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BACKGROUND OF THE INVENTION 5 Field O The Invention This invention rel ates
to an i nproweol2evebdved f or the nmanufacture of acetic aci decT/lismoRed7edoed Art
10 An inportant process for the production of acetic acid is the
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3,769, 329 Sadthat water may be added to the reaction mxture to
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exemplified by methyl iodide. However, it is understood that various catalyst systems,

particularly those incorporating Group VIII metals, may be used for the production of acetic acid
through the carbonylation of methanol. Generally, the carbonylation reaction is conducted with

20  the catalyst being dissolved in a liquid reaction medium through which carbon monoxide gas is
continuously bubbled. U.S. Patent 3,769,329 discloses that water may be added to the reaction
mixture to exert a beneficial effect upon the reaction rate, and water concentrations between
about 14 weight percent (wt. %) - 15 wt. % are typically used. This is sometimes referred to as
the “high water” carbonylation process.

25 An alternative to the “high water” carbonylation process is the “low water” carbonylation
process, as described in U.S. Patent 5,001,259, U.S. Patent 5,026,908, and U.S. Patent
5,144,068. Water concentratioﬁs below 14 wt. % can be used in the “low water” carbonylation
process. Employing a low water concentration simplifies downstream processing of the desired
carboxylic acid to its glacial form. The more water there is in a reaction stream, the greater the

30  operating costs to remove water from the product acetic acid and the greater the capital
investment in product recovery and purification equipment. The efficiencies achieved when
operating at very low water concentrations makes it attractive to operate at the lowest water
concentration possible. However, when reducing the reactor water to minimize operating and

fixed costs, it is more difficult to maintain acceptably high rates of acetic acid production with



operating at very |l ow water concentrations nakes it attractive to operate at
the I owest water concentration possible. However, when reducing the reactor
water to mnimze operating and fixed costs, it is nore difficult to
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conditions, the realized reaction rate may be less than half of what would normally be expected
20  under a given set of conditions.

Various techniques for increasing the production rate under low water carbonylation
reaction conditions have been proposed. Production rates are typically defined in terms of
space-time yield (STY) which is expressed in gram-moles of acetic acid produced per hour per
liter of reaction medium (g-moles/l/hr) contained in the carbonylation reactor. The volume of

25  the reaction medium is being determined at ambient temperature in the unaerated state. U.S.
Patent 5,218,143 discloses that production levels may be enhanced at low water levels if the
reactor is operated with optimized concentrations of methyl acetate in the reaction mixture. EP-
0-250189 proposes to add hydrogen gas in the carbon monoxide feed to the reaction mixture to
enhance the production rate. U.S. Patent 5,939,585 discloses the use of ruthenium or osmium as

30  catalyst promoters to enhance production rates. The disclosure of this patent indicates the use of
such promoters may result in STY’s of up to approximately 11 g-ﬁml/l/hr under low water
conditions at concentrations of less than 1.0 wt. % water. U.S. Patent 5,218,143 discloses the

use of Group VIB metal catalyst co-stabilizers for increasing STY’s under low water conditions



reactor is operated with optim zed concentrations of nethyl acetate in the
reaction m xture. EP- 0-250189 proposes to add hydrogen gas in the carbon
nonoxi de feed to the reaction mxture to enhance the production rate. U S
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ranges to Wﬁ!cﬁhé'fﬁnﬁléd%tﬁ@%{ef%shﬁ@x@&heiﬂ&é&&‘d ReficeanNd Jensen [Ind. Eng.
Chem, Prod. Res. 16, 281-285 (1977)].discloses the strong dependence

of the rate of che@p@tthmwbm\ym?@ Fatg efredcionis sensln deneadent gn water concentratigesi on
rate incr eﬁ?selﬁxp@ﬁaﬁ@% Fhint AR GERE (9015 Mthe reaction mixture during the production of acetic

20  acid within controlled ranges to maintain high reaction rates. Hjortkjaer and Jensen [Ind. Eng.
Chem., Prod. Res. Dev. 16, 281-285 (1977)] discloses the strong dependence of the rate of

reaction on water levels by demonstrating that the reaction rate increases as water concentration

is increased up to 14 wt. %. The control of water in the reaction mixture can be affected, at least
in part, by two key reactions in the reaction mixture. The first reaction produces water through
25  methanation in accordance with the following formula: ‘
CH;0H + H; —» CHy + H,0
The second reaction which consumes water is known as the aforementioned water gas
shift reaction shown by the following formula:
CO +H;0 - CO; + H,
30 To effectively control water in the reaction medium, it is important to know which
reaction predominates in order to define a water supply or water removal operation from the
reaction section to maintain an accurate water balance within the reaction section to minimize

changes in reaction carbonylation rates as a result of changes in the reactor water concentration,



is increased up to 14 wt. % The control of water in the reaction m xture
can be affected, at least in part, by two key reactions in the reaction
m xture. The first reaction produces water through 25 nethanation in
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reacti on which consunes water is known as the aforenentioned water gas
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U.S. Patent 5,831,120 discloses the removal of excess water in an iridium-catalysed
20  system by a combination of removing and disposing of water from the overhead of a light ends
distillation column and replacing a portion of the methanol feed into the reaction mixture with a
component selected from the group of methyl acetate, dimethyl ether, acetic anhydride and
mixtures thereof. The patent discloses that dimethyl ether and methyl acetate are carbonylated
to produce acetic acid with a net consumption of water and acetic anhydride removes water from
25  the reaction mixture by reaction to produce acetic acid. In this process, water is thought to be

consumed in accordance with the following formulas:

