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METHOD FOR THE PURIFICATION OF ACETIC ACID AND ACRYLIC ACID

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This Application claims the benefit of U.S. Provisional Application No.
61/825,205, filed on May 20, 2013, which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] The partial oxidation of propane and propylene to organic acids, such as acrylic
acid and acetic acid, is a commercially important manufacturing process. Recently improved
oxidation methods produce mixtures of acrylic acid together with significant amounts of acetic

acid. There is a need in the art to purify the crude reaction product.

SUMMARY OF THE INVENTION

[0003] In accordance with the purpose(s) of the invention, as embodied and broadly
described herein, the invention, in some aspects, relates to an integrated scheme for purification
of acetic acid and acrylic acid present in a crude product mixture, or to a method for the
manufacture of acrylate monomers, or specialty acrylates, from the purified acrylic acid.

[0004] Disclosed is a method for purifying an acid, wherein the method comprises:

a) producing a crude product mixture by a partial oxidation reaction, wherein the
crude product mixture comprises acrylic acid and acetic acid;

b) purifying the crude product mixture by distillation using a high-boiling solvent
to purify the acrylic acid; and

c) purifying the crude product mixture by distillation using a low-boiling solvent to
purify the acetic acid.

[0004a] In one aspect, the present invention relates to a method for purifying an acid,

wherein the method comprises:

a) producing a crude product mixture by a partial oxidation reaction, wherein the
crude product mixture comprises a gaseous stream containing acrylic acid and acetic acid;

b) purifying the crude product mixture by distillation using a high-boiling solvent
to purify the acrylic acid;

c) introducing the crude product mixture and a low-boiling solvent into a counter-
current packed absorption column at a temperature from 30 °C to 50 °C to absorb the crude

product mixture in the low-boiling solvent;
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d) purifying the absorbed crude product mixture by distillation using the low-
boiling solvent to purify the acetic acid; and

e) reacting the purified acrylic acid with the high-boiling solvent to produce an
acrylate,
wherein the high-boiling solvent has a boiling point at least 5 °C greater than the dew point of
the gaseous stream containing the acrylic acid and the acetic acid; and
wherein the low-boiling solvent is an entrainer and has a boiling point lower than acetic acid.
[0004b] In another aspect, the present invention relates to a method for purifying an acid,
wherein the method comprises:

a) producing a crude product mixture by a partial oxidation reaction, wherein the
crude product mixture comprises a gaseous stream containing acrylic acid and acetic acid,

b) contacting the crude product mixture with a high-boiling solvent to provide a
high-boiling solvent including acrylic acid, and a vapour stream including acetic acid;

c) purifying the acrylic acid by distilling the high-boiling solvent including acrylic
acid;

d) introducing the vapour stream including acetic acid and a low-boiling solvent
into a counter-current packed absorption column at a temperature from 30 °C to 50 °C to absorb

the acetic acid in the low-boiling solvent;

e) purifying the absorbed acetic acid by distilling the low-boiling solvent including
acetic acid; and

) reacting the purified acrylic acid with the high-boiling solvent to produce an
acrylate,

wherein the high-boiling solvent has a boiling point at least 5 °C greater than the dew point of
the gaseous stream containing the acrylic acid and the acetic acid; and

wherein the low-boiling solvent is an entrainer and has a boiling point lower than acetic acid

[0005] While aspects of this invention can be described and claimed in a particular
statutory class, such as the system statutory class, this is for convenience only and one of skill
in the art will understand that each aspect of this invention can be described and claimed in any
statutory class. Unless otherwise expressly stated, it is in no way intended that any method or
aspect set forth herein be construed as requiring that its steps be performed in a specific order.
Accordingly, where a method claim does not specifically state in the claims or descriptions that
the steps are to be limited to a specific order, it is no way intended that an order be inferred, in

any respect. This holds for any possible non-express basis for interpretation, including matters
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of logic with respect to arrangement of steps or operational flow, plain meaning derived from
grammatical organization or punctuation, or the number or type of aspects described in the

specification.

DESCRIPTION OF THE FIGURE

[0006] The accompanying figure, which is incorporated in and constitute a part of this
specification, illustrate several aspects and together with the description serve to explain the
principles of the invention.

[0007] Figure 1 shows an overall schematic diagram of the integrated process for an
aspect of the present invention for purifying mixtures of acetic acid and acrylic acid.

[0008] Additional advantages of the invention will be set forth in part in the description
which follows, and in part will be obvious from the description, or can be learned by practice of
the invention. The advantages will be realized and attained by means of the elements and
combinations particularly pointed out in the appended claims. It is to be understood that both
the foregoing general description and the following detailed description are exemplary and

explanatory only and are not restrictive of the invention, as claimed.

DETAILED DESCRIPTION

[0009] The present invention can be understood more readily by reference to the
following detailed description of the invention and the Examples included therein.

[0010] Before the present compounds, compositions, articles, systems, devices, and/or
methods are disclosed and described, it is to be understood that they are not limited to specific
synthetic methods unless otherwise specified, or to particular reagents unless otherwise
specified, as such may, of course, vary. It is also to be understood that the terminology used
herein is for the purpose of describing particular aspects only and is not intended to be limiting,
Although any methods and materials similar or equivalent to those described herein can be used
in the practice or testing of the present invention, example methods and materials are now
described.

[0011] All publications mentioned herein are incorporated herein by reference to
disclose and describe the methods and/or materials in connection with which the publications
are cited. The publications discussed herein are provided solely for their disclosure prior to the
filing date of the present application. Nothing herein is to be construed as an admission that the

present invention is not entitled to antedate such publication by virtue of prior invention.

2a
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Further, the dates of publication provided herein can be different from the actual publication
dates, which can require independent confirmation.

[Text continues on page 3|

2b
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[0012] Ranges can be expressed herein as from “about” one particular value, and/or
to “about” another particular value. When such a range is expressed, a further aspect
includes from the one particular value and/or to the other particular value. Similarly, when
values are expressed as approximations, by use of the antecedent “about,” it will be
understood that the particular value forms a further aspect. It will be further understood that
the endpoints of each of the ranges are significant both in relation to the other endpoint, and
independently of the other endpoint. It is also understood that there are a number of values
disclosed herein, and that each value is also herein disclosed as “about” that particular value
in addition to the value itself. For example, if the value “10” is disclosed, then “about 10” is
also disclosed. It is also understood that each unit between two particular units are also
disclosed. For example, if 10 and 15 are disclosed, then 11, 12, 13, and 14 are also disclosed.

