METHOD FOR PRODUCI NG BI ORESOURCED ACRYLI C ACI D FROM GLYCEROL  The present
invention is targeted at a process for the manufacture of a bioresourced
S5acrylic acid fromglycerol as starting . nmaterial, the term "bioresourced
acid" indicating that the acrylic acid is essentially based on a carbon
source of natural origin. Acrylic acid is a very inportant starting

mat eri al which can be used directly to produce an acrylic acid polyner or,
after esteri METZHOD FOR PRODUGINSG BIORESGRBEED AGIRYBIC AICHOFRHM
correspondi ng ester. These polyners Eﬂ)as is or as copolymers in
fields as varied as hygiene (for exﬁiéﬁgﬁﬁ t he production of

super absorbants), detergents, paints, varnishes, adhesives, paper,
textiles, leather, and the like. Manuf act urers have been devel opi ng
processes Tle ptdventsipmertiosi is tafgewdrag|d progeisdfof dhe tBdefpaiges of A Higresurced
generation used, . starting material, co unds . [i sl ol L b bond
of acetyl effir&l% 9%5%0%? € Cﬁ@?élsrs e U %th %?Ogg ot §Cg§r%6§dn l%g%t%gde
and wat er {hat thB@ciie 26HGEeREntINi Hk&l obasabo sduatysinatiFlerigeond
generation of processes, which is today the main process for the
production 20 of acrylic acid, is based on the oxidation of ?ropylene

and/ or pr opandic atidds e vwhampatpnhsingingabaeridsvitieh tarobg wied dissetle briyeditent | y
the acrylic acid is fornmed froma no e i -

Startsng. ot By A SRR ) AT RGBSR EARE, o FARGE 1T of
and synt hegheZdoR@spdndinht @tdri MPeddapaymalssaranded heipoosesaedyhas indeldsoss ng,
at the end of the cycle, the manufactured finishgd pr oduct ased on these

25 fossi| vttt phywaneforl sagiheria @%H‘i"%ﬁ}‘?ﬂ‘i 8} SHeeralsh a?ﬁ;.& t EFCIBEN g a
di rect byp%aﬁﬂi{ﬂﬁéarﬁfs?éshgdﬂeﬁglg%'p?@i {e%ilekh@atﬁé‘r’, Qﬁfﬂh@'ﬁk% | propyl ene to give

acrolein a en of acro gl ve acrylic acid. this contributes
to increasing the concentration of greenhouse gases in the atnosphere. In

t he cont exMagfifabtugers Qe theemtdevelbpinp eprovgsedsi foy thé simiblersd of abiytiechonbdiot ri es
to reduce em ssions of greenhouse gases, it appears particularly inportant
to 30 Hanufiséder e novel products based on a renewable starting material,

cont ri but | A0/ L EAMEINGHNGS S AHY FARTRN A RLARCL SprdBe 8HBleAboroHH S,

manuf act urers rected their Tesearch and devel opnent studies at
" bi or esour aet/lesy ntgeethich processed with angiztare wf ahibpn nemewals laed statar tii Hig
materials. 2 Specifically, . in order to limt the ecol ogical inpact of
convention@ﬁ“ﬁpgﬁﬁﬁpF%gL%%Sé8@%@?& al ternative processes starting from

nonfossil phatdeofd 3bhdritibn B RbéaLS, HRNA i§ erafildmbRgRocey flraRefodiX| es
are processes using, as starting material, 2- hydroxypropionic acid

(1 act i 20 acoljcrplit atidets taped enrtbnpsidpden of pripitess andlpt piIPase ckhese starting

originatin romt he, bi.omass. Fyrther esse . S i r.om
gl ycer ol (gwg%mﬁ%éﬁﬁhagna1f%%ﬁwa)?IPS@%%@&ng%fﬁgﬁfghégﬁeghgﬁgkgsﬁgnéfl
veget abl e gidrSndtabld@osaMmBarbbiBaed §theingemhickial sinehdditiohi tle proeestefeel ves

enpl oyed in particular as fuels in gas oil and donestic heating oil. This
gl ycerol i exteachag.upaifiypngoaod sypthesring nihgysiaring gpalgrals sndathe; processes, 401 abl e

in large agé)slilr%%fﬁlg?gpthg W t?)? ¢l 8);0%1, AR ARARQS HfSn fn%@ﬂéts dhdchi dnutnkde