30



U S. Patent 5,831,120 discloses the renoval of excess water in an
iridiumcatal ysed 20 system by a conbi nati on of renoving and di sposi ng of
water fromthe overhead of a light ends distillation colum and replacing a
portion of twe 2emabmsol feed into the reaction m xture WPOT/EB200808mzENENT
selected fromthe group of nethyl acetate, dinethyl ether, acetic anhydride
and m xtures thereof. The patent discl oges that dinet hyl ether and net hyl
acetate are carbonylated to produce acetic acid with a net consunption of
wat er and acetic anhydride renmoves water from 25 the reaction m xture by
reaction to produce acetic acid. In this process, water is thought to be
consuned in accordance with the follow ng fornmul as: i WO 2004/ 060846

PCTI US20031037020 5 .CH,OCH, +Q@GD&H, 0260+ 21 >—C €A C- 04 0 0
CH3COCH3 + CO+ RO ? 2 CH3COH O CH3C-O G CH3 + H2O - 2 CH3C-COH U. S
Patent 5,001,259, and related U S. Patents 5,026,908, and 5, 144,068 di scl ose
5 rhodi um cat al ysed | ow wat er carbonyl ati on processes in which high nethanol
carbonylation rates are g@chieved while the reaction s€ction water
concentrations are nainta|ned at very low levels fronﬂb finite (<_ 0.1 wt.
% water concentrationcipchlioycprtaroargssnitationg cHloeseorpat ents di scl ose
that the reaction medi um3concentfation IS nuintained controlling the flow
of carbon nonoxi de, water, nethanol, and nmethyl iodide. The hi ghest acetic
acid production 10 reaction rate disclosed in these patents is an STY of
approximately 32 at a water concentration of 2 w. % However, at water
concentrations of less th 2 Wwt.o9% the highest acetic a§i d STY disclosed
is approximtely 12. Fi gu% 10 OQ t hese patents dem)nstra”es the difficulty
of  mai ntaining favorable| eact i rates at_water cogc& trhations below 2.0
W.% As seen in Figur EHLo—Pne ealilohth@t e dardps<p B@' pitously as the
wat er concentration goes below 2.0 wt. % 15 In summary, the state of the

art in carbonylation technology still lacks a nmethod for nmintaining a
hi ghly stable catal yst system in controllable | ow water conditions, useful
f or U.S. Patent 5,001,259, and related U.S. Patents 5,026,908, and 5,144,068 disclose

5  rhodium catalysed low water carbonylation processes in which high methanol carbonylation
rates are achieved while the reaction section water concentrations are maintained at very low
levels from a finite (< 0.1 wt. %) water concentration to high water concentrations. These
patents disclose that the reaction medium concentration is maintained by controlling the flow of
carbon monoxide, water, methanol, and methyl iodide. The highest acetic acid production

10 reaction rate disclosed in these patents is an STY of approximately 32 at a water concentration
of 2 wt. %. However, at water concentrations of less than 2 wt. %, the highest acetic acid STY
disclosed is approximately 12. Figure 10 of these patents demonstrates the difficulty of
maintaining favorable reaction rates at water concentrations below 2.0 wt.%. As seen in Figure
10, the reaction rate drops precipitously as the water concentration goés below 2.0 wt. %.

15 In summary, the state of the art in carbonylation technology still lacks a method for
maintaining a highiy stable catalyst system, in controllable low water conditions, useful for
achieving reaction rate STY’s of 15 g-mol/l/hr and higher at water concentrations of less than 2

wt. %.

20 SUMMARY OF THE INVENTION
The present invention relates to processes for the production of acetic acid by
carbonylation of alkyl alcohols, reactive derivatives of alkyl alcohols, and mixtures of alkyl

alcohols and reactive derivatives thereof in a reaction mixture with low water content. In



achieving reaction rate STY's of 15 g-nol/Uhr and higher at water
concentrations of less than 2 w. % 20 SUVWARY OF THE | NVENTI ON The
present invention relates to processes for the production of acetic acid by
car bonyl at i %5654,@0@@ al cohol s, reactive derivatives of pat/Ayloosdsgebol s, and
m xtures of al kyl alcohols and reactive derivatives thereof in a reaction
m xture with | ow water content. In WO 2064/ 060846 PCT/ US2003/037020 6
addition to producing acetic acid under | ow water conditions, the present

