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PROCESS FOR PURIFYING (METH)ACRYLIC ACID

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority from provisional application serial number

61/789,395, filed March 15, 2013, which is incorporated herein by reference in its entirety.
BACKGROUND OF THE INVENTION

The invention relates to a process for purifying (meth)acrylic acid. More
specifically, the process is a process that provides (meth)acrylic acid containing very low

levels of residual aldehyde.

In the manufacture of acrylic acid by the catalytic oxidation of propylene, acrylic
acid ("AA") and oxidation by-products initially are obtained by absorbing or quenching
reactor effulent gases with water to produce an aqueous AA solution before further
purification. Fouling, e.g., the in situ formation of acrylic polymer on the processing
equipment internals, is a major problem associated with the production of AA. Fouling can

be exacerbated by impurities in the AA solution.

Aldehydes are an undesirable impurity, as they can cause fouling in the
manufacturing process, and as they cause problems when present in polymer grade AA.
The presence of these aldehyde impurities and their hydrates in aqueous media is
detrimental to downstream acrylic acid processing for multiple reasons including: (1) the
demonstrated ability of these contaminants to destabilize AA by initiating acrylic acid free
radical polymerizations, (2) active participation in downstream process column fouling by
self polymerization, co-polymerization with other reactive monomers, and reaction in some
instances with process inhibitors, and (3) negatively impacting product quality by
contamination of the final acrylic acid product if not fully removed beforchand. The
conversion of these reactive aldehyde impurities to non-reactive heavies should ideally be

performed as early in the acrylic acid purification process as possible.

In currently commercial AA processes, it is common to find a crystallizer and/or
several distillation columns, or towers. However, as taught in US 8,242,308, each tower

requires the addition of fresh polymerization inhibitor to inhibit polymer fouling.

Furthermore, conventional fractional distillation alone is not effective in reducing
aldehyde impurities to necessary levels to produce pure grade acrylic acid ("PGAA"), which
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is useful for the application of purposely producing polymers. To obtain PGAA, less pure
AA from either the extraction/distillation or direct distillation procedure must be purified
beyond that achieved by conventional fractional distillation because residual impurities,
particularly the aldehydes, interfere with PGA A-related end use polymerization reactions.
For these applications, aldehyde levels individually must be below about ten parts per
million (ppm), more preferably below five ppm, and most preferably below one ppm.
PGAA having these aldehyde levels is useful in producing, for example, superabsorbent
polymers and polymers efficient as dispersants for oil well drilling muds and as flocculating

agents.

One known method of producing PGAA applies aldehyde scavengers to dry AA in
order to reduce aldehyde levels. Specifically, US 5,759,358 produces PGAA by
sequentially applying, during the final stages of distillation, selected groups of amines to

reduce acrolein and furfural.

It would be desirable to be able to reduce aldehyde content early in the
manufacturing process. Benefits of early aldehyde removal include, but are not limited to,
reduced costs associated with fouling-related column shut-down/clean-out and associated

lost AA production.
SUMMARY OF THE INVENTION

The invention is such a process for producing a pure grade (meth)(meth)acrylic acid,
the process comprising contacting an aqueous crude (meth)acrylic acid, which comprises
formaldehyde as an impurity, with at least 0.5 molar equivalent of cysteine per mole of
formaldehyde impurity, wherein the contacting is conducted under conditions sufficient to
reduce the concentration of the formformaldehyde impurity to less than 100 ppm per 100

weight parts (meth)acrylic acid.

Surprisingly, the reaction of cysteine with aldehydes proceeds efficiently in the

presence of aqueous organic acids such as acetic and (meth)acrylic acids.

DETAILED DESCRIPTION OF THE INVENTION

As used herein, "a," "an," "the,

at least one," and "one or more" are used
interchangeably. The terms "comprises,” “includes,” and variations thereof do not have a
limiting meaning where these terms appear in the description and claims. Thus, for

example, an aqueous composition that includes particles of "a" hydrophobic polymer can be
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interpreted to mean that the composition includes particles of "one or more" hydrophobic

polymers.

Also herein, the recitations of numerical ranges by endpoints include all numbers
subsumed in that range (e.g., 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, 5, etc.). For the
purposes of the invention, it is to be understood, consistent with what one of ordinary skill
in the art would understand, that a numerical range is intended to include and support all
possible subranges that are included in that range. For example, the range from 1 to 100 is
intended to convey from 1.01 to 100, from 1 to 99.99, from 1.01 to 99.99, from 40 to 60,

from 1 to 55, etc.

