly organic
iodides and methyl acetate whereas from the base or side stream
of the splitter column is drawn the acetic acid product which is
usually directed to further purification by finishing
distillation. It is a portion of this overhead, heavy phase,
that contains a majority of the alkanes which are removed by fhe
process of the present invention. In accordance with the process
of the present invention, the heavy phase from the splitter
column overhead _is distilled in a refluxing column at a reflux
ratio ‘'of from about 0.5 to about 5. The overhead from this
refluxing column, containing methyl iodide, methyl acetate, and
carbonyl impurities, is. removed and can be returned to the
reactor or can be further treated to remove the carbonyl
impurities. The residue from this column is passed to a decanter
where the phases ére caused to separate by the addition of water.
The bottom phase being substantially water and acetic acid is
returned to the reactor. The upper phase being substantially all
of the alkanes is waste and can be used as feed to an incinerator

or the like for disposal. In a preferred embodiment of the



4 containing acetic acid and water which is returned to the reactor and a
second phase denom nated herewithin as a heavy phase. To effect renoval of
_the al kanes, a slipstreamof the heavy phasé fromthe splitter colum is
stripped using carbon nonoxide as a stripping gas, renoving the al kanes as

the bottons streamfromthe latter distillation. W have di scovered a
nmet hod by which the al kanes can be renoved according to the nethod of Price
but with the unexpected benefit of® realizing the recovery of acetic acid
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al kanes from an acetic acid
recycled drying column agqueous overhead the water balance in the
reaction is maintained. This is extremely beneficial in
reactions at high water content, i.e. 14-15 wt.%, but is even
more critical at low water concentrations.
DETAILED DESCRIPTION

The purification process of the present invention is useful
in any process used to carbonylate methanol, dimethyl ether,
methyl acetaté, and mixtures thereof to acetic acid in the
presence of a Group VIII metal catalyst such as rhodium and an
iodide promoter. A particularly useful process is the low-water
rhodium catalyzed carbonylation of methanol to acetic ac¢cid as
exemplified in aforementioned U.S. Serial No. 870,267.
Generally, the rhodium component of the catalyst system is
believed to be present in the form of a coordination compound of
rhodium with a hnlogen component providing at least one of the
ligands of such coordination compound. in addition to the
coordination of rhodium and halogen, it is also believed that
carbon monoxide ligands form coordination compounds or complexes
with rhodium. The rhodium component of the catalyst system may
be provided by introducing rhodium into the reaction zone wherein
the rhodium is in the form of rhodium metal, rhodium.salts and
oxides, organic rhodium compounds, coordination compounds of
rhodium, and the like.

The halogen promoting component of the catalyst system

consists of a halogen compound comprising an organic halide.



reaction resulting in the recovery of acetic acid and a nore facile
purification of acetic acid which has been forned by the carbonyl ati on of
met hanol , di nethyl ether, nethyl acetate, or a mixture thereof in the
"presence of a Group VIII netal carbonyl ation catalyst. Such carbonyl ati on
reactions conprise catalytic reaction with carbon nonoxide in the presence
of a halide pronoter such as an organic halide as disclosed in U S

3,769, 329 or under |ow water conditions such as disclosed in aforenentioned
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products is achieved by directing the contents of the reactor to a flasher
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in the carbonylation of methanol to acetic acid, the halide
promoter will comprise methyl halide, and more preferably methyl
iodide.

The liquid reaction medium employed may include any solvent
compatible with the catalyst systeﬁ and may include pure
alcohols, or mixtures of the alcohol feedstock and/or the desired
carboxylic acid and/or "esters of these two compounds. The
preferred solvent and liquid reaction medium for the low water
carbonylation process comprises the carboxylic acid product.
Thus, in the carbonylation of methanol to acetic acid, the-
preferred solvent is acetic acid.

It is known that in rhodium-catalyzed. carbonylation
reactions of the type set forﬁh in this invention, the addition
of water exerts a beneficial effect upon the reaction rate (U.S.
Patent No. 3,769,329). Thué, commercial operations run at water
concentrations of at least 14 wt.% (EP 055618). Accordingly, it
is quite unexpected that reaction rates substantially equal to
and above reaction rates obtained with sucﬁ high levels of water
concentration can be achieved with water concentrations below 14
wt.¥ and as low as 0.1 wt.%.

In accordance with the carbonylation process most useful to
manufacture acetic acid, the desired reaction rates are obtained
even at low water concentrations by including in the reaction

medium methyl acetate and an additional iodide ion which is over



the reactor while the overhead which conprises largely the product acetic
acid along wth nethyl iodide, nmethyl acetate, and water is directed to a
nethyl iodide-acetic acid splitter colum. The overhead fromthe splitter
colum conprises mainly organic iodides and nethyl acetate whereas fromthe
base or side streamof the splitter colum is drawn the acetic acid product
which is usually directed to further purification by finishing

distillation. It is a portion of &his overhead, heavy phase, that contains
a majorit f anes . whi ch. by, t S nt
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columm at a reflux ratio of fromabout 0. 5 to about The overhead from
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carbonyl 1npurities, is renoved and can be returned to the reactor or can
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colum is passed to a decanter where the phases are caused to separate by
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acetic acid_is ,returned to the reactor. The upper _phase being substantially
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present and that the promotion is higher when both of these

components are present simultaneously. This has not been
recognized in the prior art previous to disclosure of commonly
assigned .U.S. Serial No. 870,267. The concentration of lithium
iodide used in the reaction medium of the preferred carbonylation
reaction system is believed to be quite high as compared with
what little prior art there is dealing with the use of halide
salts in reaction systems of this sort.

