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I nvention relates to an i nprovenent to the standard process for purifying
lic acid, in particular;to steps directed towards obtaining a nononer
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is insoluble for purifying acrylic acid, and more particularly to a step
of this process in which the carbonyl impurities present in

20 the general flow (aldehydes and ketones) are removed by
addition of a compound such as hydrazine during a
distillation step, the hydrazine-type compound forming, with
these impurities, heavy compounds which are flushed away at
the foot of the distillation column.

25 The standard processes for purifying acrylic acid
involve successive distillation steps directed towards
removing the light impurities (water, acrolein, acetic acid,
etc.) and the heavy impurities (maleic acid,
acryloxypropionic acid, etc.) which are formed during the

30 reaction or purification steps.

During these steps of purification by
distillation, it often occurs that polymers are formed,
under the effect of heat, this occurring even under
operating conditions directed, for example by carrying out

35 the distillations under reduced pressure, towards reducing
the temperature of the flows rich in polymerizable monomers.
‘In the case of acrylic acid, since the polymer is insoluble



2 .#in,whe nonomer, it precipitates in the nedium and gives rise to
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efficiently, ¢@mtuqularly during the distillation steps. The compounds
typically used for this purpose are, for example, phenolic
derivatives, for instance hydroquinone or hydroquinone

20 methyl ether; phenothiazine and its derivatives; derivatives
of the thiocarbamate family; compounds containing a nitroso
group; quinones; or altérnatively aromatic amines.

Despite the use of these polymerization
inhibitors, polymers can gradually accumulate, more or less

25 quickly depending on the purification step and the operating
conditions of the equipment through which the monomer-rich
flow passes, in the form of interfering deposits.

These problems are particularly acute during a
final step of purification of the acrylic acid.

30 With the aim of obtaining an acrylic acid of very
high quality in terms of purity, the removal of all of these
impurities, down to extremely 1low contents, is not
economically achievable by means of a simple separation by
distillation. In particular, on account of their volatility

35 which is close to that of acrylic acid, the abovementioned
carbonyl impurities cannot be removed efficiently, down to



3 4 the extrenely low contents targeted, by a single
di'stillation operation. In order to renove the al dehyde
impurities, Anerican patent US-A-3,725,208 describes a chemcal 5
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The chemical treatments which are described all
have the drawback of generating water during the reaction of
20 the aldehyde with the amino reagent. The presence of this
impurity in the acrylic acid is also harmful with respect to
the reactivity of the monomer in its most technical
applications. For this reason, it may be particularly
advantageous to carry out this chemical treatment during a
25 step of distillation directed towards removing the water and
the light head-fraction compounds, before the step of
distillation of the acrylic acid which is intended to
separate out the heavy compounds, as 1is described in
Japanese patent J 7,495,920.
30 A second major drawback of the chemical treatments
for the removal of aldehydes with amines is that they entail
a significant reduction in the stability of the medium. The
amine function of these compounds gives them the property of
reacting not only with aldehydes, but also with the acrylic
35 acid itself, to form salts by reaction with the carboxylic
part of the molecule, or Michael addition compounds by
reaction of the amine with the acrylic double bond.



part' of tthe nol ecule, or M chael addition conpounds by reaction of the
amne with the acrylic doubl e bond.

4, The reaction products of amnes with acrylic acid resul t
i an exacer bat ed sensitivity of the reaction nmedium with respect to
pol yneri zation. Despite the use of i nhibitors conventionally used for
the distillation of this 5 nononer, when this treatnent is carried out
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deposi tion of g S the process for purifying acrylic
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ot her acrylicofndthet hatdghydesoningh s.anUnbaihenaget, ddehydrazine or

aminoguanidine. This improvement has several major
drawbacks. Firstly, the sulphonic acids described are

20 corrosive and require the use of expensive equipment for
those parts of the plant which come into contact with them.
Moreover, large amounts of additives are used, since they
must be used in an excessive molar ratio with respect to the
amino compound, thus making the treatment expensive.

25 With the same aim of avoiding the deposition of
polymers in this step of the process for puriinng acrylic
acid, British patent application GB-A-2,285,046 describes an
improvement which consists in carrying out the treatment for
the removal of the impurities with hydrazines, during a

30 distillation, by adding a copper dithiocarbamate compound.
The compounds of this metal thiocarbamate family are well
known as polymerization inhibitors for acrylic acid and
other acrylic and methacrylic monomers. Unfortunately, they
have the drawback of entailing, in the undistillable heavy

35 by-products of the plant, metallic residues which make them
difficult to be removed. The reason for this is that these
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property of t@ihds structure gives them propertles Wthh are mainly

exploited in aqueous media. Mention is made, for example,
of: detergency, in which the molecule is used to facilitate

20 the removal of soiling and dirt in water; dispersion, in
‘order to increase the stability of the suspension of small
solid particles in an aqueous liquid; the emulsification
property, in which the surface agent facilitates the
dispersion, in the form of fine droplets, of a hydrophobic

25 liquid in water, or, on the contrary, of water in a
hydrophobic 1liquid; the foaming or, on the contrary,
antifoaming property, in which the compound brings about or
prevents the formation of foams; or alternatively
solubilization, in which the product is used to increase the

30 apparent solubility in water of relatively insoluble
substances.

A large number of products with a property of this
type are known. They are commonly classified, depending on
their structure, as anionic, cationic, amphoteric and

35 nonionic surface agents.

The Applicant Company has now discovered,

surprisingly, that the addition of very émall amounts of
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compound directed towards removing the aldehyde impurities
from the acrylic acid, the small deposits, which are

20 accumulated over a much longer period of time than under the
conditions known in the prior art, are much more readily
removed than those of this prior art, since a simple
operation of washing with water makes it possible to clean
the encrusted equipment effectively.

