PROCESS FOR*PRODUC! NG PURE GRADE ACRYLI C ACID This invention relates to a
pﬁocess for purifying acrylic acid. Mre specifically, the process is a
cont i nuous process which provides a pure grade acrylic acid containing very
| ow | evel s of residual aldehyde. In the manufacture of acrylic acid by
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Conventional 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
extraction/ distillation or direct distillation procedure must be purified beyond that
achieved by conventional fractional distillation because residual impurities,
particularly the aldehydes, interfere with polymerization reactions; aldehyde levels
individually must be below about ten parts per million (ppm), more preferably
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havi ng t hese al dehyde | evels is useful in producing, for exanple,
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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 high levels and long residence times were required to
achieve low aldehyde level. Additional problems exist when maleic acid and maleic
anhydride are present; when their combined level exceeds about 0.1 wt% in CAA,
massive solids formation may occur with the excess amine used in either a batch or
continuous method. These solids can foul equipment and cause downtime for
cleaning. Additionally, because of the competitive reaction of amine with maleic
anhydride, excessive quantities of amine need to be added because the reaction with
maleic anhydride is kinetically favored over the reaction with furfural and -
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Broadly descnbed the inventive process uses selected groups of amines at
different points of the continuous process in providing PGAA. In one embodiment,
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 feed stream is fed to a fractional distillation column and distilled. The
fractionation power of the column retains maleic acid, maleic anhydride and higher
boiling components, such as terephthalic acid, near the bottom of the column.
Concurrently with the distillation of the CAA feed stream, an amine feed stream of
one or more amine from another selected group of amines (Group B) is introduced
at or near the top of the column to facilitate removal of any remaining residual
volatile aldehydes, particularly 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 distillation column a crude acrylic acid feed stream at a temperature



CAA feed streamis fed to a fractional distillation colum .and distilled.
Yhe fractionation power of the colum retains nmaleic acid, maleic anhydride
and hi gher boiling conponents, such as terephthalic acid, near the bottom
of the colum. Concurrently . with the distillation of the CAA feed stream
an am ne feed stream of one or nore anmdne from another sel ected group of
‘amnes (Goup B) is introduced at or near the top of the colum to
facilitate renmoval of any renaining residual volatile al dehydes,
parti cul aflfsont 25T tariD0? Catik foed strearaRbingkisig: The resulting distillate,
whi ch may include polynerization stabilizers, is PGA. Mre specifically,
there is provided a continuous process for producrng a pure grade acrylic
acid (PGAA) conpri bi agrudeacrylismsidanda) feeding to a distillation colum a
crude acrylic acid feed stream at a terrperature of fromJ[err] to [err],
the feed stream cop rrsrn a.cr acr iC a m nimum
effective |evel in® ?FBYE L x%.nge f’r@ﬁ%?‘Q'€qu%b “@%’e@hen 3s§dal
nmol es of oaltgtahpatdes efraddehyides andmdeumdrmidanalmwdrde in the drede aorgdic acid,
acrylic afhtleastiondlofla®@iu %Me&l@t%ﬁoﬁ%§&£ r%éromthe group
consisting of: i) a prpmary aryl am ne of st ure [err] wherein
[err] and [err] are sel ected fromthe group consrstlng of [err], OR O,
and [ wherein R is sel e}t ed afprimmaty anyldmeine]of stristyke (I),i ) a hydrazi ne,
optionally its hydrate, of structure [err] wherein [err] is selected from
H,  phenyl, 4-nitrophenyl, or 2, 4-digtrophenyl; iii) an alkylenepolyan ne
of structure (11) [err] V\/nerel n R3|| € selected fromHor a [err]
al kyl eneamne, and R4 is a Cl1 - al kyl eneam ne; and iv) an a-amno acid
selected fromthe group consisti structure 111 5 [err]

X1, X2

ty

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

ii)  ahydrazine, optionally its hydrate, of structure
R2 - NH-NH>, wherein R? is selected from H, phenyl,
4-nitrophenyl, or 2,4-dinitrophenyl;
ili)  an alkylenepolyamine of structure (II)
H
R®*—N — R* (10
wherein R3 is selected from H or a C1 - Cg alkyleneamine, and R4isa Cy-Cg

alkyleneamine; and

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



whereign [err] is selected fromH R or [err]; arginine, aspartic acid,
glutam c acid, histidine, and nethionine; b) concurrently feeding to an
upper portion of the distillation.colum an am ne feed stream conprising a
m ni mum effective level of from0.01 to 1.4 nolar ratio, based on total
nol es of al dehydes and mal ei ¢ aci.d:and nal ei ¢ anhydride in the crude
acrylic acid, of at least one of 'a G oup B anmi ne sel ected fromthe group
consisting of o -, m-, p - phenyl enedi anNHg, 4-nitrophenyl-hydrazine, and
2, 4-di ni trophenyl hydrazine; and c) fract ||onal ly distilling the crude
acryl ic acid feed streamthrough the thllation colum, in the presence
of the amine feed-stream distillingR “f"CPGAEQQﬁ/l ng a residual individual
al dehyde content |less than 10 ppm O her m nes whi ch have been found
effective in the process described im*redll_gtely abov and which are
included in the Group A ami ne group, incl i) primary aryl am ne of
structure (1V), [err] wherei n X3 is selected fromthe group consi sting of
- COOH and - COOR6, wher rYR | kvl :.. i) an
al kanol am ne of str uctﬁ}rhe éeﬁﬁgdﬁgé‘eﬁh%’r ei'n L'm% %s%agt%@%cq?r omC2 -
C6 al kyl ene. Thei glutamiq arcidhis m@@@dm@hlq;\mﬁium ng PGAA is identical to
that described i mediately above for the previously defined Goup A am nes.
The continuous process al so, npy.be carried out. by he ani ne from
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treatment, Other amines which have been found effective in the process described immediately

above, and which are included in the Group A amine group, include:

i) a primary arylamine of structure (IV),

NH ,

X3

(V)

