METHOD AND APPARATUS FOR MAKI NG ACETI C ACI D W TH | MPROVED LI GHT ENDS COLUWN
PRODUCTI VITY b5Technical Field The present invention rel ates
generally to an apparatus and nethod for producing acetic acid wherein

addi ti onal condensing is used on vapor froma central portion of the
distillation zone of a light ends colum in order to increase system
productivity. 10 Background Art Car bonyl ati on processes are wel |
known in the art. O particular comercial significance are processes for

t he carbonyl ati on of nethanol to make acetic acid and processes for the
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A portion of the reaction medium is continuously withdrawn and provided to a flasher where

product is flashed off and sent (as vapor) to a purification train. The purification train includes a
25  light ends column which removes “light” or low boiling components as overhead and provides a
product stream for further purification. A particularly preferred carbonylation process is taught
in United States Patent No. 5,144,068 to Smith et al. In this so called “low water” process, an
alcohol such as methanol is reacted with carbon monoxide in a liquid reaction medium
containing a rhodium catalyst stabilized with an iodide salt, especially lithium iodide along with
30  methyl iodide and methyl acetate in specified proportions. With a finite concentration of water
in the reaction medium, the product is the carboxylic acid instead of, for example, the anhydride.
The reaction system of the ‘068 patent not only provides an acid product of unusually low water
content at unexpectedly favorable rates, but also exhibits unexpectedly high catalyst stability.

That is, the catalyst is resistant to catalyst precipitation out of the reaction medium.



50f a netal pronoter and/or ionic iodide co-pronoter in a carbonyl ation
reactor containing a liquid reaction conposition with an iridium

carbonyl ation catal yst, nethyl iodide co-catalyst, water, acetic acid, and
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and fed to a llqu;d liquid decanter. The llght phase from the decanter is refluxed to the tower

and the heavy phase is recycled to the reactor feed. Thus, the light ends column receives a hot
20 vapor product stream from the flasher and operates to remove most of the methyl acetate and

methyl iodide from the stream before the product stream is fed forward for water removal,

Summary of Invention

In accordance with the present invention, hydraulic load in the light ends tower is
25  reduced by partial condensation of the vapors loading the tower. In a typical embodiment, a
partial flow of vapor from the tower just above the liquid sidedraw removal is fed to a heat
exchanger and cooled to a temperature of, for example 200° F. Condensed liquid is then fed
back to the tower to a point above the liquid sidedraw, or simply combined with the liquid
sidedraw stream. Hydraulic load is then reduced in the column above the liquid sidedraw.
30 Simulation indicates the tower can be debottlenecked up to 15% without a significant change in

liquid sidedraw composition.



Figure 1 is a schematic diagramof a conventional nethanol carbonyl ation
unit; and S5Figure 2 is a schematic diagramwherein the |ight ends col umm of
t he apparatus of Figure 1 has been fitted with a side condenser in
accordance with the present invention. Description of the Preferred

Enbodi nrents The invention is described in detail belowwth reference to
numer ous enbodi nents for 10 purposes of exenplification and illustration
only. Modifications to particular enbogliments within the spirit and scope
of the present invention set forth in the appended clainms, will be readily
appare idfD &S B piklibs I N the art. Unl ess nore specifically
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syst emwillie Siersairitwad §cope Rbthe peser igventionygt fogh yethe priteaded Heigist witkhce under
t he opqgﬁ,pr&g &9&‘1{3&0@9&&@11 H‘tﬁe rgaction system a wide range of non-iodide
salt precurs P react th methyl iodide to generate the correspondi ng
co- pronot er U'&Qﬁqci@f@aietr‘f"s“y@léﬂbdcrﬁnzérbelOWorﬂ'ad?dioﬁzbféﬁa‘ff‘dd’ét%{i Is ghegardardigaiyhodi um
cat al y d, OSmth
cral. ) TupBE" ghtbARARR, fonlPRER Wl By s PO oy AR ARG B Ve
di g6l osmteesot@f:rvwkﬁ mmcape hereby i ncor por ated by reference. Simlarly,
an iridium ca& al ks i 0 ‘ ,on may
ompr i se.any’ T dobar Aty SRR AR £ABE hATSATPARL! 10 TG
react i @xie onpasichiednto the liquid phase