25  fossil starting materials generate carbon dioxide, the latter being a direct byproduct of

the reactions for the oxidation of propylene to give acrolein and then of acrolein to give

acrylic acid. All this contributes to increasing the concentration of greenhouse gases in

the atmosphere. In the context of the commitments of the majority of industrialized

countries to reduce emissions of greenhouse gases, it appears particularly important to

30  manufacture novel products based on a renewable starting material, contributing to
reducing these environmental effects.

For several years, manufacturers have directed their research and development studies

at “bioresourced” synthetic processes using naturally renewable starting materials.
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followed by a “conventional” oxidation of the acrolein to produce the acrylic acid.
The first stage of the manufacture of acrylic acid from glycerol results in the same
30  intermediate compound as the conventional manufacturing process starting from

propylene, namely acrolein, according to the reaction:

CH,OH-CHOH-CH;0H =¥ CH;~CH-CHO + 2H,0
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formulations suited to the production of their polymers from a “standard” grade of

acrylic acid or of esters today manufactured solely from propylene. A modification to
30  the formulations used by these users, for the purpose of adapting them to a different
grade of acrylic acid or of esters produced by a route other than that of the conventional

ex-propylene processes, would exhibit significant disadvantages for these user



In order to illustrate these differences, the data relating to the
presence of various acids in the crude acrylic acid, that is to say in the
| i qui d phase exiting fromthe second-st%ge reactor, are collated in the
following table 1. Table 1 Inpurity/AA ratio by weight (crude acrylic
aci d) Ex-propyl ene process Ex-glycerol process Acetic acid/ AA <5% > 10%
Propi oni ¢ aci d/ AA <0. 1% >0. 5% 2- But enoi ¢ aci d/ AA <0.001% > 0.01% 10 The
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major role in the subsequent polymerization processes, the manufacturers
manufacturing this acrylic acid have been led to deploy a whole series of purification
stages in order to obtain this “standard” acrylic acid which is normally referred to as
glacial acrylic acid (GAA). This GAA does not correspond to specifications officially

10  rtecognized and having a universal nature but means, for each manufacturer, the level of
purity to be achieved in order to be able to successfully carry out his subsequent
conversions. By way of example, for an ex-propylene acrylic acid, the reactor outlet
effluent stream is subjécted to a combination of stages which can differ in their
sequence according to the process: removal of the noncondensable compounds and most

15 of the very light compounds, in particular the intermediate acrolein for the synthesis of
the acrylic acid (crude AA), dehydration removing the water and the formaldehyde
(dehydrated AA), removal of the light compounds (in particular acetic acid), removal of
the heavy compounds, and optionally removal of some residnal impurities by chemical
treatment.

20 7
The invention is targeted at a process for the manufacture of a “standard” acrylic acid
by using glycerol as starting material which will be converted in two stages —
dehydration and oxidation — as mentioned above, incorporated in an overall purification
process.

25  This process is highly analogous to the synthesis process starting from propylene
insofar as the intermediate product, acrolein, resulting from the first stage is the same
and in that the second stage is carried out under the same operating conditions.
However, the reaction of the first stage of the process of the invention, the dehydration
reaction, is different from the reaction for the oxidation of propylene of the normal

30  process. The dehydration reaction, performed in the gas phase, is carried out using solid
catalysts different from those used for the oxidation of propylene. The acrolein-rich

effluent stream resulting from the first dehydration stage, intended to feed the second