wherein X3 ié selected from the group consisting of -COOH and -COORS, wherein
RS is selected from C; - Cg alky}; and

ii) an alkanolamine of structure (V),
HO-R7”-NHz (V)



qgne or nore of a Goup S amine is allowed tinme to react with a CAA stream
before the treated streamis further rectified. The holding time in the
presence ‘of the G oup S amine is determined by the tine required to reduce
acrolein to less than 10 ppm and nal ei & anhydride to | ess than 50% of its
initial level in CAA Followng the hold tinme, one or nore amne from
anot her group of amn desi gnated Goup P am nes and descri bed below, is
added to the mbemuﬁifmesaleﬂ!ectfmaeﬁz eCt’,lanylenH:rﬂd\eatlmeynmhe process for
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Group P %93:1& § R4Phan 50% of its initial level in CAA. Following the hold time, one or more
amine from another group of amines, designated Group P amines and described below, is
added to the Group S-treated stream either immediately prior to distillation or, as
previously described for Group B amines, to the upper portion of the distillation column, to
further reduce residual aldehydes, particularly furfural and benzaldehyde, to below 10
ppm, during distillation. Thus, there is further provided a process for producing a pure
grade acrylic acid (PGAA) comprising the steps of:

a) feeding to a crude acrylic acid feed stream 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
feed stream, one or more of a Group S amine selected from the group consisting of:

i) an alkylenepolyamine of structure (IT)

H

R*— N — R* ()

wherein R3 is selected from Hor a C; - C¢ alkyleneamine, énd Riisa
C; - Cg alkyleneamine;



the distillation colum, thereby providing PGAA having a residual
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is dehydrated AA and typically contains the follow ng acids and al dehydes
in the weight amounts indicated: for ex | e, acrolein, ranging from
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As described previously, CAA is dehydrated AA and typically contains the following acids

and aldehydes in the weight amounts indicated: for example, acrolein, ranging from
several ppm to about 300 ppm; benzaldehyde and furfural, each about 200-400 ppm; maleic
acid and maleic anhydride (combined) up to about 1.0 wt. % (and measured as maleic
acid); and other components, such as acetic acid and terephthalic acid. Aqueous AA
solutions and the AA extract are AA sources preceding CAA and contain the same acids
and aldehydes as the CAA, and water.

In making up the CAA (or other AA source) feed stream, the Group A or S amine
may be added to the CAA (or other AA source) either neatoras a solution in a suitable
solvent such as water or a saturated carboxylic acid, such as propionic, hexanoic or valeric
acid. The Group A or S 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.
R6 is a C1 - Cg alkyl. Disubstituted primary arylamines, such as diaminotoluenes and



hydrate, diethylenetrianine, |lysine, methionine, and glycine that are
particularly effective with acrolein. (A kyl am nes, such as butyl am ne,
were found to have | ower reaction rates and required higher use |levels
than, for exanple, aniline and ot her 'faster-reacting" am nes and,
accordingly, are not included as G oup g@n1nes ) Cenerally, those G oup A
amnes and their mxtures that are liquids at tenperatures below [err] are
easy to use. For reasons of cost, efficiency, avallablllty, and ease of
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amine; more preferred, due to their cost and efficiency in reducing acrolein impurity, are
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and monoethanol amine are most preferred. :

At the same time that the CAA feed stream containing the Group A amine is fed to
the distillation column, one or more of an amine of Group B is fed, either neatoras 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 Group A-treated 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 mets-phenylenediamine, 4-
nitrophenylhydrazine and 2,4-dinitrophenyl-hydrazine; of these, meta- phenylenediamine
is most preferred. PGAA having residual individual aldehyde level less than 5 ppmis
readily achieved using the preferred amines and less than 1 ppm using the most preferred
amines.



aci d content, or di rectly to a final distillation colum. An advantage of
adding the Group A am ne to an aqueous AA solution or extract is that

ei ther solution does not contain maleic acid in its anhydride form thus
not wasting the Goup A amine by its reac®ion with mal eic anhydride. Thus,
there is also provided a continuous process for producing a pure grade
acrylic acid (PGAA) corrprlsmg the steps of a) feedl ng to a fII’St
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distillatiopy gohydfind#hilad51if adll YPuf FiddVstAGHYED frodfded 18WSickblef &rBle acrylic
acid having an acrolein content less than 10 ppm; ¢) 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, and ii) concurrently, to an upper portion of the final
distillation column, 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 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, from the amine groups described,
the addition of one or more amine of Group A or, in this embodiment, Group S also, to a
CAA having a high (>2,000 ppm ) level of acetic acid. This high acetic acid-containing



colum, where the final distillation steps are carried out. Thus, there is
addi tionally provided a continuous process for producing a pure grade
acrylic acid (PGAA) conprising the steps of a) feeding to an acetic acid
distillation colum a feed streamat a téﬁrrperature of fromJ[err] to [err],
the feed streamconprising i) a high acetic acid-containing crude acrylic
acid; and ii) a mninmumeffective |evel of fromO 1to 2.0 nolar ratio,
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S am nes “he roup?ammes is used, sufficient "hold time" is typically provided during the acetic
acid distillation step. Upon feeding the low acetic acid, amine-treated CAA to a distillation
column, the Group P amine may be employed by concurrently feeding 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 the Group B amine, above, or phenyl-hydrazine,
hydrazine, or aniline, to the low acetic acid, amine-treated crude acrylic acid fed to the
distillation column, optionally to an upper portion of the distillation column, and then
distilling the low acetic acid, amine-treated crude acrylic acid, in the presence of the Group
P amine, through the distillation column, thereby providing 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 ten&ency for




effectively in partially purifying acrylic acid in a continuous process
sttep prior to feeding to the final fractional distillation colum vyielding
PGAA and avoi di ng sone of the tendency of acrylic acid to polynerize while
being purified. The sanme preferred G oup A and G oup B am nes descri bed
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aci d CAA enbodi nents of the invention. PGAA having <10 ppm resi dual
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the unit, EAR 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. In the embodiment employing Group S amines, amine treatment
can be carried out in a batch-type operation, although a continuous mode is preferred.
Following Group S treatment, the remaining steps of Group P treatment and distillation are

,)

preferably continuous.