25 A subject of the present invention is thus a
process for purifying acrylic acid which is directed towards
removing the polymer-type impurities in those places in the
distillation columns in which they have a tendency to
accumulate, and more particularly a process directed towards

30 removing the polymeric impurities which are formed during a
step for removing the aldehyde impurities from acrylic acid,
according to which step the medium containing the acrylic
acid to be purified is distilled by adding to the said
medium at least one amino compound of hydrazine type and by

35 flushing away, at the foot of the distillation column, the
heavy compounds formed by the said hydrazine-type amino
compound(s) with the said impurities, characterized in that
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such 10 " PagertBance ritintba BySsshmavenyion are,’ Spepapticular:y
whi ch: - the groups Rl err] |ndependently represent H a

20 k
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family, pre era the ethers, and in particular those
which are derlved from cellulose or from starch, such
10 as those represented by formula (I):
S T o S
R G e o IR L

(I)
15

in which{
- the groups rl independently represent H; a C1-Cy4
20 alkyl group: CH3CO-;
R2
- [CHp-CH-0] R3 with RZ = H, CH3 or C,Hs,
25 m = integer from 1 to 20 and R3 = H or C1-Cy4
alkyl or CH3CO-; and

- n is an integer greater than 1, representing the
number of chain units in a polymer chain;

ethylene glycol and propylene glycol derivatives or
30 ethers thereof, represented by formula (II):

R6
R%-[CH,-CH-0] ,-R® (II)

in which:



25, ¥ .+ m=integer from1l to 20 and R3 = Hor (err]-Cerr]

al kyl or CHerr]CO; and - nis an integer greater than 1,
representing the nunber of chain units in a polyner chain

ettiyl ene gl ycol and propyl ene gl ycol deri%ﬁtives or 30 et hers thereof,
represented by fornmula (11): [err] i n which:

8 Rl err] angd4R5 _eachsi ndependently re sent. _HO-_ or _
Rlerr]O or Rerr]-( erg%gl[aenrcf] % vﬁat(‘fp{‘ R[‘lg{j?ﬁ)g‘? g{éggnﬁeﬁd:easeﬁter??- Cfﬁrr]
al kyl group; R -repr@geﬁ@§49—omﬂuH&Reﬂﬂbﬁlesentingpaiglaﬁzo
integer from3 to 20; a1kyl gr8hysol ester derivatives, represented by

formula (111): R err] [err] i n which:
- R8 represents a C[erBf-EfEF?feaFﬁyﬁ gFotP37 and " Ro represents H or
a C8-C20 al Byl group; 1p is an inbkger] feemr8sestsoH or CHS3, - q

is an integer from1l to 20;

glycol ester derivatives, represented by formula (III):

r10
, R8-C—O—[CH2—CH—O]q-R9 (III)
10 I
0
in which:

- RS represents a Cg-Cyn alkyl group;

- R? represents H or a Cg-Cyy alkyl group;
15 - r10 represents H or CHj;

- g is an integer from 1 to 20;

glyceryl ester derivatives, represented by formula

(IV):
OH
20 |
R1-c-0-cH,-CH-CH,-0-R}2 (IV)
[
0]
in which:
25 - r1l represents a Cg-Cyy alkyl group; and
- r12 represents H or R13—C—O-, r13 representing a
I
0]
Cg-Cog alkyl group;
30 - carboxylic amide derivatives, represented by formula

(V) :



gl yoeryl. rester derivatives, represented by formul a (1v)

CH 20 [err] I n which: 25 - Rerr] represents é C8- C20
al kyl group; and - HRerr] represents Hor [err],Rerr]
representing a C8- C20 al kyl group; 30 ° carboxylic am de
derivatives, represented by formula :
9 Rlerr] gRrr]g R ] [err] I n
whi ch: - R[err] repr sents CB C2O aIk group
Rlerr] 10 I _.1 3; H Jda Rmﬂ th R19 (v
representing H or CH[err] E“ncﬁ\?p[r(%% ng ar%ri n[(ta'ge ] (V) 1to 5;
5
in which:
- r14 represents a Cg—-Cyg alkyl group;
r19
15 | : 19
10 - R represents H or —[CHZ—CH—O]y—H with R
representing H or CHj and y being an integer from
1l to 5;
r20
|
15 - R16 represents H or -N-c-R21! in which R20
I
o)
represents H
R22
20 | _
or -[CHy-CH-O],-H, with R22 representing H or CHj
and z is an integer from 1 to 5, and R?l is a
C8-C20 alkyl;
- R17 and R!® each independently represent H or
25 ) CH3;
- r being equal to 0 or being an integer from 1 to
20; and

- s being equal to 0 or 1.

The compounds of formula (I) are preferably used
30 alone or as a mixture with the surface agents described of
formulae (II) to (V) above.

The nonionic surface agent compound(s) can be sent
into the flow containing the acrylic acid to be purified,
alone (when they are liquid products) or in solution or

35 suspension in a solvent. Preferably, when they are solid
compounds, they are first dissolved or suspended in a
solvent, such as, for example, acrylic acid, acetic acid,
propionic acid, maleic acid, maleic anhydride or water. Even



R erf] represents Hor [err] in which Rerr]
11 @) represents H
ekr] or[err] with Rerr] representing H or CH3
and z is an integer froml to 5 and R21 i@ C8- C20 aIkyI
- Rerr]7 and R[err] each independently present H or 25

-t being eqyal, é&gﬁt%gggﬁgfp 'Qﬂ? er oﬁ¥ﬁ“ %o%gonés O§uFface ??ﬁgare

- s being equa e cormnpoun
preferably us@@msguad@néuﬁw @@d%dnﬂxtu$@lmt¥@nthels@rﬂﬁ@@uageQQBtdestngbed

of formul agcfgllct 0 dc¥)q,aboygr 1nstance he nogdh ppt LopUr fracs agept
conmpound(s) ca flow containing the acrylic acid to be

purified, Pﬁﬁgegg\ﬁéﬁl?%eﬂ-“&l@qzoéﬁ dviiehiudBs)uid | hosdinien bheas

suspensi on bniahsbivens.imreftdrealtiop, owhents heye m‘&cs@lﬂ the dtsvpoLatsont hey
are first disgghyed.or suspended in a sol vent, such as, for exanple,
acrylic acid, "acétic acid, ropi oni ¢ aci d, nalelc acid, mal ei c anhydri de
or water. Even General y, the nonionic surfacgoagennncgmpound(s)

advant ageousl ys (hhe) sghdé&l mqvlaogh:%pwt&aﬁeoﬁgﬁ@t 105 QBROBPAS aféféégsﬁy' n
solution in aHHEd acj d fdr i nstance