[0013] References in the specification and concluding claims to parts by weight of a
particular element or component in a composition denotes the weight relationship between
the element or component and any other elements or components in the composition or article
for which a part by weight is expressed. Thus, in a compound containing 2 parts by weight of
component X and 5 parts by weight component Y, X and Y are present at a weight ratio of
2:5, and are present in such ratio regardless of whether additional components are contained
in the compound.

[0014] A weight percent (wt. %) of a component, unless specifically stated to the
contrary, is based on the total weight of the formulation or composition in which the
component is included.

[0015] As used herein, the terms “optional” or “optionally” means that the
subsequently described event or circumstance can or can not occur, and that the description
includes instances where said event or circumstance occurs and instances where it does not.

[0016] The term “stable,” as used herein, refers to compounds that are not
substantially altered when subjected to conditions to allow for their production, detection,
and, in certain aspects, their recovery, purification, and use for one or more of the purposes
disclosed herein.

[0017] The term “high-boiling solvent” refers to a solvent capable of dissolving acetic
acid and acrylic acid, with a boiling point greater than the dew point of the gaseous stream
containing these acids, i.e., in most cases, when the bulk of the gaseous stream contains
water, the boiling point of the high boiling solvent is greater than about 105 °C.

[0018] The term “low-boiling solvent” refers to a solvent capable of performing as an

entrainer and capable of breaking the acetic acid-water azeotrope, and having a boiling point
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sufficiently lower than that of acetic acid so that the separation of acetic acid from the solvent
can be achieved.

[0019] The terms “specialty acrylate” or “specialty acrylates” refers to esters of
acrylic acid that have potential value as marketable specialty chemicals or monomers.
Examples include 2-ethylhexyl acrylate.

[0020] The term “crude product mixture” refers to a product mixture that is the output
of a reactor that has not been subjected to any substantial purification steps.

[0021] The term “partial oxidation reaction” refers to a reaction of a hydrocarbon
with oxygen, generally in the presence of catalyst, which produces oxidation products such as
alcohols, aldehydes, and carboxylic acids or mixtures thereof, with lesser amounts of
complete oxidation products, i.e., CO, and H,O.

[0022] Certain materials, compounds, compositions, and components disclosed herein
can be obtained commercially or readily synthesized using techniques generally known to
those of skill in the art. For example, the starting materials and reagents used in preparing the
disclosed compounds and compositions are either available from commercial suppliers such
as Aldrich Chemical Co., (Milwaukee, Wis.), Acros Organics (Morris Plains, N.J.), Fisher
Scientific (Pittsburgh, Pa.), or Sigma (St. Louis, Mo.) or are prepared by methods known to
those skilled in the art following procedures set forth in references such as Fieser and Fieser’s
Reagents for Organic Synthesis, Volumes 1-17 (John Wiley and Sons, 1991); Rodd’s
Chemistry of Carbon Compounds, Volumes 1-5 and Supplementals (Elsevier Science
Publishers, 1989); Organic Reactions, Volumes 1-40 (John Wiley and Sons, 1991); March’s
Advanced Organic Chemistry, (John Wiley and Sons, 4th Edition); and Larock’s
Comprehensive Organic Transformations (VCH Publishers Inc., 1989).

[0023] The following abbreviation is used herein: “d/s” means “downstream.”

[0024] Unless otherwise expressly stated, it is in no way intended that any method set
forth herein be construed as requiring that its steps be performed in a specific order.
Accordingly, where a method claim does not actually recite an order to be followed by its
steps or it is not otherwise specifically stated in the claims or descriptions that the steps are to
be limited to a specific order, it is no way intended that an order be inferred, in any respect.
This holds for any possible non-express basis for interpretation, including: matters of logic
with respect to arrangement of steps or operational flow; plain meaning derived from
grammatical organization or punctuation; and the number or type of embodiments described

in the specification.
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[0025] It is understood that the compositions disclosed herein have certain functions.
Disclosed herein are certain structural requirements for performing the disclosed functions,
and it is understood that there are a variety of structures that can perform the same function
that are related to the disclosed structures, and that these structures will typically achieve the
same result.

A. OVERVIEW

[0026] In accordance with the present invention, disclosed herein is a method for
purifying an acid, wherein the method comprises:

a) producing a crude product mixture by a partial oxidation reaction, wherein the crude
product mixture comprises acrylic acid and acetic acid;

b) purifying the crude product mixture by distillation using a high-boiling solvent to
purify the acrylic acid; and

c) purifying the crude product mixture by distillation using a low-boiling solvent to
purify the acetic acid.

[0027] An efficient method for the separation and purification of both of these two
acid products on an industrial scale from this crude oxidation product mixture represents a
commercially significant process, and a process which is integrated with later processing
steps that produces useful products such as acrylates.

B. PARTIAL OXIDATION REACTION

[0028] In an aspect, the starting materials comprise propane or propylene, or a
mixture thereof.

[0029] In an aspect, the invention comprises a method for producing a crude product
mixture by a partial oxidation reaction, wherein the crude product mixture comprises acrylic
acid and acetic acid. In a further aspect, the crude product mixture can be produced by the
partial oxidation reaction of propane by oxygen over a mixed metal catalyst. In a still further
aspect, the oxidation can be carried out using conventional techniques in a reactor, which
typically results in an output of a heated crude product stream with temperatures ranging
from about 250 °C to about 350 °C, including exemplary values of 260 °C, 270 °C, 280 °C,
290 °C, 300 °C, 310 °C, 320 °C, 330 °C, and 340 °C. In further aspects, the temperature can
be in a range derived from any two exemplary values. For example, the temperature can
range from 260 °C to 340 °C. In yet a further aspect, the crude product stream can be then
directly introduced into the process as disclosed herein.

[0030] In an aspect, the partial oxidation reaction refers to a reaction where the

complete oxidation of propane, for example a burning reaction of the propane, is avoided. In
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an aspect, a process for the partial oxidation of propane is recited, for example, in U.S. Patent
No. 5,198,580 and U.S. Patent No. 6,160,162; all of which are hereby incorporated in its
entirety for the specific purpose of disclosing a process for the partial oxidation of propane.

[0031] In afurther aspect, the mixed metal catalyst comprises Mo-V-Ga-Pd-Nb-X,
where X is La, Te, Ge, Zn, Si, In or W. The mixed metal catalyst can be prepared using
conventional catalyst preparation techniques.