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-treated stream is 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.8.
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insoluble solids resulting from other, non-Group S amines, may cause in-line solids
problems. Most Group S amines react in-line as the CAA or other AA source is being fed,
in the presence of the amine, toa distillation column; provision has been made to extend
"hold time" by methods known in the art, such as by use of a buffer tank in the continuous
feed line. Hold times can be quite short, seconds, when the treated CAA stream
temperature approaches, for example, 100°C, and also quite extended, up to 150 hours,
when the treated stream temperatures are around ambient temperature. It will be
" appreciated that holding times could be extended indefinitely, as for example in a batch-
type operation, up to weeks; such extended holds are envisioned within the scope of the
invention. Normal hold times typically are less than 150 hours.

The minimum effective level of the one or more Group S amine is that which

reduces acrolein to less than 10 ppm and maleic anhydride to less than 50% of its initial
level within the hold time. Generally speaking, higher levels within the ranges indicated
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because i, | lﬁ'léﬂ}?%dMEYsz,r pﬁﬁ%ﬁﬁﬁ‘iiﬁe;%ﬁ, hd3bethanol amine; Ex., Example; r.t.,
room temperature, meaning ambient or approximately 25°C; < and > meaning "less than"
and "more than", respectively. 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 acid distills overhead in a column where acrylic acid is distilled
overhead.) Where amines were added to CAA or other AA sources, the amount added
was expressed as a molar ratio of the amine to the total moles of acrolein, benzaldehyde,
furfural, and maleic acid/anhydride measured in the feed stream of the unit to which the
feed stream is added. In the case of the distillation examples, the distillate analyses
typically were the average of two or more analyses of hourly samples taken during steady,
i.e. continuous, operation. Analyses above 100 ppm generally were rounded off to two
significant figures.

u

Screening tests were conducted by adding indicated levels of amine to aliquots of a
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demonstrating at least a 90% reduction of furfural in a distillate when used in conjunction

with a Group S amine.

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 at the bottom of the column. The operating conditions for the column
were: overhead pressure, about 35 mm Hg; CAA rate, about 211 gram/hour; reflux ratio,
about 1.6; percent of total feed removed as distillate, about 86%; CAA feed stream
temperature, about 50° C; pot temperature, about 83°C; and overhead temperature, about
65° C. For polymerization inhibition, the following inhibitor levels were fed based on the



W|th a ‘Group S am ne. Exarrple 1: Preparation of ‘PGAA wher e Group A Anine is
Aniline and Goup B Anine is nPD A 2.54 cm (one-inch), fifteen tray

A dershaw columm fitted with a steam heated reboil er was used. The CAA
contai ning 85 ppm acrol ein, 220 ppm benzal dehyde, 240 ppm furfural, and
7200 ppm mal ei ¢ aci d/ anhydri de, was prefgated by passing it through a heat
exchanger. Aniline was added (0.5 nolar ratio) to the flow ng preheated CAA
and the flow ng CAA feed streamwas nmintained at the desired tenperature

during feeTiAAGated abbat 0.8ait% air 16 the reb6ilMe ab&t 084 WMMQQU@%@EOIW@\SEP hyggr

Th t

o e Sy 8 Bl sl Shd de ok O D RP AT i bered Bpubi b CoRairently
t ot aI f eeanPRmmascalded (Qi08molanratio) ablray fiftees, tharor etthie solmmm Aemped)at ure,
?233} [ e ;cbndﬁibhs begf;flpgfﬁag ? ,Sé‘*é?}“gr‘,ﬁ@ thé dmandte%f@rdm@oﬁﬁfigﬁﬂft:%ﬁgneab@ft
fed based (P %CS‘EOE Ci@e&kﬁ?@t“gﬁh &g‘ré"%{ %gnzrp%lﬁofﬁ@ ‘?‘%B‘E}Fi?é?hy 1t
0.1 w % MIHere wetdmeithen geolslems veittosdlids. fofmatiéh Rilthedest kiwsud the P6t ot itoth€pon
tray 11 (narbgs ﬂ}&@%ﬁ?%ﬁﬂﬂp&)o Q‘%‘ﬁ% Ob1kths i dded (0.08 ol ar

ratio) at tray t een top o urm. t steady conditions over a
period of seven hours, the distillate of PGAA consistently contained < 1

ppm each @&kxa gp_leiz:engdrﬁmbﬂBMﬂméleﬁ-bw inaisdHzd oH teiapdaci d

/'anhydri d@a odiB% AniiReSs REphher problenms with solids formation in the feed
lines to ?ﬁ?@%:%&gﬂ—% t, nhor were there an polxrrer or ot her solids
problenms in th espmwons?éﬁﬁreplz 1 weresepeated ﬁxw Huak ) Wrdrazing hydrake was ne
I s Hydr azifebto-thdipat ¢€0.5Rtblar Ritip) Hhsteadvf anlineP(i) D (0.0 ehdlamﬁoy)f/vaEXéHTw teayl
wWer e repe e e

ol or o Ly e BN i it P
el even, f(naal,l and; 180 ppm mnleia peid danhydrise. aﬁtﬁe%i}fﬂor@l@r}smeserpgapd@rﬁwe
250 ppmf%ﬁw a{edlaﬁnat@b@ﬁrmmwmlﬁéﬁt Edndéma P eath ofh&@atbincondi ti ons

over a petiod t h he Stl| nt | con |ned <
o cachenfidtternd ol aad e of lelapt Y@ﬂ%ﬂ S W Rag