Contalm
solution ric EgFF-Hﬁ F%htr}ber {5kl U icoR tied ng9gq the ?ﬁﬂéﬁ-c
t hese 5 inhobatmdstonbe ph31fbedor into the feed of the distillation

COLATS" s 1 o prochE, sy Uie SRUSAE SHRSE  MERRR, FOPP I Al
added. to the medium containing the acrylic acid to be
purified, in a proportion in particular of 5 - 10,000 ppm,
preferably of 10 - 5000 ppm, relative to the medium

15 containing the acrylic acid to be purified, this inhibitor
being chosen in particular from phenolic derivatives, for
instance hydroquinone and its derivatives, such as
hydroquinone methyl ether; phenothiazine and its
derivatives, such as methylene blue; metal thiocarbamates,

20 such as copper dibutyldithiocarbamate; compounds containing
nitroso groups, such as N-nitrosophenylhydroxylamine;
quinones such as Dbenzoquinone; para-phenylenediamine

derivatives represented by the general formula (VI):

25 | \ /
N N , (VI)
_ / \

in which 21 and 22 each independently represent an alkyl,
30 aryl, alkylaiyl or arylalkyl radical.

In the context of a process using a hydrazine-type
amino compound, which is directed towards removing the
aldehyde impurities present in acrylic acid, the hydrazine-
type amino compound is chosen from hydrazine; hydrazine

35 hydrate; alkylhydrazines such as cyclohexylhydrazine or
hexadecylhydrazine; phenylhydrazine; 2-naphthylhydrazine;
tolylhydrazine; p-nitrophenylhydrazine; 2,4-dinitrophenyl-



10.-v 1000 ppm relative to the nediumcontaining the acrylic 10 acid to be
purified. At | east one polynerization inhibitor is also added
to the nmediumcontaining the acrylic acid to be purified, in a proportion
inTparticular of 5 - 10,000 ppm preferﬁ?ly of 10 - 5000 ppm relative to
t he medi um 15 containing the acrylic acid™to be purified, this inhibitor

bei ng chosen j : [eul .Qm.ph | ¢: deri A f.ar. __.instance
hydrgqui none hgﬁgg&ﬂl%' gielryifc{/lg{gl've@?gljlighrg% é@a%ﬁ%rﬂ&%&?"ﬁonea“‘ﬁeFﬁ%s
et her; phenbhRrgetrne ThAd hydrgzingetypat i p@énosuchmpoundhyl ehe (bkap;
metal thiocar gareiasly20a8aed ai&uhcgpp &og?wmshﬂutﬁb: gﬁcg; gigﬁfg%oggonpﬁmpds
containin ni t oso, gr oups, ch as I t rosophe , Do

qui nones gsucﬁregsraBEXngéiﬁé e ™ &pﬁﬁﬂyleﬁﬁﬁgﬁﬁYﬁe to gdhe alediym

repr esent edSbgonbheigeéngr ahef acoyl dc(¥tld to2be pukﬁfiéd[kin mh:ch Z[ err]
and each independent| y.r ., aryl, a ar Qr,

aryl al kyl radical. , It Iﬁ&g&?% ttﬁ%nﬁ%%ﬂ{:ﬁ%};, ay%réoccceo%4%¥%a.1§h the
hydr azi ne- t ypB*eSEREndNESAHEUR, thhihardyaz idigdumel amgwar dompompvi(sy che
Compound 15 chgeen T EeniRyar bl nedd rE Bl At YR ML e T aoTaE
compound is c en.from razine, hydrazine rate;

such as cycloﬁg §Phydﬁ%§¥%€l%ﬁ typ%e%ﬁﬂ@%?FH?&ﬂd&%ﬂ%;OﬁheﬁyﬁhyﬁxgﬂhMG?s
2-napht hyl Afdpagsesft in takyfleeds,azisned. fni+t rophenylhygaseiselar 1/1 -
2, 4-di ni t rophenyl - hydrazi ne; glycine; guanidine;

am noguani di ne; and salts thereof. The hydrazine-type am no conpound(s)
i s(are) general |y addBf P¥reesy gssaanddmotolbhe piE00: gmvention can

preferably of b&d00carb089 R {8 Vdrehtisd hpoclRY WR 2 16¥HAINIV o Nen
acrylic acid E8n9$n8855f58 e, for example in the flow of acrylic acid to
15 be purified feeding the monomer distillation column.

Even more advantageously, it is possible to carry
out the treatment, which generates water during the reaction
of the hydrazine-type compounds with the carbonyl
impurities, in the flow feeding a column allowing the

20 removal of the light impurities and the water at the top,
the flow at the foot of this head-fraction-removal column
then being sent as a feed for the final column which carries
out the distillation of the pure acrylic acid at the top and
the removal of the heavy compounds at the foot (compounds of

25 reaction of the aldehyde impurities with the hydrazine-type
components, inhibitors, nonionic surface agents, etc.).
Thus, the distillation can be carried out in two successive
steps:

- the first step, in a first column for removal of the

30 head fraction (Cl), fed with the flow of acrylic acid

to be purified and receiving the hydrazine-type amino
compound(s), in order to remove, at the top of the
column, the light impurities and the water generated
during the reaction of the hydrazine-type compound (s)