[0032] In a further aspect, the products of the partial oxidation reaction comprise
propene, acrylic acid, acetic acid, or CO,, where , can be 1 or 2, or a mixture thereof.

[0033] In an aspect, the crude product mixture comprises acrylic acid in an amount
ranging from 1 wt % to 99 wt %, based on the total weight of the crude product mixture,
including exemplary values of 2 wt %, 4 wt %, 6 wt %, 10 wt %, 13 wt %, 15 wt %, 17 wt %,
20 wt %, 25 wt %, 30 wt %, 35 wt %, 40 wt %, 45 wt %, 50 wt %, 55 wt %, 60 wt %, 65 wt
%, 70 wt %, 75 wt %, 80 wt %, 85 wt %, 90 wt %, 95 wt %, 96 wt %, 97 wt %, and 98 wt %.
In a further aspect, the amount can be in a range derived from any two exemplary values. For
example, the crude product mixture comprises acrylic acid in an amount ranging from 2 wt %
to 99 wt %, based on the total weight of the crude product mixture.

[0034] In an aspect, the crude product mixture comprises acetic acid in an amount
ranging from 1 wt % to 99 wt %, based on the total weight of the crude product mixture,
including exemplary values of 2 wt %, 4 wt %, 6 wt %, 10 wt %, 13 wt %, 15 wt %, 17 wt %,
20 wt %, 25 wt %, 30 wt %, 35 wt %, 40 wt %, 45 wt %, 50 wt %, 55 wt %, 60 wt %, 65 wt
%, 70 wt %, 75 wt %, 80 wt %, 85 wt %, 90 wt %, 95 wt %, 96 wt %, 97 wt %, and 98 wt %.
In a further aspect, the amount can be in a range derived from any two exemplary values. For
example, the crude product mixture comprises acetic acid in an amount ranging from 2 wt %
to 99 wt %, based on the total weight of the crude product mixture.

[0035] In another aspect, the crude product mixture can optionally comprise a balance
amount of one or more additive materials, with the proviso that the additives are selected so
as to not significantly adversely affect the desired properties of the crude product mixture.
Combinations of additives can be used. Such additives can be mixed at a suitable time during
the mixing of the components for forming the composition. Exemplary and non-limiting
examples of additive materials that can be present in the disclosed crude product mixture
include an antioxidant, a stabilizer (including for example a thermal stabilizer, a hydrolytic
stabilizer, or a light stabilizer), UV absorbing additive, plasticizer, lubricant, mold release
agent, acid scavenger, antistatic agent, or colorant (e.g., pigment and/or dye), or any

combination thereof.
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[0036] The purification steps are directed to separating the acrylic acid from the crude
product and separating the acetic acid from the crude product.

C. SEPARATION AND PURIFICATION OF ACRYLIC ACID

[0037] In an aspect, the invention comprises a method for purifying the crude product
mixture by distillation using a high-boiling solvent to purify the acrylic acid.

[0038] In an aspect, the crude product mixture is maintained at a temperature in the
range of about 115°C to about 125°C, including exemplary values of 116°C, 117°C, 118°C,
119°C, 120°C, 121°C, 122°C, 123°C, and 124°C. In further aspects, the temperature can be
in a range derived from any two exemplary values. In a still further aspect, the crude product
mixture is maintained at a temperature in the range of about 115°C to about 120°C. In yeta
further aspect, the crude product mixture is maintained at a temperature of about 120°C.

[0039] In an aspect, the invention further comprises cooling the crude product
mixture. In a still further aspect, the cooling can be accomplished by an intermediate and/or
intermittent cooler. In yet a further aspect, cooling can be accomplished by contacting the
crude product mixture with the high-boiling solvent, which is of a lower temperature. In
another aspect, the contacting can comprise the use of a quench tower.

[0040] In a further aspect, the high-boiling solvent can be described by one or more
of the following properties

a) a boiling point sufficiently above the dew point of the gaseous product stream;

b) a low affinity for water;

¢) reactivity with the purified organic acids in downstream processing to produce
valuable products such as acrylates, under a set of operating conditions that are different from
conditions used to purify and separate the organic acids;

d) low tendency to break the azeotrope normally formed between acetic acid and
water in the downstream distillation column, e.g., in the column where the dehydration of
organic acids is performed

e) low tendency to form peroxides, even in the presence of introduced oxygen.

In an aspect, the high-boiling solvent can have a boiling point at least 5°C, or at least
20°C, or at least 30°C above the dew point of the gaseous product stream, for example 10 to
80°C or 20 to 80°C above the dew point of the gaseous product stream at the pressure of
distillation.

[0041] In a further aspect, the high-boiling solvent is not an ether, e.g., not
diisopropyl ether, or a ketone, e.g. not methyl isobutyl ketone, or other solvent known to form

unstable or explosive compounds.
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[0042] In a further aspect, the high-boiling solvent comprises an alcohol. In a still
further aspect, the high-boiling solvent comprises a linear alcohol. In yet a further aspect, the
high-boiling solvent comprises hexanol, heptanol or octanol, or a mixture thereof.

[0043] In a further aspect, the high-boiling solvent comprises a branched alcohol. In
a still further aspect, the high-boiling solvent comprises 2-ethyl hexanol, 2-propyl heptanol,
isononanol, isoamyl alcohol, iso-bornyl alcohol, or cyclohexanol, or a mixture thereof

[0044] In a further aspect, the high-boiling solvent comprises a polyhydric alcohol.

In a still further aspect, the high-boiling solvent comprises ethylene glycol, 1,3-propane diol,
1,3-butane diol, 1,2-butane diol, 2,3-butane diol, 1,4-butane diol, 1,5-pentane diol, 1,8-octane
diol, or 1-9 nonane diol, or a mixture thereof.

[0045] In a further aspect, the high-boiling solvent comprises an amino alcohol. In an
aspect, the high-boiling solvent comprises 2-dimethyl aminoethanol, or 2-diethyl
aminoethanol, or a mixture thereof.

[0046] In a further aspect, the high-boiling solvent is present in a molar ratio from
about 2:1 to about 1:2 (solvent to acrylic acid), for example, 56 mol % of 2-ethyl hexanol and
about 43 mol % of acrylic acid, with up to about 1 mol % impurities.