i nvention provides high acetic acid production rates. An additional feature
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concentrations in carbgnylation reaction mxtures. 15 DRAWNG Figure 1 is a
schemat i ¢ HERAPEWRSHE 2dHDR IS PIASHE aofater GRNSHIFIESomPgRent Fech s dizpstiayl eﬂWVe ntion.
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desirable to oper ate carbonyl ati on processes at | ow wat erp conditions in the
react or, ic¢onswningrémpangnito thesreaiition uixture may by cembipad avith other procewsteps frat
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consi derab‘f0 B ﬁl\,\g%ﬁ% %(!)ncentra ggb ﬁ%ﬁ@%@o&&e\&ﬁ?{%ﬁgg&?au ng at hi gher water
concentrations, with other conditions 25 being simlar. However, the present
invention is able to achi eve unexpectedly high reaction rates whi | e at the
sane tinme operating under and capturing the cost advantages of water
concenigations of less than 2 w. % iprawaN@acti on m xture. The present

invention is ahle to, L .
Figure 1 is a schematic diagram of an embodiment of the process of the present

invention.

20 DETAILED DESCRIPTION OF THE INVENTON
While from a cost standpoint, it is desirable to operate carbonylation processes at low
water conditions in the reactor, it is well known, as discussed in U.S. Patent 5,144,068, that
under low water conditions, the production yields of such processes can be considerably lower
than would be expected while operating at higher water concentrations, with other conditions
25  being similar. However, the present invention is able to achieve unexpectedly high reaction
rates while at the same time operating under and capturing the cost‘advantages of water
concentrations of less than 2 wt. % in the reaction mixture. The present invention is able to
attain these high production rates by optimizing key reaction components of rhodium or
rhodium/iridium based catalyst systems while at the same time maintaining very low water
30 concentrations within efficient ranges.
The present invention relates to low water carbonylation processes with high production
rates. Contrary to previous understandings, it has been discovered that reaction rates may be

brought to and maintained at very high levels through the use of high catalyst concentrations by



attain these high production rates by optim zing key reaction conponents of
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i nvention QREREdSA aNiAGMi iéBium comprising methyl acetate, acetic acid, a finite amount of water,
20 e.g, at least about 0.1 wt. % and any other solvent component compatible with the other
compounds present. Suitable derivatives of methanol for use in the carbonylation reaction
include methyl acetate, dimethyl ether and methyl iodide.
Suitable catalyst systems for the processes of the present invention comprise rhodium
and rhodium/iridium metals and compounds as the Group VIII metal and an alkyl iodide as a
25  halogen promoter. The concentration of the alkyl iodide, usually methyl iodide, in the reaction
medium is typically between about 2.0 and about 30 wt %, with one embodiment between about
5.0 and about 15 wt. %, and still another embodiment between about 5 and about 10 wt. %. A
catalyst stabilizer/co-promoter may be used as well. The stabilizer/co-promoter may be in the
form of a soluble salt from an alkali metal or alkaline earth metal or a quaternary ammonium or
30  phosphonium salt which generates an effective amount as defined above of iodide ion in the
reaction solution. The catalyst stabilizer/co-promoter is preferably lithium iodide, lithium
acetate or mixtures thereof. The catalyst system can further comprise a transition metal salt as a

co-promoter selected from the group consisting of salts of ruthenium, tungsten, osmium, nickel,
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20  small amounts of undesirable impurities in addition to the desired components identified
previously, e.g., acetaldehyde and other carbonyl containing permanganate reducing compounds
(“PRC’s”), and propionic acid. PRC’s are defined herein as carbonyl compounds, such as
acetaldehyde, which leads to formation of unsaturated aldehydes and other carbonyl impurities
such as acetone, methyl ethyl ketone, butyraldehyde, crotonaldehyde, 2-ethyl crotonaldehyde, 2-

25  ethyl butyraldehyde and the like, and the aldol condensation products thereof. Other PRC’s
include alkyl iodides, such as ethyl iodide, propyl iodide, butyl iodide, pentyl iodide, hexyl
iodide and the like.

To prevent the accumulation of inert compounds or agents, a gaseous purge is withdrawn
from the top of the reactor and treated to recover valuable condensables such as methyl iodide

30  and methyl acetate before ﬂén'ng. Reaction liquid is withdrawn from the reactor and fed to a
flasher where a reduction in pressure results in the vaporization of the lighter components from
the reaction mixture and product acetic acid, the remainder of the reaction mixture comprising

mostly acetic acid and the catalyst may be recycled to the reactor. The vapors from the flasher
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which serves to separate most of the acetaldehyde, methyl iodide, and methyl acetate as

20  overhead from a heavier fraction comprising acetic acid and water, which is recycled to the
purification section. The latter overhead is then fed to a second distillation column, termed an
“acetaldehyde stripper”, which serves to separate most of the acetaldehyde in this stream, from a
heavier fraction comprising methyl iodide and methyl acetate, which is recycled to the
purification section. The latter overhead comprising an increased concentration of acetaldehyde

25  and some heavier components such as methyl iodide is then subjected to an extraction with
water to obtain an aqueous extract comprising most of the acetaldehyde and an organic raffinate
comprising the less water-soluble components of the stream such as methyl iodide, which is
recycled to the purification section. The aqueous acetaldehyde stream is disposed of as waste.
As used herein, the phrase “purification section” refers to the distillation and separator/decanter

30 components of the system collectively.

