qbio28%4-3

PROCESS. EGR THE PURI FI CATI ON OF RERYLKEIACHREISTATNEG BY |  CATALY®:C

OXI DATI ON OF PROPYLENE M Descriptidg Q,rage%e_lg_tq AJygRsien felates to an

| npr oved process for theigyri;kigati.qn.of nAgly, Ed ael d 5 The
mai n route for the synthesi stlg\g(“){{sbc acj """"" 5 enpl oyed
industrially today is cat pra t it og ] 'r"d'p'y ene, which
produces acrol ein as i nt} .& 'Fﬁ%s i'éa Qtlfg 'ech takes place in
a gas phase, Png §sri? Pma ':,r-», ;g!; s -Iefdgmﬂ&n lﬁSl des
acrylic acid, noncol & gases. Ul “ONVETT ed- propy rogen
carbon nonoxi de &AaLHLe d : SEg&NEC conpounds, that Is to say
those whose boiling me ntpﬁesehewnadaaﬂdzhai»epéca@rwd CafCijGhpréiled

vapour, . unconverted croé/‘Eieé ur t:tles nuf act ur ed, gy side 15
feactions, such RESF8PRaf TEnGHL PURdPCAtAEPAAn A EREF | REES and, finally,
heavy conpouldds, that isTke mzin tivee Ehgsthe sybhthesing gbianrylsichiaghier
than that of acr Ehackg BBbEbFed iz?dﬁ”&’&&'éﬁy“!cf&érya' 48y &ralytic

benzal dehyde and t grocesses Tor the purification
of this 20 reac%ﬁaﬁagnv\h‘?%h PROPYIEREri bUBLFR PRRAYFRR AGHIeIn  @fns| st

i n condensi ng thijaterkbaigtandriexd rFgdddign, havhich Wageai q:merép(mnds Jas

count ercurrent Waihl ng w.th wat.er s vmth heavy sal vent.
Phase; gives rlse a gas stream conta:.n:mg chiefly,

10 besgides acrylic acid, noncondensable gases: unconverted
propylene, nitrogen, carbon monoxide and dioxide, "light™
organic compounds, that is to say those whose boiling
point is lower than that of acrylic acid: water vapour,
unconverted acrolein, impurities manufactured by side

15 reactions, such as formaldehyde, acetic acid and the like
and, finally, heavy compounds, that is to say those whose
boiling point is higher than that of acrylic acid: maleic
anhydride, furfuraldehyde, benzaldehyde and the like.

The processes for the purification of this

20 reaction gas which are described in the literature
consist in condensing this mixture and extracting the
organic compounds by countercurrent washing with water or
with heavy solvents.

The processes employing absorption by water have

25 the disadvantage of extracting wvirtually all of the
organic products present in the gas mixture in a
relatively unselective manner. The purification of the
aqueous solution thus formed requires difficult and
costly separations by distillation and/or extraction.

30 French Patent No. 1 558 432 describes a process
which consists in absorbing the organic compounds present
in the reaction gas with the aid of esters of aliphatic
or aromatic acids of high boiling points, or with

_ tributyl or tricresyl phosphate. At the end of this

35 absorption stage - the 1light compounds (acrolein,
formaldehyde) are removed at the top of a first
distillation column, and a second distillation column
makes it possible to obtain, at the top, an aqueous
solution of acryli-d acid which ié more; conce'_i;zt:ated ‘than



The.processes enpl oyi ng absorption by water have 25 the disadvantage of

extracting virtually all of the organi ¢ products present in the gas
mxture in a relatively unsel ective manner. The purification of the
aqueous solution thus formed requires difficult and costly separations
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chiefly maleates, polyacrylic acids and polyacrylates.
10 This process makes it possible to clear in a single
stage, at the top of a distillation column, most of the
compounds of 1low boiling points, such as acrolein,
formaldehyde, water and acetic acid. However, this
process for the manufacture of acrylic esters is ill-
15 suited to the production of pure acrylic acid, especially
because of the presence, in the initial crude acrylic
acid mixture, of the esterification derivatives recycled
to the absorption stage. - '
An improvement is introduced in the process
20 employing an extraction with the aid of a hydrophobic
heavy solvent or of a mixture of hydrophobic heavy
solvents, as described in French Patent No. 2 146 386 and
German Patent No. 4 308 087, which makes it possible to
obtain, at the end of the extraction stage, an anhydrous
25 solution which is rid of a substantial proportion of the
light organic products which constituted the initial gas
mixture (acrolein, formaldehyde, acetic acid), thus
‘appreciably facilitating the subsequent purification of
acrylic acid. For greater clarity this column for the
30 extraction of acrylic acid by absorption of the reaction
gases with the aid of a heavy solvent or of a mixture of
heavy solvents will be referred to as (cl).
According to this last process, the acrylic acid
extracted, in solution in the heavy soclvent or the
35 mixture of heavy solvents, is, optionally, first of all
freed from a proportion of the acetic acid and of the
residual "light"™ compounds (that is to say all the
impurities with a boiling point lower than acrylic acid)
in a column (c2) and is then distilled in a column (ec3).



5 126 imtroduces an inprovenent by virtue of the use of a m xt ure of
fractions of high boiling points, which is recovered at the bottom of
the columms for purification of the esters manufactured fromacrylic
acid, containing chiefly mal eates, polyacrylic acids and pol yacryl ates.
10 This process nmakes it possible to cleaB +n a single stage, at the
top of a distillation colum, nost of the conpounds of | ow boiling
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15 optimum quality of the acrylic acid distilled at the top
of column {c3) means allowing acrylic acid to pass at the
bottom. In this case, in the absence of a suitable
process for recovering this acrylic acid in the bottom
stream, as is the case, for example, within the scope of

20 French patent application No. 2 146 386, this solution
results in a costly loss in the recovery yvield of acrylic
acid. |

In fact, in the French patent referred to,

No. 2 146 386, the purpose of the stages which follow is

25 to purify the heavy solvent or the mixture of heavy
solvents in order to recycle it to the stage of the
extraction of acrylic acid £from the reaction gases
(column cl). At the bottom of column (c3) a mixture is
obtained composed of the heavy solvent or of the mixture

30 of heavy solvents and of the heavier impurities from the
process, namely:

- the "intermediate" impurities, that is to say those
whose boiling point is between that of the heavy
solvent and that of acrylic acid: maleic anhydr;de,

35 furfuraldehyde,: benzaldehyde and the like,

- the "heavy" impurities, that is to say those with a
boiling point higher than that of the heavy solvent:
esterified acrylic  oligomers, polymers,
polymerization inhibitors employed in the process,



35."m xtare of heavy solvents, is, optionally, first of all freed from

a proportion of the acetic acid and of the residual "light" conpounds
(that is to say all the impurities with a boiling point |ower than
acrylic acid) in a colum (c2) and is then distilled in a colum (c3).
- 3- _ However, it is very dif4ieult to obtain a product

which is conpletely free from heavy conpounds (naleic - anhydri de,

benzal dehyde, furf andl dbaytidke. traces of solvent(s)) at the top of
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opti mum quality of the acrylic aci
P g ¥¢ 146 386, malechlasxglll}lr ::?:Pdeat ctarqel'}eOpremoved in a

column (c4) which may be either a distillation column
10 (the impurity is withdrawn at the top of this column) or
a column for extraction with water (the impurity is then
purged at the bottom, in the aqueous stream).
In both cases the acrylic acid present at the
bottom of column (c3) is lost, either at the top of the
15 distillation column (c4) or in the water discharged from
the washing column (c4). This gives rise to a
considerable and costly loss in the recovery yield of
acrylic acid.
Extraction with water has the additional
20 disadvantage of giving rise to an agueous stream which is
rich in organic contamination, requiring a removal
treatment that is costly in energy. In addition, the
removal of the "intermediate" impurities other than
maleic anhydride is insufficiently effective, and this
25 results in an accumulation of these impurities in the
solvent <recycle loop. The consequence 1is then,
unavoidably, the entrainment of these compounds into the
-distilled acrylic acid.
The removal of the "intermediate" impurities
30 at the top of distillation column (c4) also has the
disadvantage of entraining an appreciable loss of the
heavy solvent(s) in this stream. Furthermore, the low
water contents 'present at the bottom of the preceding
column (c3) for purification of acrylic acid are
35 concentrated at the top of this column for the removal of
the "intermediate" products, and can result in an
inconvenient phenomenon of preciéitation of maleic acid
produced by reaction of the anhydr'ide form with water. In
contrast to the anhydride, maleic acid is actually very
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of the preceding column (C3) for purification of acrylic

acid. As a result, it is possible to conduct the

distillation in the column (C3) so as to obtain at the
top of this column a stream which is very pure in respect
of acrylic acid, practically free from heavy impurities,
while accepting to allow to pass at the bottom a small
proportion of the acrylic acid present in the feed. The
acrylic acid present at the top of column (C3) is no
longer lost, since it is recovered at the top of the next
column (C4) for removal of the "intermediate" heavy
products and can be recycled to the feed of the preceding
column (C3). In addition, the stream drawn off sideways
in this columm (C4) is particularly concentrated in
respect of "intermediate"™ heavy impurities (chiefly
maleic anhydride, benzaldehyde and furfuraldehyde), and
this makes it .possible to avoid the accumulation of these
impurities in the recycle loop, and the loss of heavy
solvent(s) in this stream is greatly reduced.