35 with the aldehyde impurities; and
- the second step, in a second distillation column (C2),
fed with the flow from the foot of the said column for



|t .roreover turns out that, in accordance with the present invention, the
hydr azi ne-type am no conpound(s) can advant ageousl y be added in an anobunt
SQ%h that the nol ar rati o: hydrazi ne-type conpound(s)/sum of the

|'dehydes 10 present in the feed, is 0.5/3,- 10/1, in particular 1/1 -
5/ 1. The process according to the present invention can be
carried out in bat ¢ r ly:in e, jfor
exanple in the fl O%Q%§§%p€fﬁzché;ae§({ glj%%kl\é% urllhfor%é;)’?er%eéd|Q!rJ?1 hgﬁgﬁnoﬁer :
distillation colunhle top of the pgehumpr etasvslﬁﬁégééa@l@n |qf sheoBYrBl e

to carry out thackyeabmmﬁ,d vmaﬁa g%rteram@s featerofluehag écmamea%hen
of the hydrazine-t

t he ar bonyl urltles in
the flow feeding a Ségvﬁﬁ aI°I OWI thﬁlI ?3yrerﬁ§\7}ﬂ°u&do 'he ??IEH YHr i thes
and the wat &r at thertédpular oﬁetmeqprqdu¢tﬁedﬁxneamtudm o©f the aldehyde

head-fraction-reno £e fi
col um whi ch carrlggbuEQEHEE WI%Qstﬁﬁfatlon o 5£req§%‘y||?%éC|gﬁé

the top and theppémaﬁzampﬁelﬁé&@}t@ﬁﬁdum aﬂehee heorbeRli¢ cHpbands of
25 reaction of theagkéehyde inpurities with the hydrazine- type

t i bit t
i st 11 atton SR BOLGHFFREataar ARRiRg fordedo e ddegheto the EPReof; (o
step, in alﬂltbe(nﬁhumnf(ﬁlreanthqﬁthéeta® of bhadchimMntﬂCZ[l)anﬁed

with the flo“bBEl@ﬁ%ih&ClﬁEbdthe fee ?T 'qyéaédyw%nrec%h%'Hgn%Bﬁlc
hydr azi ne-type am no , mive, of
t he coPUmkacenagent IﬁOI‘ilRﬁ}HFCi ﬁ)eémd-rﬁ’& 9ﬁéeﬂat@¥or@%ﬁ& @&SeBixtures,

during the reaatbonhef feébe JS'fdtﬂ@élcE‘@]:ﬁIVrﬁ)e(GP)ImH}diﬁ)ln?c% the Wdph offN€he
al dehyde |npur| ies; he seco secon di,st.i | L at,i on

te
o oA LIPUERURRS 38D e (fe)r) 3R PRosR: RBSPLBesT SERebES i RIESE BN 1 or
12 15eﬁ9¢abxampﬂhe Head fsclotiiomn based den $olvemtyooubp atrylic

the top of thgcgql Hg'ﬂtaihgflg' Eﬁé'%ﬁﬂiﬂ&&is}%?&ﬁ & s used t3F¥hicCRckE:
and, at the foot of the co
inhibitors to the top of the said columns.

The present invention will now be described with
the aid of the Examples and Comparative Examples which
20 follow.

EXAMPLES

In the following examples, the percentages are
expressed on a weight basis relative to the mass of acrylic
acid to be purified, and the following abbreviations are

25 used:
Inhibitors:
+ PTZ : phenothiazine
+ HQ _ : hydroquinone
- CB : copper di-n-butyldithiocarbamate
30 - DSB-PPDA : N, N’ ~di-sec-butyl-para-phenylenediamine

Surface agents:
« NP10 : polyethoxylated (10 ethoxy) nonylphenol

- product sold under the name "Tergipol

NP10" (nonionic surface agent)



renoval .«of the heavy conpounds, consisting in 5 particul ar of
the products of reaction of the al dehyde impurities wth the
hydr azi ne-type conpounds, the ~ polynerization inhibitor(s) and the
nomni oni ¢ surface agent (s), t he ggl ymeri zation inhibitor(s) being
added to the top of 10 the colum (Cl) and”to the top of the colum (C2),

d tional |lygsj h d of _th t I th i oni f
Soent compoundl FeBbBaL ERGECY o) cRESEFcERRES, HPLEI1VORAISPhRE Feea o he
colum (Cl1l) and/or into the top otratienameobfimasnéftidnands@Clacei agahtch -
h LR} d, 15.f : ol ' t
case they can beDhg ected, or g&rxﬁ#gidtd@eéy\?%%hlzi rhgaggldltgﬂo%ogygn

or on acrylic acrd containing tRe ' ors, S use sénd These
inhibitors to the top of the said{(aniomis. surface agent) The present

i nvention wgl | .ngvygﬁg descri b?}jo%ff,?&‘dih@%&%@é&?’l%mee%%ﬁ‘ni?ﬁe

Conmpar ati ve Exanpl es which 20 o
fol | owi ng exanpl es, the percent agésahienic depesgent) on a wei ght basis

relative to the yRSKI®cECHYLi C  hyafhd §90991F35i{1i89e a”@réﬁ@n&?é' g#i 59
abbrevi ations are 25 used: | nhi b|_to¥ : err] PIZ err
phenot hi azi ne [err] HQ nonionifygusfaraopgent [err] CB

: copper di - R- byl dikkkocat bamBbRpdlnds BFBtRRDMethyl hydroxypropml
N,N'-d|-se%-butyl-para-phenylenedlan1ne _ Surface agents: [err]  NP10
pol yet hoxyt8t ed (10 et hoxy) nonyl fRéhBilose family, ‘“characterizegdoghyt

sol d under the name "Tergi pol viscosity of theiNPIEE1(HHM ONLE 2
surface agent) ) 13 o
concentration of 2% in water at 20°C,
which is indicated by the extension
"xxxxx" (nonionic surface agents)
15 -+ MHEC xxxxx : compounds of the methyl hydroxyethyl
cellulose family, characterized by
viscosity of their solution at a
concentration of 2% in water at 20°C,
which is indicated by ' the extension

20 "xxxxx" (nonionic surface agents)

General procedure for Examples 1 and 2 (reference), 3 and 4
(comparative) and 5 to 13 (of the invention):

Glass distillation equipment operating in
continuous mode is used, this equipment comprising:

25 - a distillation column Cl, operating at a reduced
pressure of 1.07 «x 104 pa (80 mm Hg), comprising
perforated plates representing an efficacy of 6
theoretical plates, equipped:

- at the foot of the column, with a boiling vessel

30 with forced recirculation through a pump, heated

by circulation of thermostatically-maintained oil
in the jacket, comprising an injection of air;



[ errf Réwopal MI65 coconut - based pol ygl ycol ether - _

tradenane of a nonionic surface agent DBSS X sodi um

dQdecyl benzene sul phonate (anionic surface agent) 5
Dﬁﬁﬁo N, N- di et hyl dodecyl am ne w-oxide