The carbonylation reaction of methanol to acetic acid
product may be carried out by intimately contacting the methanol
feed, which is in the liquid phase, with gaseous carbon monoxide .
bubbled through ? liquid reaction medium containing the rhodiunm
catalyst, methyl iodide promoting component, methyl acetate, and
additional soluble iodide salt promoter, at conditions of
temperature and pressure suitable to form the carbonylation
product. It will be generally recognized that it is the
concentration of iodide ion in the catalyst system that is
important and not the cation associated with the iodide, and that
at a given molar concentration of iodide the nature of the cation
is not as significanﬁ as the effect of the iodide concentration.
Any metal iodide salt, or any iodide salt of any organic cation,

can be used provided that the salt is sufficiently soluble in the



or the like for disposal. 1In a preferred enbodinment of the [err] 6
I nvention the phases are caused to separate by the addition of a slipstream
.of the overhead fromthe acetic acid drying colum further down in the

purification train. By the use of this recycled drying colum aqueous
overhead the water balance in the reaction is maintained. This is

extrenely beneficial 1in reactions at high water content, i.e. 14-15 w. %
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exenplified in aforenentioned U S. Serial No. 870, 267.
salt of a member of the group consisting of the metals of Group
Ta and Group IIa of the periodic table as set forth. in the
"Handbook of Chemistry and Physics" published by CRC Préss,
Cleveland, Ohio, 1975-76 (56th edition). In particular, alkali
metal iodides are useful, with lithium iodide being preferred.
In the low water carbonylation most useful in this invention, the
additional iodide over and above the organic iodide promoter is
present in the catalyst solution in amounts of from about 2 to
about 20 wt.%, preferably 5-15 wt.%, the methyl acetate is
present in amounts of from about 0.5 to about 30 wt.$%$, preferably
2~5 wt.%, and the methyl iodide is present in amounts of from
about 5 to about 20 wt.%, preferably 10-16 wt.%, and most
preferably 12-15 wt.%. The rhodium catalyst. is present in
amounts of from 206-1000 and preferably 300-600 ppm.

Typical reaFtion temperatures for carbonylation will be
approximately 150-250°C, with the temperature range of about
180~220°C being the preferred range. The carbon monoxide partial
pressure in the reactor can vary widely but is typically about
2-30 étmospheres, and preferably, about 3-10 atmospheres.
Because of the partial pressure of by-products and the vapor
pressure of the contained liquids, the total reactog pressure
will range from about 15' to 40 atmospheres.

A typical reaction and acetic acid recovery system which may
be used for the iodide-promoted rhodium catalyzed carbonylation

of methanol to acetic acid is shown in Figure 1 and comprises a



General ly, the rhodi um conponent of the.catalyst systemis believed to be
present in the formof a coordination conpound of rhodiumw th a hal ogen
conponent providing at |east one of the |ligands of such coordination
conpound. In addition to the coordination of rhodiumand halogen, it is

al so believed that carbon nonoxide |igands form coordinati on conpounds or
conpl exes with rhodium The rhodi um conponent of the catal yst system may be
provi ded by introducing rhodiumin® the reaction zone wherein the rhodi um
is in the_formof rhodiumnetal, rhodiumsalts and oxi des, organic rhodi um
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level. Into this reactor there are continuously introduced fresh

methanol, sufficient water as needed to maintain at leasf a
finite concentration of water in the reaction medium, recycled
catalyst solution from the flasher base, a recycled methyl iocdide
and methyl acetate phase, and an aqueous acetic acid phase from
the overhead of the meth&l iodide-acetic acid splitter column
14. Alternate distillation systems can be employed so long as
they provide means for recovering the crude acetic acid and
recycling catalyst solution, methyl iodide, and methyl acetate
to the reactor. In the preferred process, carbon monoxide is
continuously introduced into the carbonylation reactor 10 just
below the agitator.whidh is used to stir éhe contents. The
gaseous feed is, of course, thoroughly dispersed through the
reacting liquid ?y this means. A gaseous purge stream is vented
from the reactor to prevent buildup of gaseous by—prbducts and
to maintain a set carbon monoxide partial pressure at a givén
total reactor i:res.sure. The temperature of the reactor is
controlled automatically, and the carbon monoxide feed is
introduced at a rate sufficient to maintain the desired total
reactor pressure.

Liquid product is drawn off from carbonylation reactor 10
at a rate sufficient to maintain a constant level therein and is
introduced to flasher 12 via line 11. In flasher 12 the catalyst

solution is withdrawn as a base stream 13 (predominantly acetic



i n the carbonylation of nethanol to acetic acid, the halide pronoter wll
conprise nethyl halide, and nore preferably nethyl iodide. The liquid
reaction nmedi um enpl oyed nmay i nclude any sol vent conpatible with the
‘catal yst system and may include pure al cohols, or mxtures of the al cohol
feedst ock and/or the desired carboxylic acid and/or esters of these two
conpounds. The preferred solvent and liquid reaction nmediumfor the |ow
wat er carbonyl ati on process conprildes t he carboxylic acid product. Thus,

in the carbonyl ati on of nethanol ,to acetic acid, the preferred solvent is
acetic acP@id]¢ontaining WerhrRivnAnd theatafide F2altaAlong ¥LFRN9S88% i ons

f th f h i 1S | ' h ddi 1 f
benel | ci SRUBTEAELSH8A PREDVE.BEFERCP o et fobiady R "B R 306,