The subject of the present invention is therefore

a process for the purification of acrylic acid obtained

by catalytic oxidation of propylene, extracted by

countercurrent washing of the reaction gases with at
least one hydrophobic heavy solirent in an extraction
column (Cl), characterized in that: _

- a distillation of the stream cbtained at the bottom
of the extraction column (Cl), which contains the
heavy extraction solvent(s), the required acrylic
acid and impurities, ‘chiefly impurities whose
boiling temperatures are higher than that of acrylic
acid, is conducted in a distillation column (C3),



-4- . ¥ and the |ike. At the end of this first
distillation the I mpurities which are heavier than acrylic acid nust be
renmoved in order to avoid their accunulation during the 5 recycling of the
solvent or of the -m xture of solvents to the extraction stage.

As described in the French patent referreg to, No. 2 146 386, nmaleic
anhydri de can be renoved in a col um ?c4) whi ch may be either .a
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maleic anhydride and impurities with boiling
temperatures situated between that of acrylic acid
and that of the said heavy solvent or of the
lightest of the said heavy solvents employed as a
15 mixture;
- a stream rich in acrylic acid is distilled at the
top of the column (C4); and
- a stream containing the said heavy solvent(s) and
heavy impurities whose boiling temperatures are
20 higher than that of the said heavy solvent or of the
lightest of the said heavy solvents employed as a.
mixture is recovered at the bottom of the said
column (C4), this stream being recycled to the top
of the column (Cl) for the extraction of the acrylic
25 acid preéerit in the reaction gases.

Before the stream obtained at the bottom of the
column (Cl) is introduced into the column (C3), the said
stream can be advantageously freed from a proportion of
its light residual impurities, such as acetic acid, at

30 the top of a distillation column (C2).

In accordance with particular embodiments of the
process according to the 'present invention:

- the stream obtained at the bottom of the column
(c1), if appropriate at the bottom of the column

35 (C2), is conveyed onto a tray situated in the lower
half of the column {C3) and the operating point of

the said column (C3) is searched for so as to

obtain:

- at the to a stream composed:
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of entraining an appreciable | oss of the heavy this

stream Furthernore, the | ow wat er contentsipresent at the bottom of

t he preceding colum (c3) for purification of acrylic acid are 35
concentrated at the top-oprédomimmtlyn thattibe delwaalt 96 % by wdight,
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of precipitation of maleicC aci prdduced by reaction of the anhydride
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purification by distillatjon whi ch ayoi ds the above ,
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in some conditions, it isspbesitied st @adecover, in a fraction drawn

of f sideways in a disti | ( 9) which is very
rich in maleic anhydri déLgﬁ%ggﬁ%gntaog%fea?hiagﬁgg%éﬁ, a stream (8)
which is very rich in acrpredomiiantizhi Ehagahe Rt Aeapt 28 % PX e

of the preceding colum (&8) diy Reaidi Cadlwentofs)acayll coacighe Aneavy
10 impurities;
- the remainder consisting of acrylic acid;
- the stream which rich in maleic anhydride and heavy
impurities is drawn off sideways from the column
(C4) on an intermediate tray situated above the feed
15 between the lower quarter and the upper quarter of
this column, at a temperature chosen so as to obtain
a stream with a concentration of at least 20 % by
weight in respect - of impurities with boiling
temperatures between that of acrylic acid and that
20 | of the solvent or of the lightést of the solvents
employed as a mixture;
- the stream distilled at the top of the column (C4),
which contains:
- predominantly, that is at least 90 % by weight,
25 acrylic acid; ' _
- the remainder consisting of impurities of higher
boiling temperatures;
is conveyed into the column (C3), at the main
feed level of this column or, advantageously, at
30 a level situated above this feed; and
- before recycling ﬁhe stream obtained at the
bottom of column (C4) to the top of the column
(Cl), the said stream or a proportion of the said
stream is freed from its heavy impurities with
35 boiling temperatures higher than that of the
solvent (s), for example by distillation
techniques or extraction with the aid of a
solvent, which are employed optionally as a
supplement to a dissociation heat treatment
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250 mm Hg), at a top temperature of 30 - 110°C and
at a bottom temperature of 70 - 170°C.
The following points can also be specified:

(1) The distillation  colummns will be equipped
preferably with the known devices for vacuum distillation
of polymerizable products in the sections processing
significant quantities of AA; perforated trays without
downcomer are particularly recommended. The shells may be
maintained by any suitable device at a temperature which
is sufficient to avoid cold spots (which would bring
about condensat-:ion of unstabilized product and thereby
risks of polymerization).
(2) Polymerization inhibitors must be introduced into
the distillation columns preferably in the presence of
oxygen; the different inhibitors known £for their
effectiveness of inhibition of the polymerization of
acrylic acid, such as phenolic derivatives, phenothiazine
and its derivatives, metal thiocarbamates, compounds
containing nitroso groups, para-phenylenediamine
derivatives and quinones may be suitable.
(3) In the above_ descr:_i.pti_on the gas stream
originating from (Cl) may be partially recycled to the
reaction =zone. .However, in all cases at least a
proportion of this stream must be removed from the
system; if this proportion must be discharged to the

BBRufE2 ) G5 | conduotRGERENT
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such as acetic an'i\ibntﬂ‘lod hd thoptpf howevkst illidtiing f6kusdord?)In these
15 examples the ©percentages are given by weight.
Distillation columns were employed which are installed
according to the diagram in the single figure of the
attached drawing and whose characteristics are indicated
below. The feed to the columns may optionally be heated
20 with the aid of an exchanger. An injection of oxygen is
made into the columns. In the text relating to the
description of the examples the trays of the columns are
numbered starting fraﬁ the top of the colummn (tray O)
down to the bottom of the column (tray n).
'25 - column Cl: '
This column, 3 m in height and 38 mm in diameter,
packed with "multiknit” type packing units, is fed:
- at the top, with a stream (1) of absorption solvent
congisting of a mixture of 25 % of diphenyl and 75 %
30 of diphenyl ether, pure or recovered at the bottom
of column (C4), optionally after an operation of
deconcentration of the impurities;
- in the first lower quarter, with the stream (2) of
reaction gas from catalytic oxidation of propylene,
35 precooled to 90°C; '
- at the bottom, with air (3) employed for carrying
out stripping of the light compounds.
At the top of colummn (Cl), a stream (4) is
obtained, rich in light compounds (noncondensable gases,



In .accordance wth particular enbodinents of the process

according to the present invention: the stream (5)
obtained at the bottom of the colum (Cl), if

appropriate at the bottomof the colum (C2), is conveyed onto a

tray situated in the lower half of the coligm (C3) and the

operating point of the said colum (C3) is searched for so as to

obt ai n: acrolein, formaldehydé MNaevdt@y, andsar paopoébyicwmbsrttic
FEE{_AICSNEL\ITI SgsEt -Eé'g) % ﬁ't the %otto::? 5" column (Cl) the recové)reecfi Osrgr;ﬁ% Ly,
Cacidy (5) formé a o utiophéns ghei FRRATRIGES SolMgnbfof tRemidsy -

conpounds: mal iaggid with the residual acetdkhydeide, aﬁ&rfﬁﬁéﬂ
benzal dehydes and traces of the

ng constituents of this at BEFERRS ¢ Oﬂflﬁlgt %\f/# %(IJ aCt i on

sol vent (s);

conposed: furfuraldehyde, benzal@ebyldei neptppundbabfi additionsttd5 %
by wei ght, of ”&%ryl;c acid and inhibito s sol vent (s) and of the heavy

i mpurities; t remai nder consisting of acrylic
aci d; ~ Column C3:the stream (9) which is rich in maleic

anhydride and heavy This column, packedlm"‘:ﬂtﬁ.&lﬂ:&l@l"aﬁﬂp@fﬂacﬂtﬂ@/\ﬁys
fromthe calum ra S|tuated