Sonme of the main differences, in terns of constituents of the liquid
effluent streamexiting fromthe oxidation reactor, between the

ex- propyl ene and ex-glycerol processes are illustrated in table 1.
Natural ly, although this is not nentioned in the table, there is 20 al so
found, in the crude acrylic acid, whether it originates fromthe

ex- propyl ene process or fromthe ex-glycerol process, a whole series of
oxygen- con@igssbngxiganposnge, acabledhel gve atgtBbyieids cokpii@nesgreaehamoant ¢S,
and the like, the necessary separation of which is known to a person
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polymers require reducing the contents of the inpurities of table 1 in
acrylic acsdkectioities irocdchef Vad twesrowtesch appear in table 2 below. 6 Table 2
Concentration of the inpurities in the AA (by weight) Technical acrylic
acid for esterification Qacial acrylic acid for polynerization Acetic

aci d <0. 2%<Gdd YRR -8 s@@iffrences, the data relating to the présence of various acids
in the crude acrylic acid, that is to say in the liquid phase exiting from the second-stage
reactor, are collated in the following table 1.

Table 1

Impurity/AA ratio by weight
Ex-propylene process | Ex-glycerol process
(crude acrylic acid)

Acetic acid/AA < 5% > 10%
Propionic acid/AA < 0.1% >0.5%
2-Butenoic acid/AA <0.001% 13 001%

10
The impuritics/AA ratios depend on the catalysts used, on their “age” (deterioration in
the selectivities over time) and on the operating conditions. In table 1, the 2-butenoic
acid/AA ratio is given as < 0.001% for the ex-propylene process; however, although the
Applicant Company has never detected it in ex-propylene AA, it considers it preferable
15  to write “< 10 ppm” rather than 0% (result of its analysis) in order to eliminate the
problem of detection threshold related to the analytical method.
Some of the main differences, in terms of constituents of the liquid effluent stream
exiting from the oxidation reactor, between the ex-propylene and ex-glycerol processes
are illustrated in table 1. Naturally, although this is not mentioned in the table, there is
20  also found, in the crude acrylic acid, whether it originates from the ex-propylene
process or from the ex-glycerol process, a whole series of oxygen-comprising
compounds, alcohols, aldehydes, ketones, other acids, and the like, the necessary
separation of which is known to a person skilled in the art.
The specifications for the acrylic acid grades commonly used for the production of
25  acrylic acid and acrylic ester polymers require reducing the contents of the impurities of

table 1 in acrylic acid down to the values which appear in table 2 below.



<0. 05% <0. 05% 2-B tenoic acid <0.005% <0.001% The acetic acid and the
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properties on the finished product or Tasly2be found in the liquid or
gaseous djscharges generated hy the polynerization process
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16 The 2-butenoic acid, not synthesized by the ex-propylene process but present in both its

configurations (E, also known as crotonic acid, CAS No.: 107-93-7, and Z, also known

as isocrotonic acid, CAS No.: 503-64-0) in the ex-glycerol process, is for its part
particularly troublesome because, due to its double bond, it is capable of participating in
the polymerization process and thus of modifying the characteristics and the use value

15  of the final polymer.

The problem posed is that of producing an acrylic acid with a degree of purity
corresponding to the requirements of the users and meeting in particular the
specifications given in table 2 on carrying out a process for the synthesis of acrylic acid
20  using glycerol as starting material which exhibits the disadvantage, compared with the
conventional process for the oxidation of propylene, of providing, at the outlet of the
oxidation reactor, a gas mixture comprising a great deal of water and exhibiting high
contents of various impurities, such as acetic acid, propionic acid and 2-butenoic acid.
The Applicant Company has discovered that it is possible to overcome the preceding
25  disadvantages by employing a process for the purification of the gaseous effluent stream
resulting from the oxidation reactor of a process for the synthesis of acrylic acid from

ghycerol, comprising a first stage of dehydration of the glycerol followed by a second



