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" PROCESS FOR PUhE GRADE ACRYLI C ACI D' The present invention is concerned
with a process for purifying. acrylic acid. Mre specifically, the process
is a continuous process which provides a pure gradé acrylic acid containing
very low | evel s of residual aldehyde. .In the manufacture of acrylic acid by
catal ytic oxidation of propylene, acrylic acid ("AA") and oxidation
bypr oduct s ini;ially are obtained in aqquus AA sol ution before further
purification. In an "extraction/distillation procedure”, aqueous AA
solution is extracted with a suitable organic sol vent yleldlng an AA

extract which then is a r d| Stl |l ed and dehydrated, thus
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aqueous solution extraction step is bypassed and the azeotropic distillation and
dehydration applied directly to the aqueous AA solution. By either procedure,
the resulting dehydrated AA, or "crude” AA, contains acid impurities, such as
acetic acid, maleic acid and maleic anhydride, and also contains aldehyde
impurities, such as acrolein, furfural, and benzaldehyde, and other oxidation
byproducts. Acetic acid may be removed from the dehydrated AA by fractional
distillation to give a low acetic acid AA, also designated "crude" AA, still
containing the other components. In the extraction procedure, some of the
maleic acid and other acid impurities are rejected to the waste water and thus
contribute to expensive waste treatment. In the direct distillation procedure,
these same impurities become a waste organic oil which can be burned for its
fuel value. Thus, while both processes are practiced commercially, the direct
distillation procedure is preferred for newer plants even though its use increases
the difficulty in purifying AA containing appreciable levels of maleic acid and
maleic anhydride. The present invention can be employed with both processes
and is particularly advantageous for the direct distillation process.

ConVention_al fractional distillation of crude AA ("CAA") is capable of
removing most of the maleic acid and maleic anhydride impurities and other
high boiling impurities such as terephthalic acid, thus providing a distilled AA
that is useful as starting material for producing acrylate esters or some polymers.
However, conventional fractional distillation alone is not effective in reducing
aldehydes to necessary levels for a pure grade acrylic acid ("PGAA") useful for
producing polymers having average molecular weights higher than those of

" polymers obtained from distilled AA. :To obtain PGAA, the CAA from either the -




distillation procedure is preferred for newer plants even. though its use

I ncreases the difficulty in purifying AA containing appreciable |evels of
mal ei ¢ acid and mal ei c anhydrlde The present invention can be enpl oyed

wi th both processes and is particularly advantageous for the direct
distillation process. Conventional fractional distillation of crude AA
("CAA") is capable of removing nost of the maleic acid and nmal ei c anhydride
inmpurities and other high boiling inpurities such as terephthalic acid,

thus providing a distilled AA that is useful as starting material for

ractional @K f;ﬁﬁ%iﬁﬁ%ﬁﬁ%ﬁ%ﬁiﬁéﬁ%ﬁ m}%ﬁs&:&f?ﬁ%@i\q 0
necessary eveddbypcoreveptional faactid tioh berentse residfial infipurities,

pol yor & obEarHEary ot AR AE IR Mol Fictoll ﬁ*ﬁf&%h? V28 Cher

t he 2 extlemisurdwm:ai;wlmusubehe@wathuétenm@pemalﬂl@n PPBYST® nust be
purified be}@g@ﬂiﬁﬂ%eﬁ%}'fﬁ)éﬁrﬁy uvaggrtémbl;f sasw &\I FGEANhAR

because res urities art|c y.th deh des erfere W Th
pol yneri zat |tb¢5&%d@]ﬂY4ﬁ1?"e}:§I1§i ‘@m&g‘?’iﬁ sﬁéb%"étl ow about

ten parts p olﬁ'riei'démi 8R/Rhers Efierit afdis amb@d»mﬂiveﬂ&irﬂhﬂgmﬂdsaﬁdhs
preferably %‘ one a%gng:%GAA havi ng these al dehyde levels is useful in
produci ng, | per absor bent pol ynmers and pol yners efficient as
di spersants for CItismmmatldddwmmWMMCedtoppmlevelsinAAby

distilling AA in the presence of amines or similar compounds. For example, U.S.
Research Disclosure no. 167066 discloses that furfural is reduced to <1 ppm by
treating crude or distilled acrylic acid with small amounts of phloroglucinol,
ortho (o0 -) phenylenediamine, or aniline; these amines are believed to complex
with or decompose furfural to give a product which then may be separated by
fractional distillation. US-A- 3,725,208 (" '208") discloses that at least one of the
following: sulfuric acid, hydrazine, phenylhydrézine, aniline, mono-
ethanolamine, ethylene diamine, or glycine, when added batchwise to partially
purified (presumably predistilled) "crude grade” acrylic acid containing
aldehydes and the resulting mixture heated for 3 hours at 70°C prior to fractional
distillation, results in an AA distillate containing reduced levels of aldehydes.
US-A- 4,828,652 (" '652") teaches that aminoguanidine or its salts are effective
when used in ratios of 1 to 3 moles per mole of aldehyde and with at least 1 - 1.5
hour residence times before fractional distillation of a "technical grade" (again,
presumably a distilled grade) of a crude grade AA.

There are problems, however, with the above mentioned aldehyde-
reducing methods. For example, known methods utilize so-called single or one-
shot amine addition to the crude grades of AA or to a distilled grade of a crude
AA, and require appreciable residence time prior to distillation, as disclosed in
the '652 patent. That patent also disclosed that previous efforts involving the
addition of hydrazine or aqueous hydrazine solutions required an excess of
about 4 moles of hydrazine per mole of aldehyde, and special distillation
conditions, to achieve a furfural content under 5 ppm; furthermore, under those
conditions, the distillation column became coated with byproducts. Although
the '208 patent disclosed that amines such as aniline, monoethanolamine and
ethylenediamine can be used, under the disclosed conditions the lowest residual
aldehyde contents were obtained only with hydrazine or phenylhydrazine and
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top or near the top of a fractional distillation column while distilling CAA; amine
addition in this manner causes excessive polymer and other solids formation
within the column when the CAA contains more than about 10 ppm of acrolein.

Thus, there is need of an efficient process, particularly a continuous
process, to produce PGAA from CAA when the CAA contains not only
aldehydes but also the typical impurities mentioned above, particularly maleic
acid and maleic anhydride.

We have found an economical, continuous process for reducing
aldehydes in CAA containing substantial levels of acrolein, furfural, and maleic
acid and anhydride. The process yields a PGAA having less than 10 ppm, and is
capable of providing less than 1 ppm, of any individual residual aldehyde
without requiring a predistillation of CAA to remove maleic anhydride.

Features of the invention also are applicable to earlier processing steps associated
with preliminary sources of AA, as will be shown. Further, the inventive process
prevents fouling of equipment with polymer and other solids. The process also
provides PGAA with levels of maleic anhydride below 100 ppm and
advantageously provides for minimal use of expensive amines and minimal
generation of new waste materials as compared to known processes.

Broadly described, the process of the invention uses two selected groups
of amines at different points of the continuous process in providing PGAA.

In one embodiment of the present invention, one or more amine from
one selected group of amines (Group A) is added to CAA to provide a crude
acrylic acid feed stream. Within the CAA feed stream, the Group A amine
rapidly reacts with acrolein and other "light" aldehydes (aldehydes boiling lower
than AA), effectively removing them from volatilizing in the column. The CAA
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More specifically, there is provided a continuous process for producing a
pure grade acrylic acid (PGAA) , which comprises the steps of:
a) feeding, at a temperature of from greater than 25° up to 100°C, to a
distillation column :
(i)  acrudeacrylic acid feed stream comprising a crude acrylic
acid,
(i) atleast a minimum effective level of from 0.1 to 2.0 molar
ratio, based on total moles of aldehydes and maleic acid and
maleic anhydride in the crude acrylic acid, of one or more of
a Group A amine selected from the group consisting of:
i) a primary arylamine of structure (I),

NH,

X1, X2
@

wherein X1 and X3 are selected from the group consisting of H,
NRjy, OR, C], and R, wherein R is selected from Hand Cj - Cg
alkyl;

ii) a hydrazine, optionally its hydrate, of structure
R2 - NH-NHj, wherein R is selected from H, phenyl,
4-nitrophenyl, and 2,4-dinitrophenyl;
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wherein RS is selected from H, R, and R4 wherein R and R4 are as
previously defined; arginine, aspartic acid, glutamic acid, histidine,
and methionine;
wherein the crude acrylic acid feed stream and the Group A amine(s) are fed to
the distillation column as a single stream or as separate streams.

b) concurrently feeding to an upper portion of the distillation column an
amine feed stream comprising at least a minimum effective level of from 0.01 to
1.0 molar ratio, based on total moles of aldehydes and maleic acid and maleic
anhydride in the crude acrylic acid, of one or more of a Group B amine selected
from the group consisting of 0 -, m -, p - phenylenediamine, 4-nitrophenyl-
hydrazine, and 2,4-dinitrophenylhydrazine; and

¢) fractionally distilling the crude acrylic acid feed stream through the
distillation column, distilling off PGAA having a residual individual aldehyde
content less than 10 ppm. |

The continuous process also may be carried out by adding the amine from
Group A to a preliminary column used in preparing CAA, e.g., the azeotropic
distillation column or an acetic acid removal column. The resulting CAA is fed
to the final distillation column while concurrently feeding amine from Group B
to the upper portion of this final distillation column and distilling off PGAA.



feed streamis fed to a fractional distillation colum and distilled. The
fractionati on power of the colum retains maleic acid, maleic anhydride and
hi gher boiling conponents, such as terephthalic acid, near the bottom of
the columm. Concurrently with the distillation of the CAA feed stream an
am ne feed stream of one or nore am ne from anot her sel ected group of
amnes (Goup B) is introduced at or neargthe top of the colum to
facilitate renoval of any renmining residual volatile al dehydes,
particularly furfural, and naleic anhydride. The resulting distillate,
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In making up the CAA (or other AA source) feed stream, the Group A
amine may be added to the CAA (or other AA source) either neat or as a solution
in a suitable solvent. Alternatively, if the CAA (or other AA source) feed stream
are added to the distillation column as separate streams, the Group A amine may
be added to the distillation column neat or as a solution in as suitable solvent.

~Suitable solvents include water or a saturated carboxylic acid, such as propionic,

“hexanoic or valeric acid. The Group A amine is selected from the amines
previously described, and as further defined here. The R - alkyl group of
structure (I) of the primary arylamine is a C; - Cg alkyl, that is an alkyl group
containing from 1 to 6 carbon atoms in any isomeric form, such as methyl, ethyl,
propyl, isopropyl, n-, iso-, or sec- butyl, hexyl, and isomers thereof.
Disubstituted primary arylamines, such as diaminotoluenes and dimethyl-
anilines, are also effective. The hydrazines (or hydrates) of R2-NH-NH, have
been defined; the hydrate has the advantage of ease and safety in handling. The
C1 - Cg alkylene group, R3 and R4, of the alkylenepolyamine contains from 1 to 6
carbon atoms, such as methylenic, ethylenic, propylenic, butylenic, hexylenic,
and isomers thereof, and bears a primary amine. Examples of structure II
alkylenepolyamine include ethylenediamine, diethylenetriamine and
dipropylenetriamine. The alpha - amino acid is as described.

The Group A amine is selected to react rapidly and substantially
irreversibly with acrolein and other light aldehydes present in CAA or other AA
sources preceding CAA. Most Group A amines react in-line as the CAA or other
AA source are being led, with the amine, to a distillation column; provision also
can be made to extend residence time by methods known in the art, such as by

- use of a buffer tank in the continuous feed line. While relatively expensive
amines, such as the phenylenediamines, are included in group A, it is preferred
to use less expensive amines such as aniline, 0 -methylaniline, hydrazine
hydrate, diethylenetriamine, lysine, methionine, and glycine that are particularly
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and availability, and ease of handling, those amines of Group A preferred for use in
the invention include aniline, 0 -, m- and p - methylaniline, hydrazine and
hydrazine hydrate, diethylenetriamine, glycine, lysine and methionine; more
preferred, due to their cost and efficiency in reducing acrolein impurity, are ani-
line, 0 - methylaniline, hydrazine, hydrazine hydrate; aniline is most preferred.