The Group VIII catalyst may be a rhodium and/or iridium catalyst. The rhodium metal

catalyst may be added in any suitable form such that rhodium is in the catalyst solution as an
20  equilibrium mixture including [Rh(CO),I,] anion as is weli known in the art. Jodide salts
optionally maintained in the reaction mixtures of the processes described herein may be in the
form of a soluble salt of an alkali metal or alkaline earth metal or a quaternary ammonium or
phosphonium salt. In certain embodiments, the catalyst co-promoter is lithium iodide, lithium
acetate, or mixtures thereof. The salt co-promoter may be added as a non-iodide salt that will
25  generate an iodide salt. The jodide catalyst stabilizer may be introduced directly into the
reaction system. Alternatively, the iodide salt may be generated in-situ since under the operating
conditions of the reaction system, a wide range of non-iodide salt precursors will react with
methyl iodide to generate the corresponding co-promoter iodide salt stabilizer. For additional
detail regarding rhodium catalysis and iodide salt generation, see U.S. Patents 5,001,259 to
30 Smithet al.; 5,026,908 to Smith et al.; and 5,144,068, also to Smith et al., the disclosures of
which are hereby incorporated by reference.
Similarly, an iridium catalyst in the liquid carbonylation reaction composition may

comprise any iridium-containing compound which is soluble in the liquid reaction composition.



4 The iridiumcatalyst may be added to the liquid reaction conposition for
the carbonyl ation reaction in any suitable form which dissolves in the
liquid reaction conposition or is convertible to a soluble form Exanples
of suitable iridiumcontaining compounds which nay be added to the liquid
reaction conposition include: IrC13, Irl3, I1rBr3, [Ir(CO)2I]2,
[Ir(C0)2C1]12, [Ir(CO)2Br]2, 5[Ir(OO)2I 2] 11+, [Ir(Q0)213r2fle,
[17(C0)214T1+, [Ir(CH3)I3(CA2]-1-1+, (C0)12, 1rC13.3H20, IrBr3.3H20,
Ir4(C0)1 2, iridiumnetal, 1r203, Ir(acac)((Il)Z Ir(acac)3, iridium
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compound, which may include salts of a metal of Group IA or Group lIA, or a quaternary
20 ammonium or phosphonium salt. Particularly preferred are iodide or acetate salts, e.g., lithium
iodide or lithium acetate.

Other promoters and co-promoters may be used as part of the catalytic system of the
present invention as described in European Patent Publication EP 0 849 248, the disclosure of
which is hereby incorporated by reference. Suitable promoters are selected from ruthenium,

25 osmium, tungsten, rhenium, zine, cadmium, indium, gallium, mercury, nickel, platinum,
vanadium, titanium, copper, aluminum, tin, antimony, and are more preferably selected from
ruthenium and osmium. Specific co-promoters are described in United States Patent No.
6,627,770, the entirety of which is incorporated herein by reference.

A promoter may be present in an effective amount up to the limit of its solubility in the

30 liquid reaction composition and/or any liquid process streams recycled to the carbonylation
reactor from the acetic acid recovery stage. When used, the promoter is suitably present in the

liquid reaction composition at a molar ratio of promoter to metat catalyst of [0.5 to 15]:1,



30liquid reaction conposition and/or any |iquid process streans recycled to
the carbonyl ation reactor fromthe acetic acid recovery stage. \Wen used,
the pronoter is suitably present in the liquid reaction conposition at a
nolar ratio of pronoter to netal catalyst of [0.5 to 15]: 1, S preferably
[2 to 101:1, nore preferably [2 to 7.5]:1. A suitable pronoter
concentration is 400 to 5000 ppm The carbonyl ati on apparatus or
process that is the subject of the invention includes generally at |east a
reactive section, and a purification section. The present invention may be
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The pressure of the carbonylation reaction is suitably in the range 10 to 200 Bar,
preferably 10 to 100 bar, most preferably 15 to 50 Bar. The temperature of the carbonylation
reaction is suitably in the range 100 to 300°C, preferably in the range 150 to 220°C. Acetic acid

20 -is typically manufactured in a liquid phase reaction at a temperature of from about 150 - 200°C
and a total pressure of from about 20 to about 50 bar.