7 stage of oxidation of acrolein, conbining a stage of absorption of the
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pr esent i e 1rese’a(():{ ?@ﬁgﬁn%@%tﬁr%]{‘%’wli?th%q?% %gsg%-t%{%aése ca ezlil y{;ﬁlﬁcgg%i%%ati on
of the acrgidtebe tigt @ifvendier id andchal, of B Edvy exivent tesantially chepasdydli ¢
acid present in the effluent streamfromthe oxidation.by. .

count efcur Theay i sempparisppiigRatfe hromp ﬁ]é%\?{?‘g}‘f%}'ﬁfﬂ%’pﬁﬂ i%‘l%f’%ﬁw%nf rnd
cooling an S RRn-iBhibihe Lhshferd " ARL FOMISAPNARE dmPhrifife

" noncondenésjpa{: q%gﬁygggg Og%ggrrlrpol&ﬁ S 1anglh%cond'enesfaibl e Iigt11t gg%%oungs, such
as wat er, agkhgladehiaderopicoonudrted acrolein, formc acid or acetic acid,
(3) 25- separation of the residual light fraction and the heavy sol vent
present in the liquid phase resulting fromstage (3) by at |east one

di stillati gngsfagendidt of(hd iansion it &) paress e akemyanafactlie o driytebaured d
fraction thus Separated, and purification of the acrylic acid present in
the actyl i aorpldd aid fraot elerrple sempiisigs thedplloWBgHageEdi ng st age(s) by

fractional Crg%ss,—%)ﬁlasleic%t%ﬁ;itl%ndeh%&)ration of glycerol to give acrolein, (1)
- partial condensation by cooling and extraction of a portion of the water and heavy
compounds present in the reaction medium of (1), (1)
- gas-phase catalytic oxidation of the acrolein to give acrylic acid, (2)

20 - extraction of the acrylic acid present in the effluent stream from the oxidation by
countercurrentwise absorption with a heavy hydrophobic solvent with cooling and
removal, at the top, of the light fraction composed of the “noncondensable™ gaseous
compounds and condensable light compounds, such as water, acetaldehyde,
unconverted acrolein, formic acid or acetic acid, (3)

25 - separation of the residual light fraction and the heavy solvent present in the liquid
phase resulting from stage (3) by at least one distillation stage (4), (5) and/or (6) and
recovery of the acrylic acid fraction thus separated, and

- purification of the acrylic acid present in the acrylic acid fraction resulting from the
preceding stage(s) by fractional crystallization.

30

In a first preferred alternative form of the process of the invention, the liquid phase

resulting from stage (3) is subjected to



8 atopping by distillation with separation, at the top, of water and
residual |ight conpounds (stage 4), the bottom fraction being sent to
stage (5), a distillation of the acryli,c acid solution thus obtained in
order to separate, at the bottom the heavy solvent and, at the top, the
acrylic acid fraction conprising the S5internediate inpurities and
optionally the traces of solvent (stage 5), a distillation of the acrylic
aci d sol utiom togpingt bngistitlenvt vathp sgmediong ab thegp( 5 Wateroangleresidyal bgbly e,

at the bottom the heaviest "interngdiate”.conmpounds d the traces of

sol vents pos§?B¥V“@¥ﬁ?@%ﬁ%ﬁﬂ5ﬁﬁ?ﬁ’nﬁ?ﬂﬁnﬁ ,g%5%§°§gﬁ§ﬁ$% acid (stage 6),
a purificatiQngiefindddg Ahy lab6liacicl §Qatbd g Jbl-AM8dSinader @) sepirafel actticonal
10crystallization. d@ycerol i's a chemcal, 1,2,3-propanetriol, which can

be obt ai ned diotthey; thpyhashssotvant aydtahdl ©p, grearcrylifgadid drcivopyRREEne 81 as