At the same time that the CAA feed stream (or other AA source) is fed to
the (final) distillation column, one or more of an amine of Group B is fed, either
neat or as a solution as described for the Group A amine addition, to an upper
portion of the same column, that is, is fed to the top or within the upper 30 % of
the column, and always above the CAA feed stream. Effective Group B amines
are stated above and are selected to react rapidly and essentially irreversibly
with furfural. Preferred Group B amines, due to their cost, availability and
efficiency include meta-phenylenediamine, 4-nitropheny1hydrazihe and 2,4-
dinitrophenyl-hydrazine; of these, meta- phenylenediamine is most preferred.
PGAA having a residual individual aldehyde level less than 5 ppm is readily
achieved using the preferred amines and less than 1 ppm using the most
preferred amines.

Another embodiment of the invention utilizing the same amine groups in
similar manner is the addition of one or more amine of Group A to an AA
source, for example, to an aqueous AA solution, to form an AA source feed
stream which is fed to an azeotropic dehydration column. After dehydration, the
resulting CAA has a low acrolein content (<10 ppm) and is dry. The AA source
also can be an extract, that is, an aqueous AA solution which has been extracted
with a suitable organic solvent; the resulting AA extract is fed to the azeotropic
dehydration column in place of the aqueous acrylic acid solution. It is also
possible to feed the Group A amine to the azeotropic dehydration column as a
separate stream as either AA source is fed to the column. The resulting low
acrolein CAA (as now dehydrated) is then fed, optionally, to another fractional
distillation column for acetic acid removal, thus yielding a low acrolein CAA
having a low (<2,000 ppm) acetic acid content, or directly to a final distillation
column, i.e., a high purity acrylic acid distillation column, where steps b) and ¢)
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agryhc acid source, optionally containing acetic ac1d and selected from the

group consisting of an aqueous acrylic acid solution and an acrylic acid extract,
and ii) at least a minimum effective level of from 0.1 to 2.0 molar ratio, based
on total moles of aldehydes and maleic acid and maleic anhydride in the acrylic
acid source, of one or more of a Group A amine selected from the same
group A amines described in the preceding a) ii section, and wherein the acrylic
acid source feed stream and the Group A amine(s) are fed to the first distillation
column as a single stream or as separate streams; b) dehydrating the acrylic acid
source feed stream to provide a low acrolein crude acrylic acid having an
acrolein content less than 10 ppm; c) optionally distilling off acetic acid from the
low acrolein crude acrylic acid to provide a low acrolein crude acrylic acid
having a reduced acetic acid level; d) subsequently feeding to a final distillation
column . the low acrolein crude acrylic acid, and ii. concurrently, to anupper =
portion of the final distillation column, an amine feed stream comprising at least
a minimum effective level of from 0.01 to 1.0 molar ratio, based on total moles of
aldehydes and maleic acid and maleic anhydride in the low acrolein crude
acrylic acid, of one or more of a Group B amine selected from the group
consisting of 0 -, m -, p -phenylenediamine, 4-nitro-phenylhydrazine, and 2 4-
dinitrophenylhydrazine; and e) fractionally distilling the low acrolein crude
acrylic acid through the final distillation column, distilling off PGAA having a
residual individual aldehyde content less than 10 ppm.

Another embodiment of the invention utilizing the same amine groups in
similar manner is the addition of one or more amine of Group A to a CAA
having a high (>2,000 ppm ) level of acetic acid. This high acetic acid-containing
CAA feed stream may be fed to an acetic acid distillation column, that is, a
distillation column used for effectively reducing, by its distillation, acetic acid
from the CAA. Distillation of the Group A-treated CAA yields a low acrolein
(also now low acetic acid) CAA. (The Group A amine can be fed to the acetic




be added to the distillation colum neat or as a solution in as suitable
adent s i ncl ude water or a saturat
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xponsive aroded ondaiahies fEalHRRRIR AN R eSS and Maleid Siruiide § ko A
it is preferhigh aceticacidicentainingarade acoyicaeid, ofiohe as neorelof ad;romp A amine
-met hyl ani 1 g+ #bAf N Same group A amines described in the preceding a) ii section,
and wherein the feed stream and the Group A amine(s) are fed to the acetic acid
distillation column as a single stream or as separate streams; b) distilling off
acetic acid from the feed stream to provide a low acrolein, crude acrylic acid
having an acetic acid content less than 2,000 ppm and an acrolein content < 10
ppm; c) subsequently feeding to a final distillation column i. the low acrolein

crude acrylic acid, and ii. concurrently, to an upper portion of the final
distillation column, an amine feed stream comprising at least a minimum
effective level of from 0.01 to 1.0 molar ratio, based on total moles of aldehydes
and maleic acid and maleic anhydride in the low acrolein crude acrylic acid, of
one or more of a Group B amine selected from the group consisting of 0 -, m -, p
- phenylenediamine, 4-nitrophenylhydrazine, and 2,4-dinitrophenylhydrazine;
and d) fractionally distilling the low acrolein crude acrylic acid through the final
distillation column, distilling off PGAA having a residual individual aldehyde
content less than 10 ppm. _

An advantage of these approaches using, for example, either aqueous
sources of AA or high acetic acid-containing CAA, is that acrolein and other light
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 allowing a reduction in polymerization inhibitor level during further
processing. Thus, Group A can be used effectively in partially purifying acrylic
acid in a continuous process step prior to feeding to the final fractional
distillation column yielding PGAA and avoiding some of the tendency of acrylic
acid to polymerize while being purified.



hy’blraté, di et hyl enetriam ne, |ysine, nethionine, and gl yci ne t hat aré '

“particularly

7 effective with acrolein. (A kyl am nes, ~such as butyl

am ne, were found to have |lower reaction rates and required hi gher use

| evel s than, for exanple, aniline and other "faster-reacting" am nes and,
accordingly, are not included as Group A amines.) Generally, those Goup A
am nes and their mxtures that are quuici at tenperatures below [err] are
easy to use. For reasons of cost, efficiency, availability, and ease of
handl i ng, those amines of G oup A preferred for use in the invention
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about 100° C, to minimize the loss of AA as polymer. When the Group A amine

is added to the CAA or other AA sources as described, the temperature of the

AA-containing feed stream should be greater than 25° C and preferably greater

than 40° C, up to a temperature of 100° C; a temperature range from 40° to 80° C

is preferred. At these temperatures, fewer solids are generated than at

temperatures of 25° C and below.

The continuous processes of the invention are distinguished from "batch"

processes; in the latter, a fixed quantity of CAA or an AA source is charged to a
distillation unit, reacted with a fixed amount of amine to reduce aldehyde
content (via a single or one-shot amine addition) and subsequently distilled to
provide a fixed quantity of purified product. Batch processes, due to the time
required for charging, reaction, distillation, and cleanout, characteristically are of
lower productivity than the continuous processes of the invention. The
inventive continuous processes also are distinguished from "combined batch and
continuous” processes where, in the latter, the treatment of CAA or an AA source
with an amine to reduce aldehyde content is carried out first in a batch reactor
then the pretreated CAA or other source is fed continuously to a distillation
column. The latter processes require additional reactors and storage vessels
which are unnecessary with the continuous process of this invention.

The "minimum effective level" of the one or more Group A amine added

to the feed of a distillation column (or directly to the column itself) is determined
by measuring the acrolein content of the output (e.g. a distillate) resulting from
the distillation column or other unit to which the Group A amine and acrylic acid
stream are fed. (In the embodiments where the Group A amine is added at
points in the process prior to the final distillation step, the acrolein content is
measured in the major AA-containing stream produced by the unit, e.g. a bottom
stream, into which the Group A and acrylic acid stream are fed.) In any case, the



- dihrtrophenyl-hydrazine;.of t hese, neta- phenyl enedi am ne i s nost
~ preferred. PGAA having a residual individual aldehyde l.evel |ess than 5 ppm
is readily achieved using the preferred amnes and | ess than 1 ppm using
the nost preferred am nes. Another enbodi nent of the invention utilizing
the sanme am ne groups in simlar manner is the addition of one or nore

am ne of G oup Ato an AA source, for exqﬂple to an aqueous AA sol ution,
to forman AA source feed streamwhich isfed to an azeotropic dehydratlon
colum. After dehydration, the resultlng CAA has a | ow acrol ein content
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a final dlstfe{,ﬂ;tus colum, i.e., ahlgh purity acryllc acid distillation

gglr;ﬂme]d gﬂtere stgﬁs b! .and %%HHY?I ﬁ&i&gﬁ %T as crl bg above, are

embodiments is added to the upper portion of the final dlstlllatlon column, is
determined by measuring the furfural content of the distillate of the final
distillation column. Then, increasing levels of the Group B amine are added to
the final distillation column until the measured furfural level is < 10 ppm. The
level of Group B amine required to just reduce the furfural level to < 10 ppm is
defined as the "minimum effective level" for the Group B amine(s). In any of the
inventive embodiments, the Group B minimum effective level is determined
after the minimum effective level for the Group A amine is determined and as
Group A amine continues to be fed. Group B amine levels higher than the
minimum effective level usually are needed to achieve lower levels of residual
furfural, such as 5 and 1 ppm, but all Group B amine use levels are within the
range specified previously. The resulting PGAA from all embodiments of the
invention have residual individual aldehyde contents below 10 ppm.

Some embodiments of the present invention will now be described in
detail in the following Examples.

—+

Examples
General

In the Examples and Comparative Examples these abbreviations are used:
CAA, crude acrylic acid; HQ, hydroquinone; MeHQ, monomethyl ether of
hydroquinone; mPD, m - phenylenediamine; PTZ, phenothiazine. For
compositional analysis, gas chromatography was used for acrolein,

' benzaldehyde, and furfural and high performance liquid chromatography for
maleic acid and anhydride, both methods sensitive to <1 ppm. The maleic acid
and anhydride analytical results were combined because the analytical method
converted any anhydride into the acid; thus, results for maleic acid and
anhydride are reported as "maleic acid/anhydride." (When maleic

' acid/anhydride is reported for the distillate, it is most likely present as maleic
anhydride because it is known from vapor pressure data that negligible maleic



- aqueous AA solution or extract is that either solution does not contain
maleic acid in its anhydride form thus not wasting the G oup A am ne by
its reaction with mal eic anhydride. Thus, there is also provided a
continuous process for producing a pure grade acrylic acid (PGAA),
conprising the steps of: a) feeding to a first distillation colum an
acrylic acid source feed stream at a teqperature of from[err] to [err],
the source feed streamconprising: (i) an acrylic acid selected fromthe
group consi sting of an aqueous acrylic aC|d solution and an acrylic acid
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stirred for thirty minutes at 23-25° C and then immediately analyzed. After

about five days at 23-25°C, the aliquots containing amine were reanalyzed.

Control samples are those spiked samples into which no amine was added.

The following criteria for the screening tests were used to estimate which
amines would be useful as either Group A or Group B amines in the invention.
An amine was judged to be a useful Group A amine if it reduced acrolein to <10
ppm at a molar ratio of amine of up to 2. The amine was judged particularly
effective if acrolein reduction occurred within 30 minutes. For an amine to be
useful as a Group A amine, it did not need to reduce the levels of benzaldehyde
and/or furfural. An amine was judged to be a useful Group B amine if it
(i) showed a >50% reduction within 30 minutes in the level of furfural at a molar
ratio of amine of less than 1.0, and (ii) showed a reversibility of reaction with
furfural (at an amine molar ratio of less than 1.0) which generated, after about 5
days, less than 70% of the initial level of furfural in the control sample.