aci d/ anhy gproklems Wigr solidsr formatiomigy tlprpm nonweyé there any pelytrer ogother sohds he
inorsol P e e AR UlaR Y Sinethir JBIAS el SbeRi2d i The LA RIS el ine 0Te
whi ch di dPHb#td {?f’slr‘f’g’rcé‘ ‘fﬁt”r‘?t HHFF??WLY&‘IBE CORIRUGUS ORETAYRr 271 ne was t est ed

wi t hout a G ouHydraziheevasiekted withdut a Greup Brnhiae undet tmslitiolessimilae tb those
Exanpl e 1 dematm%np(lé 1, %ﬂﬁéﬂ”ﬁ) Hﬁﬁaﬁﬁg wa féd%o #Rtpotht 209 rholdP k£Ho and

ratio and
! (ii) no Group B amine was fed to the column. At steady conditions over a period of three

hours, the distillate contained 2 ppm acrolein, <1 ppm benzaldehyde, <1 ppm furfural, and
13 ppm maleic acid /anhydride. This demonstrated that under certain conditions
hydrazine alone (at 0.7 molar ratio) yielded relatively low levels of impurities, but these
were not as low as achieved when a Group B amine also was used as in the above Ex. 2.

omparative 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 problems in the column, but without any amine addition, the levels of
impurities in the distillate far exceed those required for PGAA.
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L&om arative xam le 4: CAA Dlstlllatlon W1tho¥1t Grou Amine and 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 PpPm
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 data
showed that heavy polymer and other solids formation occured in the column when no
Group A amine was fed to the CAA but a Group B amine was fed to the upper portion of
the column.
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col um. 17 Corrpa?atlve %prﬂe 5: Screening Tests Adding Primary

Al kyl ami ne to PGAA Spiked with Inpurities In Conparative Exanple 5, the
general procedure described previously for screening tests was enpl oyed,
except that the am nes enployed were pri el kylam nes. The results are
given in Table | in which the data show that representative primary

al kyl ami nes, n- butyl ¢feaingFeste Showing thekffect of ErimargAlkglaminesy oup A (or
G oup B) ami nes. \ile pri maron AldehydeiRessovalin SpikedEAAUti lity in
reducing acrolein, they would not be effective in producing PGAA. Table |

Screeni ng Hger ot Pri Ry ArKyffanm mes onArdehyde
Renoval in|Spiked PGAA Ani Pém“‘e Af M?r@YM‘&“tﬁﬂ nutfes After About Fiye D i ve
Days Additilve  additl ar 8 FM M A (BB E M Hatio
Control - KPGAA Spi ked 0 %go 320 300 320 - ; - -
n-But yl ani rpe Gt EP 300 n00l 8o d 040 nge—a00
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 093 | 200 | 280 | 240 | 350 | 87 | 250 | 240 | 340
Example 3: Screening Tests Adding Prima amine to PGAA Spiked with

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 maleic acid /anhydride indicated in Table II. The
aqueous acrylic acid solution contained about 35% water.

Based on the previously described criteria, Table II screening test data show that the
following primary arylamines were effective as Group A amines: aniline, m-
phenylenediamine, p-phenylenediamine, 1,5-diaminonaphthalene, p-aminophenol, p-
methoxyaniline, p-chloroaniline, o-methylaniline, m-methylaniline, p-methylaniline and p-
nitroaniline. In addition, Table Il shows that m-phenylenediamine is an outstanding Group
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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 given in Table I, the data showing that the rate of reaction of
the components with aniline after thirty minutes, in descending order was: acrolein >
maleic anhydride > furfural > benzaldehyde. This reactivity trend is the same for 23-25° C
and for 60° C. However, at 60° C, benzaldehyde, furfural, and maleic anhydride levels are
higher than at 23-25° C with the same level of aniline. Thus, also to the advantage of less
solids (previously discussed), higher temperatures, such as 50 - 60°C, are preferred when
adding Group A amine to CAA or an AA source.
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Example 5: Screening Tests Adding Hydrazine Hydrate and 2,4-Dinitro-
henvlhydrazine to PGAA Spiked with Impurities

In Example 5, the general procedure described previously for the screening tests was
employed, except that the amines employed were hydrazine and its derivatives. The
results given in Table IV show that both hydrazine hydrate and 24-
dinitrophenylhydrazine were effective as Group A amines; the latter amine was an
outstanding Group B amine. '
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- Example 6: Screening Tests Adding Alkylenepolyamine or a-Amino Acid to PGA
Spiked with Impurities
In Example 6, the general procedure described previously for the screening tests was
employed, except that the amines employed were either é]kylenepolyamines or oi-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.

Example 7: Screening Tests Adding Structure IV ArylAmines to Spiked PGAA

In Example 7, the general procedure described previously for the screening tests was
employed, except that the amines were either methy! anthranilate or 3-aminobenzoic acid.
The tests were conducted at 48-52°C with a stock solution of CAA having the "control"
analysis and results given in Table VI.

Table VI screening test data show that these substituted aryl amines were highly
effective in reducing acrolein to below 10 ppm.
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Example 9: Preparation of PGAA where Group S Amine is MEA and Group P Amine is
mPD

A 5.08 cm (two inch), fifteen tray Oldershaw column fitted with a steam heated,
double pipe reboiler was used. A crude acrylic acid feed was treated by mixing 0.37 wt %
of a Group S amine, monoethanolamine (MEA), with CAA at ambient temperature from 4
to 15 hours before it was added to the main feed reservoir of the distillation column. The
pretreated crude acrylic acid feed was then heated by passing it through a separate heat
exchanger. A Group P amine, m-phenylene diamine (mPD), feed was added to the
preheated, pretreated CAA as the mixture was fed to the distillation pot. The contact time
between the pretreated CAA and the mPD was <10 seconds before entering the pot. Two
experiments were conducted.

Ex. 94, in which mPD was added at 0.03 - 0.04 wt % on the pretreated crude acrylic
acid; and

Ex. 9B, in which mPD was added at 0.08 -0.09 wt % on the pretreated crude acrylic
acid. Table VIII compares the analytical results of the CAA feed with that of the respechve
distillates.
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The data show that the described combination of MEA and mPD was highly
effective in reducing impurities; the higher mol ratio of Ex. 9B also reduced furfural to <1
ppm. There was no observed solids formation in feed lines or reservoir, nor during
distillation, thus demonstrating the effechveness of the combination of the Group S amine
and the Group P amine.