) on ,a i.nt er medi
above the fifed 2‘ RSt ficiency of 18 theorely z%it e upper
gquarter of this fed un.tn athe t effpsstat ulewer third w:.th a m:\.xture

characteristic of the stream (5) obtained at the bottom
of column (Cl). A proportion of the distillate (6)
recovered at the top of the column after condensation is
15 conveyed again to the top of the column to provide the
reflux. In the lower portion the column is equipped with
an electrically heated boiler.
- Column C4:
This column consists of 9 actual trays, with an
20 efficiency of 5 theoretical plates, each tray being
provided with orifices and an overflow. The feed, with a
mixture characteristic of the stream (7) obtained at the
bottom of column (C3), is preheated beforehand through an -
exchanger and then conveyed to the bottom of this columm,
25 at the level of the boiler with a thermal syphon heated
by electrical resistances. A proportion of the distillate
(8) recovered at the top of the column after condensation
is conveyed again to the top of the column to provide the
reflux. At the £fifth tray 1level a system allows a
30 proportion of the condensed liquid phase to be drawn off
(at 9). This system is provided with a valve the opening
of which is controlled automatically when the temperature
measured on this tray reaches the fixed temperature set-
~ point.
35 EXAMPLE 1
Into the distillation column (C3) operating at a
pressure of 0.133 bar (100 mm Hg) are conveyed 1150 g/h
of a stream (5) obtained at the bottom of extraction
column (Cl), including:



chosen so-as to obtain a stream (9) with a concentration of at

| east 20 % by weight in respect of inpurities with boiling
tenperatures between that of acrylic acid and that of the sol vent
or of the lightest of the solvents enployed as a m xture;

the stream (8) distilled at the top of thg colum (4), whi ch
cont ai ns: . - predomnantly, that is at |east 90 %
by weight, acrylic 90 % of the heavy abso Eﬂbﬂ solvent (mixture of -

t he remai nder consisting of ur,i, t f_hi
t enper at ur es; 25”2 d:.pixeny]? cll
" at the rain feed | evéd:31 % of acrylic ac:.d-- o of- this colum or, -
advant ageously, at ag @wek gigt HLQEEQ dri above this
feed; and © aﬁ’ﬂ.é}rrerr ecycling the stream t(l%’h

obt ai ned at % he bottom A& the top of column (C3) a pRQRAFR{PCAHL tBhe he

top of the col ugistEliled h@tﬁ@dﬁl (6) is returned so as to PrcRdAdeOraa
proportion of the ai trea reed

(
Prom (s heavy FREGSVAEERCREE BatiP ge! alfer & BHBLURP RE, 2cTylie acid
than that of th@osxtlai@lms) 1 f50r 9exam!bl ehydroffsinddet i ofhich acts as

techniques or pAYMAYZaonMiblibiPsr, £ Cﬁlscpfcon ?.BEPEACENE'\E,&HE_ET

solvent, which are errpl oyed optionally as a sug /e
opt | onal ly Jn%volqh’ﬁg% nga|(9 }. at a rate of 1 . The temperature is
varied at the boiler situated at the bottom of the

v“%fg’&’ V3 BEBeEF umm (cs)

column.
The results are summarized in the table below:
15 Bottom temperature 160°C 170°C 182°C
% AA recovery 89.3 % 94.3 % 99.8 %
Top solvent (C3) <0.001 % 0.02 % 0.112 % -
‘Top MAA (C3) 0.006 % 0.212 % 0.529 %
Bottom AA (C3) 1.080 % 0.595 % 0.021 %
20
AA: acrylic acid
MAA: maleic anhydride
This example illustrates the difficulty of

obtaining simultaneously acrylic acid of good quality,
25 free from heavy compounds, at the top of' column (C3), and
a low acrylic acid content at the bottem (or a good
recovery ratio at the top). Acrylic acid of a quality
which is free from heavy compounds can be cbtained only
by accepting that a significant proportion of acrylic
30 acid be allowed to pass at the bottom of the column.
EXAMPLE 2
Into the bottom of column (C4), which operates at
(100 mm Hg),

recovered at the bottom of

a pressure of 0.133 bar
1000 g/h of a mixture (7)
35 column (C3), including:

are conveyed

R
heet Has Been Reraced '

T

- 0.6%9 % of acrylic acid;
~ 0.06 % of maleic anhydride;



I n accordance with particul ar enbodi nents of the present invention: - t he
distillation in the colum (C3) is conducted at a pressure of 2.66 x
10[err] - 3.33 x 10[err] Pa (20 - 250 mm Hg), at a top tenperature of 40
- 120 C and at a bottomtenperature of 120 - 230[err]C, - t he
distillation in the colum (C4) is conducted at a pressure of 2.66 x
10[err] - 3.33 x 10[err] Pa (20 - 250 mn Hf),” at a top tenperature of 40

-120[err] C, at a bott t rat ur f. 120 - 2300 C and at a side draw off
tenperature of 40 - %88[%5%?%% genzg{cﬁeh’ff?s’tl llation in the colum (C2) is

conducted at a press®r.Q03f %ZOSGfNrQ@fﬂdqhyd% 33 x 10[err] Pa (20 - 250 nm
- Hg), "at-a top tenper g, l6|'4€9«0'£)f3 arda®ifddd; C and at a bettom tenperature of

70 - 170[err] C ovmn 0i Nt S can also be specified:, (1)
The distillation col q‘iﬁg"t%&}: he heavy: RPITRIA Vi ces

for vacuum di still at ismlvehtpahy:nmrez@lfl dlphéﬂyll:tand rdltphengrecétlms) and

processing signifi canle dgg Tﬁ eé?;s %gtsedo{ raMs; &QOEE coner

are particularly recomrende mai nt al ne y any suitable
device at a tenper at Gonbkei éhnﬂsoéuﬂmlemtaql@-avm d cold spots (which

woul d bring about condengaki ﬁﬂx@.irélmabslpgmeﬂmw a2BembbLs dYe rdsks of
pol ymeri zati on) Pol erEJ’I zation | i_ntrodu ed into

the distillati or%s(cozgq.xmgo |°3?=’|"ﬁYFHe1’bi;‘és%‘+Fcgﬁ’dﬁ%‘?%ew

di f ferent i¥thi bi{a#)s k’.l‘ilwmtémpethmre elﬁemhevebﬁ.‘semf isnhiomitiroddedf dthe
pol ymerization gAYl aggqh £ 2empBReReLEE V&’%& Be@NqQil azi ne

and its derivatives, I'TEt a H%aﬂ’&t g COI’TpOUﬂ S cont a ng nitroso

groups, para- pheshaessed Pérﬁlhhcl’tlérﬁ Fachvin intemedisteshrayy rompaundsi e, (3)
In the above desn iyHd @ifthe tgag IbveBMm ié)swa&nﬁasw fAw e dopraye be

B?gggﬁtlt : gnrg?yflhecé to t )E’ea t oq__egng’n%gwgdv%r (%' aI I celrses a(ts)l east a
proportion ¥ust dJ@tmlé@Idar(ged ghh} heconsisting of:

- 97.1 % of acrylic acid;

- 2.49 % of maleic anhydride;

- 0.36 % of Benzaldehy&e: and

- 0.07 % of absorption solvent.

20 The stream (9) drawn off sideways at the fifth

tray level (0.5 g/h) is composed of:

- 62 % of maleic anhydride;

- 29 % of heavy absorption solvent;

- 5.3 % of acrylic acid;
25 - 3.1 % of-benzaldehyde; and
- 1.2 % of furfuraldehyde.
Finally, at the bottom of column (C4) a mixture
(1) 4is drawn off, consisting essentially of the
absorption heavy solvent and of the heavy compounds of
30 addition to acrylic acid, as well as 0.02 % of acrylic
acid, 0.016 % of maleic anhydride and 0.038 % of
hydroquinone. ' '
In these conditions it can be seen that, if the
stream (8) obtained at the top of column (C4) is returned
35 to the feed of the preceding column (C3), the loss of
acrylic acid is limited to the quantity of this acid
which is drawn off sideways, that is lower than 0.5 %. In
the absence of the process which forms the subject of the

present invention virtually all of the acrylic acid



-9-,- at nosphere, it nust be purified either by catalytic

oxi dati on or by passi ng through a conbusti on chanber.