Example 1: Preparation of PGAA where Group A Amine is Aniline and Group
B Amine is mPD

A 2.54 cm (one-inch), fifteen tray Oldershaw column fitted with a steam
heated reboiler was used. The CAA, containing 85 ppm acrolein, 220 ppm
benzaldehyde, 240 ppm furfural, and 7200 ppm maleic acid/anhydride, was
preheated by passing it through a heat exchanger. Aniline was added (0.5 molar
ratio) to the flowing preheated CAA and the flowing CAA feed stream was
maintained at the desired temperature during feeding to the "pot,” i.e., the vessel




- Anot her enbodi nent of the invention utilizing the same am ne groups in
'simlar manner is the addition of one or nore am ne of Goup A to CAA
having a high (> 2,000 ppn) level of acetic acid. Thi's high acetic _
aci d-containing CAA feed streammay be fed to an acetic acid distillation
colum, that is, a distillation colum used for effectively reducing, by

its distillation, acetic acid fromthe . Distillation of the G oup
A-treated -9- CAA vyields a low acroleinh (also now | ow acetic acid) CAA
(The Goup A am ne can be fed to the acetic acid renoval col :er as a
separate stre etif acid ed to ol um)
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2,000 ppm acrolein, benzal ehyde, and furfural, and 2 ppm of maleic acid/anhydride.

There were neither problems with solids formation in the feed lines to the pot or

in the pot, nor were there any polymer or other solids problems in the column.

Example 2: Preparation of EQM where Group A Amine is Hydrazine
Hydrate and Group B Amine is mPD

The conditions of Example 1 were repeated except that (i) hydrazine
hydrate was fed to the pot (0.5 molar ratio) instead of aniline, (ii) mPD (0.2 molar
ratio) was fed to tray eleven, and (iii) the CAA contained 91 ppm acrolein, 210
ppm benzaldehyde, 250 ppm furfural, and 6100 ppm maleic acid/anhydride. At
steady conditions over a period of two hours, the distillate of PGAA consistently
contained <1 ppm each of acrolein, benzaldehyde, and furfural, and 2 ppm of
maleic acid/anhydride. There were neither problems with solids formation in
the pot nor were there any polymer or other solids problems in the column.
Some minor solids were observed in the CAA feed stream line, but at a level
which did not interfere with continuous operation.

Comparative Example 1: CAA Distillation without Group A or B Amine
Addition _

Comparative Example 1 employed conditions similar to those described in
Example 1, except that (i) no Group A amine was fed to the pot, (ii) no Group B
amine was fed to the column, and (iii) the CAA contained 66 ppm acrolein, 230
ppm benzaldehyde, 270 ppm furfural, and 6600 ppm maleic acid/anhydride. At
steady conditions over a period of eighteen hours, the distillate consistently
contained 38 ppm acrolein, 3 ppm benzaldehyde, 91 ppm furfural, and 70 ppm of
maleic acid/anhydride. There were neither problems with solids formation in
the feed lines to the pot or in the pot, nor were there any polymer or other solids




and an acrol ein content < 10 ppm c) subsequently feeding to a final

distillation colum i. the |ow acrolein crude acrylic acid having an acetic
acid content less than 2,000 ppm and an acrolein content |less than 10 ppm
and ii. concurrently, to an upper portion of the final distillation colum

above the |l ow acrolein crude acrylic acid feed, an am ne feed stream
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pot, nor were there any polymer or other solids problems in the column. Thus,

although aniline fed to the pot sufficiently reduced acrolein, it did not
sufficiently reduce furfural to provide a satisfactory PGAA.

Comparative Example 3: CAA Distillation where Group A Amine is Aniline
and CAA Feed Stream is at 23-25° C -

Comparative Example 3 employed conditions similar to those described in
Example 1, except that (i) aniline was fed to the pot (0.6 molar ratio), (ii) no
Group B amine was fed to the column, (jii) the CAA contained 91 ppm acrolein,
210 ppm benzaldehyde, 250 ppm furfural, and 6100 ppm maleic acid /anhydride,
and (iv) the CAA feed stream to the column was maintained at 23-25° C. Under
these conditions, the CAA feed line was plugged with solids after 4 hrs, forcing
column shutdown. The solids were identified by 1H NMR spectroscopy as N-
phenylmaleamic acid, the reaction product of aniline and maleic anhydride.

- C arative Example 4: CAA Distillation Wit roup A Amine a
where Group B Amine is mPD

Comparative Example 4 employed conditions similar to those described in
Example 1, except that (i) no Group A amine was fed to the pot, (ii) mPD was fed
to the column (0.05 molar ratio), (iii) the CAA contained 69 ppm acrolein, 230
ppm benzaldehyde, 270 ppm furfural, and 8100 ppm maleic acid /anhydride, and
(iv) the CAA feed stream to the column was maintained at 23-25° C. At these
conditions, the column suffered from heavy polymer and other solids formation
and after 30 minutes was forced to shut down. Also, the distillate, just prior to
shut down, contained 63 ppm acrolein, < 1 ppm benzaldehyde, 4 ppm furfural,
and 2 ppm maleic acid/anhydride. Thus, feeding amine to the upper portion of
the column alone was not satisfactory for PGAA production because of polymer -
and other solids formation in the column preventing continuous operation. The



enbodi nent descri bed above are preferred in the aqueous solution sourced AA
and hi gh acetic acid CAA enbodi nents of the invention. PGAA having <10 ppm
resi dual individual al dehyde, preferably <5 ppm nost preferably <1 ppm

may be obtained fromthe processes described, the preferred amnes readily
achieving <5 ppmand the nore preferred achieving <1 ppm Any distillation
of the invention is preferably carried oyg under reduced pressure (e.g. to
reduce AA polynerization), typically less than 200 nmHg, with a colum
botton1tenperature mai nt ai ned below [err] C, preferably |ess than about
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Table I
Screening Tests Showing the Effect of Primary Alkylamines
on Aldehyde Removal in Spiked PGAA

Amine After Thirty Minutes After About Five Days
Additive Molar A B F M A B F M
| Ratio

Control - PGAA Spiked | 0 170 320 300 320 - - - -
n-Butylamine 0.46 110 320 290 280 54 310 290 290
n-Butylamine 21 79 300 280 260 23 300 280 250

Control - PGAA Spiked | 0 210 290 260 370 - - - -
Tert-octylamine 047 190 280 270 360 110 270 240 340
Tert-octylamine 0.93 200 280 240 350 87 250 240 340

Example 3: Screeni ests Adding Prim lamine to PG iked wi

Impurities, to CAA, and to Aqueous Acrylic Acid Solution

In Example 3, the general procedure described previously for screening
tests was employed, except that (i) the amines employed were primary
arylamines and (ii) the amine was added to aliquots of either stock PGAA spiked
with impurities, or to CAA, or to aqueous acrylic acid solution. These sources of
AA were used containing the ppm levels of acrolein, benzaldehyde, furfural and



“with an amine to reduce al dehyde content is carried out first in a batch
reactor then the pretreated CAA or other source is fed continuously to a
distillation colum. The latter processes require additional reactors and
storage vessels which are unnecessary with the continuous process of this
I nvention. The "m ninum effective level" of the one or nore G oup A am ne
added to the feed of a distillation colufg (or directly to the colum
itself) is determ ned by nmeasuring the acrolein content of the output (e.g.
a distillate) resulting fromthe distillation colum or other unit to which

whero the GIBRRCH sordndsialitated i FAe T nreiemsblsl ab i BERPATRBRS
final distildoatiined abent 353%evater.ol ei n content is neasured in the mgjor

ARSNGB UGG Bl Vel iy $aDEH RASAGe dal 0 v

I'C act m ar e h™any_case G oup A
amine is add;hiwthatlhhe Mwmgmawmwerﬁﬁ eﬁ%‘é&%ﬁ@@ Acﬂ@f}?ﬂ evel

i s bel ow 10 antih nediafHe rl%idimﬁu Rtlallénhez gt Ol €i n
| evel to < 1 ?h%ﬁ}f&lneaf @,Hﬁpﬁeﬁﬂbw . effectm/ v for teﬁg G oup
A am ne(s). hangl,p rr@eﬁm ipe ?P&m’{‘ﬁé”w ﬁﬁ‘?‘?ﬁ@?ﬂﬁct ive |evel

Usga|1| y ar ebxﬁe é}uhﬁe eeuﬁahﬂﬂeaddlqmitsoaﬁlmesmmanfﬁbde H showeh as g
an ppm am ne use._levals t hi. ie
previ ously. %&Whﬁﬂﬁﬁ@?‘é‘é‘ﬁ B&Y %%’iangF‘E ﬁgg‘é%ﬁ%efn? lﬁéﬁﬁ\%ﬁ | nBaI I
also was a useful Group B amine.
Table I

Screening Tests Showing the Effect of Primary Arylamines on Aldehyde
Removal in Spiked PGAA, CAA or Aqueous Acrylic Acid Solution

Amine After Thirty Minutes After About Five Days
Additive Molar | A B F M A B F M
Ratio

Control - PGAA Spiked 0 200 | 300 | 350 | 310 - - - -
p-Aminophenol 0.12 69 300 | 370 | 200 30 320 | 400 310
p-Aminophenol 0.46 1 290 | 330 30 <1 290 | 360 290
p-Aminophenol 0.89 <1 270 | 220 6 <1 290 | 370 280
Control - PGAA Spiked 0 130 | 210 | 170 | 190 - - - -
Aniline 0.22 14 190 170 87 <1 180 | 160 190
Aniline 0.46 <1 150 | 120 25 <1 170 | 150 210
Aniline 0.68 <1 140 91 20 <1 180 | 150 210
Aniline 0.93 <1 120 79 32 <1 160 | 140 200
Aniline 1.8 <1 88 50 36 <1 200 | 160 200
Control - CAA 0 150 | 250 | 260 | 7400 - - - -
Aniline 0.32 8 260 270 | 4900 - - - -
Aniline 0.50 <1 230 | 220 | 3900 - - - -
Aniline 1.0 <1 90 20 | 3400 - - - -
Control - Aqueous AA 0 40 130 | 110 | 4700 - - - -
Aniline 0.23 19 140 | 120 | 4700 4 120 | 110 | 5000
Aniline 0.46 3 120 94 | 4600 § <1 100 86 | 5000
Control - PGAA Spiked 0 210 | 290 | 370 | 300 - - - -
p-Chloroaniline 0.12 62 300 | 370 | 210 28 300 | 380 310
p-Chloroaniline 0.47 <1 280 | 320 59 <1 290 | 350 270
p-Chloroaniline 0.99 <1 220 | 170 35 <1 290 | 310 270
Control - PGAA Spiked 0 220 | 270 | 330 | 310 - - - -
1,5-Diaminonaphthalene 0.12 35 250 | 310 | 230 10 260 | 310 280
1,5-Diaminonaphthalene 0.47 <1 170 140 | 120 <1 270 | 310 140
1,5-Diaminonaphthalene 0.92 <1 200 | 160 | 120 <1 270 | 300 120




enbodi nents is added to the upper portion of the final distillation colum,

I's determ ned by nmeasuring the furfural

final dis
added to
< 10 ppm
| evel to
B am ne(s

effective | evel

content of the distillate of the

i ncreasing |levels of the Goup B amine are
the final distillation colum until the neasured furfural level is
The |l evel of Goup B amine required to just reduce the furfural