Comparative Example 6: CAA Distillation Where Group S Amine is Monoethanol

Amine and with No Group P Amine Addition
This Example shows the results of distilling a Group S-treated CAA in the absence of

a Group P amine. Treatment and distillation conditions similar to those of Example 9 were
employed. CAA was treated with 0.37 wt % of a Group S amine, MEA, from 4 to 15 hours
before it was added to the main feed reservoir of the distillation column, but no Group P
amine was added to the pretreated feed or to the top of the distillation column before or
during distillation. After running the distillation for ten hours, no polymer or other solids
were observed in the column or pot, showing the effectiveness of the MEA in that function.
However, the analytical results of Table IX show that residual impurities were not removed
as effectively as when a Group P amine also was used (e.g. Ex. 9); furfural was higher than
desired, although MEA effectively reduced acrolein to < 1 ppm. and maleic anhydride to 2



distillation, thus denmonstrating the effectiveness of the conbination of
the G oup S amne and the G oup P am ne. Conparative Exanple 6: CAA
Distillation Where Group S Anmine i s Minoethanol Am ne and with No G oup P
Am ne Addition This Exanple shows the results of distilling a G oup
S-treated CAA in the absence of a Go P am ne. Treatnent and distillation
conditions simlar to those of Exanple 9 were enpl oyed. CAA was treated
with 0.37 wt %of a Goup S amine, MBA from4 to 15 hours before it was
added to the main feed reservoir of thgdpstillation colum, but no Goup P

am ne was added to the pretr ’ gp of the distillation
col um before or during di st?ﬁf??u%gﬁiﬂt% uﬁgﬁ’gng the distillation for

ten hours, no pol yner gr—ether—soeHds—were ervregd—A—Hhe col utm or pot,
showi ng the effectivendss of the MEA in tr %ncﬁw wever, the

anal ytical results of Table I X show that rnésrdifal|Bxa®urilti es were not
renoved as effectivelylas when a G oup P awﬁcgb al|$dstlladelused (e.g. Ex. 9):
furfural was higher than desired, although MEA efff ectivgdly reduced acrol ein
to < 1 ppm and nal ei c |Acdoletr(pb® t 0 2 ppm{77 25 [Kabl e [}X Anal yti cal -
Results, Conp. Ex. .6 Cfberéural Gonp, Acryli ¢193Ex. @8Acid Distillate
Acrolein (ppm Benzaldehyde{pptR))r f yr all 198ppn) | <1 193 8

Benzal dehyde (ppm Malgic Anhydrifle ic APA8Gdrid@ (ppm 5486 2 Mol MEA
per Mol Al dehyde 0.98 and Maleic Comparative Exanple 7: CAA Treat nent
with No Group Anine In t@é@ﬁ%‘#éﬁe@@e q::\ usi nd%# ani|ne additivefrom any
of the descri bed G oups—=+8 ?}?:der si-+it-arLdi-st-tlati-en—dondi ti ons as used

in Exanple 9, 18 ppmacrolein, 77 ppmof furfural,
46 ppm of Qoinpa tim fiple 7yl Théstineatwith Nb &

3 ppm benzal dehyde and
tAmired CAA. This showed

together . ;Ze.”ﬁﬁ 49‘%5%%%9“?&%1@ diffhe ARy a orﬁkﬁi@%@%@ Grours
Amine is ynpge twélqog itions as used in Example 9, 18 ppm acrolein, 77 ppm of

furfural, 3 ppm benzaldehyde and 46 ppm of maleic anhydride were obtained in the
distilled CAA. This showed the effectiveness of both the Group S and Group P amines
when used together, as in Example 9.

Example 10: Preparation of EGAA where Group S Amme is MEA and Group P Amine is

Aniline

In these examples, MEA, a Group S amine, and aniline, a Group P amine, were
sequentially used to produce PGAA. CAA was first treated with 0.37 wt % MEA at
ambient temperature for 4 to 15 hours before it was added to the main feed reservoir of the
distillation column. Aniline was fed to the pretreated crude acrylic acid just prior to
distillation at 0.08 wt.% (Ex. 10A), at 0.30 wt.% (Ex. 10B) and at 0.60 wt.% (Ex. 10C) on the
weight of pretreated CAA. The respective feeds were distilled yielding the analytical
results summarized in Table X. After running a total of 23 hours, no polymer or solids
were observed in the column or pot nor were any operational problems experienced. The
results demonstrated the effectiveness of these amines in performing their respective
functions.
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MEA and ethylene diamine were screened as representatives of a Group S amine.
Screening tests were conducted by adding indicated levels of amine to aliquots of a stock
solution of PGAA which had been spiked with the following impurities at 300 ppm each:
acrolein (A), benzaldehyde (B), furfural (F), and maleic anhydride (M). The aliquots
containing the amine were 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 rea.ﬁalyzed.
Control samples were those spiked samples into which no amine was added. Table XI
summarizes the analytical results, showing the effectiveness of these amines in reducing
acrolein and, after 5 days, maleic anhydride. No substantial amount of insoluble solids was
noted; only ethylene diamine gave more than 0.1 wt. % of solids, based on the weight of the
mixture.

In similar tests of ortho- and meta-toluidine, at molar ratios of 0.9 to 1.0, acrolein
was reduced to < 1ppm in 30 min., and maleic anhydride to <70 % of the starting level in
the same time, without solids formation, demonstrating their effectiveness as Group S
amines. (Para-toluidine, on the other hand, gave more than 1 wt. % solids in the screening
test mixture and was not considered a satisfactory Group S amine.)