(cationic detergent) [err] HPC KLUCEL ﬁ : hydr oxypr opyl cel | ul ose -
tradenane of a - nqQnj.onj rface,agent err] MAPC
XXXXX : conpounds oPttﬁ§%n£%@|Oﬁygghiy%§%§§Pr1&l€% ? con?énse%, a

cel lulose fanily, chaedévsrippdd dypump and a measuring syswasi fprof
their solution at a sending some of the&E YHGAMTBION O PR Y@t Bheal
20[ err] C, whi ch is indicated by the extension

" xxxxx" (noni oni ¢ surf ack°Rg8ht ENe1§0LUMREEC xxxxx conpounds of the

met hyl hydr &xyethyl - with a pump whdelH ul es@ds ankl y,sorleiast efFi zed
by L YESCOSLL Y, Of,. i ol.,ution at.a _ .. .
concentration of 2%in ﬁapégggg%éﬁfepﬁ%%?lbe% i acréflc acid 1ﬁﬁ?cﬁhﬁs

i ndi cated by the extensikeflpg circuit of the columnhxxarsg" (nonionic surface

agent s) Gener al —progedur & f eeelXagilfied and 24 reher W)c;alarslan'éhé

(conparative) and 5 to 13_(of the_{invention): as _
distillation equi prrenfzolggﬁeratfhﬁs’ClYn gre&ﬁﬁtr%ou?lﬁmdé i sJaskgteehi s
equi prent d6nprising: Bichhagel, edited Wiath wil cohndmwhCbh repeiekisng

at a reduced pr 0 .0 rr] Pa (80 nm conpri si.ng

perforated plates repr egggg?ﬁg {éﬁéef %é%%:lgé%fﬁ’ 6 lénowrt hgg%(t [ Eglrggpl SiEes,
equi pped: - Bydrpeipsohydrathe columm, with a boiling vessel 30
with forced recirculation through a punp, heated by

circulation of .t hepmagkatiigakhiynmbitahned, Obk vigreux type,i NopBfak2fket

conprising an injection of air;
P g J at a reduced pressure of 1.07 x 104 pa (80 mm Hg),

15 having an efficacy of 6 theoretical plates, equipped:
- at the foot of the column, with a boiling vessel
with forced recirculation through a pump, heated
by circulation of thermostatically-maintained oil
in the jacket, comprising an injection of air;
20 - at the top of the column, with a condenser, a
reflux pot, a pump and a measuring system for
sending some of the distillate in reflux to the
top of the column;
- with a pump which sends a solution of
25 inhibitor(s) dissolved in acrylic acid into the
reflux circuit of the column; and
- with a feed located in the boiling vessel of the

column.

The solution of inhibitor(s) dissolved in acrylic

30 acid, sent to the top of column Cl also contains, except in
the reference Examples 1 and 2, the surface agents.

5% of the flow feeding this column is distilled in

column Cl. 90% of the feed flow are distilled at the top of

the column in column C2. The temperatures are 83°C at the



14, v .4 - at the top of the colum, mnth a condenser, a
reflux pot, a punp and a neasuring systemfor sendi ng
somg of the distillate in reflux to the top of the
corum,; 5 - W th a punp .which sends a solution of
i nhibitor(s) dissolved in acrylic acid ingg t he refl ux

circuit of th | . °c th a ed /3 of t he
o568 U?ncof@ﬁh C1l anqx%qj ?t he!#??ttbpré% §F1gb E

way al ong the
j acket ed colomns operatexohaegdres hedieed lowt &t othe fowk Wi @blmmmecwes,

before the exg@gg&e%en@ gggﬁgPPFﬁgg&akg gbe £o ng n c2 hydrazine

hydr at e; on co greux fype,
oper ating Ta? Feesdutleaw ppEssolempf CL GConsilferof Rary8dcmm

Hg) ESacid rhr%‘f'f 5'.18@&}’1018 %ﬁd&eﬂ’féé C?lz Al ah§Fe1 08¢ PREE-

- at the foot of e co
with forced r@@pr€9ma9foﬁct¢#Q%@M1kﬁQﬂRﬁﬁ pnmuqﬁjfurfural and 50-100 ppm

ci reul ation obt BRrRsLEhyaa) | ¥eﬂ?'t%é' B8YcRib_flow. in the
j acket, conprising an ng ction o - at the top of the

colum, with a condensefhegduration of the testgs s b2 pursa phnphenend
measuring sysb@MyhQlch the equipment is éﬁﬁgiéal6¥”E%§fli&§13'fib%|akﬁe'n

reflux to the top of the colum;

a punp LRnPedlingentessel atolthg ofeet of colamn Cl is ﬁ#ﬂﬂ%ﬁtUin)

di ssol ved in @Q%!h&Qe@Cl®dﬁ@ﬁ3tf¥hls water is cird@fdtly Cigeui bogfy the
col um; and th a feed located in the boiling vessel of

t he temperaturgomgﬁ1l hour, using the pumprghieh yeféachs the

i nhi bitor(s) db%i&bﬁ&ﬁth&naqmﬂﬂﬁé boilinR§ @ébgelS@@rﬂﬂ%tﬁﬁétQQSQf eakumMm
Cl al so contains,, exc the reference Exa es 1 and 2, the

surface agentd erlflca%lon is made £hasdsy ?ﬁ?qqoﬁh+§e&%ﬁ§%ﬂﬁﬁ;%%Iﬁﬁﬁlﬁs

distilled il residue remaifis Gh HHWoairtde fepdehié oMol endi sbskbed @het he

Eﬁg of wasklng wé%erlfgcgéggyered Ige;xi unéuégéﬁgégéagfggﬂrggaat
evaporated to dryness. The residue obtained after complete
evaporation is weighed. This makes it possible to quantify
the extent of the encrustation phenomenon according to the

20 operating conditions of the various tests.

Examples 1 and 2 (reference):

These examples describe distillations carried out
with treatment for the removal of the aldehydes with
hydrazine hydrate, in the presence of "standard" inhibitors

25 without addition of surface agents.

Examples 3 to 14:

These examples describe distillations carried out
under conditions identical to those of the Reference
Examples 1 and 2, except that one or more surface agent(s)

30 are added to the solution of inhibitors in acrylic acid sent
to the top of column Cl1.