< 10 ppmis defined as the "mni r;umeffective | evel " for the G oup
). In any of the inventive enbo&i ments, the Goup B mninmum

is determned after the m ninumeffective |evel

tillation colum. Then,

for the

G oup A anmne is determ ned and as %mii A anine_continues to be fed. G oup
B am ne | evels higher than the m nk {Continyed) cyel usual | y are needed
to achieve |lower levels of residual furfural, such as 5 and 1 ppm but all
G oup B aitéfroll A LS arp ov t hj 10 he wanjgazeplecod ifed- prlevi-ousl y. [The
resul ti ng| PiRdotyatilihel | embpdo.reeng s7of| t3oe | meentt i20m hasze |r 360 duaro | 310
i ndi vi dual p-plegieiipadBineont ent 5 oed opv 4D PRI [Seae [endsocy nEnt(s 200 |t 1320 pf espent
i nvent i on| ®Metho ihe descr|beeB i h detpi270i h 28he] f42 | jowkingl BR& ISE@J 300
Exanpl es eneral In the Exappl es pand Cponparfati vel Exanpl es |t hese
abbr evi at | Qortroby RGAK BpikedCAAl @r udp 180r yI38¢ pcBa; | B hydr oqui-nope;- MeHR
monomet hy| o-Methglanitifie hy dr oqu| n@4fe; [ 8D, | 850 pisédy] eded atli ne;34PTZ,370 | 290
phenot hi azé-Methyloilineonposi t | o828 fhnsl ypi3e0 Q@80 chriddreg ot apP0 wa35Use 4P of
acrol ein, {benzal dehyde, and{furfufal ahd high perfornance Jiquifd
chr omat ogif Gpitsel {RGANEPiked: afi @ anpl @ﬁhycﬁ@de,zegotﬁ%thods sensj ticvel ta <[l
ppm The freMétoylandling 0.10 50 [ 340 | 280 | 270 | 30 | 300 | 250 | 370
m-Methylaniline 0.44 <1 310 250 140 <1 320 260 350
m-Methylaniline 091 <1 250 170 130 <1 300 220 370
Control - PGAA Spiked 0 97 310 280 340 - - - -
p-Methylaniline 0.13 28 300 | 270 | 310 38 320 | 300 | 330
p-Methylaniline 062 | <1 | 280 | 220 | 280 | <1 | 300 | 270 | 320
p-Methylaniline 1.0 <l 260 180 300 <1 310 280 370
Control - PGAA Spiked 0 130 | 300 | 300 | 310 - - - -
p-Nitroaniline 014 | 36 | 270 | 280 | 270 | 7 | 270 | 270 | 300
p-Nitroaniline 0.54 4 | 260 | 270 | 110 | < | 280 | 250 | 160
p-Nitroaniline 11 4 | 250 | 260 | 62 | | 270 | 260 | 180
Control - PGAA Spiked 0 100 | 190 | 170 | 220 - - - -
m-phenylenediamine ' 0.12 12 190 170 140 3 180 190 210
m-phenylenediamine 0.25 <1 | 170 | 150 | 48 <1 | 170 | 160 | 170
m-phenylenediamine 1.0 <1 72 22 13 <1 33 5 120
Control - CAA 0 79 210 210 | 7800 - - - -
m-phenylenediamine 0.13 2 200 170 | 6100 - - - -
m-phenylenediamine 0.33 <1 160 63 | 3700 - - - -
m-phenylenediamine 0.67 <1 1 <1 | 3100 - - - -
Control - PGAA Spiked 0 240 390 320 360 - - - -
p-phenylenediamine 0.10 73 | 370 | 330 | 250 | 22 | 400 | 380 | 240
p-phenylenediamine 0.41 <1 320 | 190 28 <1 330 | 250 -
p-phenylenediamine 0.81 <1 250 90 - <1 310 | 220 260
p-phenylenediamine 1.6 <1 160 35 - <1l 300 170 280

Example 4: Screening Tests Exploring the Effect of Temperature on Aniline
Additio GAA Spiked with Impurities (23-25° C and 60° C

In Example 4, the general procedure described previously for the
screening tests was employed, except that (i) the amine employed was aniline,
(ii) the test was conducted at either 23-25° C or 60° C, and (ii) the aliquots
containing the amine were analyzed only once, after 30 min. The results are



- and anhydride analytical results were conbined because the anal ytical

met hod converted any anhydride into the acid; thus, results for nmaleic acid
and anhydride are reported as "mal ei ¢ aci d/ anhydride."” (Wen nmaleic

aci d/ anhydride is reported for the distillate, it is nost |ikely present as
mal ei ¢ anhydri de because it is known from vapor pressure data that '
negligi ble mal eic 12 acid distills ovg head in a colum where acrylic
acid is distilled overhead.) Were anm nes-were added to CAA or other AA
sources, the anpunt added was expressed as a nolar ratio of the amne to

the tot aI nmol es of _acrqlein, .benzal dehyd furfural ei c
aci d/ anhydr igivenimTable 4l the; datarshowing fate ﬁgrﬁﬂ‘ﬂﬂpntq;r{ﬁﬁmwppﬂﬁn*seed
streamis a‘WﬁHmﬁlﬁtéiﬁé fifintitee, it ddscéndihg @idepwan| aroleims makeic | | at e

I t th fy t
Snpl s t akamNgdridnT BIEH >Hroranyde! ﬁ%&?fé@é‘fgﬁo@sﬁé E@%h%@% 2?ounded
off to two {Egndfforzéﬂ?thI-Etgmw,ﬁ(ﬁﬂééhbagzaldehpi madeipy addi ng

i ndi cated | I f

been opi ked ATVRERle RS %‘#%?&%@gm : p% 19*’ ‘qfaﬂgﬁ“n Py

t he Exanpl esalsmtntheead’vanm s (previqusly 3 her{eyperafares,|
Tables | - ; t%%@oeldovcbﬁ@iﬁbfé@fa&iﬁheﬁuaaﬁ{g?crprmer@Aﬂmm de

are denot ed e syrrbo1 S and respectively, and results are in
ppm ) The alSO4§#iéRs contai ning the am ne were

Table III
Screening Tests Showing the Effect of Temperature on Removal of Aldehydes
by Aniline in Spiked PGAA

Additive Amine A B F M
Molar
Ratio
23-25°C
Control - Spiked PGAA | 0 130 | 210 | 170 | 190
Aniline 02 | 14 | 190 | 170 | 87
Aniline 046 | <« | 150 | 120 | 25
Aniline 068 | <« | 140 | a1 20
Aniline 093 | « | 120 | m 32
Aniline 18 < 88 50 36
60°C
Control - Spiked PGAA | 0 170 | 190 | 240 | 210
Aniline 038 | <« | 190 | 230 | 130
Aniline 046 | <« | 180 | 210 | 110
Aniline 068 | <1 | 180 | 200 | 120
Aniline 092 | « | 180 | 180 | 80




stirred for thirty minutes at [err] C and then inmrediately anal yzed. After
about five days at [err], the aliquots containing am ne were reanal yzed.
Control sanples are those spi ked sanples into which no am ne was added. The
following criteria for the screening tests were used to estimate which

am nes woul d be useful as either Goup A or Goup B amnes in the
invention. An amine was judged to be a uggful Goup A amne if it reduced
acrolein to <10 ppmat a nolar ratio of amne of up to 2. The am ne was
judged particularly effective if acrolein reduction occurred within 30

m nutes. For an amne to be useful as a Goup A amne, it did not need to
reduce the | evel s of benzal dehyde and/or furfural An am ne was judged to

be a useful Ex A D Hig p(Myvdrate and 24-Iinitior 30
mnutes in the | e of | r ] of amne of less than
1.0, and (ii BLazt kéd fmpihits th furfural (at an amine

mol ar ratio of | dﬂs‘ixmleﬁ, the genieral ;geqedeneeifsclab%?rmy@ord@\fs, | ess

t han 70% of tad@n @gg{ﬁg e 1:
Preparation g%ﬁ\ﬁ%gx&%@d% %aﬂ;%i:]y éé)gh gr u m ne is nPD
A 2.54 cm (oan;lméﬁylvaﬂiv?sfé@?fﬁﬁ W&B#’éﬁ' %ﬂ’f’aﬁ Qgh%}’ Steam
heat ed rebmﬂlfd Kevyrlh iewee difectipensGroupiAaminés; tven
benzal dehyde, 240 P m f urf ur 200 pm.mal ei ¢ aci d/ anhydri de, was
preheat ed bylaHgs P('J\?rbthn @ REH8ET . Aniline was added (0.5

mol ar ratio) to the f|OWI ng preheated CAA and the fl ow ng CAA feed stream

was mai ntained at the desi red t enper at lf’aﬁléjWI ng feeding to the "pot,"
i.e., the vessel

Effect of Hydrazme Derivatives on Aldehyde Removal in Spiked PGAA

Amine After Thirty Minutes After About Five Days
Additive Molar A B F M A B F M

Ratio
Control - PGAA Spiked 0 210 | 320 | 310 | 320 - - - -
Hydrazine Hydrate (55%) 0.54 11 300 | 280 90 <1 340 | 360 | 250
Hydrazine Hydrate (55%) 11 <1 | 260 | 20| 27 | <1 | 330 | 330 | 260
Control - PGAA Spiked 0 210 290 260 370 - - - -
24-Dinitrophenylhydrazine 0.11 110 250 220 350 100 250 230 170
2,4-Dinitrophenylhydrazine 0.48 <1 58 78 280 1 35 55 160
2,4-Dinitrophenylhydrazine 0.96 <1 2 <1 64 <1 2 <1 53

Example 6: Screening Tests Adding Alkylenepolyamine or o-Amino Acid to
PGAA Spiked with Impurities

In Example 6, the general procedure described previously for the
screening tests was employed, except that the amines employed were either
alkylenepolyamines or o-amino acids. Here, glycine was added in aqueous
solution. The results are given in Table V.

Table V screening test data show that diethylenetriamine, glycine, lysine,
arginine and histidine were effective as Group A amines.



-13 at the bottom of the colum. The operating conditions for the colum
were: overhead pressure, about 35 mm Hg; CAA rate, about 211 gramn hour;
reflux ratio, about 1.6; percent of total feed removed as distillate, about
86% CAA feed streamtenperature, about [err] C, pot tenperature, about
[err] C, and overhead tenperature, about [err] C. For polynerization

i nhibition, the followng inhibitor |evelygn were fed based on the CAA rate:
about 0.5 wt%air to the reboiler, about 0.1 wt% MeHQ to the condenser,
about 0.03 W % PTZ and about 0.06 wt% HQ to tray 11 (nunbered bottomto
top). Concurrently, nPD was added (0.08 nolar ratio) at tray fifteen, the
top of the colum. At steady conditions over a period of seven hours, the
distillate of PGAA consistently cont ai ﬂhbl&Vl ppm each of acrolein,

et ther i oni gkl Alkyfiap PIaUIRbAl S Redhs 407 bR ANERYBE RBiFV, "1 °

the pot, nor were there any pol ynerino$pikedd Gédh ds problenms in the col um.
Exanpl e 2: Preparation of PGAA where G oup A Amine is Hydra2| ne Hydrate and
G oup B Amine TS5 MPD The CopdiTIgns Of _Exanpi e I werg repeated—except—tigt
(i) hydragine hydrate was fp&™s |t he After Thidy ¢Sar at | dfferibouteFive [eys
aniline, [ii) nmAadiRe2 nol ar Mdfgrl P | eyen, gnd (giif) I&he
CAA cont al ned 91 ppm acrol e . ppn benzal deky 250 FpmerfurcLI nd
6100 ppm peleic-aci-dlanhydr ,' - 5 di yer 1a pedi od df tvg
hours, t healliiedd Potybnedf PGAA confsi stently
Control - PGAA Spiked 0 210 | 290 | 250 | 300 - - - -
Diethylenetriamine 0.12 76 290 240 280 40 300 240 190
Diethylenetriamine 0.51 30 280 220 190 <1 300 220 62
-Amino Acid
Control - PGAA Spiked 0 210 290 250 300 - - - -
Glycine (in H20) 0.37 92 300 250 220 25 280 200 270
Glycine (in HyO) 0.74 88 300 250 200 3 240 160 250
Control - PGAA Spiked 0 200 290 360 310 - - - -
DL-Lysine 0.12 120 280 330 310 22 250 280 250
DIL-Lysine 0.44 47 270 330 290 <1 240 130 200
DL-Lysine 0.87 39 270 300 280 <1 180 10 160
Control - PGAA Spiked 0 240 270 330 320 - - - -
Arginine 0.46 87 280 330 250 <1 240 160 230
Histidine 0.45 62 260 310 320 <1 260 210 310