Control sanples were those spi ked sanples into which no am ne was added.
Tabl e XI summari zes the anal ytical results, showi ng the effectiveness of

t hese am nes in reducing acrolein and, after 5-days, maleic anhydride. No
substanti al anobunt of insoluble solids was noted; only ethylene diam ne
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reducing impurities in CAA and spiked PGAA. Table II provides screening results for
most of the defined Group P amines. Phenyl-hydrazine also was screened with CAA
containing the impurities at the levels summarized in Table XII. Screening was at 48-52° C
and the results after exposure times, as summarized in Table XII, demonstrated that
phenyl-hydrazine had some utility in reducing furfural, particularly at a use level of 0.65
molar ratio. Acrolein levels were rapidly reduced to below 1 ppm. '

The test with hydrazine in Example 2, which test was conducted without a Group B
amine, demonstrated that hydrazine was nevertheless effective as a Group P amine,
particularly in reducing benzaldehyde and furfural in the distillate to levels below 1 ppm.

: - Table XII
Reactivity of Phenyl-Hydrazine with Aldehydes/Maleic Anhydride

Amine | After Fifteen Minutes After Five Hours
Additive Molar J A B F M A B F M
Ratio -
Control-Crude AA |0 141 203 [225 |5447 |- - - -
Phenylhydrazine 021 |[<1 |- 184 5246 {<1 |- 163 [4918
Control-Crude AA |0 135 |195 |219 |[5335 |- - - -
Phenylhydrazine 065 [<1 |- 47 4591 |<1 |- 19 4365




am ne, denonstrated that hydrazi ne was neverthel ess effective as a Goup P

am ne, particularly in reducing benzal dehyde and furfural in the distillate
to levels below 1 ppm Table XIlI Reactivity of Phenyl-Hydrazine with

Al dehydes/ Mal ei ¢ Anhydri de Ami ne After Zgi f t eemMnutes——AH-er—Fi ve Hours

Addi tive Mol ar A B F M A i & trol - Crude
AA O 141 203 225 5447 - . H"Mjwmm,mr ne  0.21
<1 184 5246 <1 163 4918 Control-eCr H 135
195 219 . P azi ne 0. 65 <l 47 4591 <1

19 4365@%55AI Ng %&Eﬁgl N) 1. A conti nuous process, for producing a
pure gradé acrécpatinueds procgss)forprasiuciig AP wreeTade parylie acid)(PEAA) somprising
distill at thesteplafm a crude acrylic acid feed streamat a tenperature of

from[err] to J\err t.he f{. streamc ri,sing:. .L)..a crude acrylic acid
and ii) a mni %?u‘?%eéif“f&at&"‘. ‘\i}ggl?%t{i’é\ °°?W“ﬁ%;?£ﬁ8§a itie F%‘%%Se.‘{l&f%a“} atd frmpgratire
rati o, baekiom25f to 200°f0) the fesr] sitedmhsoarprisingt mal ei ¢ acid and mal eic
anhydride in the Cri}"i%rﬁ&é&érﬂrﬁcﬁéihﬂand)f one or nore of a Group A am ne

sel ected fromthe group.consi sti f: .l a | mary aryl am ne of
structure (1V), [enPp f%fm?meé@?@?@éﬂlsi%éﬁl&%@#{%@ﬁgﬁ@p’h&ﬂgr@?« bageds
- COOH andon @@dReolesiof pkichy i angd maleicadd and omalpiganhydtide in theratude acryligacid,
al kanol anyféhedr xﬁaféksﬁmﬁodp\&,-am@gab&e&%?rdxﬁﬁfé%x@ap%en;igm berr] alkyl ene;
b) concurrently feeding. o an upper pO{tLOﬂ {g 'E%E%biilllatlon colum an
am ne feed stream conpr isi ngaﬂg’ﬁ?r@.aﬁlaf’li“i‘? T i 0, based on total
nol es of al dehydes and nmal ei ¢ acid and nal eic anhydride in the crude
acrylic acid, of at least one of a NH4p B am ne selected fromthe group
consisting of o -, m- , p - phenyl dnedi am ne, 4-nitrophenyl.- hydrazine,
and 2, 4-di ni trophenyl - hydrazi ne; angd.c) distilling the crude acrylic acid
feed streamin the presence of the ye feed streamthrough the
distillation-colum, thereby pr oy RGAA
al dehyde content |ess than 10 ppn
wherein the al kanol am ne i s nonoet

XBavi ng a residual individual
A process as clained in daiml,

am ne. (Iv)

wherein X3 is selected from the group consisting of -COOH and -COORS, wherein
R is selected from Cy - Cg alkyl, and
- ii)  analkanolamine of structure (V),
HO-R7-NH2 (V)

wherein R7 is selected from C2 - Cg alkylene; .

b) concurrently feeding to an upper portion of the distillation column an amine feed
stream comprising 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 consisting of 0 -, m -, p - phenylenediamine, 4-nitrophenyl-
hydrazine, and 2,4-dinitrophenyl-hydrazine; and

c) distilling the crude acrylic acid feed stream in the presence of the amine feed
stream through the distillation column, thereby providing PGAA having a residual
individual aldehyde content less than 10 ppm.

2. A process as claimed in Claim 1, wherein the alkanolamine is monoethanol amine.
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
temperature of from 25° to 100° C, the source feed stream comprising: )



37. A conti nuous procé_ss_f._o_r_ produci ng a pure gradé acrylic acid (PGAA)

conpri sing ' a) feeding to a first distillation colum an
acrylic aCL}i BMME ; Hs eam at a tenperature of from[err] , the source
feed strea it 9 i) an acryld c acid source selected fromthe