15 ~+ foat of colum Cl and 86[err]C at the foot of colum C2. The two
colums operate in series, the flow at the foot of colum Cl1 bei ng sent
CQQ;inuoust to the foot of colum C2. The feed flow of col umm
Cl “consists of acrylic 5 acid containing ?%dehyde inmpurities to a | evel of
150- 200 ppm of acrolein, 190-250 ppm of furfural and 50-100 ppm of
benzal dehyde, rel aphyarh@st B snll QW The duration of the tests
is 12 hours, at thé‘§ﬁ§‘"‘6f“wﬁréﬁ'the equi pnent is enptied of its liquid
flow, the 10 boiling vessel at the foot of colum C is filled with
distilled water, this waher sugfeiceCdgahtd aketios@longgnpespkievbak,,1tlour,
usi ng the punp whi%geefgects the . recirculatiqgn i,n the b0|Ig%g vesse|
during the test. Tha® HWEMPr PEAfFIRAS ARG CEAALRLSH SEF LRRPs 2858 Fng IR0
solid 15 resi due r engirustetivheofutiadmidfer lof bollinngCleissereafer than
washi ng wat isr I und-bot.to I rate 0
dryness. Thgyresid%goggﬁggﬁe%l%f?grQgggpﬁgtgﬁg S&gggsg?go%x?ég%%FgEe%pEThis
makes it possible tto quantify the extent of the encrustation phenonenon
according to the 20 operating conditions of the various tests. Exanpl es
1 and 2 (reference): .These exanpl es describe distillations
carried out wth e renoval of the al dehydes with
hydrazi ne hydrate, in the presence of "standard" inhibitors 25 w thout

addi tion of surface agephg. fabsa 3 ; e
exanpl es descri be distiILatfgﬁsacar??EgﬁgqugtéédgslggﬁdF?igﬁg ngﬁﬁiggl to

t hose of tHe& Ref er 8RB&ON1ExanPprEsage anIENtSceplhehat reselss mote stihkace
agent (s) 30 are adeémdrusthltéonolis ithe OboiDDh§i WeESelN ACIYdiEn@mctd seat

to the top of COlugﬂngantially better than those of the Reference and
Comparative Examples 1 to 4.

amples 4

The surface agents based on cellulose ether
15 (Examples 7 to 14) achieve a marked reduction in the
encrustations.



obe)o0iq 0} anp paddols 1s9) ‘uonesado JO SINOY M3} B JOYE UOREISNIOUD SAISUSIX® : (1)

d cationic surface agents.

The surface agents used bel ong,

ani oni ¢ an
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Exanpl es 3 and 4:
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respectively,
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1 - ¥rocess far purifyingacrylic acid which is di rected towards

renovi ng t he pol ot ' ities in those places in the distillation
c@lums in V\hlﬁwﬁﬁg&“ﬂﬂ\lgm t endency to accunul ate, and nore
particularly a w dirécted towardggrenoving the polyneric

I mpurities which are formed during a step for renoving the al dehyde

i npurities fromacrylic acid, accordicpgriyg Whi ch step the medi um
~containing the acrylic gcid to be purified Is distilled by 10 adding to the
sai d medi um at | east ong am e EHHoi RErifyigarasrybieypeidnghpgh is
flushi ng away diakctled ftosmamfs t hemoving sthlel aid Omaeltype ihsubeay¥s in

ds f A hyd | Ne- ' . ith th
Card inpuri (1 ot plRReSIR rhe MEREELITELIR LIS it BRGP EheVabAE o

acid 15 t o be IpHEniedey $alaerwekatel cndimorbeppresenterdy at procesast
one conmpound efi el cRI0BbRALE s SEERAFEn A G p‘a@gﬁg%x imp@PP%Pés %Jhi'%aé&eone
2 - Pro Ing to

polynerizatio% inhbpi or,. ) cess accor Jdaiml
char act eri zed -OF™! Fﬁ%?qﬂufrﬁﬁﬁRnﬁQFsﬁﬁ@%ﬁbnﬁgEH?sa&ﬁéhﬁﬁéséWPPFé##eS 20
conpounds of fidoe patyghtchardids etberdang agetaidch step @B | hedium
preferably the g8 na? i nticylar, those s V\,hicg.are ggrl ed
fron1ce||u|oseob[ ?ro#ﬁé?gsc%Fgg&éﬁ 4ol %? PhE&E1eE 8 SheEd! df%Vnula
(1): 2510 adding to [thte |said medium at lieasthiwie amino compothd gifoups
CRJ[-l\QBCg | ndepehg@italzy neeHBKENAndl b§ H1RISHird eiddy, at the fooid! K¥! +gLouUP;
' distillation column, the heavy compounds formed by the said
hydrazine-type amino compound(s) with the said impurities,
characterized in that the distillation of the acrylic acid
15 to be purified is also carried out in the presence of at
least one compound of the nonionic surface agent category
and of at least one polymerization inhibitor.

2 - Process according to Claim 1, characterized in
that the nonionic surface agents are chosen from:

20 . compounds of the polysaccharide ether and acetate
family, preferably the ethers, and in particular those
which are derived from cellulose or from starch, such
as those represented by formula (I):

. CH,OR™"

* St ]

(I)

30

in which:
- the groups rl independently represent H; a C1-Cy4
alkyl group:; CH3CO~;



Rlerd] .x "H CHerr] or err]Hee, 5 m =

I nt eger fron11 or (Jerr]-derr al kyl or
C@Herr]CI> 4“““ |ﬂ “ ““ s an integer greater than 1, representing
€

&r ® hai n units |n g pol ymer chai n;
t

ethylene gl ycol and propyl ene glycol derivatives or 10 et hers thereof,
represented by fornula (I11): g2 R6 [err]
in which: 15 - R4 and Rl err] each |ndependentE¥ represent HO or
R70- or err err] H erri;0- esenti ng r err]

al kyl grELp, I-q ! [ [gé r%ﬁ1éE@nts&§£ﬁ R H QH SE"E §£ p |s an
integer frgm3 to 20; nte@éé’cf?l:oﬁStlertéjeﬁbv%ﬂd\’e@ Lepresented
formula (I111): 25" i N whi ch: 1 4-
Rlerr]represents a C[er?iki%ePF]@HaﬁﬁyF gﬂéup, - Rlerr] represents