Acetic acid is typically included in the reaction mixture as the solvent for the reaction.

Suitable reactive derivatives of methanol include methyl acetate, dimethyl ether, methyl
formate and methyl iodide. A mixture of methanol and reactive derivatives thereof may be used

25  as reactants in the process of the present invention. Preferably, methanol and/or methyl acetate
are used as reactants. At least some of the methanol and/or reactive derivative thereof will be
converted to, and hence present as, methyl acetate in the liquid reaction composition by reaction
with acetic acid product or solvent. The concentration in the liquid reaction composition of
methyl acetate is suitably in the range 0.5 to 70% by weight, preferably 0.5 to 50% by weight,

30  more preferably 1 to 35% by weight and most preferably 1-20% by weight.

Water may be formed in situ in the liquid reaction composition, for example, by the
esterification reaction between methanol reactant and acetic acid product. Water may be

introduced to the carbonylation reactor together with or separately from other components of the



Suitabl e reactive derivatives of nmethanol include nethyl acetate, dinethyl
ether, nmethyl formate and nethyl iodide. A mxture of nethanol and reactive
derivatives thereof may be used 25as reactants in the process of the
present invention. Preferably, nethanol and/or nethyl acetate are used as
reactants. At |east sone of the nethanol and/or reactive derivative thereof
wi Il be converted to, and hence present as, nethyl acetate in the liquid
reacti on conposition by reaction with dtetic acid product or solvent. The
concentration in the liquid reaction conposition of nethyl acetate is
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conver tp?cl;duces a vent stream comprising gaseous components which are typically scrubbed with a
compatible solvent to recover components such as methy!l iodide and methyl acetate. The
25  paseous purge streams from the reactor and converter can be combined or scrubbed separately
and are typically scrubbed with either acetic acid, methano] or mixtures of acetic acid and
methanol to prevent loss of low boiling components such as methyl iodide from the process. If
methanol is used as the vent scrub liquid solvent, the enriched methanol from the scrubbing
system is typically returned to the process by combining with the fresh methanol feeding the
30 carbonylation reactor - although it can also be returned into any of the streams that recycle back
to the reactor such as the flasher residue or light ends or dehydration column overhead streams.

If acetic acid is used as the vent scrub liquid solvent, the enriched acetic acid from the scrubbing

system is typically stripped of absorbed light ends and the resulting lean acetic acid is recycled
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residue from the flasher to the reactor.

Referring more specifically to Figure 2 there is shown a light ends column defining in its
interior a distillation zone 60 having an upper portion 62, a lower portion 64 and a central
portion 66 provided with a product sidedraw 68 from which purified product stream 40 is taken.

75  Column 16 includes a second condenser 70 which draws vapor from just above sidedraw 68 via
line 72, condenses the vapor and returns the condensed vapor as a liquid to central portion 66 of
column 16 via line 74 at a point above the level from which the vapor was taken. The central,
upper and lower portions of the distillation zone and the liquid sidedraw have the relative
positions shown in Figure 2.

30 Column 16 of Figure 2 is connected as shown in Figure 1, that is, light ends column 16
is fed at lower portion 64 with hot vapor from flasher 14 via line 24. A purified stream 40 is fed
forward to column 18 for water removal and further purification. That is, the improvement of

the invention includes generally carbonylating methanol or its reactive derivatives in the
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Reduced vapor throughput, Op, is defined as:

25
O = Qh’—’&”"”
(o, —pv)
where:
gy = Volumetric flow rate of vapor to the stage;
oL = Mass density of liquid from the stage; and