(4) The stream (10) leaving at the top of the colum (C2), which is
rich in acetic acid, may advantageously be introduced at a suitable point
of the colum (d), which wll make it possible to recover a
considerable fraction of the acrylic achlzi)résent (and to renove the
acetic acid). . I n, the case e an Jnhibitor or a
conbi nati on of PFERERE 17 thd Feed b S?gwf‘%m@%* o")’/c’e“c'#:d]%ee %8S er may

be renoved, at |east painiadditiiom, the processthacsprdang(9Fodr&he of f

st deways fr.om.tRgveREYER d1%bws the stream (1) of-absorp€idPldAWent exanples .. .

illustrate the present inveption_wthout, however, limting
its scope. In tRESECLIBG LD PREGETISRRINySScapeegrFRfed in Tespect of
wei ght. Distil | ahtefmediate S mpeird tdepl, Ogedashts hawsial ithel alckatgulation

according to the_,dj ' Sj | e,fi re o h d i
and vvhosg char agf"ehﬁg%?&igf%{%ne(ﬁ E:'}Lg"t g:(?ebge#’g%.' 'tlrflftee %ggg&t@gg hggég}yuﬁngs

may optional |y bbeheaimpunitieahabdich @regdravohaffceidawayrycési 68 &f

or The examl s pncie ekt (WEmaldh MenkRIidS 90T B e Cesed Bl on
the top of rr}[:)he PSPEﬁid%éFdﬁ/ 3‘5’)‘;]&(9\/\/% S'B the BB??o?r?ogu’fﬁga&f*%ﬁﬁ{e(‘t ray

n. 10 EXAMPLEOS U(por@arative) ~ This colum, 3 m
in height and 38 nmin Pﬂ@émtth%rbogégﬁegf column (C4), wlﬂchb o"p@'ijatt'e%nytn type

packing units, is fed:
' a pressure of 0.133 bar (100 mm Eg), are conveyed

1000 g/h of a stream preheated to 180°C, recovered at the
bottom of the preceding column {(C3), composed of:
15 - 1.6 % of acrylic acid;
- 0.035 % of maleic anhydride:;
- 0.006 % of benzaldehyde:;
- the remainder consisting of the absorption solvent
(25 % of diphenyl, 75 % of diphenyl ether) and of
20 the heavy compounds (derivatives of addition to
acrylic acid, inhibitors, etc). _

The temperature at the bottom of the column is
182°C. In contrast to the preceding example, no stream is
drawn off at an intermediate tray.

25 The distillate taken off at the top (16.6 g/h),
at a temperature of 85°C, is composed of:
- 97.8 % of acrylic acid;
- 1.41 % of maleic anhydride;

: - 0.22 % of benzaldehyde; and

30 - 0.11 % of absorption solvent.

The stream recovered at the bottom of column (C4)
contains 0.047 % of acrylic acid, 0.01 % of maleic
anhydride and 0.002 % of benzaldehyde, the remainder
consisting chiefly of the absorption solvent and the

35 heavy compounds of addition to acrylic acid and the
inhibitors. |

Ixi these conditions the loss of acrylic acid in
the stream recovered at the top of the column, in
relation to the acrylic acid present in the streams
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p, wwth a stream (1) of absorption solvent consisting of

% of diphenyl and 75 % of di phenyl ether,

ed at the bottom of colum (C4), optionally after
deconcentration of the inpurities; -
quarter, with the stream _(2) of reaction gas

oxi dati on of propyl ene, pr& o0led to 90 [err] C

trllrpounagI thebl1lmd €8P OVgH o505 carrying out stripping

gases,. RePled¢ls N@:EEm’iHEETthe wﬂ&lJULfl%%% distillation

| ei fornalgﬁ % ter and a proportion, of_acetic

Bn18? kol

SF) caByarans sBPESRPSiIveLy) Miths a
sol uti on i n5t he releyel phgoas snﬂe/@urbdnfctausyiamed duading avpleivms palsdual

At the top of colum (C1),
EXAMPLEcA rich in | i ght conpounds

ol/ae. N§¢ Vé/d:f_lsacd.ll Qigh ¢ S na(Hel t o} StheSLngg{,l anﬁl eic

furfura e enzal dehyde, ounds of
geceNesrdort . the bottom of the column (C4) and the stream

(8) distilled at the top of column (C4), respectively as
absorption solvent at the top of column €1 and as
complement to the feed to the colummn (C3).

The column (Cl) is fed:

- at the top, with a mixture (1) of absorption solvent
recovered at the bottom of column (C4) (2700 g/h),
in which analysis £inds low contents of acrylic acid
(0.047 %), of maleic anhydride (0.01 %), of
benzaldehyde (0.002 %) and of hydroquinone (0.05 %):

- at the level of the first lower quarter, with the

' gases (2) from a catalytic oxidation reaction of
propylene (2160 g/h), which are precooled to 90°C;
and

- at the bottom (3), with air (600 1/h).

At the foot of this column (Cl) a stream (5) is
ocbtained, consisting of: '

- 8.66 % of acrylic acid;

- 0.064 % of maleic anhydride;

- 0.006 % of benzaldehyde;

- 0.005 % of furfuraldehyde;

- 0.055 % of hydroquinone; _

- the remainder consisting chiefly of the absorption
solvent.

This mixture (5) is supplemented by the stream

(8) obtained at the top of the column (C4) during a

previous péss, composed of acrylic acid (97.8 %), maleic

anhydride (1.4 %), benzaldehyde (0.22 %), furfuraldehyde

(0.12 %) and solvent (0.11 %). This mixture is conveyed

(1231 g/h) as feed to column (C3) which operates at a

pressure of 0.133 bar (100 mm Hg). The temperature at the

boiler level is set at 165°C. At the top of column (C3)

a proportion of the distilled stream (6) is returned so



- Colum C3: Thi s -

10 n _ o colum, packed with "multiknit" '

he n?ldlr 2t V\Al th an efficiency of 18 theoretical plates, i gl t tyfgdpapkl "
ower third with a mxture characieristic of theIn

stream (5) obtained at the bott :
distillate (6 om of colum (Cl1). A proportion of the
is 15 (6) recovered at the togsot the colum after condensation

conveyed again to the top of th '
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00t {0 o i seg0lsome 26 cenerimdn OFTEGCbORLE w ReS AL syph
(8) ecover od %?g%{e’g‘%gll"n"esb L8056 of phapeiéi amifdrife akoripi e

_ p of the colu fter t(i0QI0 2 '

agal 1 (0 i he {bmmad1estrdel G 5 phoy; et FlpdMERRET (02 ) padERRY Ve
Level a s Me gtgog?oﬁ_rﬁigsso?ﬁi{wnspdnent-_the condensed |iquid phase to bgy
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I nto i sti ' .
(100 mm Ho) "ar & congegRe IR0 G h ey PSS oh 0 par
- 0.09 % of maleic anhydride; '
- 0.007 % of benzaldehyde;
- 0.003 % of furfuraldehyde;
15 - 0.073 % of hydroquinone;
- the remainder congisting of the absorption solvent
and the heavy compounds of addition to acrylic acid,
is conveyed (1000 g/h) to the bottom of column (C4) which
operates at a pressure of 0.133 bar (100 mm Hg), at a
20 temperature of 180°C. The temperature at the boiler level
is controlled at 182°C and the set point temperature for
drawing off at the £ifth tray level is set at 135°C. The
product 8, distilled at the top of the column (9.3 g/h) .,
intended to be returned as feed to column (C3), is
25 composed of:
- 98 % of acrylic acid;
. 1.45 % of maleic anhydride;
- 0.17 % of benzaldehyde; '
- 0.15 % of furfuraldehyde; and
30 - 0.08 % of absorption solvent.
The stream 9 drawn off as side draw-off
(1.31 g/h) contains:
- 12.94 % of acrylic acid;
- 36.4 % of maleic anhydride;
35 - 47.8 % of absorption solvent
- 1.73 % of benzaldehyde; and
- 0.83 % of furfuraldehyde.
Finally, the mixture (1) obtained at the bottom
of column (C4), intended to be recycled to the top of