The continuous carbonylation process may be thought of as comprising three basic
sections: the reaction, purification, and off-gas treatment sections. Referring to Figure 1,

continuous streams of an alkyl alcohol and/or reactive derivatives thereof and carbon monoxide
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20 and some acetic acid is recycled to the reactor or purification section.

In some chemical processes, it is necessary to monitor the progress of the chemical
reaction and to adjust the supply of the reactants to ensure that the reaction proceeds as desired.
The production of acetic acid is one such chemical process. One method of manufacturing
acetic acid, by carbonylation of methanol or its derivatives, such as methyl acetate or methyl .
25 iodide, involves a chemical reaction initiated by a catalyst system as described previously.
Carbonylation has become a preferred route to make acetic acid. Nevertheless, there are
countervailing considerations which affect implementation of this process. First, the underlying
reaction chemistry is intricate, involving a number of interrelated reactions, by-products and
equilibriums, all of which must be properly balanced, one against the other, to make the process
30 practicable and maximize efficiency of raw material utilization. Also, the catalyst systems
required for carbonylation are generally expensive. Moreover, carbonylation catalyst systems
are extraordinarily sensitive to changes in any number of reaction parameters, which, in turn,

adversely affect catalyst stability and activity.
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20  present invention, the reaction rate is an STY of about 20 to about 40 g-mol/I/hr with a reaction
mixture water content of less than 2.0 wt. %. In another embodiment, the STY’s range from 25
to 40 g mol/V/hr at a reaction mixture water content of less than 2.0 wt. %. In still another
embodiment, the STYs, with reaction mixture water content of less than 2.0 wt. %, in
accordance with the present invention, range from about 35 to about 40 g-mol/I/hr.

25 The present invention achieves these previously unobtainable reaction rates at such low
water concentrations by a combination of optimizing reaction parameters such as catalyst
concentration, methyl acetate concentration, and reaction temperature, etc., while maintaining a
narrow water balance in the reaction mixture. It has been discovered that very high catalyst
concentrations of rhodium-based catalyst concentrations in combination with high methyl

30  acetate concentrations may be used to achieve such high reaction rates.

Generally, the higher the rhodium-based catalyst concentration in the reaction mixture,
the higher the reaction rate that may be achieved, especially at low water concentrations. In one

embodiment of the present invention the water concentrations less than 2.0 wt. % with a



maj or capital and energy expenditure as well as systemcapacity limting.
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carbonyl ation rate decreases. For 10 exanple, at water concentrations

appr oachi ng v Showbeosdh the carbonyl ation reaction rate deTUSADBE37020
significantly because the reaction rate is highly dependent on reactor
water, especially at very |low water conkentrations. It becomes critical to
mai ntain a tight water balance around the reaction systemand for that
matter within the reaction section, to maintain high reactor activity and
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i nvention, the reaction rate is an STY of about 20 to about 40 g-nol/ Uhr

with a readhonich togbsut#Pe melfldr. content of less than 2.0 wt. % | n anot her
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wat er cont ent anot her  enbodi nent, the
STY's, Wi tdontbétion evithra cetalysestatmlizer swhmns soitblemetabdideloaquieriarytiodidé saltn A
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optim zing reaction paraneters such_as cat al ﬁgt, d_concentra.t i on, et hyl
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acet at e corfdeabquhdlp 3t “aftanotist embedimentybs e ide goncepfration raRgeds HPHi ng a
narrow wat o, Palang & idout ewt. 6action m xture. |t has been discovered that
very high catalyst concentrations of rhodi umbased catal yst concentrations
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enbodi ment, of the present.invention the water cancentrations. |ess fhan 2.0
ot o wi ¢ hiere bR raE ahe TR tebit SressPatts S SRR RORTL SR @ 40 R o ar um
concentration OAn ahpdrRastactdPROpeRiTh@adhetiglSre¥ctidh rdtbs inGiced@atice AGthGhe prdsent / hr .