30 Py = Mass density of vapor to the stage.



production rate. The |light ends colum had a nmuch | ower reduced vapor

t hr oughput when operated wth the side condenser. Reduced vapor throughput,
R, is defined as: 25 Pv (Pt- Pv) where: Qv,-_-Volunetric flow rate of
vapor to the stage; Pt.Mass density of liquid fromthe stage; and 30pp=Mass
density of vapor to the stage. 9 Rel ative values (the ratio of

simul ated val ues / sinulated values without a side condenser for the sanme
apparatus with substantially the sane $eed under substantially identical
conditions) of the LE colum product sidestreamnass flow rate and nass

flow rate ofgAggkivanasiite fafioohSimlnt€DVAeR / BinAtkied vabdiasitHoaadnias eorgbiken in
Table 1 along with cal cul ated val ues of the nethyl 5iodide and nethyl

acet at docbatane apnyratiewply satriaatialbr be sere ed wader aabstiatiplnidentical "r?ﬁg%mf“’f)ow
ratio Qffgld ﬂ#h&%lmf})@gmﬁgabs@em?@g ﬁew%@qﬁm@gs/de% ﬂﬁ@&h&%&t;&dcﬂﬁé&ﬁ@ﬁﬁ‘ for

t he apparatus of Fi'gure 2 Conparison of LE Colum Loading Wth
and W tchburtn Siodect Solagiamgeare giner froliablst diengoil enlselatedivalicspidbe msidbnser

5  iodide and methyl acetate content in the purified product stream as well as the mass flow ratio of

liquid condensed in the side condenser/LE product sidestream for the apparatus of Figure 2.

Table 1 — Comparison of LE Column Loading With and Without Side Condenser

Without Side
Condenser

With Side
Condenser

Relative Mass Flow

I

1

Ibs/hr of LE Product
Stdestream

Relative Mass Flow Rate I 1
of Acetic Acid in LE
Sidestream

Relative Reduced Vapor ] 0.825
Throughput, Qr Above
Sidedraw

Flow Ratio of Liquid - 0.3
Return from Side
Condenser/LE Product
Sidestream

Methyl Acetate 2.3 2.3
Concentration In LE
Product Stream (wt.%)
Methyl Iodide 2.7 2.7
Concentration In LE
Product Stream (wt.%)

10 It is seen in Table 1 that at a given production rate, that Reduced vapor throughput, Or
above the sidedraw was reduced si gnificantly, adding additional capacity, while product purity
was substantially identical.

The method and apparatus of the invention may be employed over a range of operating
conditions. For example, when the purified product stream is drawn from the light ends column

15  atamass flow rate, R, vapor from the central portion of the light ends column nay be
condensed at a rate of from about 0.05R to about 0.5R. Condensation rates in the second
condenser of at least about 0.1R, 0.2R and 0.3R are preferred in many cases. The light ends
column has a relative reduced vapor throughput, O, of from about 0.75 times to about 0.95

times that of a substantially identical column operated under substantially identical conditions



Rel ative Mass Flow I bs/Itr of LE Product Sidestream!| 1 Relative Mass Fl ow
Rate of Acetic Acid in LE Sidestream | Relative Reduced Vapor Throughput,
R Above Sidedraw | 0.825 Flow Ratio of Liquid Return from Side
Condenser/LE Product Sidestream--- 0.3 Methyl Acetate Concentration In LE
Product Stream (wt.% 2.3 2.3 Methyl 1odide Concentration In LE Product
Stream(w.% 2.7 2.7 10

without a second condenser. Preferably, the light ends column has a relative reduced vapor
throughput, (g, of less than about 0.9 times that of a substantially identical column operated
under substantially identical conditions with a second condenser. The second condenser may be
a side condenser external to the light ends column shown in Figure 2 or the second condenser is
5 internal to the light ends column. In a preferred embodiment, the vapor condensed by the

second condenser is from the distillation zone of the light ends column at a level just above the
level of the product sidedraw and the vapor condensed by the second condenser is returned to
the distillation zone of the light ends column as liquid. Alternatively, vapor condensed by the
second condenser is combined with the purified product stream and fed forward for further

10 purification to dehydration column 18.