Also herein, the recitations of numerical ranges and/or numerical values, including
such recitations in the claims, can be read to include the term "about." In such instances the
term "about" refers to numerical ranges and/or numerical values that are substantially the

same as those recited herein.

As used herein, the use of the term "(meth)" followed by another term such as
acrylate refers to both acrylates and methacrylates. For example, the term "(meth)acrylate"
refers to either acrylate or methacrylate; the term "(meth)acrylic” refers to either acrylic or
methacrylic; and the term "(meth)acrylic acid" refers to either acrylic acid or methacrylic

acid.

Unless stated to the contrary, or implicit from the context, all parts and percentages
are based on weight and all test methods are current as of the filing date of this application.
For purposes of United States patent practice, the contents of any referenced patent, patent
application or publication are incorporated by reference in their entirety (or its equivalent
U.S. version is so incorporated by reference) especially with respect to the disclosure of
definitions (to the extent not inconsistent with any definitions specifically provided in this

disclosure) and general knowledge in the art.

In the context of this invention, the terms “crude (meth)acrylic acid” (CAA),
“aqueous crude (meth)acrylic acid” and “aqueous (meth)acrylic acid” are interchangeable
and are used to describe (meth)acrylic acid that contains by-product contaminants, which
are produced during the production of (meth)acrylic acid, and that has a water content of
5% to 80% or more by weight. Total contaminant levels can comprise up to 6-7 wt.% but
typically are present at less than 5%. These contaminants can include aliphatic and

aromatic aldehydes, e.g., acetaldehyde, propionaldehyde, and benzaldehyde; heteroatom
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containing aldehydes, e.g., furfural and 3-hydroxy propionaldehyde; unsaturated aldehydes,
e.g., acrolein and crotonaldehyde, organic acids such as maleic, acetic, formic, and 3-
hydroxy propionic acid, as well as non-aldehyde or acid type contaminants such as ketones,

esters, protoanemon (PTA) or its dimer.

The process of this disclosure comprises contacting cysteine with aqueous
(meth)acrylic acid that comprises aldehyde impurities and that optionally comprises acetic

acid.

The process of the invention employs 2-amino-3-mercaptopropionic acid, which is
also called cysteine. It exists in various forms, including the D isomer, the L isomer, and
racemic mixtures. For the purposes of the invention, any form of cysteine can be employed,
including any combination thereof. Advantageously, the amount of cysteine employed is an
amount that is sufficient to reduce the concentration of the formaldehyde impurity to less
than 100 ppm per 100 weight parts (meth)acrylic acid. In various embodiments of the
invention, the cysteine is employed in an amount sufficient to reduce the concentration of
the formaldehyde impurity to less than 50 ppm per 100 weight parts (meth)acrylic acid, or
less than 25 ppm, or less than 10 ppm. The amount of the cysteine to be employed can be
determined by measuring the concentration of the impurities in the CAA to be treated. In
various embodiments of the invention, the amount of cysteine employed per mole of
formaldehyde impurity is at least 0.5 molar equivalent, or at least one molar equivalent. In
various embodiments of the invention, the amount of cysteine employed per mole of
formaldehyde impurity is at most 10 molar equivalents, is at most 5 molar equivalents, or is
at most 2 molar equivalents. As a practical matter, the amount of cysteine employed may

be at or near the minimum amount necessary to achieve the desired level of purification.

The process of making (meth)acrylic acid is well known to those skilled in the art.
For example, acrylic acid is commonly produced by the catalytic gas phase oxidation of
propane and/or propylene. The gas phase commonly is contacted with water to condense
the gas. This contacting is commonly conducted in an absorber or quench tower. It can
also be conducted in a dehydration tower as taught in US §8,242,308. The resulting wet AA

liquid can be employed as the aqueous CAA for the process of this invention.