conmmer ci a ' r er, n ' of | 4 %4 EP
055618) . kggg‘r?;&%nﬁ:‘ag%% i]t@i gfqglﬁtge f&%%&%gc%g’b?ﬁ%% Sr g'aa%{glec]f féeﬂeésp%d"éé

subst ant i aldetieddaiat 2180 WY Mmet8e! i6aide] afettifniairtatie!, NafliChatesh

| evel s of water concentrati on can be achi eved with water concentrati ons

bel ow 14 W pYrtidnasfl theasabfbdn whobxide alomgdarith gyakkotiBebgapbodutesi on
process nost useful to

such as methane, hydrogen, and carbon dioxide exits the top of
the flasher. |

The product acetic acid drawn from the side of methyl
iodide-acetic acid splitter column 14 near the base (it can also
be withdrawn as a base stream) is directed via line 17 for final
purification such as to remove water as desired by methods which
are obvious to those skiiled in the art including, most
preferably, distillation. The overhead 20 from methyl
iodide-acetic acid splitter, comprising mainly methyl iodide and
methyl acetate plus some water and acetic acid, is recycled via
line 21 to the carbonylation feactor 1d. When overhead 20 is
condensed it typically splits into two 1liquid phases if
sufficient water_is present. The heavy phase 30 is comprised
mainly of methyl jodide plus some methyl acetate and acetic acid
as well as the alkane and carbonyl impurities. The light phase
32 is comprised mainly of water and acetic acid plus some methyl
acetate. The overhead heavy phase 30 from methyl iodide~acetic
lacid.splitter is subject to treatment according to this invention
or these streams can be combined wiﬁh recycle products from
further purification processes containing methyl iodide, methyl
aéetate, water, and other impurities to become recycle 21 which
may also be subject to treatment according to this invention.

In accordance with the carbonylation process of Price, loc



manuf acture acetic acid, the desired reaction rates are obtained even at

| ow wat er concentrations by including in the reaction nedium nethyl acetate
and an additional iodide ion which is over 8 and above the iodi de which -
“is present as a catalyst pronoter such as nethyl iodide or other organic

| odi de. The additional iodide pronoter is an iodide salt, with Iithium

| odi de being preferred. It has been found that under | ow water
concentrations, nethyl acetate andid ithiumiodide act as rate pronoters
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salts in reaction systens of this sort.

According to Price, alkane removal is accomplished by the
stripping of the material from stream 21 with a stream of carbon
monoxide. The residue from this process separates into .two
phases upon cooling as we have shown in the Comparative Example
shown below. The uppermost layer contains alkanes and alkyl
iodides, while the lowermost layer contains predominately the
acetic acid, propionic acid, and water. We have found that if
the separation is carried out as a simple distillation in a
reflux column wherein the reflux ratioc is from about 0.5 to about
5, preferably from about 1 to about 3, and the bottoms from the
column passed to a decanter the residue does not separate into
two phases. If additional water is added then separation into
the two phases occurs, and the separation proceeds with more of
the alkanes par;}tioning into the upper layer and more of the
acids partitioning into the aqueous lower layer than that shown
by our comparison with the Price methéd. This enhanced
separation provides a lowermost agueous phase which contains
additional recoverable acetic acid. This acetic acid can most
advantageously be recycled to the reactor instead of being lost
to the system accordiﬁg to the Price method. ‘

In the preferred embodiment, the water for the separation
is derived from an acetic acid drying column, a subsequent
finishing column in the purification train. According to the

preferred embodiment a slipstream from the overhead of the drying



The carbonyTlTation reactionof—net hanol to acetic acid product may be
carried out. Wisbﬁ&ﬂﬂ@h&h)&eﬁ&% acting the nethanol feed, which is in the

liquid phase, j ar bon nonoxi de bubbl ed through a liquid
“reaction nedi mﬂﬂﬂ)ﬂglﬁhe rhodi um catal yst, nethyl iodide pronoting
conponent, met ,/88nd additional soluble iodide salt pronoter, at

conditions of tenperature and pressure suitable to formthe carbonyl ation

product . It will be generally rexopgnized that it is the concentration of
iodide ion in the catalyst systemthat_is inportant and not the cation
associ at e8CWER cABtRLAIRE PRAdoRkBRtelY aWaESEN RIVEr SEBRcasetic aeish

5000 ORIl i 8 AR a8
o1 2 CEYA8 AP CUSGENBAEN L5 WIthebi) U s HHPLUSRAR 0

i odi de sayhiEANabe Pelf@l&d NES Yehididea@itod 18693RGCLRS e P akd Sadutdlidte
salt of an inorganic cation. Preferably it is an”iodide

the acetic acid which is then used to enhance the separation of

the bottoms from the reflux tower.

In the first stage of the present process as shown in
FIG. 2, the heavy phase stream 30, which contains the alkane and
carbonyl impurities, enters into reflux column 40 in which a
reflux ratio of from about 1 to about 3 is maintained through
streams 42 and 43. The overhead stream is either recycled to the
reactor 10 or treated further to remove the carbonyl impurities,
as for example according to the method of co-pending application
Serial Number 07/615,666 prior to being recycled to the reactor
10. |

The residue from column 40, as stream 44, enters decanter
45. An aqueous stream 46 is also added to the decanter through
stream 44 causinq separation of the residue into two phases. The
upper organic phase as stream 47 contains the alkanés wliich are
disposed of in an environmentally sound manner and the lower
aqueous phase as stream 48 contains the water and acetic acid
which is recycled to the reactor 10.