cc}ni—ai;ned—<—1—pp'm each of a bmwde, and furfural, and 2 ppm

cf | ei n
of mal ei c_acid/ anhydri de. Tjﬁﬂ ""jmmn problenms with solids formation -
in Fﬁmﬁ]ﬁ]ﬁﬁeq her e artyy (el Na r solids problenms in the
u I ;

solids were observed §n'the =St
ale ot interfere with continuoug| dp& SrEBHHA Arative
Exanple 1: CAA Distillation wi thout G oup,A or i REPAGEEDL on Chnpar ati ve
Exanpl e 1 enployed conditions simlar to“those déscribed i n Exanple 1,
except that (i) no Goup A amine was fed to the pot, (ii) no Goup B am ne
was fed to the colum, and (iii) the CAA contained 66 ppm acrolein, 230 ppm
benzal dehydeZlagd® ppm furfural, and 6600 ppm nmal ei ¢ aci d/ anhydri de. At
steady conditions over a period of eighteen hours, the distillate

consi stently contlai ned\ déntimuowcpracessifor Prauning azaird ghydieacrylic poid
furfural, and 70 ppm of mal eic acid/ anhydride. There were neither problens
wi th solids (PGAwY), which comprisesthe dtepssf: t 0 t he pot or in the pot, nor were
there any polyner or other solids 14 problens in the colum, but wthout
any ani ne addi ti @), feedingl at@temperatunewfifrom greater thandd5Snip toat09° Gato axceed
those required for -PGAA. Conparative Exanple 2: CAA Distillation where
Goup A Ani rstistiliation ealugitand with No Group B Anine Addition

col \ Feam e, but at

® a crude acrylic acid feed stream comprising a crude
acrylic acid; and
(ii) at least a minimum effective level of from 0.1 to 2.0 molar ratio,
based on total moles of aldehydes and maleic acid and maleic anhydride in the
crude acrylic acid, of one or more of a Group A amine selected from the group
consisting of:

i) a primary arylamine of structure (I),

NH,

X1, X2
o

wherein X1 and X2 are selected from the group consisting of H,
NR3, OR, Cl, and R, wherein R is selected from H and C;j - Cg
alkyl;

if) a hydrazine, optionally its hydrate, of structure
R2 - NH-NHp, wherein R? is selected from H, phenyl,
4-nitrophenyl, and 2,4-dinitrophenyl;



a peri s, the distillate consistently c
acrol al dehyde, 46 ppmfurfural, and 58 ppm ef:f 114

aci d/ anhydride. There were neither probl&js mnth solla‘"FGFnaLkeﬂ—Ln_the
feed lines to the pot or in the pot, nor were there any pol ymer or ot her
solids problems in the colum. Thus, although aniline fed to the pot
sufficiently reduced acrol gin not.,sufficiently r ce furfural to
provi de a satisfactory P k Cﬂﬂ%%ﬂgﬁi nFRo E?§H8F8f§&u€%ﬁp tillation where
Goup A Anine is Aniline and CAA Feed Streamis at [err] Conparative
Exanpl e 3 enpl oyed conditions simlar Ho those described in Exanple 1,
except that (i) aniline was fed to theLpot (0.6 nolar ratio), (ii) no Goup
B amne was fed to the col um, (|||) t he CAA4conta|ned 91 ppm acrol ein, 210
ppm benzal dehyde, 250 ppn1furfur£l“adﬂ BTO0B pp(m)=l ei ¢ aci d/ anhydri de, and
(iv) the CAA feed streamto the colum was maintained at [err] C. Under
these conditions, the CAA feed line was plugged with solids after 4 hrs,

forcing colum shut do%eﬁ lsélgé w&llﬁ Iftedchpﬁrlg gaﬁﬁgﬁ gscopy

as N phenyl nal eam ¢ aci e reac Ion pro

anhydri de. Conparati vR4@<§qP@6éouﬁ§§%1%§{e g} gtion Wthout Goup A Am ne

and where G oup B Amne 1s anpl e 4 enpl oyed condi tions

simlar to those describediy)n ExfgRimiinb acik s&8éted Fit): @u;_gﬂﬁ, oup A am ne
was fed to the pot, (ii) nPdl?) was fed a o FQ _

consisting of structure ITI

éonpa%mre"*z;enpl oy . "y |l ar to those described in
Ex 1, except that (i) aﬁnlﬁmﬂmm%mﬁthe pot (0.6 nolar ratio),
and ﬁmﬁ‘ﬁﬁﬁlﬁ cetyi ne wa :

i

H )

wherein RO is selected from H, R, and R4 wherein R and R4 are as
previously defined; arginine, aspartic acid, glutamic acid, histidine,
and methionine;
wherein the crude acrylic acid feed stream and the Group A amine(s) are fed to
the distillation column as a single stream or as separate streams;

b) concurrently feeding to an upper portion of the distillation column an
amine feed stream comprising at least a minimum effective level of from 0.01 to
1.0 molar ratio, based on total moles of aldehydes and maleic acid and maleic
anhydride in the crude acrylic acid, of one or more of a Group B amine selected
from the group consisting of 0 -, m -, p - phenylenediamine, 4-nitrophenyl-
hydrazine, and 2,4-dinitrophenylhydrazine; and



to tJje ¥ele 05 rml ar rati 1 he CAA contained 69 ppm acrol ei n,
230 ppm benzal deh 9 270 mg lﬂ ,L&Jl 8100 ppm nel ei ¢ aci d/ anhydri de

andthib ed stre was nai nt ai ned_a s At
t hes mﬁ \ he col um suffer ed from heavy po 'lr QQT‘PW%E@{)I i ds
forma 30 minutes was forced to shut dg Ef

di sti just prior to shut down, co i ned 63 ppm_acret-e =

benzal dehyde, 4 ppm furfural, and 2 ppmnal ei ¢ aci d/ anhydri de. Thus,
feeding amne to the upper portion of the colum al one was not satisfactory
for PGAA production because of polynmer and other solids formation in the

col um preventing fractiomallydistiflingothe@tudd h@rylic acicl feed biregt thicuglotiayy
pol ymer and other solids formation occured in the colum when no G oup A

am ne was f distillatioh eoltvvin idistillingroffi PGA /e hiavingeresidih] irndividual pidehyeter t i on
of the colum. Conparative Exanple 5: Screening Tests Adding Primary

Al kyl ami ne contPrilessthand® ppmh | npurities In Conparative Exanple 5, the
general procedure described previously for screenlng tests was enployed
except that2the AnPIROSSEAT mm\@mﬁrwh@ﬁy\ egrrdapaic aricbfeed streatn ar e

21 Ky an ne<and R G A BTITRIIASP fed B e WALl 2 A Srgle Isg;i{amsat\ (or
EATEA - KN R E N R S A
of from 40° to 80° C.
3. A continuous process for producing a pure grade acrylic acid (PGAA),
which comprises the steps of:
a) feeding, at a temperature of from greatér than 25° up to 100° C,to a first
distillation column:
(i)  anacrylic acid source feed stream comprising an acrylic
acid source selected from the group consisting of an aqueous
acrylic acid solution and an acrylic acid extract; and
(i) atleasta mirﬁmum effective level of from 0.1 to 2.0 molar
ratio, based on total moles of aldehydes and maleic acid and
maleic anhydride in the acrylic acid source, of one or more
of a Group A amine selected from the group consisting of:

i) a primary arylamine of structure (I),

NH,

X1, X2
M



Al kyl am nes on

PGAA Tabl e I Screening Te Effect | :
Al deinystie FaBeshdeplaced Spi kedjwm'm J!i ter TRy = M- BT,
Abou ditive A f-,_-_";_--;. P M
Rat i gﬂwﬂmﬂm Spiked 0 170 320 300 : 3 ;
0 46 110 320 290 280 54 310 290 2'90

n- But yl am ne 79 300 280 94260 23 300 280 250 Control
- PGAA Spiked O 210 290 260 370 Tert-octylam ne 0. 47 190 280
270 360 110 270 240 340 Tert-octylam ne 0.93 200 280 240 350

87 250 240 340 Exanple 3: Screening Tests Adding Primary Arylam ne to
PGAA Spi ked wi th | npuwhereirs Xy andA¥p arersélectedromrothe ghoup lconsisinglofSH, ut i on | n
Exanpl e 3, the general procedure described previously for screening tests
was enpl oyed, except NRatORi§l,and RewhereineRqis selectedvénom bt amdi Gy eCy ani nes
and (ii) the am ne was, added to aliquots of either stock PGAA spiked with
I mpurities, or to carlkyl to aqueous acrylic acid solution. These sources

of AA were used containing.the p | evel s of acrol ein, benzal dehyde,
furfural and 1)  ahydrazine, optionally its hydrate, of structure

R2 - NH-NHp, wherein R is selected from H, phenyl,
4-nitrophenyl, and 2,4-dinitrophenyl;

iii)  an alkylenepolyamine of structure (II)

H

R®*— N — Rr? ()

wherein R3 is selected from Hand a C; - Cg alkyleneamine, and
R4isaCy-Cs alkyleneamine; and
iv)  an o-amino acid selected from the group

consisting of structure Il

H (1)

wherein R is selected from H, R, and R4 wherein R and R4 are as
previously defined; arginine, aspartic acid, glutamic acid, histidine,
and methionine;

wherein the acrylic acid source feed stream and the Group A amine(s) are fed to

the first distillation column as a single stream or as separate streams;



16_traJ-e|—e—acfrrd7‘*JrﬂT‘Eﬁ de in The aqueous acrylic acid
sol uti on contai ned about 3 E “EH ﬁ mn the previ ousl y descri bed

cri s e Repracler eeni aﬂa show t hat the-fellewng—prm =Ty
aryl ective as Group A amnes: anili I ne,
p- ph 1, 5-di am nonapht hal ene, p- ami |

p- met hoxyani | i ne, p-chloroaniline, o-nethkygl aniline=m—methylaniTine,
p-nmethylaniline and p-nitroaniline. In addition, Table Il shows that
m phenyl enedi ami ne is an outstandi ng G oup B am ne; p-phenyl enedi anm ne al so
was a useful Group B amne. Table Il Screening Tests Showi ng the Effect of
Primary Aryl ani ndy dehyilrdtihgdke Renyliv atid soufips feed si€de toPavide alpweous
Acrylic Acid Sol ution Am ne After Thirty M nutes After About

Fi ve Days Adstroleirecrude acrylld\adéhavmg an acroleuBcorﬁent less than|10 ppma B

F M Control - PGAA Spi ked 300 350 310

p- Ami nophenol ) ophonallyoim@lhng qff)acehcgg@i frogvtl)le lomroleugg'ude arylic 400
310 p- Ami nophenol 330 <1 290
360 290 acidripradden low acrolem crudg aggrhc ac@havmgmreduggbacehqpad <1
290 370 280 Control - PGAA Spi ked 0 130 210 170 190
Ani | i ne level; 0.22 14 190 170 87 <1 180 160
190 Aniline <1 170