Generally, the purified product stream has concentrations of methyl iodide and methy)
acetate substantially identical to those of a purified product stream drawn from a substantially
identical light ends column without a second condenser operated under substantially identical
conditions such that product quality is preserved.

15 The invention has been described in detai} and illustrated in connection with numerous
embodiments. Meodifications to specific embodiments within the spirit and scope of the present
invention will be readily apparent to those of skill in the art. Such modifications are within the

spirit and scope of the present invention which is set forth in the appended claims.



10It is seen in Table I that at a given production rate, that Reduced vapor
throughput, QR above the sidedraw was reduced significantly, adding
addi ti onal capacity, while product punity was substantially identical.
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reduced in the column above the liquid sidedraw as compared to a substantially identical light
ends column without a second condenser operated under substantiaily identical conditions;

and

(e) drawing a purified product stream from the sidedraw of the light ends column,

wherein the purified product stream is drawn from the tight ends column at a mass flow rate,
R, and vapor from the central portion of the light ends column is condensed in the second
condenser at a rate of 0.05R to 0.5R, and wherein the purity of the purified product stream
produced using the light ends column having the second condenser at the reduced hydrauiic
load on the hot ends column is substantiaily identical to the purity of a purified product stream
produced using a substantially identical ight ends column without said second condenser
when operated under substantially identical conditions.

2. The process according to claim 1, further comprising feeding the purified product stream forward for
further purification, including water removal.

3. The method accerding to claim 1, wherein the purified product stream is drawn from the light ends
column at a mass flow rate, R, and vapor from the central portion of the light ends column is
condensed at a rate of at least 0.1R.
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met hyl acetate and generate a purified product stream the purified product
stream having a | ower concentration of nethyl iodide and nethyl acetate
than the crude product stream and wherein the step of purifying the crude
product streamincludes (i) condensing overhead vapor fromthe upper
portion of the distillation zone of the |ight ends colum with a first
condenser, (ii) returning at |least a portion of the condensed overhead



13 7. The nmethod according to claim®6, wherein the Iight ends colum has a
relative reduced vapor throughput, QR of from about 0.75 tinmes to about
0.95 times that of a substantially identical colum operated under
substantially identical conditions w thout a second condenser. 8. The

met hod according to claim®6, wherein the |light ends colum has a relative
reduced vapor throughput, QR of less than about 0.9 tines that of a
substantially identical colum operated under substantially identical
conditions w thout a second condenser. 9. The nmethod according to claim®6,
wherein said second condenser is a side condenser external to the |ight
ends gof Wethod]&corgﬂ idelihedagearnich et Qs 6biahiMm&s a wheveicbudeb @aecond
Condeﬂﬁ&f RLEEBALLLQ ot AR8irlek GhincBNEISs GRsURR of 2 dbstaRhly mehirackoaeeor di ng
to cl % QF ?s%s@nyglg?fenﬁc%@%ﬁﬂﬁgﬁ M%o&t@%e%@r@%%&]@&denser is returned to

t he d| t ends co um as I|qU|d at a point above

t he I| |d ) dra
purif e edP?fh‘ﬁfg?CC%rg@é%E % ) L odi ;hyl
acet atBowipdt QReq §eF §'o) dent &m%s‘#ﬂd% bgﬁmg nﬁ r'ed"pr em ean1drawn
f r om &uistApE i itenEe %”P@I%”r?t‘ﬁ”@&?’t 3 $eGPY Aol um wi t hout a second condenser
operated under substantially identical conditions.

8. The method according to claim 8, wherein said second condenser is a side condenser external to

the light ends column.

I on zone

?_lrgmrt]i?eq Egc')mrgn %]?Yv e%.l'il\l;g r% uc‘é’@% n the

10. The method according to claim 6, wherein the second condenser is internal to the light ends
column.

11. The method according to claim 6, wherein vapor condensed by the second condenser is returned
to the distillation zone of the light ends column as fiquid at a point above the liguid sidedraw.

12. The method according to claim 6, wherein the purified product stream has concentrations of methyi
iodide and methy) acetate substantially identical to those of a purified product stream drawn from a
substantially identical light ends column without a second condenser operated under supstantially

identical conditions.