[0047] In afurther aspect, the high-boiling solvent can comprise a minimal amount of
water. In a still further aspect, a minimal amount of water is less than 10 wt%, based on the
total weight of the high-boiling solvent. In yet a further aspect, a minimal amount of water is
less than 5 wt%, based on the total weight of the high-boiling solvent. In a further aspect, the
amount of water ranges from 0 wt% to 10 wt%, based on the total weight of the high-boiling
solvent, including exemplary values of 1 wt%, 2 wt%, 3 wt%, 4 wt%, 5 wt%, 6 wt%, 7 wt %,
8 wt%, and 9 wt%. In further aspects, the amount of water can be in a range derived from
any two exemplary values. For example, the amount of water can range from 0 wt% to 3
wt%, based on the total weight of the high-boiling solvent. In an aspect, the high-boiling
solvent can comprise a minimal amount of water in the quench column. The quench column
can typically only absorb or take up low amounts of water due to its low affinity of water.

[0048] In an aspect, the invention further comprises introducing the solvent-acid
mixture into a dehydration column at a temperature from about 100°C to about 120°C,
including exemplary values of 101°C, 102°C, 103°C, 104°C, 105°C, 106°C, 107°C, 108°C,
109°C, 110°C, 111°C, 112°C, 113°C, 114°C, 115°C, 116°C, 117°C, 118°C, and 119°C. In
further aspects, the temperature can be in a range derived from any two exemplary values.
For example, the solvent-acid mixture can be introduced into a dehydration column at a

temperature from about 105°C to about 115°C.
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[0049] In a further aspect, the solvent-acid mixture is introduced into a dehydration
column at a pressure from about 2 bar to 4 bar. In a still further aspect, the solvent-acid
mixture is introduced into a dehydration column at a pressure of about 3 bar.

[0050] In an aspect, the method comprises continuous distillation. In another aspect,
the distillation column uses trays in an amount ranging from 40 to 80 theoretical trays,
including exemplary values of 41, 42, 43, 44, 45, 46, 47, 48, 50, 51, 52, 53, 54, 55, 56, 57,
58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74,75, 76,717,78, and 79. In an
aspect, the trays can be in a range derived from any two exemplary values. For example, the
distillation column can use trays in an amount ranging from 50 to 70 theoretical trays.

[0051] In a further aspect, the acrylic acid is obtained with a purity ranging from
about 85% to about 99%. In a still further aspect, the acrylic acid is obtained with a purity
ranging from about 90% to about 99%. In yet a further aspect, the acrylic acid is obtained
with a purity ranging from about 95% to about 99%. In an even further aspect, the acrylic
acid is obtained with a purity of about 99%.

[0052] In an aspect, the method further comprises the addition of an inhibitor. In
another aspect, the method comprises adding an inhibitor to the crude product mixture after
the formation of the crude product mixture. In a further aspect, the inhibitor is added after
producing the crude product mixture, but prior to a distillation step. In an even further
aspect, the method comprises adding the inhibitor to the distillation column. In a yet further
aspect, the method does not comprise adding an inhibitor prior to the formation of the crude
product mixture.

[0053] In a further aspect, the inhibitor acts to prevent acid polymerization.

[0054] In a further aspect, the inhibitor comprises a phenolic derivative. In a still
further aspect, the inhibitor comprises hydroquinone, or ethers of hydroquinone, or a mixture
thereof.

[0055] In afurther aspect, the inhibitor comprises a phenothiazine derivative. In a
still further aspect, the inhibitor comprises quinone, or benzoquinone, or a mixture thereof.

[0056] In a further aspect, the inhibitor comprises a metal thiocarbamate. In a still
further aspect, the inhibitor comprises copper dibutyldithiocarbamate, copper
diethyldithiocarbamate, or copper salicylate, or a mixture thereof.

[0057] In a further aspect, the inhibitor comprises an amine. In a still further aspect,
the inhibitor comprises a hydroxylamine or a phenyldiamine, or a mixture thereof.

[0058] In an aspect, the invention uses the appropriate amount of inhibitor to prevent

polymerization. In a further aspect, the method comprises inhibitor in the amount ranging
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from 0.05 wt % to 0.5 wt%, based on the weight of the crude product mixture, including
exemplary values of 0.07 wt %, 0.1 wt %, 0.2 wt %, 0.3 wt %, and 0.4 wt %. In a further
aspect, the amount can be in a range derived from any two exemplary values. For example,
the method can comprise an inhibitor in the amount ranging from 0.1 wt% to 0.4 wt %, based
on the weight of the crude product mixture.

[0059] In another aspect, the method comprises an inhibitor in an amount ranging
from 10 ppm to 500 ppm, including exemplary values of 25 ppm, 50 ppm, 75 ppm, 100 ppm,
125 ppm, 150 ppm, 200 ppm, 250 ppm, 300 ppm, 350 ppm, 400 ppm, and 450 ppm. In a
further aspect, the amount can be in a range derived from any two exemplary values. For
example, the method can comprise an inhibitor in an amount ranging from 25 ppm to 400
ppm.

[0060] In an aspect, the invention further comprises the addition of oxygen. For
example, the purification can be conducted in the presence of the atmosphere, an oxygen-
enriched atmosphere, or with oxygen bubbled into a liquid stream, for example the crude
reaction product.

[0061] In a further aspect, oxygen promotes inhibitor activation. In an aspect, the
oxygen promotes the activity of the inhibitor comprising a phenolic derivative or the
phenothiazine derivative or a mixture thereof.

D. SEPARATION AND PURIFICATION OF ACETIC ACID

[0062] In an aspect, the invention comprises a method for purifying the crude product
mixture by distillation using a low-boiling solvent to purify the acetic acid.

[0063] In afurther aspect, the overhead vapor stream is introduced into a counter-
current packed absorption column at a temperature from about 30 C to about 50°C, including
exemplary values 32°C, 34°C, 36°C, 38°C, 40°C, 42°C, 44°C, 46°C, and 48°C. In further
aspects, the temperature can be in a range derived from any two exemplary values. In a still
further aspect, the overhead vapor stream is introduced at a temperature from about 35°C to
about 45°C. In yet a further aspect, the overhead vapor stream is introduced at a temperature
of about 40°C.

[0064] In a further aspect, the overhead vapor stream is introduced into a counter-
packed absorption column at a pressure from about 2 to 4 bar. In a still further aspect, the
overhead vapor stream is introduced at a pressure of about 3 bar.