Hor a C8-C20 alkyl - 0hOWB;an integer gBE8EEl tRRh€3ENLEpFeOEntHhg" the 30

- G isaninteger from L Lo 20 . in units in a polymer chain;

ethylene glycol and propylene glycol derivatives or

10 ethers thereof, represented by formula (II):
RO
|
4_ —CH— -RD
R*~[CHp-CH-0] ,-R (II)
in which:
15 - RY and RS each independently represent HO- or

R70- or R7—C6H4O— with R’ representing a Cq-Cjpgq
alkyl group:

- RO represents H or CH3; and

- p is an integer from 3 to 20;

20 . glycol ester derivatives, represented by formula (III):
r10
R8-c-0- [cH)-CH-0] -R? (I11)
II
25
in which:

- R8 represents a Cg-Cyn alkyl group;
- R? represents H or a Cg-Cyy alkyl group;
- r10 represents H or CHgy;

30 - q is an integer from 1 to 20;

glyceryl ester derivatives, represented by formula
(IV):



oH

%2910

car boxylic am de derivatives, represented@%y formul a (V):
R err]. R err] R[err] [er I n which: 20 -
Rlerr] represents a C8-C20 al kyl - R15 represents
[err] with R19 11_kepr qu n .3 and |ng an integer
from 25 lto 53 é BLCH h aéaﬁgr%presents¥¥igr [err] I n which
R 30 5 O
in which:
- rll represents a Cg-Cpqg alkyl group; and
- r12 represents H or R13—C—0—, r13 representing a
I
10 0
Cg-Cpp alkyl group:;
carboxylic amide derivatives, represented by formula
{(V):
r15 rL7 r18
15 _
R14-C-N- [CH,~CH-0] .- [CH,~CH] s-R1© (V)
I
0]
in which: _
20 - r1l4 represents a Cg-Cyn alkyl group;
r19
15 | : 19
- R represents H or —[CH2—CH—O]Y—H with R
representing H or CHj and y being an integer from
25 1 to 5;
- r20
|
- r16 represents H or -N-c-R2l in which R20
I
30 o
represents H
R22
or -[CHy-CH-0] ,-H, with R22 representing H or CHj
35

HIMI\HINMJU

gl Qﬁryjhester derivatives, ﬁresented by formul a (rv):

H or R13-C-O, R13 representing a
C8- C20 al kyl group;

and z is an integer from 1 to 5, and R?21 is a
Cg-Cpq alkyl; |

- R17 and R!® each independently represent H or
CH3;

Rl err] represents a C8-C20 al kyl group;

H or



reppesgrts H or [err] with Rerr] representing Hor CH3 35

%::Eylz teanint egﬂ!lugmlyl"ﬂmsﬂ“!ﬂp? E[agar? ndeipZnSent |y represegtg- CH:28r

2121 r being equa

to 0 or being an integer from1l to 20; and S
bei ng equal to O or_1. . 3 = Process accordi o8&l t her of
Claims 1 and 2, 5 charﬁc?%}?%e%q?%lt%%tOtﬂﬁoggﬁﬁ%nl% %%#?g%% ggéﬁt?sgg
is(are) sent into th20flamdcontaining the acrylic acid, alone or in

sol ution or suspensLon 5”b@iﬁ§L?5951 gych 8¢ @crylic acid, acetic acid,
propionic acid, nmaleic acid, €l ¢ anhydri de or water, or in solution
in a mediumcontaining acrylic 10 acid, for instance the solution rich in
pol yneri zati on i nhi bBt-ormrodd =3 aiceotsdthgt @oi 8 Ehér tR T dinds i bads2j nt o

t he topgor he. d; of .t he distill.ati.on I S, . -
Process acéor b%égf%egﬁ%ggfléaEﬁ%%;é%%(§9£l°nl%3ﬁ§%§§?§rFggﬂtﬁﬁ)tﬁg{afﬁg
noni oni ¢ surf aedtaiehe (the i B eontm iadidul tihe agnydger vicdd, ok 1o0e- 0X01i000

ppm preferabky14@ion orl9Q9p8RIIchCLAt BVEoiPehPe SBELUALCOBLRLDENGCLHE
acrylic acid to be Eurlfled‘ . - 5,- Process acg¢ording . to _one
of Clains 1 tBCRLIC agpds aPFEPFIBYC| RACiflat MeheipoRGHEr i PALPOR RRRYBFiCes

are 20 chosenokr a@atpirgnadt cifesiodattiives, i 04 meslianc ecdnythtindgoaeryliand
s derivapives, gsuch s, Qudrgaui noge TRhl Btherey, 5 Phenothlazhnes and
its derivatives, Such "as et ﬁy ene ue; net a ?IPII ocarpa es, Ssuch as
copper di but yighihibeasbelbek;is useghpoubtiecbrithaast dghibitess ¢nsepthesuch
as N-nitroso-tep or into the feed of the distillation columns.
4 - Process according to one of Claims 1 to 3,
characterized in that the nonionic surface agent({s) is(are)
15 added in a proportion of 10 - 10,000 ppm, preferably 10 -
1000 ppm, relative to the medium containing the acrylic acid
to be purified.
5 - Process éccording to one of Claims 1 to 4,
characterized in that the polymerization inhibitors are
20 chosen from phenolic derivatives, for instance hydroquinone
and its derivatives, such as hydroquinone methyl ether;
phenaothiazine and its derivatives, such as methylene blue;
metal thiocarbamates, such as copper dibutyldithiocarbamate;
compounds containing nitroso groups, such as N-nitroso-
25 phenylhydroxylamine; quinones such as benzogquinone; para-
phenylenediamine derivatives represented by the general
formula (VI):

\ /
30 N-{ O )-N (VI)
/ \

in which 2zl and 2?2 each independently represent an alkyl,
aryl, alkylaryl or arylalkyl radical.