Aldehydes typically exist in CAA process streams. These aldehyde impurities are
formed during the oxidation step of acrylic acid production. Aldehydes are well known

compounds of the formula RC(O)H, wherein R is H, or a moiety comprising aliphatic
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and/or aromatic character. Examples of aldehydes include formaldehyde, acrolein, fufural,
benzaldehyde and acetaldehyde. The aqueous CAA contains aldehyde impurities at a total
concentration of from 0.001 to 1.5 weight parts per 100 weight parts acrylic acid.
Individual aldehyde impurity content before treatment can vary anywhere from around 1

wt% down to less than 100 ppm, depending on the aldehyde.

The generalized reaction between 2-amino-3-mercaptopropionic acid (isomer

unspecified) and an aldehyde, is given below.

P o) RT RN 0
T )k
—_— RN
HS/\HkOH * R)J\H water S\) <OH
NH,
2-Amino-3-mercaptopropionic acid aldehyde thiazolidine-4-carboxylic acid

The cysteine advantageously is employed as a solution in a suitable solvent, such as
water or CAA. While a wide variety of solvents are suitable, in practice it is preferred to

use water or CAA, as doing so does not introduce additional materials to the system.

The cysteine can be contacted with the aqueous CAA in any suitable manner. The
cysteine can be added, preferably as a solution in water, to the absorber column where the
(meth)acrylic acid vapor from the reactor is absorbed or mixed with water. In one
embodiment, an aqueous cysteine solution is added along with process water being added to
the absorber to absorb the (meth)acrylic acid vapor. In another embodiment, the cysteine is
added along with solutions of free radical polymerization inhibitors such as, for example,
hydroquinone, 4-hydroxy TEMPO, manganese acetate, and other inhibitors that are well
known in the art, and combinations thereof. It is possible to add the cysteine in more than
one stream and/or in more than one location. Cysteine can be, for example, either co-

injected in separate streams or as a single pre-mixed solution of inhibitor and cysteine.

The CAA that has been contacted with cysteine may be further treated according to
purification methods well known to those skilled in the art, e.g., distillation and/or

crystallization.

An advantage of the process of the invention is that formaldehyde, acrolein and
other reactive aldehydes are removed early in the AA purification process, with the added
benefit of reducing the tendency for the AA to polymerize while being purified. Thus,

cysteine can be used effectively in partially purifying (meth)acrylic acid in a continuous
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process step prior to feeding to the final fractional distillation column or crystallization unit
yielding PGAA and avoiding some of the tendency of (meth)acrylic acid to polymerize

while being purified.

The contacting may be conducted under any conditions that are consistent with the
conditions of the related AA manufacturing process. In one embodiment of the invention,
the temperature of the gas stream entering the contacting apparatus, €.g., an absorber etc.,
can range from 170 to 350°C. In various embodiments of the invention, the average
temperature in the contacting apparatus is from 25 to 100°C, or from 60 to 70°C, or from 70

to 80°C.

The process of the invention can be operated as a batch or, preferably, as a
continuous process. In one embodiment of the invention, fouling advantageously is reduced

compared to current commercial processes.
SPECIFIC EMBODIMENTS OF THE INVENTION

The following examples are given to illustrate the invention and should not be

construed as limiting its scope.

Examples

In aqueous organic acids, using several different aldehydes and at temperatures of up
to 85°C, thiazolidines are formed in high yields. An example, namely, reacting 2-amino-3-

mercaptopropionic acid (cysteine) with formaldehyde/formalin is shown as follows:

0O H

0] HO_ OH N 0
HS/\)J\OH N L X acrylic acid/40% water r\)_/<
NH, HH] HH RT to 85C S OH
2-amino-3-mercaptopropionic acid Formalin thiazolidine-4-carboxylic acid

Example 1

Starting with a 30% aqueous acrylic acid solution containing 0.39 wt%
formaldehyde (as formalin), slightly greater than one molar equivalent of 2-amino-3-
mercaptopropionic acid is added then heated in an 85°C oil bath for 15 min. The reaction
produces thiazolidine-4-carboxylic acid as the product. Chemical shifts of the solid by

proton NMR match literature values. The amount of formaldehyde “removed” from
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solution is calculated to be 82.9 mol% (quantified by proton NMR) based on the isolated

yield of thiazolidine-4-carboxylic acid. The results are summarized in Table 1.

Table 1. Product distribution from the reaction of 2-amino-3-mercaptopropionic

acid) and formaldehyde (formalin) at 85°C in 30% aqueous acrylic acid.