I n anot her enbodi nent  of the present invention the water concentrations is

| ess t han ingentiopds thepbilifHio mainiaiaasiabler PO ICEHE SATPRYHOHPYoRaigtainiahwRten 500
ppm and angaleheafioRBAHin 248hht Br narrow range at the very low water concentrations in accordance
20  with the present invention. It has been unexpectedly discovered that under certain circumstances
while the carbonylation proceeds at reaction rates in accordance with the present invention, the |
water balance of the reaction system may deviate from expected water balance mechanisms. To
maintain high carbonylation reaction rates in accordance with the present invention, it is
important to recognize when a particular reaction is water producing or water consuming. As
25  disclosed in the previously discussed U.S. Patent 5,831,120, among those skilled in the art, it
was thought that rhodium catalyst systems, when used in carbonylation reactions, result in a net
consumption of water in the catalyst reaction mixture. In order to maintain a stable water
concentration in the rhodium-based reaction mixture, it was previously thought necessary to add
water to the reaction mixture since the water gas shift reaction is greater than the methanation
30 reaction. However, it has been discovered that under certain circumstances, thodium-based
catalyst systems produce carbonylation reactions which are net producers of water since the
methanation reaction is greater than the water gas shift reaction. Under these circumstances, to

maintain a steady water concentration in the reaction mixture to achieve a stable and productive



30 g-nmol/I/hr. In still another enbodi nent of the present invention, the

wat er concentration is 5 less than 0.5 wt. %wth a rhodiumiridium
concentration of at |east 1800 ppm and an STY of about 30 to about 40 g

mol /| / hr. Theo pdvedéosss based cat al yst systens useful in tReTmSE®SM70I0NVENti oN
are used in conbination with a catalyst stabilizer such as sol uble netal

i odide or quaternary iodide salt. A suithble catalyst promoter is methyl
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EXAMPLES
The Examples set forth in the following Table and related discussion provide exemplary
demonstrations of carbonylation reactions in accordance with the present invention in which
reaction rates exceed 15 g-mol/l/hr under water concentrations of less than 2.0 wt. %. An
25  experimental unit was employed and brought to a steady state. Conditions are as noted in Table

L.



13 reaction, it is necessary to elimnate the excess water. This may be
acconplished by either nechanically or physically or by chemcally renoving
the water fromthe reaction mxture or to consune the water through

chenm cal pawlowag#6088o det ect when the net production of R(HERGO8WRE, it is
necessary to nonitor the STY's 5 of both carbon di oxi de and nethane in the
reactor. Monitoring these production rat¥s provi des an assessnent of the
net wat er production mechani smongoing in the reaction mxture. In
rhodi um based catal yst carbonyl ation reactions with high concentrati ons of
catal yst and high nethyl acetate condélalions at | ow reactor water

condi tions, the production of nethane in the reaction nay exceed the
production of carbon di oxide and the reaction system beconmes water 10
produci ng rather thin water ®RAstHH Ochditldtiss change [ o arpgyvas RhiesWat er
produci ng r i -was—tfexpected—ang—surpristng—THhis—peeutrs
because, at ggrtg&n Bzddi { Me@Ac  Mel neRhanat #an r ehétidon| £0pr es€Hted by t he
equat i on: +o, CHQ 4 o, H2 e n S r.eact is ate han) over
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+ H2 15 As nmeinti onep0.dboveé3. 7t hese6fi nd| bgl$ arn @lunexpzft ed| 60t coppsary to
results reported inf U S {Patent{5,831;120 imn whichjit isjstatefd that in
rhodi um only Zat al yg@d reaéth on s@gtenF}&Vheréz is [9bical P91t heORked to add

water to the syste t is _found at v ing.the whter, hyl et at e,
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pr oduci ng occu ver wat ef - gonce ti ran of @ t 0 w. %to
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rel at ed di sciisReacior @nditiorddorégenglésardare (SR8 psig. i ons of car bonyl ati on

reacti ons i n2.adc¥iNteahee pravidéd inlgenoptlgsent i nvention in which reaction rates
exceed 35 g- Bl dedckipnsimBeamplea tvere at Yo Shdithivn iodide.of | ess than 2.0 wt. % An
25 experinental unit was enpl oyed and brought to a steady state. Conditions

are as noted | rthlé’e%grm es ﬁﬁ%ﬁy LRARGR JRGdY W3 48 £PE8 methnd{dR!Eaction

Reaction Conditions cess .
exceeds the rate of the water gas shift reaction or the rates are the same. By reviewing the CHy

and CO, STY’s of the Examples, one sees in Example 2, there is neither a net production nor a

10  net consumption of water in this reaction since the CO, STY equals the CH; STY. Conversely,
in Examples 1, 3, and 4, the rate of the methanation reaction as indicated by the CHy STY
exceeds the rate of the water gas shift reaction as indicated by the CO, STY. It is important to
remember that depending on the reaction concentrations at water concentrations below 2 wt. %,
either reaction can predominate to affect the reaction water concentration which in turn will

15  affect the acetic acid production rates of the process. In Examples 1, 3, and 4, there is a net
production of water in the reaction mixture and this water must be removed to maintain the low
water concentration at the high reaction rates in accordance with the present invention.