[0065] In an aspect, a low-boiling solvent can be described by one or more of the
following properties:

a) has a higher affinity for organic acids than water;

10
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b) has the ability to wash the gases from the quench column in order to reduce

the slip of organic acids down to about 1 x 10 mole%:;

c) has the ability to act as an entrainer in a heteroazeotropic distillation operation;
and/or
d) the difference in boiling point between the low-boiling solvent and acetic acid,

for example, is significant enough to allow acetic acid to reach concentrations of greater than
about 80% on some trays within the azeotropic distillation column.

In an aspect, a difference in boiling point between the low-boiling solvent and acetic acid is
at least 5°C, or at least 10°C, or at least 20°C, or at least 30°C, for example 10 to 80°C or 20
to 80°C at the pressure of distillation.

[0066] In a further aspect, the low-boiling solvent comprises isopropyl acetate, or
water, or a mixture thereof. In a still further aspect, the low-boiling solvent comprises
isopropyl acetate. Other low-boiling solvents are methyl isobutyl ketone, methyl-ethyl
ketone, diisopropyl ether, dipropyl ether, di-tert-butyl ether, tert-amyl methyl ether, or ethyl
acetate or a mixture thereof.

[0067] In an aspect, the crude product mixture is maintained at a temperature from
about 45°C to about 70°C, including exemplary values of 47°C, 49°C, 51°C, 53°C, 55°C,
57°C, 59°C, 61°C, 63°C, 65°C, 67°C, and 69°C. In further aspects, the temperature can be in
a range derived from any two exemplary values. For example, the crude product mixture is
maintained at a temperature from about 50°C to about 60°C. In a still further aspect, the
crude product mixture is maintained at a temperature from about 55°C to about 58°C. In yet a
further aspect, the crude product mixture is maintained at a temperature of about 57°C.

[0068] In a further aspect, the crude product mixture is routed through an overhead
condenser to a decanter.

[0069] In a further aspect, phase splitting occurs at a temperature from about 15°C to
about 45°C, including exemplary values of 16°C, 17°C, 18°C, 19°C, 20°C, 21°C, 22°C,
23°C, 24°C, 25°C, 27°C, 29°C, 31°C, 33°C, 35°C, 37°C, 39°C, 40°C, 41°C, 42°C, 43°C, and
44°C. 1In a further aspect, the temperature can be in a range derived from any two exemplary
values. In a still further aspect, phase splitting occurs at a temperature from about 20°C to
about 23°C. In yet a further aspect, phase splitting occurs at a temperature of about 22°C.

[0070] In a further aspect, the method further comprises a side draw from the hetero
azeotropic distillation column routed to a purification column to obtain glacial acetic acid. In
a further aspect, the method further comprises a side draw from the hetero azeotropic

distillation column routed to a distillation column.
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[0071] In an aspect, acetic acid is able to reach concentrations from about 50 wt% to
about 90 wt%, based on the crude product mixture, in some of the column trays, including
exemplary values of 55 wt%, 60 wt%, 65 wt%, 70 wt%, 75 wt%, 80 wt%, and 85 wt%. In
further aspects, the weight percentage can be in a range derived from any two exemplary
values. In a further aspect, acetic acid is able to reach concentrations from about 60 wt% to
about 90 wt% in some of the column trays, based on the crude product mixture. In a still
further aspect, acetic acid is able to reach concentrations from about 70 wt% to about 90
wt%, based on the crude product mixture, in some of the column trays. In yet a further
aspect, acetic acid is able to reach concentrations from about 75 wt% to about 85 wt% in
some of the column trays. In an even further aspect, acetic acid is able to reach
concentrations of about 80 wt%, based on the crude product mixture, in some of the column
trays.

[0072] In an aspect, acetic acid is able to reach purities from about 70 wt% to 100
wt%, including exemplary values of 75 wt%, 80 wt%, 85 wt%, 90 wt%, 95 wt%, and 99
wt%. In another aspect, the weight percentage can be in a range derived from any two
exemplary values. In a still further aspect, acetic acid is able to reach purities from about 80
wt% to about 100 wt%. In yet a further aspect, acetic acid is able to reach purities from about
90 wt% to about 100 wt%. In an even further aspect, acetic acid is able to reach purities from
about 95 wt% to about 100 wt%. In a still further aspect, acetic acid is able to reach purities
of about 99 wt%.

[0073] In an aspect, the invention further comprises addition of an inhibitor to prevent
acid polymerization.

[0074] In a further aspect, the inhibitor comprises a phenolic derivative. In a still
further aspect, the inhibitor comprises hydroquinone, or ethers of hydroquinone, or a mixture
thereof.

[0075] In afurther aspect, the inhibitor comprises a phenothiazine derivative. In a
still further aspect, the inhibitor comprises quinone, or benzoquinone, or a mixture thereof.

[0076] In a further aspect, the inhibitor comprises a metal thiocarbamate. In a still
further aspect, the inhibitor comprises copper dibutyldithiocarbamate, copper
diethyldithiocarbamate, or copper salicylate, or a mixture thereof.

[0077] In a further aspect, the inhibitor comprises an amine. In a still further aspect,
the inhibitor comprises a hydroxylamine, or a phenyldiamine, or a mixture thereof.

[0078] In an aspect, the invention further comprises the addition of oxygen for

inhibitor activation.
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E. METHOD OF PRODUCING ACRYLATES FROM ACRYLIC ACID AND HIGH—-
BOILING SOLVENT

[0079] In an aspect, the invention comprises a reaction of acrylic acid with the high-
boiling solvent to afford an esterification product.

[0080] In a further aspect, the high-boiling solvent is not an ether, e.g. diisopropyl
ether, or a ketone, e.g. methyl isobutyl ketone, or other solvent known to form unstable or
explosive compounds.

[0081] In a further aspect, the high-boiling solvent comprises an alcohol. In a still
further aspect, the high-boiling solvent comprises a linear alcohol. In yet a further aspect, the
high-boiling solvent comprises hexanol, heptanol or octanol, or a mixture thereof.

[0082] In a further aspect, the high-boiling solvent comprises a branched alcohol. In
a still further aspect, the high-boiling solvent comprises 2-ethyl hexanol.

[0083] In a further aspect, the high-boiling solvent comprises a polyhydric alcohol.
In a still further aspect, the high-boiling solvent comprises ethylene glycol, 1,3-propane diol,
or 1,4-butane diol, or a mixture thereof.

[0084] In a further aspect, the high-boiling solvent comprises an amino alcohol. In
another aspect, the high-boiling solvent comprises 2-dimethyl aminoethanol or 2-diethyl
aminoethanol, or a mixture thereof.