*

group consi sting of an aqueous acrylic acid solution and an acrylic acid
extract, the acrylic acid source optionally containing acetic acid; ii)

fromO0.1 to 2.0 nol gy ahakhAic - I d nd nmal ei c
acid and ngl gic, anh l{Jlra.i dgf}?lr? a{aﬁggdggre@f%lg&g%%gﬁer%}l? Sg S%gtﬁéag?ngﬂge% a
Goup A afi e & l%éégé‘(ﬁlof‘m%rljlﬂ‘b d extiactsthepgrfc add source optipnally

aryl am ne containingscatiea¢idy), [err] (1V) wherein X3 is selected fromthe

group consisting of jhegsd F r el | S ,select fro er ;
al kyl, and j dsg% an lglqﬁ no_a%%@%#la%%‘é@ﬁ#g °,%31E$?1Fi of aﬂde{\}' e %?)J haleic
wher ei n RAS madeic anhydride iy the asrwia asidsousye,dflay thastt anecpfta@raup A dmineci d
source feedlesteﬁ&mmtthe@t@y@d@s@dr@/bfacrol ein crude acrylic acid having an
acrolein content |less thagn 10 B H c) olgt i.onahl% Cg‘igStHfl ing off acetic acid
fromthe | ow acrol ein cridde at 5 Y 25y a7ERe gt gordere{lYbw acrolein crude
acrylic acid having a reduced acetic acid level; d) subsequently feeding to
a final distillation colum i. the INMacrolein crude acrylic acid, and ii.
concurrently, to an upper portion of [the final distillation colum, an
am ne feed streamconprising from0.Ql to 1.0 nolar ratio, based on total
nol es of al dehydes and nmal ei c aci g al ei ¢ anhydride in the | ow acrol ein
crude acrylic acid, of at least o gd— ONp B am ne selected fromthe
group consisting of o -, m-, p - 4 enedi am ne, 4-
ni trophenyl hydrazi ne, and 2, 4-di ni twgfhenyl - hydr :@N)ne; and e) distilling
the low acrolein crude acrylic acid through the final distillation colum,
distilling off PGAA having a residual individual aldehyde content |ess than
10 ppm 4.  WheminiXisselegied fross tagrowponsisting af plOOK aadeCOORS,i whasdin
(PGAA) conpri sRAgs édiected 8B Of - Cg alkyl, and
i) an alkanolamine of structure (V),
HO-R7-NH2 V)
wherein R7 is selected from C2 - Cg alkylene;
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, and
ii. concurrently, to an upper portion of the final distillation column, an amine
feed stream comprising 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-dinitrophenyl-hydrazine; and
e) 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 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° t2 100° C, the feed stream comprising:

i) a high acetic acid-containing crude acrylic acid;



) feeding to an acetic acid distillation colum a feed stream at a
té&nperature of from[err] to [err], the feed streamconprising: i) a high

acetic acﬂwlr_w\eacryllc aci d; ii) from0.1 to 2.0 nolar
ratio, based on total noles of aldehydes and maleic acid and mal ei ¢

anhydri de (ummﬂmm jmimmc aci d-contai ning crude acrylic acid, of at

| east one e selected fgpomthe group consisting of: i) a
primary aryI am ne® of" st uéture (IVv), [err] wherein X3 is selected fromthe

.group consisting of [err] and [err] wherein [err] is selected from/[err]
ralkyl, and ii) anuﬁH@@xﬂOJl&@Z@n@far&hﬁ@Qia@é&oﬁV&;bal rRldslof aldehydes GNY male1

%WnerelnR eletedfr r I.stilli e
“fromthe Clatsim%t fﬁ ?rg‘ypq‘}g%ﬂ[ e&‘%ah'}%\/\%/cggf BP& %Prg?lﬂﬂ’eg %ag FF’(YEIS Hlt ng'fa]ﬁ@“an
aceti c acpue ebanGaaup lfeamindsetected ot grodp annsisting ef:n content | ess than
10 ppm c) subsequently fjeedi ﬁs‘t{d colum: i. the low
acrolein crude acrylic a?:l d, %ﬁ\:ﬂrfax@g%gm%m Chﬁ:e(gﬁgh upper portion of
the final distillation colum, an am ne feed stream conprising fromO0.01 to
1.0 nolar ratio, based on total nol &¥Hef al dehydes and naleic acid and _
mal ei ¢ anhydride in the | ow acrol ei n| crude acrylic acid, of one or nore of
a Goup B am ne selected fromthe grg consisting of o -, m-, p -

phenyl enedi am ne, 4-nitrophenyl hyg e, and 2, 4-di ni trophenyl - hydr azi ne;
and d) distilling the | ow acrol ei ar¥Bic acid through the final
distillation colum, thereby prov GAA havi ng a residual individual

al dehyde content Iess than 10 ppm 3 A procesflilor producing a pure
grade acrylic acid (PGAA) conpri si ng the steps of: a) feeding to a crude
acrylic acid feed streamfro %@1 to 2.0 nolar ratio based on tot nol es
of al dehydes aWASTRMT &3ds srlpdied fremyHiegreun cRpsistiagof CORH and deOLR |Wber@md
feed stream ORS meletedfrom Of - - Q¢ dkghjan8 am ne sel ected fromthe group

consi sting of: i) an aﬂ)kyl %ﬂeaﬁ’ﬂ%%ﬂx% cﬁfstﬁtcﬁﬁgt(w,e (rn)

' HO-R7 -NH2 V)

wherein R7 is selected from C3 - Cg alkylene;

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; '

¢) 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 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-dinitrophenyl-hydrazine;
and .

d) distilling the low acrolein crude acrylic acid through the final distillation column,

thereby providing PGAA having a residual individual aldehyde content less than 10 ppm.