Suppression of the water gas shift reaction in favor of the methanation reaction resulting

in a net balance of water production may be experienced over a range of water concentrations,

20 rhodium-based catalyst concentrations, and concentrations of other components such as methyl
acetate, and methyl iodide. For example, a net production of water may develop at low water
conditions of less than 2.0 wt. % while operating at reaction rates of at least 15 g mol/l/hr and
with rhodium-based catalyst concentrations of at least 1000 ppm. The net production of water is
more likely to occur at water concentrations of less than 1.0 wt. %, rhodium-based catalyst

25  concentrations of at least about 1200, with reaction rates of at least about 25 g mol/l/hr. The net

production of water is still more likely to occur at water concentrations of less than about 0.5 wt.



Exampl e H2O MeOAc Mel Rnh H2 Acid CO2 CH4 W. %w. %w. % ppmpsi STY STY
STY 1 0.4 3.7 6.4 1613 11 28 0.01 0.03 2 0.5 5.6 6.7 1897 12 40 0.01 0.01
30.75.86.1 1793 12 36 0.01 0.03 4 0.7 6.0 6.7 1387 14 24 0.01 0.02 1.
Reactor congid joadssodser Exanples 1-4 are 195C, 400 psig. Bcrbbloofbroval ues
provided in g-nol/1/hr. 5 3. Al reactions in Exanples were at 10 wt. %

| ithiumiodide. These Exanpl es denonstral® conditions under which the rate
of the methanation reaction exceeds the rate of the water gas shift
reaction or the rates are the sane. By reviewing the CH4 and CO2 STY's of
t he Exanpl %'srhodﬂum-lsase&cdtaiyﬁxamqahmatﬂms vfret tepstiaboutdiSO0 ppm awitieteagtiondates ofam nor a
10 net corgg rrgtloE in this reaction since the CO2 STY equal s the
CH4 STY. a0 8p 9/ arrpl es 1, 3, and 4, the rate of the nethanation

reaction as i ndygad ﬁdd&s{ng &Béu@&a&&cﬁﬂ'&mdﬁ%ﬁﬁﬁﬂﬁhl&}bﬂxefeq& & nf wit&iProdicén, 9as
shift reaction as indicated by the CO2 STY. It is inportant to r emenmber

t hat depentheiéds bmeéﬁ%ek@a@tel%e@wwﬁﬁr pEaduesddn grdeq o ragintagribe Aesitad 1ghs bel ow
2 w. % gbiReRwd %ﬁdeﬁﬁat?cﬁ‘@ %@QQ@? 199;11% &ﬂ&é&ﬁ%ﬁbﬂf&%&h@ﬂ&m er

concentratlon WhIC in turn w | 15 aff'ect the acetic .acid tion rates
of the pr op@@xgays Mnaqzz‘mlnmeesltmtheBresqmmvantmhéfrreeqh@naaln@novqé|o daowateois of wat er

in the rea Its(r)g{.he V?/(attelf' atyﬂ%q'ﬁ E'J}']e% t\%fle ﬂecﬂﬁqﬁe@@&%‘ QR%}'{ %ﬁn alith | ow

wat er conc on at rat SRS kRO i fTie 4
present i nwetwt from reaSﬂmpﬂﬁEemsmpemfmg dtteomhiﬁcms difézers Ifidofxi the pméntmenﬂmnf. Soate of

t he met hanat i on react sultin LN a net bal ance of r. production may
o exper | CRCEEVBIES Cahh AN OF e B TP oA SCloS kS et HUThE
catal ys¢ COM @hehted, TATSS, BN PSEMSETHONAY | 48 $heWthed hit@Hods BIFFIORAY: Seférdéd to &6

nmet hyl acet at e, and net hyI i odi de. For exarrple a net production of water

may devel of-SPaewy-$4:120° conditions of less than 2.0 wt. % while operating
at reaction rat ﬁ?w&fer %etﬁ&l@%?m%&aﬂlcﬁ@ir{eh{obfn ks h%éﬁ:laﬂmghwﬁﬁéss ﬁﬁhﬁﬁ{gal yst

concentrations o | east 1000 he ne production of water mor e
likely to tlm@qmramemmf eddlbcmbem xpendetuest Although thenselofGuei meci@mcal water

hod: i Dol Ayl A5y BRI R
I's stillf miaeinhigeksction raemurdeﬁlbwvm@rcommm a&btdane with the PEestht memhmut 0.5
w. VO 200&%2}?&234 v%atlé’%/a}llJ gg %Cr)r?’c!vgg Zx?uzrgy b% ghemical pathways. A combination of the
mechanical water removal process and the removal of water by chemical pathways is also within
the contemplation of the present invention.
In the processes of water removal by chemical pathways, the excess water may be
20  removed by adding methyl acetate, dimethyl ether, acetic anhydride, or mixtures of these
compounds to the reaction section. The addition of one of these compounds to the reaction
section reduces the water concentration in the reaction section. Dimethyl ether and methyl
acetate are carbonylated to produce acetic acid with a net consumption of water in the process.
The addition of acetic anhydride reduces the concentration of water in the reaction section
25 through a reaction of acetic anhydride and water to produce two moles of acetic acid, as set forth
in the earlier equation. The temperature and the nature of the catalyst solution in the reaction
zone and the flasher zone are sufficient to rapidly hydrolyze the acetic anhydride.
The amount of the water-consuming agent added to the reaction section is dependent on
the rate of the net water production determined by the relative rates of the methanation and water
30  gas shift reactions in the reactor zone. However, generally, the amount of water consuming
agent added should be at least stoichiometric with the water produced in the carbonylation

reaction in accordance with the equations shown above. The water-consuming agent may be

introduced at various locations in the process. For example, the water-consuming agent may be