In the preferred embodiment, stream 60, an agueous
slipstream from a drying column of the further purification train
is distilled in column 61. The overhead from column 61
containing methyl iodide and methyl acetate is recycled to
reactor 10 through stream 62. The aqueous residue is fed through

stream 46 to the decanter 45 by combining the stream 46 with the



salt of a nenber of the group consisting of the netals of Goup la and
Goup Ila of the periodic table as set forth. in the "Handbook of Chem stry
.and Physics" published by CRC Press, Ceveland, Chio, 1975-76 (56th - -
edition). In particular, alkali netal iodides are useful, with |ithium

I odi de being preferred. In the | ow water carbonylation nost useful in this
I nvention, the additional iodide over and above the organic iodide pronoter
is present in the catalyst solutiah in anounts of fromabout 2 to about 20
w.% preferably 5-15 wt.% the nethyl acetate is present in amounts of
from aboutsfiréar 0 4ahouth80 mesPduer gremabtiie 2-Pefitu®) caldmhhesvpt lad rodi de
Is present in anpbunts of fromabout 5 to about 20 w.% preferably 10-16
wt.,, and abtermriive dint fhecadgdivionsof Exdnamegusnvatent yflternatdyedy,in
anounts of from 200- 1000 and preferably 300-600 ppm Typical reaction,

t enper at ur ERe rghrean ghham penlea 41 Q@br%%&ﬂﬁtﬂ%o‘-’?%t [RA9int,inn,

Lhe Lemner ghur £168"05 GheaMULCL! bd! e Sl e dande ol g bOn

nonoxi de p ressure in € reac can

about 2- 30-gbapaplichees Ak NIRISIAPIY, +AROHecknthad! TORROCLAYanEaGEUSE Of

the partial pressure of by-products and the vapor pressure of the Contained

liquids, thgaifgaprbeassowaReeSEWbA the drying column into the decanter
instead of extraneous water is to minimize the amount of water
that must evéntually be removed from the reaction system.

COMPARATIVE EXAMPLE 1
The residue from an alkane stripping column, operated in the

manner of Price of an acetic acid manufacturing plant operating
according to the method of Serial No. 870,267, was allowed to
separate into two phases. The phases were analyzed for
composition which was expressed as weight per cent unless

otherwise noted.

Component Upper  Lower Combined Composition

Alkanes 90.8 11.0 43.0
Acetic Acid S.0 88.4 56.6
Propionic Acid  0.05 0.1 0.1
Water 0.05 0.3 0.2
Other 0.1 0.2 0.2

Total Iodides 1480 430 850 as ppm.



wi |l range fromabout 15 to 40 atnospheres. A typical reaction and acetic
acid recovery system which may be used for the iodide-pronoted rhodi um
catal yzed carbonyl ati on of nethanol to acetic acid is shown in Figure 1 and
‘conprises a 10 liqui d- phase carbonylation reactor 10, flasher 12, and a
met hyl iodide-acetic acid splitter colum 14. The carbonyl ation reactor 10
Is typically a stirred autoclave within which the reacting liquid contents
are maintained autonatically at aisonstant level. Into this reactor there
are continuously introduced fresh nethanol, sufficient water as needed to
maintain at least a finite concentration of water in the reaction nmedi um
recycl ed catal yst solution fromthe r ypbase, a recycled nethyl iodide
and net hyl acetate phase, and an aquéouS acetic acid phase fromthe
overhead gf shig)BELRY thed datier HatidrG adCiad Wlovie! QfasC HikER %nA'th:'h“aAirP
distillation systens can be enpl oyed so | ong as they provi de neans for

recoveri nggua® voldfReasftwateaei ghdirnal Ilowd ltiongepataktpgsintol Liyers. meftwy |
i odi de, and nethyl acetate

layers were analyzed for composition which was expressed as

weight per cent except as noted.

Component Upper  Lower Combined Composition
Alkanes 88.5 0.1 ) 45,4

Acetic Acid 0.4 46.5 53.6
Propionic Acid 0.02 0.2 0.4

Water <0.5 53.0 0.3

Others 0.2 0.2 0.3

Total Iodides 2020 <10 930 as ppn.

COMPARATIVE EXAMPLE 2
OPERATION ACCORDING TO
~ THE PRIOR ART
Samples were obtained from a commercial acetic acid plant
operated in a manner described by Price in U. S. 4,102,922, the
feed stream and residue from the stripping operation were

analyzed. The results were as follows:

(All numbers are as wt.% unless otherwise noted as ppm..)

-

. Component ‘Feed Residue

Methyl iodide 82.4 0.61 (as MeI + MeOAc)
Methyl acetate 9.7

Acetaldehyde 0.210 5.6 ppm.

Methanol 0.170 54 ppm.
Butyraldehyde 0.038 62 Ppm.

Ethyl Iodide 0.250 143 ppmn.

2-Ethyl Croton-
aldehyde <10 ppm. 7.1 ppm.



to the reactor. -l-n—thepreferred process, carbon nonoxide is continuously
I ntroduced intq thﬁmgé&gggu&@tron reactor 10 just below the agitator which

s used to stis heel . The gaseous feed is, of course, thoroughly -
di spersed thr “ = ﬂﬂ%ﬁ ng liquid by this neans. A gaseous purge stream
Is vented fro o prevent buil dup of gaseous by-products and to

mai ntain a set carbon nonoxi de partial pressure at a given total reactor
pressure. The tenperature of the ¥eactor is controlled automatically, and
t he carbon nonoxide feed is introduced at a rate sufficient to nmaintain the
desired total reactor pressure. Liggkampgpdsct is drawn of f from
carbonyl ati on react or 10ratrExXING coBtgArxoedr oM N a constant | evel
therein and is introduced to flasher 12 via line 11. In flasher 12 the

cat al yst sol utA osimelatibnr afn Cedumnbase wds capetdtédr ddondheafidli owdeig C
acid containing the rhodiumand the iodide salt along with | esser

quant i t i esamterusing &he seae feedypatexialk asadn Gamparatiwe|Bxanpler2dr head

15 of the flasher conprises |largely the product
Rerflux ratio: 2

Overhead to feed ratio: 0.93

Pressure: 1 Atm.