0
150 210 Anil i rfd subsequently feeding to ‘béﬁgl dﬁ%ﬁimn C‘?2L1 91 20 <1
180 150 210

i. the low acrolein crude acrylic acid, and
ii. concﬁrren_tly, to an upper portion of the final distillation
column, an amine feed stream comprising at least a minimum ef_fective level of
from 0.01 to 1.0 molar ratio, based on total moles of éldehydes and maleic acid
and maleic anhydride in the low acrolein crude acrylic acid, of one or more of a
Group B amine selected from the group consisting of 0 -, m -, p --
‘phenylenediamine, 4-nitrophenylhydrazine, and 2,4-dinitrophenylhydrazine;
and |

e) fractionally distilling the low acrolein crude acrylic acid through the
final distillation column, distilling off PGAA having a residual individual
aldehyde content less than 10 ppm.
4, A process as claimed in claim 3, wherein the acrylic acid source feed
stream and the Group A amine(s) are fed to the first distillation column as a
single stream at a temperature of from greater than 25° up to 100°C, preferably at
a temperature of from 40;’ to 80° C.
5. A continuous process for producing a pure grade acrylic acid (PGAA),
which comprises the steps of:

a) feeding, at a temperature of from greater than 25° up to 100° C, to an
acetic acid distillation column:

(i) afeed stream comprising a high acetic acid-containing crude
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0. 46 3 120 94 4600 <1 100 86 5000 Control - PGAA
Spi ked 0 - 210 290 370 300 p-Chloroarniline 0.12

62 300 370 ii)atQeast a 2inimuiiV&ffecti@Uevel of Hbr 0ho@.0 atolar fiftio, based

0. 47 <1 280 320 59 <1 290 350 270 p-Chl oroaniline
0.99 <1 on @24l molegof aldebydes ard maleiz®2id atd Gnaleic ariblydridirinithe

Spi ked 0 220 270 330 310 1, 5- Di am nonapht hal ene 0.12

35 250  =etc acids®ntaining crudegryliczidd, of @mrimerapiaGronp ghaminene

0. 47 <1 170 140 120 <1 270 310 140

1, 5- Di ani norfglestaskiremethe grouponsisting of: 200 160 120 <1 270 300

120 17 Table I (CQ;‘ltI nued Contr(i - PGAA Spi ke(d 0 210 290
370 300 ary arylamine of structure 1),

NH,

X1, X2
@

wherein X1 and X2 are selected from the group consisting of H,
NR3, OR, C], and R, wherein R is selected from H and C; - Cg
alkyl;

ii)  ahydrazine, optionally its hydrate, of structure
R2 - NH-NH3, wherein R? is selected from H, phenyl,
4-nitrophenyl, and 24-dinitrophenyl;

iii)  an alkylenepolyamine of structure (II)

H

R®— N — R* (M)

wherein R3 is selected from Hand a Cj - Cg alkyleneamine, and
R4isaC;-Cg alkyleneamine; and
iv)  an a-amino acid selected from the group

consisting of structure III



thoxyan 200 32 300

-zsgm &* Ne e lllllumllllllllﬂlilllllu JJ"“ At 4

300 Control - P Sp| ked hg:;fi%m 3‘3‘87@ A 430

300 o anlllne 0.4 5 350 ) ey : 340
370 290 o- Met hyl ani |'i ne 0. <1 300 290 2 <1
320 350 240 Control - PGAA Spi ked 0 200 340 280 380
m Met hyl ani | i ne 0. 10 59 340 280 270 30 300

250 370 m Met hyl ani li ne p@§44 <1 310 250 140 <1
320 260 350 m Met hyl ani |i ne 0.91 <1 250 170 130
<1 300 220 370 Control - PG*A Spi ked 0 97 310 280
340 p- Methyl aniline 0.83—c —2@021.1 300 270 310 38 320
300 330 p-Methyl aniline ' <1 280 220 280 <1
300 270 320 p- Methyl aniline 1.0 <1 260 180

300 <1 310 280 370 ContrBl - PGAA ggi)ked 0 130 300
300 310 p-Nitroaniline 0.14 ' 270 280 270

270 270 300 p-Nitroaniline 0.54 4 260 270 110

2 a1 2$§° | s efReibin ROk From b1 R, el R4 whereig R dnd R4z as 1580
170 220

180 100 | 210" m e*r’lf)?] eﬁp%?ﬁé‘nﬁdhgré]“ﬁ‘% asﬂi"éé acid, éﬂ%”“&%‘% h‘s'?‘ég‘tf’

<1 170 160 ]a}@ﬂibﬁﬁﬁﬂ%l'eened' am ne <1

13 <1 33 Control - CAA 0 79
210 210 whéféilthe feed stream and the Group A amine(s) are fed to the acetic acid

distillation column as a single stream or as separate streams;

b) distilling off acetic acid from the feed stream to provide a low acrolein
crude acrylic acid having an acetic acid content less than 2,000 ppm and an
acrolein content less than 10 ppm;

c) subsequently feeding to a final distillation column:

i. the low acrolein crude acrylic acid, and

ii. concurrently, to an upper portion of the final distillation
column, an amine feed stream comprising at least a minimum effective level of
from 0.01 to 1.0 molar ratio, based on total moles of aldehydes and maleic acid
and maleic anhydride in the low acrolein crude acrylic acid, of one or more of a
Group B amine selected from the group consisting of 0-, m -, p -
phenylenediamine, 4-nitrophenylhydrazine, and 2,4-dinitrophenylhydrazine;
and

d) fractionally distilling the low acrolein crude acrylic acid through the
final distillation column, distilling off PGAA having a residual individual
aldehyde content less than 10 ppm.
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170 280 Exanple 4: Screening Tests Exploring the Effect of Tenperature
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Exampl e 4, the general cedure descri bed preV|oust for the screening
tests was e@ﬁ})‘mﬁi 2 gﬁ)ﬁ"ec%&tmﬁ m@uﬁﬁn@w#@@%ampfﬁ@m(u)

A AL R L AR LA snge%n om AR 8BS ar e
commonent s i th AnPRIEEs 3 cEpnel AT EY B cbee 3 o rovB #gea’é%t'aiﬁ‘ﬁﬁést "
thd h? AR ?s??Yﬁds#‘%?f% ‘%#}f#%ﬁ’l“’[ & 2% %&éﬁﬁwﬁﬁe p&??fig' tty

[err] Cvmy?ﬁy?%e san}gdl eve |ne Hﬂ:ﬁ\é %ﬁ{éaﬁa%&h&%ﬁe

A process as claxmed in claun 7, wherein the Group A amine(s) is/are

selected from aniline, o - methylaniline, hydrazine, and hydrazine hydrate, and
preferably the Group A amine is aniline.

9, A process as claimed in any of claims 1,3 or 5, wherein the Group B
amine(s) is/are selected from m -phenylenediamine, 4-nitrophenylhydrazine
and 2 4-dinitrophenylhydrazine, and pfeferably the Group B amine is m-
phenylenediamine. %

10. A process as claimed in any of claims 2, 4 or 6, wherein the Group A
amine(s) is/are selected from aniline,0 - ,m -, p - methylaniline, hydrazine,
hydrazine hydrate, diethylenetriamine, glycine, lysine, and methionine.

11. A process as claimed in claim 10, wherein the Group A amine(s) is/are
selected from aniline, 0 - methylaniline, hydrazine, and hydrazine hydrate, and
preferably the Group A amine is aniline.

12 A process as claimed in any of claims 2, 4 or 6, wherein the Group B
amine(s) is/are selected from m -phenylenediamine, 4-nitrophenylhydrazine
and 24-dinitrophenylhydrazine, and preferably the Group B amine is m-

phenylenediamine.



al so to the -advant age of |ess solids (previously discussed), higher
‘tenperatures, such as 50 - [err] are preferred when adding G oup A amne to

CAA or an AA source. Table IIl Screening Tests Showi ng the Effect of
Tenperature on Renoval of Al dehydes by Aniline in Spiked PGAA Additive
Am ne A B F M Mol ar Ratio [err] C Control - Spiked
PGAA O 130 210 170 190 Aniline 0.22
14 190 170 87 Aniline <1 150
120 25 Aniline 0. 68 <1l 91 20
Ani line 0.93 <1 120 32 Aniline

1.8 <1 88 50 36 Control - Spiked PGAA 170
190 240 210 Aniline ' 0. 38 190 230
130 Aniline 0. 4ABSTRAGQT 180 110 Aniline
0. 68 <1 180 200 120 Aniline 0.92 <1
180 180 80

PROCESS FOR PURE GRADE ACRYLIC ACID

The present invention provides a continuous process for producing a pure
grade of acrylic acid having residual aldehyde levels under 10 parts per million.
The process applies two selected groups of amines at different points of the

continuous process.



19 Exanple 5: Screening Tests Adding Hydrazi ne Hydrate and 2,4-Dinitro-
pb;’gnyl'hydrazi ne to PGAA Spiked with Inpurities In Exanple 5, the general
procedur e desGgd i )r the screening tests was enpl oyed, except
that the am ndf RERRROFEENIEHES ydr azi ne and its derivatives. The results
given in Tabld} |V show {aug8ft hithydr azi ne $ubstitute aheet - 25 July 1996
2,4-dinitroph )Datg‘/:ar& wre-were: d@if fectjve as Goup A amnes; the Tatter

am ne was an OWFST P am ne. Table IV Effect of Hydrazine
Derivatives on Al dehyde Renoval in Spi ked PGAA Am ne After M nut es

e o ot il e s

250 byar e e s iR, rieic allrioc i pjghtl boiink ompdhy gy

260 Cont r atrephiialid\adiflj kext the botfom of the?2dddumn?” Concuztbfitly wtii@he distillation of the
2, 4- Di ni trophenyl hydr azi ne 0.11 110 250 220 350 100 250
230 170 CA4 fexdrstieamp B aining feed siream of ope gpmore amine frogp anothgmselecpesigroup 1

35 55 Az DI it h l, hyd ' 96 le e 1 64

S 5 of el Gl P RRSEINNA N G RA B8 on oty e i SpBPYAL AFASY o

a- Am no  AgkflainthgPfebfiual visRtlle\aldéhyde® Updrtit@igrly furfural, and maleic anhydride. The
resulting distillate, which may include polymerization stabilizers, is PGAA.

More specifically, there is provided a continuous process for producing a pure grade
acrylic acid (PGAA), comprising the steps of:
a) feeding to a distallation column a crude acrylic acid feed stream, at a
temperature of from 25° to 100°C the feed stream comprising:
@ a crude acrylic acid feed; and '
(ii) a minimum effective level of from 0.1 to 2.0 molar ratio, based
on total moles of aldehydes and maleic acid and maleic anhydride in
the crude acrylic acid, of at least one of a Group A amine selected
from the group consisting of:

i) a primary arylamine of structure (1),

NH,

X1, X2
M
whereiﬁ X, and X, are selected from the group consisting of H, NR;, OR, Cl,
and R, wherein R is selected from H and C,-C, alkyl;

ii) a hydrazine, optionally its hydrate, of structure R>-NH-NH,,
. wherein R? is selected from H, phenyl, 4-nitrophenyl, and 2,4-dinitrophenyl;



tésts was enpl oyed, emmptéHMENT SHEERN| nes enpl oyed were either
al kyl enepol yam nes @r a- an'nd'tacld$6. Here, gl ycine was added in aqueous
sol ution. The resul {|spase..gi.ven..i.n.Table V. Table V screening test data

| n Exahpl e 6, the geperalt—pracedure daicri bed previously for the screening
show t hat di et hyl enetr—amrer—gty<i e | ysi sﬂﬁﬂbrg %ta.-nish.ij if’é wer e

ef fective as G oup A am nes. 20 Table V es

and a- Anino Acids on Al dehyde Renpval -$n Spi ked PGAA Anmi ne After

Thirty M nutes After About Five Additive Mol ar A B

F M A B F M Rati o Al kl yl ene= Pol yam nes Control -
. PGAA Spi keiii)  amalkylenepoBhéhine @O&ructidd@QI) 300 Di et hyl enetri ani ne

0.12 76 290 240 280 40 00 240 190 :

Di et hyl enetri am ne 0.51 30 80 220 190 <1 300

220 62 [err]-Am no , Acids Control - PGEAA Spi ked 0 210 290

250 300 Aycine (in [err]) R3_Q. 7 __ -R492 300 250 220 . 25

280 200 270 (In)

wherein R® is selected from H and a C, - C, alkyleneamine, and R* is a C, - C;
alkyleneamine; and

iv)  an &-amino acid selected from the group consisting of
structure IIT |

NH,

l
R°—C —CO,H
|

H (111)

wherein R® is selected from H, R, and R* wherein R and R* are as previously

defined; arginine, aspartic acid, glutamic acid, histidine, and methionine;

b) concurrently feeding to an upper 30% portion of the distillation column, above
the crude acrylic acid feed stream, an amine feed stream comprising a minimum effective
level of from 0.01 to 1.0 molar ratio, based on total moles of aldehydes and maleic acid and
maleic anhydride in the crude acrylic acid, of at least one of é. Group B amine selected from
the group consisting of o -, m -, p - phenylenediamine, 4-nitrophenly-hydrazine, and 2,4-
dinitrophenylhydrazine; and

c) factionally distilling the crude acrylic acid feed stream through the distillation
column, distilling off PGAA having a residual individual aldehyde content less than 10 ppm.