5. A process for producing a pure grade acrylic acid (PGAA) comprising the steps of:
a) feeding to a crude acrylic acid feed stream from 0.1 to 2.0 molar ratio, based on
total moles of aldehydes and maleic acid and maleic anhydride in the crude écrylic acid
feed stream, of one or more of-a Group S amine selected from the group consisting of:
i) an alkylenepolyamine of structure (II)



31 [err] wherein [err] is selected fromHor a Cl - C6 al kyl eneamni ne, - and
Rl is aCl - C alkyleneamne; ii) ortho - toluidine, nmeta - toluidine;
and iii) an al kanol am ne of structure (V), HO - R7 - NH2 (V) wherein R7
is selected fromC2 - C6 al kylene; b) holding the crude acrylic acid feed
streamand the fed Goup S amne at a t8hperature of from[err] to [err]
for a hold time of from 15 seconds to 150 hours to provide a treated feed
stream c) feeding the treated feed stregmto a distillation colum; d)

concurrentl ' .01 to 1.0 nolar ratio, based on total noles of
al dehydes iﬂl’lﬂ'ﬂﬂulﬂulmrmmnd mal ei ¢ anhydride in the crude acrylic acid,
of at |east *oné of a Gsoup P am neRéel—que-d—fRé)m(tIﬂge group consisting of o
-, m-, p - phenyl enedi am ne, 4- nitrophenyl -hydrazi ne,
2, 4-di ni trophenyl - hydr azi ne, phenyl - hydrazi ne, hydrazine, and aniline, to
the treated feed st rehepefreRS Isxseldatediirsin B lo2 ki@n Coalkylenerinefatd R¥id # an
upper port nfpcggyﬁ}?&eqhﬁhél | ati on colum; and e) distilling the treated

| e

feed strea preserce of the Goup P anine, through the distillation
col um, thereby provddi ngribeatoridinagnetar tadniding anddi vi dual . al dehyde
content |ess than 1Qiippmantlkanofarfiir@e s&rut®ire pY)pduci ng a pure grade acrylic
acid (PGAA) conprising the STeRs. V—I\gl)l feeding to an acetic acid
distillation colurm.aéged st ream at te rature of from[err] to [err],
the feed strearWhenest Réingelestpd from 6 -&ealkylenei d- cont ai ni ng crude acrylic
acij d; : i) fromy). Holding’the cidl@dicriyhié h@d f&%ﬁﬁfhﬁﬁhﬁ&&@&&@@ﬁg@aﬁh@%ﬂdes
and mal ei | ei o rhde in.the hi acetic acid- tai ni ng
crude acr ;tF ﬁ‘geg%@dg ogﬁ mg\fq gggq&o% goroaf h%{d@’rﬁﬁﬁpéoﬁﬁ%tﬁgc sg&l&@ﬁp °t he
group consprovidap geated)feed sireamiky| enepol yani ne of structure (I1) [err]
wherein R3 is s¢lfeeding thé BetedFbedstiehm td B ddkillitionesltidie, and [err] is a
Lerr] alkyl erjeac{y cr:]oericurrenﬁ% fc'aeld)ing fr%grg 881 tc; ?b‘ﬁ',&g{‘ xea’ﬁo?ggsaea otnotloyall grlloqgé of nd
aldehydes and maleic acid and maleic anhydride in the crude acrylic acid, of at least one of
a Group P amine selected from the group consisting of 0 -, m -, p - phenylenediamine, 4-
nitrophenyl-hydrazine, 2,4-dinitrophenyl-hydrazine, phenyl-hydrazine, hydrazine, and
aniline, to the treated feed stream fed to the distillation column, optionally to an upper
portion of the distillation column; and
e) distilling the treated feed stream, in the presence of the Group P amine, through
the distillation column, thereby providing PGAA having a residual individual aldehyde
content less than 10 ppm. '

6. A 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;

if) 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 S amine selected from the group consisting of:

i) an alkylenepolyamine of structure (II)

H

R*—N — R* (1

wherein R3 is selected from H or a C; - Cg alkyleneamine, and R¥isa
Ci - Cg alkyleneamine;
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i1i) an al kanol am ne of structure (V), HO R7-NH2 (V) wherein R7 is
sélected fromC2 - C6 al kylene, to provide an amne treated feed strean b)
distilling off acetic acid fromthe am ne-treated feed streamto provide a
| ow acetic acid, anine-treated crude acrylic acid having an acetic acid

content |ess thm eeding the | ow acetic acid, amne-treated

crude acrylic H "IM'“" ”j i hdjati on columm; d) concurrently feeding from
0.01 to 1.0 no . 'an Ion total noles of al dehydes and nmaleic acid
and mal ei ¢ anhydride“ n"t he cfude acryl3x acid, of at |east one of a Goup
P am ne selected fromthe group consisting of o -, m-, p -
phenyl enedi am ne, 4- nitrophenyl -hydrazine, 2,4-dinitrophenyl-hydrazine,
phenyl - hydr azi ne, hydrazithe, %ikg- tehtidineemetaotalpidinesandcet i ¢ aci d,
am ne-treated crude acryiii)c agdkdrfarhmeldFatilichiire (Vpti on col umm, -optionally
to an upper portion of the dirl'zgi‘lﬂdﬁti colw}n; and e) distilling the | ow
acetic acid, am ne-treated c e cr@ﬁﬁc actd, in the presence of the G oup
P ani ne, t hr ouytherein Rfjistselectedifoom €3 1Ohalkyltemecloyprpvicieiani amyineGehtidhfdedy a
resi dual  gfedndj dual al dehyde content |ess than 10 ppm 7. Pure grade
acryl e ach d wpe e Rhin PERGR SR Ol Soame Heated Yol Strean 10 provide 3 dow’
acetic acid, amine-treated crude acrylic acid having an acetic acid content less than 2,000
PP | |
c) feeding the low acetic acid, amine-treated crude acrylic acid toa distillation
column; '

d) concurrently feeding 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 P amine selected from the group consisting of 0 -, m -, p - phenylenediamine, 4-
nitrophenyl-hydrazine, 2,4-dinitrophenyl-hydrazine, phenyl-hydrazine, hydrazine, and
aniline, to the low acetic acid, amine-treated crude acrylic acid fed to the distillation
column, optionally to an upper portion of the distillation column; and

e) distilling the low acetic acid, amine-treated crude acrylic acid, in the presence of
the Group P amine, through the distillation column, thereby providing PGAA having a
residual individual aldehyde content less than 10 ppm. :

7. Pure grade acrylic acid whenever produced by a process as claimed inany
preceding claim.