% rhodi umbased catal yst concentrations of at |east about 1500 ppm with
reaction rates of at |east about 30 g nol/I/hr. Wile producing acetic acid
under conditions in which there is a net water production, there is a need
to el i m nat ewDhleosexasess wat er produced in order to mai nt AAT/EHL03W8HRCT ed | ow
5 reaction water concentrations. The water may be renoved nechanically or by
chem cal pathways in accordance with thé6present i nvention. |If nmechanical
renoval of the water is chosen, the water may be renoved by a variety of
techni ques known in the art for renoval of water fromreaction systens

oper ati ng étrodesediintp dhesreantdrfzons dlasker sonet 9rdn feauaficationzeng asdang Bdtws  of t he
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mechani gal sit@dngrof tHeqi®34ad thatyf¢ alfinatelerevyclddito tHelieaction k&fiph as welhasydditidas
present inventjon, it has been discovered 15 that ‘in high reaction rates
under | ow WEERY @ Bisaractigmgonepr ashst &ifce with the present invention, the
excess water My hehdeRMkEthr&thhttRE ¥adR¥bn©h {ef BbnsBRIHPMRYSs 10¥hE AR Maebign Of
the nmechanical water renoval process and the renoval” of water by chem cal
pat hways i $n adcerdapgetwithnthe preserd invertinn iansebn inthodivm-based eqialyst meacets@hwaten t he
processes I 0 ] NaYz) : : 20
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m xt ur d§ ofsysthesesingabodiomrcised atdysesystens i watesmoténtrationshp taddi wi. tnindlie one of
t hese corrpoungs to.the reaction section reduces the water concentration in
the reacti SHERTPEHS Di nethyl ether and methyl acetate are carbonyl ated to
produce acetic atligdtentstand publefatiCyisfered todbret arvaéreby indorpbetadtygeffence thhe
addi ti on of acetic anhydride reduces the concentration of water in the
reaction sdkailegHreNSs -t hr ough a reaction of acetic anhydride and water to

produce two nol @3eiohakEhreSentfventiocA®ng b advahthibs Hale bR d8REbEEH RAMaki on. The
tenperature and the hature of the catal yst solution in the reaction zone

and t hd5f | aboudd beanterstaod thaifvitieusshanges subspiutipgs, Aydalisrajioas eqwd bromadedherein
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the relative rates of the nethanation and water 30 gas shift reactions in
the reactor zone. However, generally, the anount of water consum ng agent
added should be at |east stoichionmetric with the water produced in the

car bonyl ati on




reaction in accordance with the equations shown above. The water-consun ng
agent may be introduced at various locations in the process. For exanple,

t he wat er-consum ng agent may be WD 2004/ 060846 PCT/ US2003I 037020 16
introduced into the reactor zone, flasher zone, or in the purification zone
as long as it is eventually recycled {d the reactor. However, introduction
of the water-consum ng agent nmay be conveniently acconplished al so by
introducing it into the nmethanol feedLAIMSs understood that reference to
addi ng the water consum ng agent to the reaction section includes additions
to 5 strwenkimf the process that are ultimately recycled to the reaction
section as well as additions directly to the reaction zone or flasher zone.

I't has been di scovergerdcas! fot the pastiictiorsf fbtid\&ii® fromaneH oGt AgR0E-Sinteq/idldhof
reaction section in accordance with the present inventjon is useful in
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yield of at 'Teast t, by a catalytic carbonylation reaction
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met hanol and.reactjve derivatives. thereof, in the presenc carbon .
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t he reacdabyon didgkide ure conprises less than 2.0 wt. % water, at |east 1000 ppm
of a netal selected fromthe group consisting of rhodium and conbination
of rhodi um ard i ri di Tf pragess dtacgerdanee with &laimnlcwhereiatthe halpgen prasiofes igeresent 2
to 20 w
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3. The process in accordance with Claim 1 wherein the reaction mixture comprises
from 3 wt. % to 10 wt. % methyl acetate.

4. The process of Claim 3 wherein the halogen promoter is methyl iodide.

5. The process of Claim 1 wherein the reaction mixture comprises less than 0.7 wt.
% water and at least 1500 ppm of the rhodium-based catalyst system.

6. The process of Claim 1 wherein the reaction mixture comprises less than 0.5 wt.
% water and at least 1800 ppm of the Group VIII metal.