[0085] In a further aspect, esterification reaction conditions include the addition of a
strong acid. In a still further aspect, esterification reaction conditions include the addition of
sulfuric acid, p-toulenesulfonic acid, vinyl acidic polymers, or other acidic compounds
known in the art to catalyze esterifications of alcohols and acids.

[0086] In a further aspect, esterification reaction conditions include the addition of a
strong acid in an amount ranging from about 0.1 wt % to 25 wt%, based on the total weight
of the reagents, including exemplary values of 0.4 wt%, 0.6 wt %, 1 wt %, 2 wt %, 4 wt %, 6
wt %, 8 wt %, 10 wt %, 12 wt %, 14 wt %, 16 wt %, 18 wt %, 20 wt %, 22 wt %, and 24
wt %. In an aspect, the amount can be in a range derived from any two exemplary values.
For example, the esterification reaction conditions can include the addition of a strong acid in
an amount ranging from 1 wt % to 24 wt %, based on the total weight of the reagents.

[0087] In an aspect, the esterification product can be used in industry. In another
aspect, the ester can be used as a fragrance, pharmaceutical composition, a poison, a
monomer for polymer synthesis, a flavorant, a perfume, and/or plasticizer.

[0088] In another aspect, the esterification product comprises an acrylate.

13
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[0089] In an aspect, the esterification product has a purity ranging from 75 wt % to
99.9 wt %, including exemplary values of 77 wt %, 79 wt %, 81 wt %, 83 wt %, 85 wt %, 87
wt %, 89 wt %, 90 wt %, 91 wt %, 93 wt %, 94 wt %, 95 wt %, 96 wt %, 97 wt %, 98 wt %,
99 wt %, and 99.5 wt %. In a further aspect, the purity can be in a range derived from any
two exemplary values. For example, the esterification product can have a purity ranging
from 90 wt % to 99.9 wt %.

[0090] In a further aspect, the acrylate formed can be isolated by selecting the
appropriate fraction from the esterification column using standard techniques.

[0091] In a further aspect, unreacted acrylic acid and the high-boiling solvent can be
recovered. In a still further aspect, unreacted acrylic acid and the high-boiling solvent can be
recycled.

[0092] An aspect of the invention is shown in FIGURE 1. In FIGURE 1, gaseous
stream 10 comes from the acrylic acid reactor after cooling. The acrylic acid reactor, not
shown in the figure, is based on catalytic propane oxidation. The acrylic acid reactor can also
be based on conventional catalytic propylene oxidation. Stream 10 can be at about 120 °C
and 3 Bar pressure and can contain acetic acid, acrylic acid, unreacted propane, and/or
oxygen. Stream 10 can also contains byproducts like water, ethane, propylene, butanes, and a
small amount of miscellaneous impurities which can include propionic acid, formic acid,
acetone, acetaldehyde, acrolein, and/or furfural. Stream 10 can be fed to the bottom of the
absorption column C10. Absorption column C10 can be a packed column and/or a tray
column design. Liquid stream 11 can be rich in 2-ethylhexanol and at about 95 °C, can be fed
at the top of the column C10. Stream 10 and stream 11 can flow counter currently in the
column and can come in contact over the packing surface and/or the trays. The liquid stream
11 flowing down in the column C10 can selectively absorb more than 95% of the incoming
acrylic acid. This liquid stream 11 also can absorb other components but in significantly
lower fractions. Liquid stream 13 can leave from the bottom of the column C10 at about 120
°C and can be cooled to about 50 °C in the heat exchanger E20. A cold liquid stream 18 from
heat exchanger E20 can be fed to the distillation column C30. The distillation column C30
can operate under vacuum and can be designed to maximize the separation of acrylic acid and
2-ethylhexanol at the bottom of the column. Liquid stream 20 can be drawn from bottom of
the column C30. The stream 20 can contain acrylic acid, 2-ethylhexanol, and/or small
impurities. This stream 20 can be sent to 2-ethylhexyl acrylate production and/or acrylic acid
separation. Acrylic acid and/or 2-ethylhexanol can be separated using conventional

distillation technique. Recovered and purified 2-ethylhexanol can be recycled back as stream
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28 along with some portion of 2-ethylhexanol. A small distillate stream 21 can be drawn
from the top of the column C30 which can mainly contain acetic acid, acrylic acid, and/or
water. This stream 21 can be subjected to further separation of the acids by conventional
distillation and/or by crystallization. Vapor stream 19 drawn from top of the column C30 can
be fed to distillation column C40. Stream 19 can mainly contain acetic acid, acrylic acid,
propane, and/or water vapors.

[0093] Vapor stream 12 from the top of the column C10 can be cooled from about
121 °C to about 40 °C in the heat exchanger E10. The cooled stream 14 from E10 can be fed
to the bottom of the absorption column C20. Liquid stream 15 can be at about 22 °C and rich
in isopropyl acetate. Liquid stream 15 can be fed at the top of the column C20. Stream 14
and stream 15 can come in contact counter currently in the column C20 which can be filled
with packing and/or trays. Column C20 can operate at about 2 Bar pressure. Acetic acid,
acrylic acid, and/or 2-ethylhexanol carried in stream 14 can be absorbed in the liquid steam
flowing down in the column C20 and leaves as stream 17 from the bottom of the column.
The stream 17 at about 32 °C can be fed to the distillation column C40. The vapor stream 16
can leave from the top of the column C20 at about 30 °C. Stream 16 can mainly contain
propane, isopropyl acetate, and/or some non-condensable gases like propylene, CO,, CO,
and/or oxygen. Stream 16 can be sent for further processing for isopropyl acetate, propane,
and/or propylene recovery. Propane and/or propylene can be sent back to acrylic acid
reactor.