of & str.eam (5) obtained at the bottom of extraction colum (d),

I ncl udi ng: REPLACENMENT SHEET -
90 % of the heavy absorption solvent (mixture of | 25 %

di phenyl and 75 % di phenyl ether); - 9, 31 % of acrylic acid; - 0.07 %
of mal ei ¢ anhydri de. At the top~ o:f' colum (C3) a proportion of the

distilled stream eturned rovi arefl x/draw-off ratlo
of 1/1. A mixtuf® :E%%n @?VI i CO8CT 8 o%ﬁéeglﬁ 8t %f J‘hydrso&w nohe
which acts asopot@emhea&ﬁ|nn¢dunhsbpfoaddlslqmstpcnnnﬁﬂﬂgjaq;d:hadtgﬁ of
this colum. (C3y dé‘&%v.@lﬂd}lé @f. 032 @1 h. wame 1RMBBhekHES &6 a\aa;m akilhe

boiler situated at t bot t om of the’ col he results are
summari zed in t A@-P4bfkd A pal el%o??%’ﬁ‘?“f’e‘?ﬁ)er(gtﬂ?e T and sBrares cof

170[err]C 5 Dént£ldéKyde (0.002 %) and of furfuraldehyde (content
lower than 0.001 %).

In these conditions the loss of acrylic acid in
the side draw-off is only 1.6 %, whereas the ratio of
reduction in the intermediate impurities in the stream of

10 absorption solvent to be recycled is 80 % in the case of
maleic anhydride and 79 % in the case of benzaldehyde.

" As already indicated, the stream 5 can be sent
(along arrow 5a) to a distillation column (C2) in order
to be freed (in 10) of its light residual impurities.

15 Before the stream 1 is recycled to the column
(Cl1), it can also be freed (along arrow la) from its
heavy impurities (in 11), by known techniques, such as
those defined above. '
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a distillation of the stream (5) obtained at the
bottom of the extraction column (Cl), which contains
the heavy extraction solvent(s), the required
acrylic acid and impurities, chiefly impurities
whose boiling temperatures are higher than that of
acrylic acid, is conducted 1n a distillation column
(C3), the said d;st;llation being performed in
conditions such that a stream (6) which is very pure
in respect of acrylic acid is obtained at the top of
the said column (C3), allowing acrylic acid to pass
at the bottom (7):;

the stream from the bottom (7) of the column (C3) is

conveyed as feed into the 1lower part of a

distillation column (C4) from which there is drawn
off sideways, on a tray situated between the feed
and the top of the column, a stream (9) which is
rich in maleic anhydride and impurities with boiling
temperatures situated between that of acrylic acid
and that of the said heavy solvent or of the
lightest of the said heavy solvents employed as a
mixture;

a stream (8) rich in acrylic acid is distilled at
the top of the column (C4); and

a stream (1) containing the said heavy extraction
solvent(s) and heavy impurities whose boiling
temperatures are higher than that of the said heavy
solvent or of the lightest of the said heavy
solvents employed as a mixture is recovered at the
bottom of the said column {C4), this stream being
recycled to the top of the column (Cl) for the
extraction of the acrylic acid present in the
reaction gases.

2. Process according to Claim 1, characterized

pass



- 124- .. - 0. 005 ‘VTT“‘bE‘ﬂZﬁl dehyde; - 0.003 % of

furfural dehyde; hydrqu|none - t he remai nder

consi'sting of the ,w fgl’ ' ” sol vent (m xture of diphenyl
an

and di phenyl et her of traces of heavy conpounds of addition
to the double bond of acryllc atfd: This m xture (7)

I's preheated to, ur e_of 180[err e hei conveyed into
the boiler of tﬁ@ (Fg{gﬁ:m'lt D BETEH (sl‘)hec’}l’g %‘gt ﬁE %?‘ﬁ ?’r?é: ‘Ar/ fY‘§

controlled at coluh8?| )] Cis Tiieesdt -fp'omntatpnppoatmm bér :'drsawlmghbff t he
stream (9) whi C@ebidﬁh%?ﬁf\\fﬂﬁ%{s@gbﬁt% Wk GOERRUTKISA, ar tBle EBS fifLH

tray level, is set at E colum (C4),
temperature of 8I[8rAfetislatiem@olyyn; 4C2 distilled (6.4 g[err] h)

CORSIdStIdng sf . - 397. ﬂzf-%éﬁs &Hcﬂ;ﬁ&n@ctd either- of @14911\3/0 mf anal ei c
anhydri de; 0.36. %0 enz i 0.07
absorption sol va.ht ch%-acter:.ze mI'h ett tgl )eaﬁ‘r é\?ﬁ’] S’PFa ?ﬁgwﬁ tgfz t he

fifth t r aybbttem 6. Shg/ 6yplunn ctiposdd @ppropriate ag? tﬁ@obonﬂbm C
anhydri de; of thedc¥1ahnheddy, als UdivededS¥nteNh tray situated in
the lower half of the column (C3), and in that the

10 operating point of the said column (C3) is searched for
so as to obtain: .

- at the top, a stream (6) composed:
- predominantly, that is at least 95 % by weight,
of acrylic acid; '

15 - the remainder consisting of the Theavy
compounds: maleic anhydride, furfuraldehyde,
benzaldehyde and traces of the heavy extraction
solve:it(s); and

- at the bottom, a stream (7) composed: _
20 - predominantly, that is at least 95 % by weight,
' of the heavy solvent(s) and of the heavy
impurities;
- the remainder consisting of acrylic acid.
4, Process according to one of Claims 1 to 3,

25 = characterized in that the stream (9) which is rich in
maleic anhjrdride and heavy impurities is drawn off
sideways from the column (C4) on an intermediate tray
situated above the feed between the lower quarter and the
upper quarter of this column, at a temperature chosen so

30 as to obtain a stream (9) with a concentration of at
least 20 % by weight in respect of impurities with
boiling temperatures between that of acrylic acid and
that of the extraction solvent or of the lightest of the
solvents employed as a mixture.

35 5. Process according to one of Claims 1 to 4,
characterized in that t_:he' stream (8) distilled at the top
of the column (C4), which contains: |
- predominantly, that is at least 920 % by weight,

acrylic acid; R



- .5.3. % of acryl I C aci d 25 - 3.1 % of benzal dehyde; and -

st AL 7 R (8

absor ption heavy sol Vent ahd of *t he heavy conmpounds of 30 addition to

acrylic acid, as well as 0.02 % of acrylla'9 - acid, 0016 % of maleic
anhydri de and 0.038 0/ of h dro ui none.
conditions it can be seen %’f a/ g J'r"gst?“;éarﬁ g.l r?te}S %‘gl??le top

of colum (C4) is rethﬁ‘itie@QBSemPPeat#eeifeed of the preced| ng colum (C3),

the loss of :L@Q:rcﬂv‘eﬁreﬁc':.ﬁtbstﬁé A Bt 0<ctahe Qlta'%hbtiﬁa% £8Le P&YéN: :
whi ch i.s drawn éﬁldewa s, that is Iovver t he _.absence

of the process WRe O BF bt ToTed I"%‘tuatedpr%“?é’ﬁ't thifefiertn

virtually al8 of the acréyli G?rac'eds azrcording to one of Claims 1 to 5, -

13 - presenty J.iL JN6-41,80d 310 "M]I > C’%% ("%er,entl ‘&Fﬁ IlQ&t':"afuhe thream

I n addition, the process accor ] | ows
(1) of- absorptlcﬁbwh\%taﬁ &he bot :m: of column (C4) to the top of the

column (Cl), the saii stream or a proportion of the said
stream is freed (in ZZ) from its heavy impurities with

10 boiling temperatures z-igher than that of the solvent(s),

' for example by distill=mtion technigues or extraction with
the aid of a solvent. 'which are employed optionally as a
supplement to a diss=mziation heat treatment optionally
involving a catalyst.

15 7. Process zzcording to one of Claims 1 to 6,
characterized in tha: =he distillation in the column (C3)

is conducted at a pressure of 2.66 x 103 - 3.33 x 10? pa,

at a top temperaturz= of 40 - 120°C and at a bottom
temperature of 120 - I30°C.
20 8. Process z=cording to one of Claims 1 to 7,

characterized in that =he distillation in the column (C4)

is conducted at a presmsure of 2.66 x 10° - 3.33 x 10% Ppa,

at a top temperati== of 40 - 120°C, at a bottom

temperature of 120 - 230°C and at a side draw-off
25 temperature of 40 - _BD°C.