Temperature: 102.3°C. at the bottom
41.4°C. at the top

The feed, overhead, and residue were analyzed  and the

results were as 'follows.(all components were wt.% unless

otherwise noted)

Component Feed Overhead Residue
Methyl iodide 82.4 90.4 <200ppn. (as MeI+MeOAc)
Methyl acetate 9.7 8.9 -
Acetaldehyde 0.210 0.195 -
Methanol .0,170 0.190 -
Butyraldehyde 0.038 N.D. -
Ethyl iodide 0.250 <100ppm 3.7
Crotonaldehyde 7ppm N.D. -
Alkanes 2.0 ' 100ppm 21.2
Water 0.4 0.08 0.12
2-Ethyl Croton- ' '
aldehyde <1l0ppm N.D. -

U.S. Application Serial No. 870,267 corresponds to
US-A-5,001,259 and US-A-5,;026,908; see also EP-A-161,874.

U.S. Application Serial No. 07/615,666 correspbndsto

European Application No. 91310619.1

It will of course be understood that the present
invention has been described above purely by way of example
and that modifications of detail can be made within the

scope of the invention.



acetic acid along with nethyl iodide, nethyl acetate, and water. A portion
of the carbon nbnoxi de al ong with gaseous by-products such as methane,

_hydr ogen, h@éﬂbmeldk dle exits the top of the frasher. The product

acetic aC|d si de of nethyl id splitter
colum 14 n t can al so be VHII I mgmlmﬂ e stream is
directed vi or i nal purification guch a8 td renove water as

desi red by rret hods Whl ch are obviolks to those skilled in the art including,
nost pref I | gfitlation. The overhead 20 from nethyl

odi do- achPe 4a afefed !

i odi de- ace ter, conprising mainly nmethyl iodide and nethyl

acetate phus sgig s3NdoRCEhS Codhy st IHE 18 BHeVoR hbPE Aohpduridie
carbonyl ation reactor 10. When overhead 20 is condensed it typically splits

into two bifquhd gheapscohsistingi ent mebhsanol 5 Pimsiantl efiretcaty mdrsa 30
is conprised mainly of nethyl iodide plus sonme nethyl acetate and acetic
aci d as wekketatettr agictdceaqid weedsdiry (1) npaid mekhantle digathyphasthed?d; i s
conprised mainly of water -and acetic acid plus sone nethyl acetate, The
over head BERGLRYhACTRtE bf FREPENYIRAG dngr areactdonymegipmt %qmt%ilsing ect

r n rdin h n n or r n
L e e WatronyIatioh SLedIFS€ Sid SAMyi*Ro8Eag0 Py e

the products of said carbonylation separated into a volatile

phase containing said acetic acid, unreacted dimethyl ether or
methyl acetate, methyl iodide, alkane and carbonyl impurities,
and a less volatile phase comprising said Group VIII metal
catalyst, (3) said volatile phase distilled to yield acetic acid
and an overhead conta'ining unreacted methano.l, dimethyl ether or
methyl acetate, methyl iodide, alkane and carbonyl impurities and
(4) further separating said overhe_ad into a more volatile
component and a less volatile component, the improvement which
comprises:
. (a) conducting said separating by causing the volatile

component to ref]‘.ux in a refluxing column,

(b) providing a reflux ratio of from about 6.5 to about 5
in the said reflux column,

(c) reﬁoving the volatile portion for further processing,

(d) separating the residue into two layers by the addition

of water, and

(e) recycling the aqueous layer to the reactor.



further purification processes containing nethyl iodide, nethyl acetate,

water, and other inpurities to becone recycle 21 which may al so be subj ect
to treatnent according to this invention. In accordance w-th the .
* car bonyl atThyshgt Hedeen Repladédi ce, | oc 12 ei i ound that the

al kane inp accunul ate in the e _renoved from
this strea subst antial buil diﬂ!ﬁﬂﬂﬂ@iﬂﬁgﬁjhmr he reactor
thus providing an I nprovenent in Hetic acid xy. According to
Price, alkane renmoval is acconplished by the stripping of the materi al
fromstream 21 with a stream of carbon nonoxi de. The residue fromthis
process gsepar into. .t e oli.ng Ve S j.n the
Conpar at 6. £ Atk o La1E" L HBRReT 8 thalafed Rty S BMhAhEL",
al kyl i ogidgzceihi benbleq! ME™a!l dAYEAg CRRAMAS BFedad Nnakekyct hegretic
acid, propionic acid, and water. We hHave found that if the separation is
carried gutigscatsonpl e distillation in a ref lux colum wherein the reflux
ratio is fromabout 0.5 to about .

3. The process of Claim 2 wherein the water from the drying

column is further purified by stripping therefrom organic
components prior to its being used as the added water.
4, The process of Claim 1, .2:er-3:wherein the reflux.ratio

is from about 1 to about 3.