[0094] Distillation column C40 can operate at about 1 Bar pressure and can be
designed to separate 2-ethylhexanol, isopropyl acetate, and/or acetic acid. Liquid stream 25
can be drawn from bottom of column C40 at about 157 °C. Stream 25 can mainly contain 2-
ethylhexanol with a concentration of more than 91% on weight basis. Stream 25 can be
further mixed with stream 28 and form a stream 11. Both streams 28 and 11 are described
earlier. Vapor stream 22 can be drawn from top of the column C40 which can be rich in
isopropyl acetate with a concentration of more than 84% on weight basis. Stream 22 can be
cooled in the heat exchanger E30 to a temperature of about 22 °C. The cooled stream 29
from heat exchanger E30 can be fed to a three phase separator S10. The isopropyl acetate
solvent stream 33 can also be fed into S10. The organic phase can be separated from S10 as
stream 31 which can be rich in isopropyl acetate with a concentration of more than 91% on
weight basis. Stream 31 can be divided into two streams: stream 23 and stream 34. Stream
23 can be used as a reflux for distillation column C40. Stream 23 can be about 79% of the

stream 31. The distillate stream can be further divided into two streams: stream 15 and
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stream 35. Stream 15 can be about 67% of stream 34 which can be fed to column C20. Stream 35 can
be sent for isopropyl acetate recovery. The vapor stream 30 from S10 can be combined with stream 16
for further treatment. Aqueous stream 32 from S10 can be sent for stripping and recovery of organics
and/or the water can be sent for waste water treatment.

[0095] Stream 26 can be drawn as a side stream from distillation column C40. Stream 26 can
have an acetic acid concentration of about 86% on weight basis. Stream 26 can be fed to distillation
column C50 for acetic acid purification. Pure acetic acid can be recovered as distillate from the top of
the column as stream 27 with a purity of more than 99.5 % on weight basis. Distillation column C50
can be operated at about 2 Bar pressure. Stream 24 can be drawn from the bottom of C50 and fed back
to the bottom of distillation column C40.

[0096] Any requirements of pump or compressor for the transfer of fluid from one equipment
to other have not been shown in the flow scheme in FIGURE 1 for simplification.

F. ASPECTS OF THE DISCLOSED METHODS

[0097] Aspects of the present invention disclose one or more methods for the purification of
acetic acid and acrylic acid from a crude product mixture. The product mixture can result, for example,
from the partial oxidation reaction of propane over a mixed metal catalyst.

[0098] The invention may include at least the following aspects:

[00999] Aspect 1: A method for purifying an acid, wherein the method comprises :

a) producing a crude product mixture by a partial oxidation reaction, wherein the crude

product mixture comprises acrylic acid and acetic acid;

b) purifying the crude product mixture by distillation using a high-boiling solvent to purify the

acrylic acid; and

¢) purifying the crude product mixture by distillation using a low-boiling solvent to purify the

acetic acid.

[00100] Aspect 2: The method according to aspect 1, further comprising the reaction of acrylic
acid with the high-boiling solvent to produce an acrylate.

[00101] Aspect 3: The method according to any of aspects 1 and 2, further comprising an
inhibitor to prevent acid polymerization.

[00102] Aspect 4: The method according to aspect 3, wherein the inhibitor comprises a phenolic
derivative.

[00103] Aspect 5: The method according to aspect 3, wherein the inhibitor comprises

hydroquinone, or ethers of hydroquinone, or a mixture thereof.
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[00104] Aspect 6: The method according to aspect 3, wherein the inhibitor comprises a
phenothiazine derivative.

[00105] Aspect 7: The method according to aspect 3, wherein the inhibitor comprises
quinone, or benzoquinone, or a mixture thereof.

[00106] Aspect 8: The method according to aspect 3, wherein the inhibitor comprises a
metal thiocarbamate.

[00107] Aspect 9: The method according to aspect 3, wherein the inhibitor comprises
copper dibutyldithiocarbamate, copper diethyldithiocarbamate, or copper salicylate, or a
mixture thereof.

[00108] Aspect 10: The method according to aspect 3, wherein the inhibitor comprises
an amine.

[00109] Aspect 11: The method according to aspect 3, wherein the inhibitor comprises
a hydroxylamine, or a phenyldiamine, or a mixture thereof.

[00110] Aspect 12: The method according to any of aspects 1-11, further comprising
the addition of oxygen for inhibitor activation.

[00111] Aspect 13: The method according to any of aspects 1-12, wherein the high-
boiling solvent comprises an alcohol.

[00112] Aspect 14: The method according to any of aspects 1-12, wherein the high-
boiling solvent comprises a linear alcohol.

[00113] Aspect 15: The method according to any of aspects 1-12, wherein the high-
boiling solvent comprises hexanol, heptanol or octanol, or a mixture thereof.

[00114] Aspect 16: The method according to any of aspects 1-12, wherein the high-
boiling solvent comprises a branched alcohol.

[00115] Aspect 17: The method according to any of aspects 1-12, wherein the high-
boiling solvent comprises 2-ethyl hexanol.

[00116] Aspect 18: The method according to any of aspects 1-12, wherein the high-
boiling solvent comprises a polyhydric alcohol.

[00117] Aspect 19: The method according to any of aspects 1-12, wherein the high-
boiling solvent comprises ethylene glycol, 1,3-propane diol, or 1,4-butane diol, or a mixture
thereof.

[00118] Aspect 20: The method according to any of aspects 1-12, wherein the high-

boiling solvent comprises an amino alcohol.
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[00119] Aspect 21: The method according to any of aspects 1-12, wherein the high-
boiling solvent comprises 2-dimethyl aminoethanol, or 2-diethyl aminoethanol, or a mixture
thereof.

[00120] Aspect 22: The method according to any of aspects 1-21, wherein the low-
boiling solvent comprises isopropyl acetate, or water, or a mixture thereof.

[00121] Aspect 23: The method according to any of aspects 1-22, wherein the partial
oxidation reaction comprises propane as the starting material and a Mo-V-Ga-Pd-Nb-X
mixed metal catalyst, wherein X is La, Te, Ge, Zn, Si, In or W

[00122] Aspect 24: The method according to any of aspects 1-23, wherein the method
further comprises the high-boiling solvent reacting downstream of the acrylic acid
purification with the acrylic acid to form a specialty acrylate.

[00123] Aspect 25: The method according to any of aspects 1-24, wherein the crude
product mixture further comprises water.

[00124] Aspect 26: The method according to any of aspects 1-25, wherein the method
comprises at least two separate distillation steps.

G. EXPERIMENTAL

[00125] The following examples are put forth so as to provide those of ordinary skill in
the art with a complete disclosure and description of how the compositions, articles, devices
and/or methods claimed herein are made and evaluated, and are intended to be purely
exemplary of the invention and not intended to limit the scope of what the inventors regard as
their invention. Efforts have been made to ensure accuracy with respect to numbers, such as,
for example, amounts, temperature, etcetera, but some errors and deviations should be
accounted for. Unless indicated otherwise, parts are parts by weight, temperature is in °C or
is at ambient temperature, and pressure is at or near atmospheric. Several methods for
preparing the compounds of this invention are illustrated herein. Starting materials and the
requisite intermediates are in some cases commercially available, or can be prepared
according to literature procedures or as illustrated herein.