The continuous process also may be carried out by adding the amine from Group A
to a preliminary column used in preparing CAA, e.g., the azeotropic distillation column or
an acetic acid removal column. The resulting CAA is fed to the final distillation column
while concurrently feeding amine from Group B to the upper portion of this final distillation
column and distilling off PGAA. |



Aycine (in [err]) 0.74 88 300 250 200 3 240

160 250 Control - PGAA Spiked 0 - 200 290 360 310
DL- Lysi ne . o2 120 280 330 310 22 250
280 250 Di- RERIA{EEMENT SHEET 0. 44 47 270 330 290 <1

240 30 || 200 RLsLysi 280
<41 iso R@e ?ﬁéﬁﬁéﬁﬁﬁﬁm - PGAA Spi JSL@S%?"teQSHéa' 25/2%'9"’ 1§§§ 330
B

320 Arginine .46 -8-87 280 330 250 <1 240

160 230 Histidine 0. 45 62 . 260 310 320 <1
260 210 310 REPLACEMENT SHEET -21 = - Cains: 1. A conti nuous
process for producing a pure grade acrylic acid (PGAA), conprising the
steps of: a) feeding to a distillation colunmm a crude_acrylic acid feed

stream oS descuhpdabevs aroraried lm_uf-e i advaniagergf adding tbé_e@@préa@ﬁine to an
(ovel o FibAA s8ubblof sRtiel i faf i SRty dobs aof RELHELE: SIS o
mal ei ¢ a%ﬁ;&m fBFth Sthfis A WAtingl the GrédgeA QAL S Yé’abﬁo@?ﬁiﬂ(mé)l&ic%h&&?&é one

of a G oup am ne selected fromthe group consisting of: (i a primary

aryl am ne of sThuscthemeds @lsp provided a continuous process for producing a pure grade acrylic
acid (PGAA), comprising the steps of: |

a) feeding to a first distillation column an acrylic acid source feed stream, at a
temperature of from 25° to 100°C, the source feed stream comprising: (i) an acrylic acid
selected from the group cobsisting of an aqueous acrylic acid solution and an acrylic acid |
extract, the acrylic acid source optionally containing acetic acid; (ii) a minimum effective
level of from 0.1 to 2.0 molar ratio, based on total moles of aldehydes and maleic acid and
maleic anhydride in-the acrylic acid source, of at least one of a Group A amine selected from
j:he same group A amines described in the préceding a) ii section; b) dehydrating the acrylic
acid source feed stream to provide a low acrolein crude acrylic acid having an acrolein
content less than 10 ppm; c) optionally distilling off acetic acid from the low acrolein crude
acrylic acid to provide a low acrolein crude acrylic acid having a reduced acetic acid level;
d) subsequently feeding to a final distillatioﬁ column i. the low acrolein crude acrylic acid
having an acrolein content of less than 10 ppm, and ii. concurrently, to an upper po:;ion of
the final distillation column above the low acrolein crude acrylic acid feed, an aminé féed
stream comprising a minimum effective level of from 0.01 to 1.0 molar ratio, based on total
moles of aldehydes and maleic acid and maleic anhydride in the low acrolein crude acrylic
acid, of at least one of a Group B amine selected from the group consisting of 0 -, m-, p -
phenlenediamine, 4-nitro-phenylhydrazine, and 2,4-dinitrophenylhydrazine; and )
fractionally distilling the low acrolein crude acrylic acid through the final distillation column,
distilling off PGAA having a residual individual aldehyde content less than 10 ppm.

Another embodiment of the invention utilizing the saine amine groups in similar -
manner is the addition of one or more amine of Group A to CAA having a high (>2,000
ppm) level of acetic acid. This high acetic acid-containing CAA feed stream may be fed to
an acetic acid distillation column, that is, a distillation column used for effectively

reducing, by its distillation, acetic acid from the CAA. Distillation of the Group A-treated



NH2 [err] wherein [err] and [err] are selected fromthe group consisting of
[eérr] OR J[err] and R _wherein Ris selected fromH and [err] alkyl; (ii)

a hydrazine, optfl erah by lis, ] g, of structure [err] [err] wherein [err]
is selected fronf H Eiﬁéh‘kﬁ%iﬁﬁfh 11r@gphenyl, and 2,4- dinitrophenyl; iii)
an al kyl enepol yaippg, .o BtdlllctldB8 (1) H [ esubstitute 3Reet W28 SUy F89

= o Iy r9965
selected fromH err] " alkylefjeand ne, -ant—fer+—+s—a—terrf—

al kyl eneam ne; and iv) an [err]-am"Ao acid sel ected fromthe group
consisting of structure IIl [err] wherein [err] is selected formH R and
[err] wherein R and R4 are as previously defined; arginine, aspartic acid,
gl utam ¢ GAA yiekdssa low acroleim@lsoatow o acetic lapid) €A I(ghﬂ GyoupeA @mige ean an
upper 30% partion of the disti|lation colunn, above the, crude.acryld,c, acid
R0 str o b o enioees Mo FIRqvRbe g Ao s ePgte st ani bigh deri Ay Cth B

fed to the column). Subsequently, the low acrolein CAA is fed to a final distillation column,
i.e.a high purity acrylic acid distillation column, where the final distillation steps, previously

described, are carried out.

Thus, there is additionally provided a continuous process for producing a pure grade
acrylic acid (PGAA), comprising the steps of: a) feeding to an acetic acid distillation column
a feed stream, at a temperature of from 25° to 100°C, the feed stream comprising (i) a high
acetic acid-containing crude acrylic acid having greater than 2,000 ppm of acetic acid, and
(ii) a minimum effective level of from 0.1 to 2.0 molar ratio, based on total moles of
aldehydes and maleic acid and maleic anhydride in the high acetic acid-containing crude
acrylic acid, of at least one of a Group A amine selected from the same group A amines
described in the pfeceding a) ii section; b) distilling off acetic acid from the feed stream to
provide a low acrolein, crude acrylic acid having an acetic acid content less than 2,000 ppm
-and an acrolein content < 10 ppm; c) subsequently feeding to a final distillation column i.
the low acrolein crude acrylic acid having an acetic acid content less than 2,000 ppm and an
acrolein content less than 10 ppm and ii. concurrently, to an upper portion of the final
distillation column above the low acrolein crude acrylic acid feed, an amine feed stream
comprising a minimum effective level of from 0.01 to 1.0 molar ratio, based on total moles
of aldehydes and maleic acid and maleic anhydride in the low acrolein crude acrylic acid, of
at least one of a Group B amine selected from the group consisting of o=, m -, p -
phenylenediamine, 4-nin'015henylhydrazine, and 2,4-dinitrophenylhydrazine; and d)
fractionally distilling the low acrolein crude acrylic acid through the final distillation column,
distilling off PGAA having a residual individual aldehyde content less than 10 ppm.

~ An advantage of these approaches using, for example, either aqueous sources of AA
or high acetic acid-containing CAA, is that acrolein and other light aldehydes are removed
early in the AA purification process, with the added bepefit of reducing the tendency for the
AA to polymerize while being purified, thus allowing a reduction in polymerization inhibitor
level during further processing. Thus,- Group A can be used effectively in partially purifying
acrylic acid in a continuous process step prior to feeding to the final factional distillation
column yielding PGAA and avoiding some of the tendency of aérylic acid to polymerize
while being purified. |
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distilling off PGAA B gual di vi dual al dehyde cont ent | ess than
10 ppm 2. A process as clained in Caim1 wherein the crude acrylic
acid feed streamis fed to the distillation colum at a tenperature of from
[err] to [€&laims: 3. A continuous process for producing a pure grade
acrylic acid (PGAA), conprising the steps of: a) feeding to a first
distillation colum an acrylic acid source feed stream at a -23 -

tenperature of fromihhs T&&SE I flc 5d '
an acryli c?am dhsource st ect eﬁmur%%ei grgﬁageco s?stl{iﬁg o% gan agdgelg%
acrylic acstepssef: uti on and an acrylic aci d ext ract, the acrylic acid source

optionally containing acetic acid, and a mnimmeffective | evel of
from0.1 to 2. 0%hol afeedingi o -2 yhistdlintion ¢ wh aosreds aeryhie sk, deesl sWenmnabiac

acid and R °§=ﬂfl§%ﬁ@ﬂf§%% fdbg(fi(i:ﬁey{‘eeﬁ sﬁ'&hﬂ cﬁ&l&ﬁﬁg of at |least one of a

Group A am n
@) a crude acrylic acid; and

(ii) a minimum effective level'of from 0.1 to 2.0 molar ratio; based on total
moles of aldehydes and maleic acid and maleic anhydride in the crude acrylic acid, of at least
one of a Group A amine selected from the group consisting of: '

| (i) - aprimary arylamine of structure (I),

NH,

X1, X2

_- Mm
wherein X, and X, are selected from the group consisting of H, NR,,
OR, Cl and R, wherein R is selected from H and C;-C; alkyl;

(ii)  ahydrazine, optionally its hydrate, of structure R2-NH-
NH,, wherein R? is selected from H, phenyl, 4-nitrophenyl, and 2,4-

dinitrophenyl;

iii)  an alkylenepolyamine of structure (II)



[err], OR, O, an EEE?—‘Mﬁef‘%ﬁWﬁ FE' dbl ected fromH and [err] *al kyl t

a hydrazme opt| nallyzﬁtsy‘u%/qggﬁ or structure [err] wherein [err] is
sel ected fromH, phesyt < optie , ands!iblﬁl-tufg Ei‘éi‘opw”w" g an
al kyl enepol yam ne tef=structure (I1) -24 Lr-s
selected fromH and a [err] al kyl enea22re, and [err] is a [err]

al kyl eneam ne; and iv) an [err]-amne acid selected fromthe group
consisting of structure [err] wherein [err] is selected fromH R and
[err] wherein R and Jjbrah R &SelRERY rOHSHYnE a1, 1T allgletibdthine, ambRbistad C; aCjd,
glutam c acid, histidine, and nmethionine; b) dehydrating the acrylic acid
source feed stream talkkyleneaid®; and ow acrol ei n crude

g e :sﬁr@;tvezuv:sm A

iv)  an m-amino acid selected from the group consisting of

_structure III

NH
5—c—
R°—C —CO,H

H (1D

~ wherein R® is selected form H, R, and R* wherein R and R are as previously
defined; arginine, aspartic acid, glutamic acid, histidine, and methionine;

b) concurrently feeding to an upper 30% portion of the distillation column, above the
crude acrylic acid feed stream, an amine feed stream comprising a minimum effective level
of from 0.01 to 1.0 molar ratio, based on total moles of aldehydes and maleic acid and maleic
anhydride in the crude acrylic acid, of at least one of a Group B amine selected from the
group. comsisting of 0 -, m -, p - phenylenediamine, 4-nitrophenyl-hydrazine, and
2 4-dm1trophenylhydrazme and

c) fractionally distilling the crude acryhc acid feed stream, in the presence of the
amine feed stream, through the distillation column, distilling off PGAA having a residual

' individual aldehyde content less than 10 ppm.