5, preferably fromabout 1 to about 3, and the bottons fromthe colum
passed to a decanter the residue does not separate into two phases. |f
addi tional water is added then separation into the two phases occurs, and
"the separation proceeds with nore of the al kanes partitioning into the
upper layer and nore of the acids partitioning into the aqueous | ower |ayer
than that shown by our conparison wth the Price nethod. Thi s enhanced
separation provides a | owernost aq@eous phase which contains additional
recoverabl e acetic acid. This acetic acid can nost advantageously be
recycled to the reactor instead of DABSERAGRt to the systemaccording to
the Price nethod. |In the guMeifr 68 GGG MEURITIESCFRONt £ for the separation
is derived froman acetic acicdRBONYLAKYONCEROCRSS STRBEMMSsequent finishing col um

in the purificat a to £h r r odi
slipstreamfr o?n %\%gh%{i/e;%egégﬁ%?%g@%r1?%5&2 %gA%%dl%&o é_l}:ﬁq‘?_q'e of
cont ai ni naeeﬁsséﬁmx@ﬁwéswasf moﬁkf?lﬁ?”%h%ceééﬁa@&éfbn AgE hh xhdsdendand
nmet hyl acetate Is distil o renmove The :
alkane-like materials and carbonyl-containing impurities from the
recycle during the manufacture of acetic acid by the
carbonylation of methanol. The improvement comprises operating
a prior art stripper column in a reflux manner and partitioning

the residue therefrom by the addition of water. The method also

reduces the volume of disposal of potentially valuable recyclable

reactants.

{figure 1)



light organic conponents such as nethyl iodide and nethyl acetate which are
recycled to the reactor |eaving the water and sone of the acetic acid which
is then used to enhance the separation of the bottons fromthe refl ux
tower. In the first stage of. the present process as shown in FIG 2, the
heavy phase stream 30, which contains the al kane and carbonyl inpurities,
enters into reflux colum 40 in which/a reflux ratio of fromabout 1 to
about 3 is i i ¢ . ead streamis
either reo®cled to the reactor 10 or treated further to re¢nove the carbonyl
inmpurities{ as for exanple according to ghe nethod of co-pending

applicatioh (corresponding to European Agplication 913106190.4) Seri al
Nurber 07/ 615, 666/ prior to being recycled\to the reagtorgd10. The residue
fromcolu 40, as stre 44, eaters decanter 45. An aquegus stream 46 i's

al so added{to the decanter throygh stream 44 causi ng separnati on of the

residue info two phas¥®s.} The upper_organi c phase as stream 47 contains the

al kanes wh - n {a manner and t he
| ower aqueBus phase as ream 48-'eent ai ns ft he wate(,and adetic acid which
is recycledd to the reactpr 10. O >0
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In the preferred enbodi nent, stream 60, an aqueous slipstreamfroma drying
colum of the further purification trainis distilled in colum 61. The
overhead fromcolum 61 containing nethyl iodide and nethyl acetate is
recycled to reactor 10 through stream 62. The aqueous residue is fed
through stream 46 to the_decanter 45 by ggnbining the stream46 with the
stream 44, the resi duezglz)m the reflux col um 40ThisShemHasBebieRpBRALIGVE t O t he
addi tion of extraneou®3eter. Alternatively, the be | ed
directly into decantef: at a point in the side m gr nost
advant ageous to cause efrective separation of the phases’i decanter.
The advantage of addngpprocess water fromthe drying colum into the
decanter instead of extlaneous water is to mnimze the amount of water
that must eventually heYremoved fromthe reaction system COVPARATI VE

p from an al kane stripping}dol um, operated in the
acetic a& d manufacturin perating according

al No. 870, 267, was allo to
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d,c,,’}al,‘ﬂ"’-
separate into two phases. The phases were anal yﬁ%ﬁ&ﬂ“m»nbonp@rs&ﬁd on 3G

whi ch was expressed.as ueight—per cent unless of hi,frwasmmtqﬂagrﬂ:@

Upper  Lower REP[Q@EW]LNECBHE(%m)OSI tion Al kanes | w i

43.0 Acetic Acige 88. 4 WO h

0.1 t 0505 | Ori3abstracs paged .. 0.2 er...
0.1 0.2 98 ANEW@&% Tot al IOding 1480 ﬂLﬁr430 k g lggg%50

as ppm 1§ BXAMPLE 1 A s le of the sane rra eE:J;a,J '

wel | with an jequal. vol une of wa}ter and al | owe

| ayers were a Fti &R whiPEn \Pﬁ%oﬁxﬁpéssgﬁocﬁs%l EJ‘H’E pEPecent

except as no%%gboggﬂgeﬂﬁﬁtog fn a RN txtgﬁﬁﬁducecgﬁg|@ﬁngQﬁPﬂ§|EEQH

Al kanes
having one carbon atom more than the alcohol in the presence

of a rhodium catalyst is disclosed in copending, commonly
assigned application U.S. Serial No. 870,267, filed June 3,
1986 (corresponding to US-A-5001259) and European patent