9. 'Process zxzcording to one of Claims 2 to 8,
characterized in tha: =he distillation in the column (C2)
is conducted at a pressure of 2.66 x 10% - 3.33 x 104 Pa,
at a top temperatur= of 30 - 110°C and at a bottom

30 temperature of 70 - .770°C.

Sheet Has Been Rep laced
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recyeling to be sufficiently deconcentrated in respect of 5 I ntermedi ate

I mpurities, so as to avoid the accumul ation of these inpurities in the
| oop. The reduction ratio of these inpurities, which are drawn off

si deways, is 48 % in the case of maleic anhydride, 30 %in the case of
benzal dehyde and 20 %in the case of furf%ﬂa]dehyde 10 EXAWPLE 3
(conparative) Into the bot &MOI um (C4), which operates at
a pressure of 0.133 bar (100 mm Hg), yed - 1000 g/ h of a stream
preheated to 180[err]C, recovered at the~----- bottom of the preceding

colum (C3), ceippRsed ¢or *BE purrrIdatrdh Ar aRtIc 3¢T® orTAINED BP--035.%.
6——a__—___——____U_UUH—W—_F—E————ra_ﬁ_a———__—_—____T7T_—'

of mal ei c anhydrli _benzal dehyde

remai nder cons ST {EDATION OF JRROBYLENT (25 % of di phenyl,
75 % of di ghenyl ether) and of 20 ---¢he~heavy conmpounds (derivatives
of addition to L [ LRI L ar e
tenperature at the bot#b%&&¥ gigogbthggeg 59 zfgng%%fC?x?da%%ﬁlr%%} to
t he preceding @%@@ML&nQM)Qﬂtﬂﬁﬂﬁﬁi;bY coynsencurfent mashangr addi the tray.
25 The edictiiohl abﬁsgak%ﬂ{f a%t 1885t OPokd 6 Hyyd¥obhobic hédvR

tenperature of 83[err I S conpose; : 97.°8 % qf acrylic, acid;
- 1.41 %of FRlEER ﬁﬁyﬂ?l%fé@“tmn colymp, (63 bl mratiedy it X 30 -
0. 11 % of 1@bsorepid,one s@isehllation of the Eh&eahraamluhnnmuaaj&u the

malorc  anpieE o RIS (el fa BhofEkel £ K Lortind (3P

so as to obtain a very pure acryllc acid stream (6) at

the top of the column (C3), allowing acrylic acid to pass
at the bottom (7); the bottom stream (7) is conveyed as
15 feed into the lower part of a distillation column (C4)
from which a stream (9) rich in maleic anhydride and
impurities of boiling temperatures situated between that
of acrylic acid and that -of the heavy solvent is drawn
off sideways on a tray situated between the feed and the
20 top of the column; a stream (8) rich in acrylic acid,
which is returned as feed to the column (C3) is distilled
at the top of the column (C4); and a stream (1)
containing heavy solvent and heavy impurities, which is‘
recycled to thé top of the column (ci), is recovered at
25 the bottom of the column (C4).
Figure to be published: single Figure.

T~



consisting chiefly of the absorption solvent and the 35 heavy conpounds of
addition to acrylic acid and the i nhi bitors. In these
conditions ,the loss of acrylic acid in the streamrecovered at the top

of the colum, in relation to the acryljc acid present in the streans

- 14 - | eaving the colum (C4), is 97 % EXAMPLE 4

In this exanple the whole of the distillation :loop () - (C3) - (C4)

is used successively, with 5 recycling ofsit he pr.oducts obtained during a
previ ous pass overd the distillation unit, namely of the solvent (1)
recovered at the bottonlog the ¢olum (C4) and the stream (8)
distilled at the top of | ungh (C4), respectively as absorption -
solvent at the top of c as—+o——eeupereni—to—the-feed-to the
colum (C3). he colum (d) is fed: - at the top,
with a mxture (1) of aljsgrlpti on sol vent recovered at the bottom

of colum (C4) (270G g/ HFy
Reaction —i

gas

o

Ic3 +

i~

c4l

single FIGURE



in whrch anal ys_s flnds—i—ew—eem_ents of acrylic acid 15 (%‘fp&ﬁ; 0

A,
“of . «nal et ' benzal dehyde (0.002 % and
of hydroqw no m”m'mmmﬂ L at the level of the first |ower
quarter, with t es (2) froma catalytic oxidation reaction
of propyl ene (2160 g/ h), which are” precooled to 90[err]C, 20

and - at_ the t QLG | 0 Lt he
- foot of this colum gg) 2 St Team (qtﬁl;'ﬁstlgg %%t al%uz&tzbeosns?gtl Ag or:

- 8.66 % of acryl Peiddépg; temperatures) 064 % of mal ei ¢ anhydri de; -

0. 006 % of - benzaJsd%y:deyea into- the Qo(i%n%(@i)fuaé W GeliviEeed 1eve1
0. 055 % of hydro

Qn nsj sti ng chi of the T
absorption 30 ot 'tnl EOFV%H’F’ 5r at'a'Gdve gb‘aﬁfgt FRVE 5TPI% fgffp%'l enent ed
by the stred&m (8) 6bt aProcess adrnmtd:ng)ftct tmze:odaimﬂléﬁde) Hureng.a

previ ous pass, &gﬁ;}% ceyl Ci y |de
(1.4 %, benzal %%%6Q%§a/(§'¥ Fﬁa urgeggﬁ 3%c Ehe Stgg sgP'vent
(0.11 %9. This W&P@@ atcsheehettom of (@}wng/ oréé& tepcafu##e( C3)
whi ch oper at es aiolamn (clpreswrﬁm‘ strbds bﬁra(ﬁa@&bmﬂiﬁ ofTh:ezet gaparature

Zt pf’ ggort [ onbg:‘ | & e?la%'iveéls Iflsr&? (l’lga#??G% Cf&?hptﬁggytsg purl legmi(th)

10 boiling temperatures higher than that of the solvent(s),
for example by distillation technigques or extraction with
the aid of é solvent, which are employed optionally as a
supplement to a dissociation heat treatment optionally
involving a catalyst.

15 7. Process according to one of Claims 1 to 6,
characterized in that the distillation in the column (C3)
is conducted at a pressure of 2.66 x 10 - 3.33 x 10% Pa,
at a top temperature of 40 - 120°C and at a bottom
temperature of 120 - 230°C. o

20 8. Process according to one of Claims 1 to 7,
characterized in that the distillation in the column (C4)
is conducted at a pressure of 2.66 x 10° - 3.33 x 10% Pa,
at a top temperature of 40 - 120°C, at a bottom
temperature of 120 - 230°C and at a side draw-off

25 temperature of 40 - 180°C.

9. Process according to one of Claims 2 to 8,
characterized in that the distillation in the column (C2)
is conducted at a pressure of 2.66 x 103 - 3.33 x 10% Pa,
at a top temperature of 30 - 110°C and at a bottom

30 temperature of 70 - 170°C.
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_ L1025 : Y SHERTS  SG
as to provide a reflux/drawoff ratio of _&[15 rjni?&l)re : ofuga s pagid-.
contatning 1.5 % of hydroqui none is al so con\(e%’d ,,i Qi the :t.opdotl t.h,l»s,wu,,,-__.
colum, at a rate of 9.8 g/h. The product (8

at a tenperature 5 of 83[err]C is sential liyD acrf,y;u c @pl . tf*- pai-ad """
addi ti onal’l y contains | ow contents o? s
benzal dehyde (@oéily ¥lubledin thi$ muatuﬂehyde (0.02 % ‘
absor pti on sol vent he st.ream r.ecoveted

colum 10 (C3), whfdh sepligast has ' How" UEveioppdos W“b" '
0.09 % of mal ey 9\)’618& @k above drsadvaﬁta@@s7 Msﬁ@?zlﬁhdﬁhy e, notlced- 0. 003