2. A process as claimed in Claim 1 wherein the crude acrylic acid feed stream is fed to

the distillation column at a temperature of from 40° to 80°C.

3. A continuous process for producing a pure grade acrylic acid (PGAA), comprising the
steps of:

a) feeding to a first distillation column an acrylic acid source feed stream, at a
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4-ni trophenyl hydr a2| %Cﬁrlﬂagid% o0 B16dd frond ez céﬁb‘i’stm of 48 aquédus
fractionally dIStI|| ow acrofn:eln crude acry c acid t rough t he-
final distillation col um"acr;dlcsamdlsblungnaﬂdarPiémldmxd exjrast, rtbsacmrhc aciddourcgual
al dehyde content |less than 10 ppm ess, as claimed in claim 3,

wherein the acrylic acid opsiopdl ¢m@6§ﬁlﬁ ’f%ﬂtotheflrst
distillation colum @f a fcEpehal fogctf% lé&egrgf[ff‘d'xﬁ]o i% b%h})&&gm bdSed on

cont i nuous process 0 pl’OadUCI Ng a pure grade acrylic ac

conprising the steps of: (3l fﬂwldfgllddhydék adlabhileicakidlarmti mhleld adhydride id then a
feed stream at a tenperature of from
acrylic acid source, of at least one of a Group A aming selected from

the group consisting of:
i) a primary arylamine of structure (),

NH,

X1, X2
()

wherein X, and X, are selected from the group consisting of H, NR,, OR, Cl,
and R, wherein R is selected from H and C,-C, alkyl;
(i)  a hydrazine, optionally its hydrate, or structure R:-NH-NH,, .
wherein R? is selected from H, phenyl, 4-nitrophenyl, and 2,4-
dinitrophenyl; |

(iii)  an alkylenepolyamine of structure (II)



[err]-to [err], the feed streamcorrprlsmg (1) a high a
aci'd- cont ai ni ng C[“-U:d:e-——-d-tﬁ ving greater than 2 E mmmn m:lHlll

acid; and ii) e B || evel of fromO0.1 to
based on total nol es of %dﬂé%

mal ei ¢ acid and mal ei ¢ anhydride in
t he high acetic ag@idaieont.ai-ni-ng-Gku acryl s@.baﬁtuié s(p,fee@t_ anjmyor@g@f a
G oup A am ne sel

consi stimngof-—) o A
aryl amine of structure (1), NH2 [err}2fterein [err] and [err] are selected
fromthe group consisting of H [err], OR O, and Ris selected fromH and

[err] alkyl; ii) a hydrazi ne, optionally its hydrate, of structure [err]
[err], wherein [err] is selected fromH, phenyl, 4-nitrophenyl, and 2, 4-

di ni trophenyl ; -26 - iii)- an alkyl eneiol yam ne of structure (11) H

[err] wherein R3 is selected fromH and [&érr] al kyI eneam ne, and [err] is a
[err] al kyl eneam ne; and RP*— N — Rr* (I

wherein R® is selected from H and a C,-C; alkyleneamine, and R* is a C,-Cy
alkyleneamine; and
iv) an e-amine acid selected from the group consisting of structure
I | '

NH

I
R°—C —CO.H
| 2

H ()

2

wherein R’ is selected from H, R, and R* wherein R and R* are as previously
defined; arginine, aspartic acid, glutamic acid, histidine, and methionine;

b) dehydrating the acrylic acid source feed stream to provide a low acrolein crude
acrylic acid having an acrolein content less than 10 ppm;

c) optionally distilling off acetic acid from the low acrolein crude acrylic acid to
provide a low acrolein crude acrylic acid having a reduced acetic acid level;

d) subsequently feeding to a final distillation column '

i. the low acrolein crude acrylic acid having an acrolein content of less than
10 ppm; and .

ii. concurrently, to an upper portion of the final distillation column above the
low acrolein crude acrylic acid feed, an amine feed stream comprising a minimum effective
level of from 0.01 to 1.0 molar ratio, based on total moles of aldehydes and maleic acid and
maleic anhydride in the low acrolein crude acrylic acid, of at least one of a Group B amine
selected from the group consisting of 0 -, m - p - phenylenediamine, 4-nitrophenylhydrazine,
and 2,4-dinitrophenylhydrazine; and



iv) .an [err]-am no acid selected fromthe group consi sﬂmﬂ”m

1] [err] wherein [err] is selected fromH R and R4 wh [mﬂyngile
as previously def e T rtic acid, glutamic acid, histi n
and net hi oni ne; b} BER¥AGH %T%FEEC tic acid fromthe feed streamto,

provide a | ow acrgl ein 2 ugg aﬁgglj acid having an acetic acid content

| ess than 2,000 ppnP&AH" gn rlfrfr ont entSubstidutehsieets AdJuly) 1996
subsequent | y feedimmgto a final distl %$ ation colum: 1. the Tow acrol ein
crude acrylic acid having an acetic atf1d content |ess than 2,000 ppm and an

acrolein content |ess than 10 ppm and ii. concurrently, to an upper
portion.of the final distillation colum above the |ow acrolein crude

acrylic acid fekfactigpallyrdistilling-thel los¢ acselginsuder acsylicpacid thrayshthe, final distillation

e ORBRCadihe oA /R i b BRI 1 B B 5 PO
acrylic agid, afpraéest 8Pdthinied % Shinf3, HRiBinEhe Tryfic a6idVohRe fedd¥iteahiis Qéd)HP

consi sti-ng of o -, m-, p - phenylenedi am ne, 4-nit rophenyl hydr azi ne, .and
2, 4-di ni tﬁmrﬁretr@bﬂﬂjaﬂmmhmn Mtempefartm'etafd'rmhm’dmst)?(tl ing the | ow acrol ein

crude acr lic acid.through the final distillation col istilling off
PGAA havitg a MPH@&“SP o) HW“%P&IEHWG&?]P@W{‘C P@@; GA%) comprising the
steps of:

a) feeding to an acetic acid distillation column a feed stream at a temperature of from
25° to 100°C, the feed stream comprising:
| (i) a high acetic acid-containing crude acrylic acid having greater than 2,000 ppm of
acetic acid; and _I
if) a minium effective level of from 0.1 to 2.0 molar ratio, based on total
moles of aldehydes and maleic acid and maleic anhydride in the higH acetic acid-containing
crude acryllc acid, of at least one of a Group A amine selected from the group consisting of:
i) a primary arylamme of structure (I),

NH,

X1, X2
| M

wherein X, and X, are selected from the group consisting of H, NR,,
OR, Cl, and R is selected from H and C,-C, alkyl;

i) - ahydrazine, optionally its hydrate, of structure R2-NH-
NH,, wherein R? is selected from H, phenyl, 4-nitrophenyl, and 2,4-
dinitrophenyl;



itg-,apééot gp"[nhe(sac 1?&~Pgﬁéﬁéi“@“§t33ﬂﬁt i gﬁdcgru%ag[n 551 mﬁgglrlmmumim ﬂm,m,n

[err]. 7. A pr )ce;%1 as_ cl %bgd i any one of the precedi ng clai s,
wherei n the G oup| Raedie -af-e|lsel ected fromthe group consisting of
aniline, o -, m-7p -methyranrtrne, hydrazg ’tltmédé' tneiygﬁ £996
di et hyl enetri am ne glycine, lysine, and as
claimed in claim7, wherein the Groupzﬁx-am ne(s) i s/are selected from
aniline, o - nethylanlllne hydrazi ne, and hydrazi ne hydrate, and
preferably the Goup A amne is aniline. 9. -A process as clainmed in any
one of the preceding clains, \ffiereiaf alkyferepélydmbeastisaactre (IF) are sel ected
fromthe group consisting of m - phenyl'enedi am ne, 4-nitrophenyl hydrazine
and 2, 4-di ni trophenyl hydrazi ne, and preferably the Goup B anine is m -
phenyl enedi am ne. 28 6. A process as clained in claim5 wherein the
feed stream and the G oup A am ne(s) q?e fed to the acetic acid

o)

distillation colum at a tenperature fromgreater than [err] up to
[err], preferably at a tenperature of fromJ[err] to [err] C 7. A process
as claimed in any of clains 1, 3Rar_.5N\Ab.erRi4n @e G oup A amne(s) is/are
selected fromaniline, o -,m-, p - nethylanili hydr azi ne, hydrazi ne
hydrate, diethylenetriamne, glycine, |ysine, and nethionine.

wherein R® is selected from H and C,-C; alkyleneamme and R* is a C;-C;
-alkyleneamine; and

iv)  an e-amino acid selected from the group consisting of structure III

NH,

I
R®—C —CO,H
|

H (1)

wherein R® is selected from H, R, and R* wherein R and R* are as
previously defined; arginine, aspartic acid, glutamic acid, histidine, '
and methionine; _
b) distilling off acetic acid from the feed stream to provide a low acrolein crude
acrylic acid having an acetic acid content less than 2,000 ppm and an acrolein content less
than 10 ppm; '
c) subsequently feeding to a fiﬁa.l distillation column:
i. the low acrolein crude acrylic acid having an acetic acid content less than
2,000 ppm and an acrolein content less than 10 ppm; and
ii. concurrently, to an upper portion of the final distillation column above the
low acrolein crude acrylic acid feed, an amine feed stream comprising a minimum effective
level of from 0.01 to 1.0 molar ratio, based on total moles of aldehydes and maleic acid and
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8. A process as clainmed in claim7, wherein the Goup A mu I ﬂﬂ gl'
sel.ected from ani e ey o) | ne, hydrazine, and h

and preferably thg @ %E&FW%NTﬁ fni line. 9. A process as cI aimed in
any of claims 1, § Br %eﬂﬂln" : Goup B anmine(s) is/are selected from
m - phenyl enedi ani Ini trophenyl-hyfir azi neSghatitute-sneat rr 8Bhiy 1188 azi ne,
and preferably the' G ' o= p7ohenyl enedi am ne. 10. A process as
claimed in any of clainms 2,4 or 6, vvherelnthe GroupAamne(s) i s/are

?]eldect ed fromaniline, o - ,m-, p - rr:st hyl ani | i ne, hydrazine, hydrazi ne
oY ocess asmBlel HEgarite & U o SerblaiE Forde PEE ac B O AE ey Wb o byp B amine

sel ected fg geaea?tdéﬂ gﬁ (%gupAwg?ngt%ld?w dine : Pn?ﬁgﬁﬁéﬂ edfuminé U-RitkbpRenyligydranat e,

and prefera I's ani A process as clained in

any of cl mzmp&nymwrm ahdé G oup B amine(s) is/are sel ected fromm
- phenyl enedi am ne, 4-nitrophenyl hydrazi ne and 2, 4-dinit rgéaéletg ggdraz
and preferably dh &ractionally pdistilling the low peroisin srude 26T, ou

dlstlllauon column, dlsulhng off PGAA having a residual individual aldehyde content less

than 10 ppm.
6. A process is claimed in claim 5 wherein the feed stream is fed to the acetic acid

distillation column at a temperature of from 40°to 80°C.
7. A process as claimed in any one of the preceding claims, wherein the Group A
zimine(s) is/are selected from the group consisting of aniline, o -, m -, p -methylaniline,
hydrazine, hydrazine hydrate, diethylenetriamine, glycine, lysine, and methionine.
8. A process as claimed in claim 7, wherein the Group A amine(s) is/are selected from
aniline, o - methylaniline, hydrazine, and hydrazine hydrate, and preferably the Group A
amine is aniline. '
9. A process as claimed in any one of the preceding claims, wherein the Group B
amine(s) is/are selected from the group conmsisting of m - phenylenediamine,
4-nitrophenylhydrazine and 2,4-dinitrophenylhydrazine, and preferably the Group B.amine
is m - phenylenediamine. |