2-amino-3-mercapto Thiazolidine-4-
Formaldehyde
propionic acid carboxylic acid
starting mmols 0.619 0.644 0.000
after 15 min-@
0.085 0.110 0.542
85°C (mmol)
% reduction of
Formaldehyde 82.9
(%)
5
Example 2

The effectiveness of the reaction of 2-amino-3-mercaptopropionic acid with
aldehydes is further studied using a sample of acrylic acid absorber effluent containing
about 40 wt.% water and the aldehyde impurities shown in Table 3. By proton NMR, a

10 significant portion of the formaldehyde content is found to be present as the hydrate. Using
the procedure of Example 1, except as noted, 2-amino-3-mercaptopropionic acid is added at
concentrations of 0.5, 1.2, and 2.0 molar equivalents relative to the formaldehyde content.
The solution is then heated in a 85 C oil bath for one hour and analyzed by proton NMR.

At all concentrations of 2-amino-3-mercaptopropionic acid, acrolein content is reduced to

15  non-detectable levels (proton NMR) whereas formaldehyde requires a 1:1 molar ratio with
2-amino-3-mercaptopropionic acid before a large drop in concentration is noted. A 26%
reduction of furfural is obtained with 2.0 equivalents 2-amino-3-mercaptopropionic acid, in

the presence of the other aldehydes. The results are summarized in Table 2.
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Table 2. Product distribution from the reaction of 2-amino-3-mercaptopropionic acid

PCT/US2014/021657

with selected process aldehyde contaminants contained in aqueous AA absorber effluent.

Reaction at 85°C.

Molar eq. 2-amino-3-mercapto
Formaldehyde Acrolein Furfural
propionic acid based on
(ppm) (ppm) (ppm)

formaldehyde

0 6496 127 127

0.5 2606 0 123

1.2 31 0 131

2 31 0 94

5 In summary, 2-amino-3-mercaptopropionic acid shows unexpectedly high selectivity

in aqueous acrylic acid in its ability to scavenge formaldehyde (~1:1 molar ratio). In the

process of doing so, acrolein, which is present at lower levels, is completely eliminated.

Removing both of these impurities, especially when done early in the manufacturing

process, can significantly reduce fouling due to unwanted polymerization in acrylic acid

10 separation and refining sections, thus leading to significant savings in operations, e.g.,

reduced shut down and clean out, and reduced raw material, e.g., inhibitors, costs.
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WHAT IS CLAIMED IS:

1. A process for producing a pure grade (meth)acrylic acid, comprising
contacting an aqueous crude (meth)acrylic acid, which comprises formaldehyde as an
impurity, with at least 0.5 molar equivalent of cysteine per mole of formaldehyde impurity,
wherein the contacting is conducted under conditions sufficient to reduce the concentration

of the formformaldehyde impurity to less than 100 ppm per 100 weight parts (meth)acrylic

acid.

2. The process of Claim 1 wherein the amount of cysteine is at least 1 molar
equivalent.

3. The process of any of the preceding claims wherein the amount of cysteine is

from 1 to 10 molar equivalents.

4. The process of any of the preceding claims wherein the amount of cysteine is
from 1 to 5 molar equivalents.

5. The process of any of the preceding claims wherein the amount of cysteine is
from 1 to 2 molar equivalents.

6. The process of any of the preceding claims wherein the aqueous crude
(meth)acrylic acid comprises at least 5 wt.% water.

7. The process of any of the preceding claims wherein the aqueous crude
(meth)acrylic acid comprises from 5 to 80 wt.% water.

8. The process of any of the preceding claims wherein the concentration of the
formaldehyde impurity is reduced to less than 50 ppm per 100 weight parts (meth)acrylic
acid.

9. The process of any of the preceding claims wherein the concentration of the
formaldehyde impurity is reduced to less than 25 ppm per 100 weight parts (meth)acrylic,
acid.

10.  The process of any of the preceding claims wherein the concentration of the
formaldehyde impurity is reduced to less than 10 ppm per 100 weight parts (meth)acrylic
acid.

11.  "The process of any of the preceding claims wherein the contacting is
conducted in an absorber, quench tower, or dehydration column.
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12, The process of any of the preceding claims wherein the process is

continuous.

13.  The process of any of the preceding claims wherein the crude acid further
5  comprises acrolein prior to the contacting with cysteine.
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