The following general methods of the present invention were used. The methods are
provided herein to illustrate the invention, and should not be construed as limiting the
invention in any way.

[00126] Table 1 is included as a prophetic example to show the mass balance in

FIGURE 1. Table 1 was prepared using Aspen Plus V7.3.
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Table 1

MASS BALANCE, KG/H

Stream Number 10 16 20 21 27 28 30 32 33 35

Acetic Acid 5191 36 5| 1677 2990 0 0 310 0 172
Acrylic Acid 28310 0| 27935 365 10 0 0 0 0 0
Water 27496 1388 o 1335 0 0 15| 23939 0 819
CO2+CO 20209| 20089 0 0 0 0 95 3 0 23
Ethane + Butanes 1626 1597 0 0 0 0 13 0 0 16
Oxygen 1153|1151 0 0 0 0 2 0 0 0
Propane 200161] 197262 0 0 0 0| 1767 32 0f 11m
Propylene 2814| 2771 0 0 0 0 24 0 0 18
2-Ethyl Hexanol 0 0| 109990 0 0| 110000 0 0 0 0
isopropyl Acetate 0| 14839 0 0 0 0 171 605/  40853| 25240
Impurities 2473| 1018|1071 5 0 0 16 102 0 262
Total 289432] 240151| 139001|  3383] 3000 110000]  2103| 24991 40853 27650

[00127]  The term “comprise” and variants of the term such as “comprises” or

“comprising” are used herein to denote the inclusion of a stated integer or stated integers but

not to exclude any other integer or any other integers, unless in the context or usage an

exclusive interpretation of the term is required.

[00128]

Any reference to publications cited in this specification is not an admission

that the disclosures constitute common general knowledge in Australia.
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CLAIMS
1. A method for purifying an acid, wherein the method comprises:

a) producing a crude product mixture by a partial oxidation reaction, wherein the
crude product mixture comprises a gaseous stream containing acrylic acid and acetic acid;

b) purifying the crude product mixture by distillation using a high-boiling solvent
to purify the acrylic acid;

c) introducing the crude product mixture and a low-boiling solvent into a counter-
current packed absorption column at a temperature from 30 °C to 50 °C to absorb the crude

product mixture in the low-boiling solvent;

d) purifying the absorbed crude product mixture by distillation using the low-
boiling solvent to purify the acetic acid; and

e) reacting the purified acrylic acid with the high-boiling solvent to produce an
acrylate,

wherein the high-boiling solvent has a boiling point at least 5 °C greater than the dew point of
the gaseous stream containing the acrylic acid and the acetic acid; and

wherein the low-boiling solvent is an entrainer and has a boiling point lower than acetic acid.

2. The method according to claim 1, further comprising an inhibitor to prevent acid
polymerization.

3. The method according to claim 2, wherein the inhibitor comprises a phenolic
derivative.

4. The method according to claim 2, wherein the inhibitor comprises hydroquinone,

or an ether of hydroquinone, or a mixture thereof.

5. The method according to claim 2, wherein the inhibitor comprises a

phenothiazine derivative.

6. The method according to claim 2, wherein the inhibitor comprises quinone, or

benzoquinone, or a mixture thereof.

7. The method according to claim 2, wherein the inhibitor comprises a metal

thiocarbamate.
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8. The method according to claim 2, wherein the inhibitor comprises copper

dibutyldithiocarbamate, copper diethyldithiocarbamate, or copper salicylate, or a mixture

thereof.
9. The method according to claim 2, wherein the inhibitor comprises an amine.
10. The method according to claim 2, wherein the inhibitor comprises a

hydroxylamine, or a phenyldiamine, or a mixture thereof.

11. The method according to any one of claims 1-10, further comprising the addition

of oxygen for inhibitor activation.

12. The method according to any one of claims 1-11, wherein the high-boiling
solvent comprises a linear alcohol, a branched alcohol, a polyhydric alcohol, or an amino

alcohol.

13. The method according to any one of claims 1-11, wherein the high-boiling

solvent comprises hexanol, heptanol, octanol, or a mixture thereof, or 2-ethyl hexanol.

14. The method according to any one of claims 1-11, wherein the high-boiling

solvent comprises ethylene glycol, 1,3-propane diol, or 1,4-butane diol, or a mixture thereof.

15. The method according to any one of claims 1-11, wherein the high-boiling

solvent comprises 2-dimethyl aminoethanol, or 2-diethyl aminoethanol, or a mixture thereof.

16. The method according to any one of claims 1-15, wherein the low-boiling

solvent comprises isopropyl acetate, or water, or a mixture thereof.

17. The method according to any one of claims 1-16, wherein the partial oxidation
reaction comprises propane as the starting material and a Mo-V-Ga-Pd-Nb-X mixed metal

catalyst wherein X is La, Te, Ge, Zn, Si, Inor W,

18. The method according to any one of claims 1-17, wherein the method further
comprises the high-boiling solvent reacting downstream of the acrylic acid purification with the

acrylic acid to form a specialty acrylate.

19. The method according to any one of claims 1-18, wherein the crude product

mixture further comprises water.
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20. The method according to any one of claims 1-19, wherein the method comprises

at least two separate distillation steps.
21. A method for purifying an acid, wherein the method comprises:

a) producing a crude product mixture by a partial oxidation reaction, wherein the
crude product mixture comprises a gaseous stream containing acrylic acid and acetic acid;

b) contacting the crude product mixture with a high-boiling solvent to provide a
high-boiling solvent including acrylic acid, and a vapour stream including acetic acid,;

c) purifying the acrylic acid by distilling the high-boiling solvent including acrylic
acid;

d) introducing the vapour stream including acetic acid and a low-boiling solvent
into a counter-current packed absorption column at a temperature from 30 °C to 50 °C to absorb

the acetic acid in the low-boiling solvent;

e) purifying the absorbed acetic acid by distilling the low-boiling solvent including
acetic acid; and

f) reacting the purified acrylic acid with the high-boiling solvent to produce an
acrylate,

wherein the high-boiling solvent has a boiling point at least 5 °C greater than the dew point of
the gaseous stream containing the acrylic acid and the acetic acid; and

wherein the low-boiling solvent is an entrainer and has a boiling point lower than acetic acid.

Date: 20 December 2016
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