application 161,874; published November 21, 1985. As
disclosed therein acetic acid is produced from methanol in a
reaction medium comprising methyl acetate, methyl halide,
especially methyl iodide, and rhodium present in a
catalytically-effective concentration. The invention therein
resides primarily in the discovery that catalyst stability
and the productivity of the carbonylation reactor can be
maintained at surprisingly high 1levels, even at very Ilow
water concentrations, i.e. 10 wt.% or less, in the reaction
medium (despite the generél industrial practice of
maintaining approximately 14 wt.% or 15 wt.% water) by
maintaining in the reaction medium, along with a
catalytically-effective amount of rhodium, at least a finite
concentration of water, methyl acetate, and methyl iodide, a
specified concentration of iodide ions over and above the
iodide content which is present as methyl iodide or other
organic iodide. The iodide ion is present as a simple salt,
with lithium iodide being preferred. The applications teach
that the concentration of methyl acetate and iodide salts are
'significant parameters in affecting the rate of carbonylation
of methanol to produce acetic acid especially at low reactor
water concentrations. By using relatively high
concentrations of the nethyi acetate and iodide salt, one

obtains a surprising degree of catalyst stability and reactor
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53.6 Propionic Acid 0. 02
<0:5  53.0 0.3 Qthers
. . : Total |odides 2020 <10 - 930
as ppm COWP RM@\IN@%&DL- > OPERATI ON ACCORDI NG TO THE PRI OR ART Sanpl es

0.2

wer e obt ai jal acetic acid plant operated in a manner
descri bed T 102,922, the feed stream and residue from
the stri ppi anal yzed The results were as follows: (Al
nunber s amgaastcmha%me aomgrtienr wikit rotsal cantgdns pnCediddtaiinal iodide
Feed Resi due Met hyl i odi de 82.4 0.61 (as Mel +
MeQAc) Ms3dt. acEhasuch procgsvseﬁoetaal @%‘P@d@f methano}, 2ddmethyl ethesy,
ppm Met hanol 0. 54 pm Butyral dehyde 0.038

62  ppmREEh¥l acefFfes, or mleuE?;othemOf 1§3°arsﬁﬁwleteﬁhﬁn @ ot beuid

phase carbonylation reactor. Separation of products is achieved
by directing the contents bf the reactor to a flasher wherein the
catalyst solution is withdrawn as a base stream and recycled to
the reactor while the overhead which comprises 1largely the
product acetic acid along with methyl iodide, methyl acetate, and
waﬁer is directed to a methyl iodide-acetic acid splitter column.
The overhead from the splitter column comprises mainly organic
iodides and methyl acetate whereas from the base or side stream
of the splitter column is drawn the acetic acid product which is
usually directed to further purification by finishing
distillation. It is a portion of this overhead, heavy phase,
that contains a majority of the alkanes which are removed by the
process of the present invention. In accordance with the process
of the present invention, the heavy phase from the splitter
column overhead E'LS distilled in a refluxing column at a reflux
ratio of from abeit 0.5 to apotit $. The overhead from this
refluxing column, containing methyl iodide, methyl acetate, and
carbonyl impurities, is removed and can be returned to the
reactor or can be further treated to remove the carbonyl
impurities. The residue from this column is passed to a decanter
where the phases are caused to separate by the addition of water.
The bottom phase being substantially water and acetic acid is
returned to the reactor. The upper phase being substantially all
of the alkanes is waste and can be used as feed to an incinerator

or the like for disposal. 1In a preferred embodiment of the

“ AP AR I [ad R Eakaus- o I[



. 7.1 ppm REPLACEMENT SHEET 18 AUG

) ERATI,G]\I OF: COLUWN 40 A sinulation of Colum
| ng. el inier;using the sane feed material as in
2:Cverhead to feed ratio: 0.93

_ fefﬂ .at. the bottom[err] at the top The
feed, overheg¢ad, and reS|due re-a Iyzed and the results were as

Lg'eljows- ((‘f;éeir e ' br oﬁ&#&i:&%f d%@@i-""' %ﬁu@o%%%)e Q‘ng:erﬁcld

<200ppm (pst¥p)T-MeOA%He, and methyl acetate is distilled to remove the

al dehyde | ﬁgi-‘LALS‘\l‘D‘S”!Dﬁ'H{ET
1999 16 EXAWP -REFLUXI :

40 was oper fit d tdga 15&@
Conmparative
Pressure: 1]A m

light organic compdrients such as methyl iodide and methyl acetate
which are recycled to the reactor leaving the water and some of
the acetic acid which is then used to enhance the separation.of
the bottoms from the reflux tower.

- In the first stage of the present process as shown in
FIG. 2, the heavy phase stream 30, which contains the alkane and
carbonyl impurities, enters into reflux column 40 in which a
reflux ratio of from about 1 to about 3 is maintained through
streams 42 and 43. The overhead stream is either recycled to the
reactor 10 or treated further to remove the carbonyl impurities,
as for example according to the method of co-pending application

(corresponding to European Application 913106190.4)
Serial Number 07/615,666/prior to being recycled to the reactor

10.

The residue from column 40, as stream 44, enters decanter
45. An aqueous stream 46 is also added to the decanter through
stream 44 causing_ separation of the residue into two phases. The
upper organic phase as stream 47 contains the alkanés which are
disposed of in an environmentally sound manner and the lower
aqueous phase as stream 48 contains the water and acetic acid
which is recycled to the reactor 10.