35 6 - Process according to one of Claims 1 to 5,
characterized 'in that the polymerization inhibitor(s)



25 .phenykhydr oxyl ami ne; qui nones such as benzoqui none; para-

hen Ienedlan1ne d ented by the general formula (M):
Ferr]y i n whi chTumm“mtm ﬁiﬂﬂ“} each i ndependent |y represent an al kyl,
aryl , al kyl aryl or dryfal kyl radi cal . 6 - Process according to
one of Clains 1 to 5, characterlzed I n"that the poI yrrerlzatlon

I nhibitor(s _ ( ded
in a prop(()rzlér? (gre addeoﬂ)B p?r%m%?gf}(\)/% ?f > ]tqh' pﬁ‘mr%&%t ai |%§ t he

acrylic acid t&ShEeHGH F@&talnlng the acrytic pcadete becplﬂmﬁged@ one of
Clainms 1to 6f cgar a?t'erPrﬁcﬁibssq db&brd hiS;?ééP%ﬁ@%%&r‘P Eeglggﬁ”d
. , .

is oycl ohexsTAAAEErAEeS 4p HhRE. KR SRy desBeneyPe SmiRanORparRS: Ré:
2- naphthylﬁydﬁ@gsﬁe frOM(hxdﬂgzmnﬁmrhwdra21menhydﬂabEﬂybmkgﬂhyd36z1nes
2, 4- d|nltrophggﬁhhyd%§2|ngycgbﬁgggghgdrazgﬂgnldlQe %gkggggggh aﬁgziand

salts t her eof SS accordlng toon

characterlzedppﬁnﬂﬂ§ﬂdfﬁélﬁ?dra1|%ﬁﬁ%@ﬁkﬁ!ﬁhYQriﬁmm%Und(§PlythdS€aﬂeP

added in a pr @p@ﬁtrepheﬁylﬁydralﬁlﬂé)p 29nmdrlah@ﬁ:biéﬁehg?lhydré?ﬁlém%u%hne,
cont ai ni ng thg - Prdceéss

l, to b
according to H%%g§ é%é?%gggoggagl geChQchFQ}FfeBh?ﬁePﬁat t he
hydr azi nel@ype ami no coffpourRi{aess adodmii)g atidednien ofn Glraiud Bued that

t he nol ar ratbﬁaﬁacFeQXQE?Z&Hetyﬁeet§8?§9agg§§%/SE faﬁ?ﬁgahgﬁg§gga(s)

present in n art| _
10 - Process &8d6r8) n@d?‘%dohfé HPRIPFEE O & 60 20l QARG Emer reddtiiver bat i t

is carried outhenmedtichwesatanéeéng theoéc@blﬁbnabhuehﬁ b8 ﬁQBEEQHOUSh”Dde
for example in the flowy _ gf, Ayl &S OcbeoRY LY S Ji8edi o Lhg,
15 characterized in that the hydrazine-type amino compound (s)
is(are) added in an amount such that the molar ratio:
hydrazine-type compound(s)/sum of the aldehydes present in
the feed, is 0.5/1 - 10/1, in particular 1/1 - 5/1.
10 - Process according to one of Claims 1 to 9,
20 characterized in that it is carried out in batchwise mode,
or alternatively in continuous mode; for example in the flow
of acrylic acid to be purified feeding the monomer
distillation column.

71

11 - Process according to one of Claims 1 to 10,
25 characterized in that the distillation is carried out in two
successive steps: | _

- the first step, in a first column for removal of the
head fraction (Cl), fed with the flow of acrylic acid
to be purified and receiving the hydrazine-type amino

30 compound(s), in order to remove, at the head of the
column, the light impurities and the water generated
during the reaction of the hydrazine-type compound (s)
with the aldehyde impurities; and

- the second step, in a second distillation column (c2),

35 fed with the flow from the foot of the said column for
removal of the head fraction (Cl), in order to carry
out, at the top of the column, the distiliation of the



di stsi H_.ation corwm 11 - Process according to one of C ains
1to 10, 25 char the distillation is carried out in two
successi ve steps @ Eilmﬂlj mlte step, in a first colum for renoval of
té head d with 4he flow of acrylic acid

to be purified and recei ving the hydrazine-type am no 30 conpound(s),

| order to remvepusl dheleaddlaf g, at theCPbUEMor! PRel Eaftimh MU LI es

and the water generate ur| ng the reaction. o hydr azi he-t ype

conpound( s) remppyYdl t hefal (fé‘%%/deh??fb‘brl £pmRouRds., consistiadsechnd
step, in a second gastichPdt WE GiHéJ@B’ro(dGZ:)t,s 3% reactibAdoWi the tdalddhywae f rom
the foot of the said colum for. gooval of the hgadfractlor}é Cl),
in order to carry puri J'e%ut‘“ Jf ttﬁlg tBB oF “tRE " EEPEM TR A2t | 1% on
of the 5 polymepBzation inhibiterdsiybnd adied nemichnix suefdowt of
the colum, the sgent(gyenoval of the heavy conpounds, consisting

in parti cu ar of the products of reaction of the al dehyde

inpurities w H’ﬁetH@lWGF?aE?TﬂéOTt‘ybEhéBF’rBGEI(]E!; behagsadded g s %2R i oh
inhibitor(s) t8hd haumani @l)C sNdf aee the top @aFeiHes) columhhgC2), and

pol ymeri zati on_j nhi r{s adde the . top 0 col um (Cl) :
Dot o e t oBPkPBhRLED Lide ARESESUEE WResd®ch8Pellmns) 'ERE TR (o
two col unh€, shefaoeiagent mnmlfmﬂ@)agemngcanhqb@lmdi(ls)n&)arngsadmmr%one

or as mxturespte tﬁé‘t&é&%ff G&Qe Ao 1hfy GRYMnGFb @R@boﬁhbnEth be %_19@ of

t he col ums i %1 %%d n_whi ch case they can i njected

exanmpl e, in a®Sot ?oﬁc%hs hC%bt vb‘ht"”&c%nc%t%?yﬂ‘%y Ca%c}i’% %%h?%?%ﬁing
the inhibitorSorwekahplle, usadat @cdend onheesetd omhidiidats ¢ dheatppldé the

sai d columms. acid containing the inhibitors, which is used to send these

15 inhibitors to the top of the said columns.