coproduct forned durin ; _ ' ) ' or animal fats.
15The ﬁ%thané??g?%ﬁ%?ug%%gﬁggﬁé%ﬁﬁﬁéﬂﬁpﬁ%ﬁ%ﬁéﬁggg?ghgg%&%ﬁ’carried out
ﬁCCOf ding to aV@iﬁﬂiilMﬁ)nV&iﬂ the EB@WB RPidsaas@s resulinpdirdeh ¢hd prectiing siage (5) in
onobgeneous catal ysis, such as sodi um hydroxi de or sodjum net hoxi de .in
solution in mE¢HaRoremyE, By thishoftprmethiar @W@bdngQF§W§sﬁ§mq¥&ﬁég%mfgmhay

be, mede on Nk Sl sl BRI B Bl Byl ol i ) Pt ual e

Chi m que of ysi s of vege le oil's results, on
t he one hand,a ipurifiebtiydl &S tthe sacaplds  @d t tesultinpefronardagei (6] i efraitionghe
met hyl esters arﬁrenployed in particular as fuels in gas oil and donestic
heati n¥ oi | . WWiH a8 devel opnent of fuel s having renewabl e origins, in
particul ar vegetable oil nethyl esters (VOWVEs), the production of glycerol
according to this production route has greatly increased, the glycerol

repr esent i Gtycefoltine adhedagal.of,235mopensirialh@highi ¢ant beopbiamed githercbhglbsmisal The

o oo L S0OR RS ShR LT b, s SEHE L A B OES,
K2SO4) . | nyddetable oils or animal fats.

15 The methanolysis of vegetable oils or animal fats can be carried out according to
various well-known processes, in particular by using homogeneous catalysis, such as
sodium hydroxide or sodium methoxide in solution in methanol, or by using
heterogeneous catalysis. Reference may be made on this subject to the paper by D.
Ballerini et al. in I’ Actualité Chimique of Nov-Dec 2002.

20  The methanolysis of vegetable oils results, on the one hand, in methyl esters and, on the
other hand, in glycerol. The methyl esters are employed in particular as fuels in gas oil
and domestic heating oil. With the development of fuels having renewable origins, in
particular vegetable oil methyl esters (VOMEs), the production of glycerol according to
this production route has greatly increased, the glycerol representing of the order of

25 10% of the weight of the oil converted.

The glycerin, the name of glycerol when it is in aqueous solution, obtained from
vegetable oils or animal fats can comprise salts (NaCl, NaySO4, KCl, K2504). In this
case, a preliminary stage of removal of the salts, for example by distillation, by use of
ion-exchange resins or by use of a fluidized bed, such as described in French application

30  FR 2913 974, will generally be present. Mention will in particular be made, among the

methods used or studied for the purification and the evaporation of glycerol, of those

which are described by G.B. D’Souza in J. Am. Oil Chemists’ Soc., November 1979



case, a prelimnary stage of renoval of the salts, for exanple by
distillation, by use of ion-exchange resins or by use of a fluidized bed,
such as described in French application 30 FR 2 913 974, wll| generally be
present. Mention will in particular be r?ade, anong the net hods used or
studied for the purification and the evaporation of glycerol, of those

whi ch are described by GB. D Souza in J. Am GO Chem sts' Soc., Novenber
1979 9 (VoVolo5y), sBI2Ay Syinbesenbeeedl. th Fat Sal TethmoFdl9879c89, JileghinoNo.

1987), 89, Jah No. 8, 297- 303, b d . D. [, i
(Soaps)and M@?%ﬂg&g;ﬁﬂﬁwh@#&qﬂéﬁp&h@-%ﬁ %"’E’gég‘i? Dg@\?&%ﬁ?ﬁ%%%”%@% | !
Fla., Q:L i’éfcﬁgallk%%ew,cmfﬁe&h Pt 1A% 2984 01 LnapRiriZ gRA@SZ(%'qﬁﬁL

Chanpai g e is generally made, Tor the inplenentati of the process,
of a streaBpiteedD@y Prdse, Cleapadgn.of stage (1) conprising glycerol and water
with a water/glycerol ratio by weight which can vary wwthin wde limts,
for exa?rpl e between 0.04/1 and 9/1 and preferably between 0.7/1 and 3/1.