7. The process of Claim 1 wherein the space-time yield for the production of acetic
acid ranges from about 15 g-mol/1/hr to about 20 g-mol/1/hr.

8. The process of Claim 5 wherein the space-time yield for the production of acetic
acid ranges form about 30 g-mol/1/hr to about 40 g mol/l/hr.

9. The process of Claim 6 wherein the space-time yield for acetic acid production
ranges from about 30 g mol/l/hr to about 40 g-mol/1/hr.

10. The process of Claim 5 wherein the methyl iodide is present from about 5 wt. %
to about 10 wt. % of the reaction mixture.

11. A process for the production of acetic acid from methanol by a carbonylation

reaction in a system comprising a reaction section and a purification section, comprising the steps of:



wherei n carbon di oxi de and net hane are produced in the reaction m xture and
wherein the space-tine yield for the production of nethane exceeds the
space-tine yield for the production of carbon dioxide. 2. The process in
accordance with Claim1 wherein the hal ogen pronoter is present at a
concentration of about 5.0 wt. %to abddit 15.0 wt. % of the reaction

m xture. 3. The process in accordance with Caim1 wherein the reaction

m xture conprises from3 w. %to 10 wt. % nmethyl acetate. 4. The process

of CI ai rgacﬁ memeanglaan(agfgacng% %?R\sa?&/ﬁ t%e%é Wes S ?l?cL dl%bla)o dfil\?xe[hg b}%g\%l[%g of f
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about 15 g- hr to about 20 g-nol/1/h 8. The process of Claim5
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e r%iogiu%nhgased catalyst system is present in
the reaction mixture at a concentration sufficient to yield at least 1000 ppm of a Group VIII metal
selected from the group consisting of rhodium, iridium, and blends thereof.

16. The process of Claim 11 wherein the rhodium-based catalyst system is present in
the reaction mixture at a concentration sufficient to yield at least 1500 ppm of a Group VIII metal
selected from the group consisting of rhodium, iridium, and blends thereof.

17. The process of Claim 11 wherein the rhodium-based catalyst system is present in
the reaction mixture at a concentration sufficient to yield at least 1800 ppm of a Group VIII metal
selected from the group consisting of rhodium, iridium, and blends thereof.

18. The process of Claim 15 wherein the space-time yield for the production of acetic
acid is at least 15 g mol/l/hr.

19. The process of Claim 16 wherein the space-time yield for the production of acetic
acid is least 20 g-mol/1/hr.

20. The process of Claim 17 wherein the space-time yield for the production of acetic
acid is at least 30 g mol/l/hr.

21. The process of Claim 20 wherein the methyl iodide is present from about 5.0 wt.

% to about 10.0 wt. % of the reaction mixture.



space-tinme yield for the production of nethane exceeds the space-tine yield
for the production of carbon dioxide. 12. The process of Caim1ll wherein

t he hal ogen pronoter present at a concentration ranging fromabout 5.0 wt.
%to about 15.0 wt. % of the reaction m xture. 13. The process in accordance
with G aim12 wherein the reaction nmixtlte conprises from3 wt. %to 10 w.
% net hyl acetate. 14. The process of Claim 13 wherein the hal ogen pronoter
is nethyl iodide. 15. The process of Caim 11l wherein the rhodi um based
catal yst systomis prgR§ibcesdlof Chfin 183G (HE Wity &neintfhtibR M BILEALLR Mixture
sufficient to yield at l'east 1000 ppmof a Goup VIII netal selected from
t he gr oupangeniirmtabag b we.lHose ahout 3.5ivdi Ym and bl ends thereof. 16. The
process of C gim 11 rej i .St emyi S Dr. t. LN
Phe reacti on Gt ure dF odsh dECERTRCRAT it LS yRSh AincieREBR filhyhe
ppm of a réagesifroddlabbutrtel at. % sehteut 20 Wtrm t he group consi sting of rhodium
iridium and blends thereof. 17. The process of Caim1ll wherein the

rhodi um based catal yst systemis present in the reaction mxture at a
concentration sufficient to yield at | east 1800 ppmof a Goup VIII netal
selected fromthe group consisting of rhodium iridium and bl ends thereof.
18. The process of Caim 15 wherein the space-tine yield for the production
of acetic acidis at least 15 g nol/1/hr. 19. The process of C aim 16
wherein the space-tinme yield for the production of acetic acid is |east 20
g-nol / 1/ hr. 20. The process of Claim 17 wherein the space-tine yield for the
production of acetic acidis at least 30 g nol/I/hr. 21. The process of
Claim 20 wherein the nethyl iodide is present fromabout 5.0 wt. % to about
10.0 wt. % of the reaction mxture. 19 22. The process of C aim 18 wherein
the water concentration in the reaction mxture ranges formabout 0.1 wt. %
to about 3.5 wt. % 23. The process of Caim 18 wherein the water
concentration in the reaction m xture ranges fromabout 0.1 wt. %to about
2.0 w. %