In the preferred embodiment, stream 60, an aqueous
slipstream from a drying column of the further purification train
is distilled in column 61. The overhead from column 61
containing methyl iodide and ﬁethyl acetate is recycled to
reactor 10 through stream 62. The aqueous residue is fed through

stream 46 to the decanter 45 by combining the stream 46 with the

\r PR BRI QH;:CT_; “ =



Met hyl
0. 210

" Butyral
0. 250
Al kanes
0.4

N. D.
US- A- 5,
Seri al

ace} aﬂie?_.i_,f'_r“}EMENT 4P . - Acet al dehyde
0195 tthanol i i 0.170 0. 190 -
dehy .j038 N. D.. - Ethyl iodide
Oaﬁpfwﬁ 19397 Cfot onal dehyde 7ppm N. D. -
J0 16 100ppm 21.2 \Water
0. 08 0 12 2- Et hyl Croton- al dehyde <l Oppm
~S—Apphicat i dn Seri g 2870, 267 corresponds
001, 259 and US- Agpp

No. 07/ 615,666 corre

N&%p ¥ bFEeoru@d 874. U.S. Application
spondstoﬁglr‘%e;?\ﬁAp |cat‘|§%n No. 91310619.1 It

will of courge siifu1ieEesst 8€d ddldmn Ny PLESCoperatedl i) 86 £o2%0Wing

descri bed above purely by way of exanple and

hat nodi fi cati ons of

detai | gannée UBdfigVthizl BahBefbedrhattdENERs irSlddmbarative Example 2:

Reflux ratio:
Ooverhead to feed ratio:

Pressure:

2

0.93
1 Atm.

Temperature: 102.3°C. at the bottom
41.4°C. at the top

The feed,
results were as
otherwise noted)
Component

Methyl iodide
Methyl acetate
Acetaldehyde
Methanol
Butyraldehyde
Ethyl iodide
Crotonaldehyde
Alkanes

Water

2-Ethyl Croton-
aldehyde

overhead,

and residue were analyzed and the

follows. (all components were wt.% unless

Feed Overhead Residue

82.4 90.4 <200ppm. (as MeI+MeOAc)
9.7 8.9 -
0.210 0.185 -
0.170 0.190 -
0.038 N.D. -
0.250 <100ppm 3.7
7ppn N.D. -
2.0 100ppm 21.2
0.4 0.08 0.12
<10ppm N.D. -

AMENDED SHEET




REPLACEMENT SHEET REPLACENENT SHEET. 18. :AUG 1999 CLAIMS 1. - A process
for the carbonylation ‘one ol :rmre conmpoynds of the group

consi sting of net hanal_,_dJ_n@I_hy_L—eL;hep'—— of et hyl Rg M@_Ltroq ?u‘EE

wherein (1) sai d n'eth >t her, or e
carbonylated in ﬂ (ﬂ il l ont'ayni ng e oup VI [
carbonyl ati on cat aI ys e, (2) the r ot UG 4399sa

carbonyl ati on are separat ed |_.n__t__o a volatile phas¢ ¢ont al ning sai
aci d, unreac¢eshmt net hyl ether or nethyl acetate,
al kane and carbonyl inpurities, and a | ess vl
said Goup VIIl netal catalyst, (3) said volatile phase is distilled to
yi el d aceticqyacid and rhead ai ed t Ol oy di yl
et her or ﬁ ac%ta gecrgréfghy | odi de, &Iflg%ﬁlgi ggygar Bgﬁy?ﬁli&rrpﬁlrcl t‘?%ééand
(4) said ovecdxapmhmts seyfar ahed gmupadmlsesucnhgtlbé oepiemedt, adimethekss
vol atile conBonent char a%yrl sed in that the procesg wgn’grlses

c acid

14

)4

her, or met acetate to acetic aci ein (1) said
methanol, dimethyl ether, or methyl acetate is carbonylated
in a reaction medium containing a Group VIII metal
carbonylation catalyst and methyl iodide, (2) the products of
said carbonylation are separated into a volatile phase
containing said acetic acid, unreacted dimethyl ether or
methyl acetate, methyl iodide, alkane and carbonyl
impurities, and a less volatile phase comprising said Group
VIII metal catalyst, (3) said volatile phase is distilled to
yield acetic acid and an overhead containing unreacted
methanol, dimethyl ether or methyl acetate, methyl iodide,
alkane and carbonyl impurities and (4) said overhead is
separated into a more volatile component and a less wvolatile
component, characterised in that the process comprises:
(a) conducting said separating by causing the volatile
component to reflux in a refluxing column,
(b) providing a reflux ratio of from 0.5 to 5 in the said
reflux column,
(c) removing the volatile portion for further processing,
(d) separating the residue into two layers by the addition
of water, and

" (e) recycling the aqueous layer to the reactor.

2. The process of claim 1 wherein the added water is
obtained as water removed from a drying column of the acetic

acid purification.
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(a) conducting said separating by causing the volatile conponent to reflux
in a refluxing colum, (b) providing a reflux rat+e—et—+omO.5 .10 5 in

the said refI ux coI um. (c) renoving the volatil eRﬁBMGEM"‘FOSHEEEIIH her
processi ng F]aratl ng the residue into t\/\ﬁ I[ayers by ﬁTE"‘P.diItIOI’I of

wat er , and (e) um ﬂ mﬂ ueous | ayer to the [he
process l Il Imlmmhe adde vvater IS 6E?a'&tﬂ%(]9§ pajer -
renoved from a dryi ng *col'unh ot the acetic acid plt-+-+H-eat-i -0n—AVENDED SHEET
REPLACEMENT SHEET 18 AUG 1999 3. The process ¢f claim2 wherein}the water

fromthe drying colum is further purified by strrpprng Thereft organic

components Pri orrid ddcas! B¢ H§§9m3§ WA eGheGheEr from tHE BRAGRSS Of

claiml1l, 2 or 3 wherein the ref lux ratio
column is further purified by stripping therefrom organic

components prior to its being used as the added water.

4. The process of claim 1, 2 or 3 wherein the reflux ratio

is from 1 to 3.

“ AMENDED  SHEET \\
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