10 The pri ggk R SerRbally@add, 36 8% hiplcRBit@idH HOth8 ProdebE ARGl drehmORLhY @& Ol
is based on the 2 consecutive dehydration and oxidation reactions:
CH20H CHOHra@RROBI stage (hizedpriSH sly@id] 20d G GHtlGHEater/plyz o) ratio ioHpreight COOH

The process,is carried.out in t r ney | fif
catalysts. PR R ik e PERNALTe BLARES oMb o O Ut LRI
reacti on buétweseoprioamt®d. by a high tenperature level, is generally
carried out in the gas_ phase in the reactor, in the presence of a c%t al yst

at a t &hpelhe Briaciplerefi the Prosss fasoblaiging gerlicscisk Gempglycopeliifdaseoubthedng
350C, and g&gggﬁg,le%ﬁycf%ﬁ@a{cpmﬁg&#ﬁerga%iogﬂd 5 bar (100 and 20 500 kPa).

It can also be carried out 1nt I qul ase. It can also be carried out
in the presence of ogygéen-CHOH-(AH00k wgeOHse@HFCHOMNG2IgA3, as described in
applications WO 06/087083 and WO 06/ 114506. The gl ycerol dehydration
reaction is general | $HearHredOottz Qe (s‘%ﬁ(g{‘éé?(gﬂcat al ysts. The

The process is carried out in two separate stages with two different catalysts.
15
The dehydration reaction, stage (1), which is an equilibrium reaction but one promoted
by a high temperature level, is generally carried out in the gas phase in the reactor in the
presence of a catalyst at a temperature ranging from 150°C to 500°C, preferably
between 250°C and 350°C, and an absolute pressure between 1 and 5 bar (100 and
20 500 kPa). It can also be carried out in the liquid phase. It can also be carried out in the
presence of oxygen or of an oxygen-comprising gas, as described in applications WO
06/087083 and WO 06/114506.
The glycerol dehydration reaction is generally carried out over solid acid catalysts. The
catalysts which are suitable are substances used in a gaseous or liquid reaction medium,
25  in the heterogeneous phase, which have a Hammett acidity, denoted Hy, of less than +2.
As indicated in patent US 5 387 720, which refers to the paper by K. Tanabe et al. mn
"Studies in Surface Science and Catalysis", Vol. 51, 1989, chap. 1 and 2, the Hammett
acidity is determined by amine titration using indicators or by adsorption of a base in
the gas phase.
30 These catalysts can be chosen from natural or synthetic siliceous substances or acidic
zeolites; inorganic supports, such as oxides, covered with mono-, di-, tri- or polyacidic

inorganic acids; oxides or mixed oxides or heteropolyacids or heteropolyacid salts.



catal ysts which are suitable are substances used in a gaseous or |iquid
reaction nedium 25 in the heterogeneous phase, which have a Hammett
acidity, denoted Ho, of less than +2. As indicated in patent US 5 387 720,
which refers to the paper by K. Tanabe & al. in "Studies in Surface

Sci ence and Catal ysis", Vol. 51, 1989, chap. 1 and 2, the Hamett acidity
is determned by amne titration using indicators or by adsorption of a

base in_ t hghgacaRasean JeMEesE b6 ababysi sl adricpmotionedallin omidiatht padtons
synthetic siliceous substances or acidic zeolites; inorganic supports,

such as oxpkiexd hetsvenobenoid are ershangeddpith at deast gpe geiamnelase Ty cifaFnEs

aci ds; oxi X i ge eler id tero i dgsal ts.
10 These cgﬁg?%q/fsl rsq chﬁo%ngr ?ﬁ %V'ge&gotfr?r%?g%%agf %ggﬁe? gr%%o?%%e?@’ gtglt@ in

whi ch t he hetetopolyacll saiad corhpiising polepstcind derecre xchbsendfecn whe promp doesistingone