% of furfural dehy e; % of hydroqui none; t he
remai nder consitis, ngsomettmld&tbmé,rpftlsomowhlvé@t recover, in a moﬂhéfaﬁ@av
conpounds of addition to.acr

bottom of col ufff FEFYa%HInH d% lhgnoé'peg%{nn & ; ;%%\é% g‘%ﬁgﬂ g/ 0%) ﬁo(agg

mm Hg), at a 2@ich incHakiataahfdidfe a8d)Cat THee tbpnafetias lmbmmﬁ, 4 hetrebmi (8 | evel
is controlled at 182C and t he, set Em nt tenpﬁratu e for wi ng of f
c

at the fifth twdjch dyeery gichein aeryligmcd; r whichTean be f%YWGd@cﬁh%?e& stilled
at the top of to?ethgobfé@diﬁg' chihf) (C3) for purification of acrylic acid. As a

result, it is possible to conduct the distillation in the column (C3) so as

to obtain at the top of this column a stream (6) which is very pure in
respect of acrylic acid, practically free from heavy impurities, while
accepting to allow to pass at the bottom a small proportion of the
acrylic acid present in the feed. The acrylic acid present at the top of
the column (C3) is no longer lost, since it is recovered at the top of
next column (C4) for removal of the “intermediate” heavy products and
can be recycled to the feed of the preceding column (C3). In addition,
the stream (9) drawn off sideways in this column (C4) is particularly
concentrated in respect of “intermediate” heavy impurities (chieﬂy
maleic anhydride, benzaldehyde and furfuraldehyde), and this makes it
possible to avoid the accumulation of these impurities in the recycle
loop, and the loss of heavy solvent(s) in this stream (9) is greatly
reduced.

The subject of the prés’ent invention is therefore a process for
the purification of acrylic acid obtained by catalytic oxidation of
propylene, extracted by countercurrent washing of the reaction gases
with at least one hydrophobic heavy solvent in an extraction column
(C1), characterized in that:

- a distillation of the stream (5) obtained at the bottom of the
extraction column (C1), which contains the heavy extraction
solvént(s), the required acrylic acid and impurities, chiefly
impurities whose boiling températures are higher than that of

acrylic acid, is conducted in a distillation column (C3),
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intended to be returned as feed to colum (C3), is 25 conposed of:

- 98 % of acrylic acid; - 1.45 % of mal ei ¢ anhydri de; -
0.17 % of benzal dehyde; - 0.15 Y%af furfural dehyde; and 30 -
0. 08 % of .absorption sol vent. The stream 9 drawn off as side
dr awof f (1. 8 gald) distilatiomheing performed in2conglitionst suely \thatc aaci d;

- 36.4 % of nual ef ¢, anhydride. , .35 - 47.8 % of absorption,sql vent

- 1.73 % of benzaFﬁ%arded,r) aﬁ%"h I8 very_pure d?’8§es%°‘§f o #F YAl %Fé%y e.
Finally, the m xtur @bfainedobf ah&e@dpabf tthe @l tedlimn (C3), allovangimerylicd) ,

I ntended to be recycled to the top of

- 16 - col um @eid)to passsatsthe batoRE |y of the absorption sol vent, of

02y Prodhor e M (0 Ak oG e Wiy (G

anhydride (0.02 % andeed dntes tlef lower part of a distillation column (C4) from
which there is drawn off sideways, on a tray situated between
the feed and the top of the column, a stream (9) which is rich

in maleic anhydride and impurities with boiling temperatures

situated between that of acrylic acid and that of the said heavy
solvent or of the lightest of the said heavy solvents employed as

a mixture;

- a stream (8) rich in acrylic acid is distilled at the top of the
column (C4); and

- a stream (1) containing the said heavy solvent(s) and heavy
impurities whose boiling temperatures are higher than' that of the
said heavy solvent or of the lightest of the said heavy solvents
employed as a mixture is recovered at the bottom of the said
column (C4), this stream being recycled to the top of 'the
column (C1) for the extraction of the acrylic acid present in the
reaction gases.

Before the stream (5) obtained at the bottom of the column (C1)
is introduced into the column (C3),- the said stream (5a) can be
advantageously freed from a proportion of its light residual impurities
(10), such as acetic acid, at the top of a distillation column (C2).

In accordance with particular embodiments of the process
according to the present invention:

- the stream (5) obtained at the bottom of the column (C1), if
appropriate at the bottom of the column (C2), is conveyed ontoa
tray situated 'i_n the lower half of the column (C3) and the
operating point of the said column (C3) is searched for so as to
obtain:

- at the top, a stream (6) composed:
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5. bepzal dehyde (0
0.001 % .

t he side draw- off

i nt er.,medi ate i npur
recycled is 80 %i
of benzal dehyde.
(along arrow 5a) t
(in 10) of its lig

.002 %9 and of furfural dehyde (content | ower than
In these conditions the loss of acrylic acid in
is only 1.6 % whereas the ratio of reduction in the
ities in the stream ot 710 absorption solvent to be
n the case of mal ei ¢ anhydride and 79 %in the case
" - predomiganglyy ethdt/ isndit cdgastd, 95 h% sby emveight.caof be sent

o a diskif:latien colum (C2) in order to be freed
ht res?léea!al*"aqc%urities. 15 Before the stream1

is recycled to the col umthe remaifidé) corsistiognof ktise0 hegvy comPoliisongaleicr ow | a)
fromits heavy inmpurities (in 1 nown_  t echni ques, such as

t hose defi ned above.

1. Process for

oxi dation of propylene, extracte

1), by k
anhydride, ﬁJrﬁ.lra]dehyXe, benzaldehyde and traces of the | Al VS
the pugif @,;t;a%ﬂgﬁ)fso%wgg; GndCi d obtained by catal ytic

y countefcurrent washing of the reaction

gases with at | east oaetheybottophobistrearea(7y ooipessdt. i n an extracti on col um

(Cl) at the top of

. o7y conipomi. i n an e d
ot bl Har' B PURLGs 40 ) g Ol GQTPOUNSS

having a boiling point |

solvent(s) and of the heavy impurities;
- the remainder consisting of acrylic acid;
the stream (9) which is rich in maleic anhydride and heavy
impurities is drawn off sideways from the column (C4) on an
intermediate tray situated above the feed between the lower
quarter and the upper quarter of this column, at a temperature
chosen so as to obtain a stream (9) with a concentration of at
least 20 % by weight in respect of impurities with boiling
temperatures between that of acrylic acid and that of the solvent
or of the lightest of the solvents employed as a mixture;
the stream (8) distilled at the top of the column (C4), which
contains: |
- predominantly, that is at least 90 % by weight, acrylic
acid;
- the remainder consisting of impurities of higher boiling
temperatures;
is conveyed into the column (C3), at the main feed level
of this column or, advantageously, at a level situated
above this feed; and
- before recycling the stream (1) obtained atthe bottom of
column (C4) to the top of the column (Cl), the said
stream or a proportion of the said stream is freed (in 11)
from its heavy impurities with boiling temperatures higher
than that of the solvent(s), for example by distillation
techniques or extraction with the aid of a
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a dissociation heat treatment




than that of acrylic acid, including a propor
an inpurity, characterized in that: - a di
obtained at the bottom of the extraction col un

and i‘npurities, chiefly inpurities whose %oili
t han that of acrylic.acid,. together wt
is conducted in a 0 tlg}aglyillnyglﬂnﬁaccgfw (

i
s
| ! i %008
contains the heavy extraction solvent(s), the requﬂpewlac I
n
h

PE? ICPfCEMEﬁT i S)—!E&Ei

At
Al 1"V

t enper

a-of—thejstream (5)

aturesdane higher

the res

idgal acatic acid,

illation

bei ng performed in congjtiqBdance with Spaticiliatembalimestsn 65)thehipedsents very

pure in respect of acrylic acid is obtained

at t

he top of the said

col um (C3), alinventiony acrylic acid to pass at the bottom - the stream

(7) fromthe bottom of.. .col. ( IS n df
| ower part of a di %lﬁ Iqlsiﬁﬂg%ﬁfégrﬁlﬁn%w gé;'ﬁmilﬁh\éls& tﬁe
si deways, on ajtg@yxsilptiat ed.3setmeeo’ t Pe {2020- a0 t ant Efg)of att hee tapl um, a

stream (9) which is rich in maleic anh%dride and i

89 InPdsSurk hef

re i s drawn off

it . L
tenperat ures sitemparare)of #enl 200 3611_ &ﬁqt@%m%et hﬁﬁ@% %Iggzlsa: gg
heavy . sal V?Q{les cﬁﬁ@llaﬁ&?q Athe@ cHithhU[(E4) is conditted af dksurei 6 i N
acrylic acid is distilled at tﬁetopo t he ‘col um (C4); - a stream

. (1) contai ni ng 266 £aild® headB3extr a6t i Ba €20 ven2$®) mmd

i mpurities whose boilingt t hi gher th
neavy - odrmBREnER o5rdd AT Gndbar b enRentlf of

. an
Hgavgt a top
"By O30blRearmfti d
npl oyed

vy s((#ven S e

as a mxture iS¢ 5 side dra®@SOTF %hpkraturd be 4batigomeyf the said colum (C4),
this stream being recycled to t he toE of the cql um é}%el%‘g]‘orfthe
Sell

extraction of t-he abeydislagiondin ks salumm (€

) is conducted. gt 3

2. Process azggé)rgi ngsto g4 rq(l,loch%ac&@ri_zggo mm Hg), at a top

temperature of 30 - 110°C and at a bottom temperature of 70-170°C.
The following points can also be specified:

¢)) The distillation columns will be equipped preferably with the
known devices for vacuum distillation of polymerizable products in the
sections processing significant quantities of AA; perforated trays without
downcomer are particularly recommended. The shells may be maintained
by any suitable device at a temperature which is sufficient to avoid
cold spots (which would bring about condensation of unstabilized
product and thereby risks of polymerization).

) Polymerization inhibitors must be introduced into the distillation
columns preferably in the presence of oxygen; the different inhibitors
knbwn for their effectiveness of inhibition of the polymerization of
acrylic acid, such as phenolic derivatives, phenothiazine and its
derivatives, metal thiocarbamates, compounds containing nitroso groups,
para-phenylenediamine derivatives and quinones may be suitable.

(3) - In the above description the gas stream (4) originating from (C1)
may be partially recycled to the reaction zone. However, in all cases at
least a proportion of this stream (4) must be removed froin the system;

if this proportion must be discharged to the



in that the stream (5) obtained at the bottom of the colum (d) is

freed froma proportion of its |ight residual inpurities (10) such as
acetic acid, at the top of a distillabgion colum (C2). 5 3.
Process accord| ng to either of ains 1 and 2, characterized jn that

the stream (5) atwospheesl ift muse be purifiedt wither byneatabtigmexidatipn of by
appropriate at® the ‘b 1 he ,c (C2), is conveyed onto a tray
situated in Pas?‘ﬂ%w angf)?’gﬁtloph@%%g?m (C3), and in that the 10
operating point(4yf tThe SiefnC@O) Meavirigdht itlke &@abﬂlﬂm cblumn (C2), swhiels ik 0
obtain: - - at the top, a stream (6)

predom nantly, ltlﬂhﬂn jagetip a¢léa§tayggimilggeqy§]ygh§ mtrofuced at a suitable geW' i o
acid; 15 the e g0 o
el L the, cgﬁme E@ qﬁ}ral gnlﬁy?ldk@ it Opossitie td'e 3 bver

conpounds: benzaldehyde
and traces of tdsmxsideab;e eﬁm:tlam:tmibrthe acrylic acid preseot \(amd t tos remavel the

- at the bottom a stream (7) conposed: 20 - predom nantly, that
is at | east 95 #eHS ght , of the heavy sol vent(s) and of
the heavy 5) In | t4PUE4sk! Shere an 1nh1b1tor or a 'cOMbingsA NELMight
consisting of acrylic aC| d. . Process according to one of

Caims 1 to 3, inbibitoshix amplayiede the &attehanast fbe emaveds @g)leashmaﬁlaﬂy, Afch in
rcngl Elrrﬁ ?gzgld(rjlnd a§rt1%fl€1re ?1'3 u‘ﬁt%av{a%valyg Ir avp. coiumn (C‘ﬁl deways fromthe
The following examples illustrate the present invention without,
however, limiting its scope. In these examples the percentages are given
by weight. Distillation columns were employed which are installed
according to the diagram in the single figure of the attached drawing
and whose characteristics are indicated below. The feed to the columns
may optionally be heated with the aid of an exchanger. An injection of
oxygen is made into the columns. In the text relating to the description
of the examples the trays of the columns are numbered starting from
the top of the column (tray O) down to the bottom of the column (tray
n). '
- Column C1:
This column, 3 m in height and 38 mm in diameter, packed
with “multiknit” type packing units, is fed:

C - at the top, with a stream (1) of absorption solvent consisting of
a mixture of 25 % of diphenyl and 75 % of diphenyl ether,
pure or recovered at the bottom of column (C4), optionally after
an operation of deconcentration of the impurities;

- in the first lower quarter, with the stream (2) of reaction gas
from catalytic oxidation of propylene, precooled to 90 ° C;
- at the bottom, with air (3) employed for carmrying out stripping
of the light compounds.
At the top of column (C1), a stream (4) is obtained, rich in

light compounds (noncondensable gases,
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sifuat ed above the feed between the | ower quar
of .thi's*colum, at a tenperature chosen so 30
with a concentration of at | east 20 % by
inpurities with boi li ng tenperatures bet\
that of the extraction solvent or of the Jight

t BEPIAGEMENE SHEETy
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<L A\ | cUTrre
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s according to on
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of
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Dl vent s

p of C ai s

1to 4,
of the colum (C4),
| east 90 % by wei ght,
remai nder consisting. 3 % rgflrictriy@scoachdgher

whi ch conta

edom nant |

% diphepy] cand 75 % diphenyl

char ac§grd zegd rtﬂehq.feawea%a%ﬁﬂ&ﬁ) sewéw BREA
exher

boi l'i ng

that

e Op
I s at
t he

t enper at ur es,

of this colurm or a

SoF Y
a Iev

£ohym (C3),

ove this feed. 5

& ik ety

at the main feed | evel
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containing 1.5 % of hydroqulnonez which acts as

polymerization inhibitor, is also conveyed to the top of
this column (C3), at a rate of 10 g/h. The temperature is
varied at the boiler situated at the bottom of the
column. .

The results are summarized in the table below:

Bottom temperature 160°C 170°C 182°C
% AA recovery 89.3 % 94.3 % 99.8 %
Top solvent (C3) <0.001 % | 0.02 % 0.112 %
Top MAA (C3) 0.006 % 0.212 % 0.529 %
Bottom AA (C3) 1.080 % 0.595 % 0.021 %
AA: acrylic acid
MAZA: maleic anhydride
This example illustrates the difficulty of

obtaining simultaneously acrylic acid of good quality,
free from heavy compounds, at the top of column (C3), and
a low a'cz"ylic acid content at the bottom (or a good
recovery ratio at the top). Acrylic acid of a quality
which is free from heavy compounds can be obtained only
by accepting that a signifidant proportion of acrylic
acid be allowed to pass at the bottom of the column.
EXAMPLE 2

Into the bottom of column (C4}, which operates at
(100 mm Hg),

recovered at the bottom of

a pressure of 0.133 bar
1000 g/h of a mixture (7)

column (C3), including:

are conveyed

- 0.69 % of acrylic acid;
- 0.06 % of maleic anhydride;
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characterized in that:

- a distillation of the stream (5) obtained at the bottom of the extraction column
(Cl)? which contains the heavy extraction solvent(s), the required acrylic acid
and impurities, chiefly impurities whose boiling temperatures are higher than
that of acrylic acid, together with the residual acetic acid, is conducted in a
distillation column (C3), the said distillation being performed in conditions
such that a stream (6) which is very pure in respect of acrylic acid is obtained
at the top of thé said column (C3), allowing acrylic acid to pass at the bottom,;

- the stream (7) from the bottom of the column (C3) is conveyed as feed into the
lower part of a distillation column (C4) from which there is drawn off
sideways, on a tray sitﬁated between the feed and the top of the column, a
stream (9) which is rich in maleic anhydride and impurities with boiling
temperatures situated between that of acrylic acid and that of the said heavy
solvents employed as a mixture;

- a stream (8) rich in acrylic acid is distilled at the top of the column (C4); and

- a stream (1) containing the said heavy extraction solvent(s) and heavy

- impurities whose boiling temperatures are higher than that of the said heavy

- solvent or of the lightest of the said heavy solvents employed as a mixture is

recovered at the bottom of the said column (C4), this stream being recycled to

the top of the column (C1) for the extraction of the acrylic acid present in the
reaction gases.

2. Process according to Claim 1, characterized