cation chosen frome] enments belonging to Goups | to XVl of the Periodic

Tabl e of t ‘“Em@h@ﬁ%g; t hese heteropol yacid salts conprising at | east one

el ement ¢ h%‘ﬁggﬂ %%gg}ahﬁmgir . RAMS laf{dnB IniRe®@bxités, Mp gﬁﬂg b¥bed MANEInOMARY

particul ar anong m xed ‘oxi dés, of those based on iron and on
phosphor usphssghafis tibesethbssleded on cessimnphosplogphandityngsted. t ungst en. The

catal ysts e chosen in.particular fromzeagl,.ite ion(r) . Lt es
(based on ﬁiﬁf FBRITESaE FI8F} %BP‘%%B]I%%@%)Z?O% i éﬁ?f{r\lé:@eﬁoép %Jsr#%ggj%%d i
phosphot unggtdnge aRed o6f ¥iosbpdlEaéinNgshloinaed dsluaishsaChldspladttusgstianand/ar i ous
solids of the type conprising netal oxides, such as tantal um oxide TgéOS,
ni obi uht oxsitieotNbeatis, acidsumchacidl s, and VarPwnsdks B e gpe SPMPHHNE 5182,

tin oxide Sn Siql i [ F 1 Skl g0 ' [ A TP
w th aci d POAceOar BrBlie S hhCE B 8ifs N8, A 10 HORLEE
W03, phospbaitle TROY, zikbhiacai®, HhQXidy Snd}, \Hlitat GO0 3ilfconlotitcnalSiQy alps, or
a mxture 15 of these conpounds. The precedi ng catalysts c_aré dditionally
conprise alppeswtet Wit Awncgnalpgroups, suph as %’?,mt‘?@, SRR, C&,tu‘\gf’tiateSc,
La, Zn, Mgy e phGQnafd p@), HRMBOL bl iRt TBOR FRIBHAAGrodisaby § hix@ke
phosphat ed zi l’gonl as, tungstated zirconias, silica zirconias, titaniumor
tin oxigesof tpseegmatowddssi t h t ungstate or phosphot ungst at e, phosphat ed

o ot 2o 15 gcpE 2eea) S L RRAUHRRA cShplis FHRARAEA BE g QL
Rh, Pd, Ru, Sm, Ce, Yt, S¢, La, Zn, Mg, Fe, Co, Ni or montmorillonite.

The preferred catalysts are phosphated zirconias, tungstated zirconias, silica zirconias,

titanium or tin oxides impregnated with tungstate or phosphotungstate, phosphated

20 aluminas or silicas, heteropolyacids or heteropolyacid salts, iron phosphates and iron

phosphates comprising a promoter.

The reaction medium exiting from the dehydration reactor has a high water content due
to the glycerol charge (aqueous solution) and the reaction itself. An additional stage (1°)
25  of partial condensation of the water, such as, for example, that described in patent
application WO 08/087315 on behalf of the Applicant, will make it possible to remove a
portion thereof, so as to bring this gas to a composition substantially identical to that of
the ex-propylene process, in order to feed the second stage of oxidation of the acrolein
to give acrylic acid. The term “composition substantially identical” is understood to
30 mean in particular similar acrolein, water and oxygen concentrations. This condensation
stage (1°) has to be carried out with cooling to a temperature which makes it possible to

obtain, after removal of the condensed phase, a gas stream comprising water and



phosphat es conprising a pronoter. The reaction nmediumexiting fromthe
dehydration reactor has a high water content due to the glycerol charge
(aqueous solution) and the reaction its?lf. An additional stage (1') 25 of
partial condensation of the water, such as, for exanple, that described in
pat ent application WO 08/ 087315 on behalf of the Applicant, will make it
possible to renove a portion thereof, so as to bring this gas to a

conposi t i omcrslehsinaniviaiat/hotoletie ntolarabtis of 1 Al took/1 t Hids exstipl opydersatiopobddess,

in order to feed the second stage of oxidation of e.qacrolei.n to.qgiv
acrylic achater makeyibpsse %Fﬁ)%i“gfitélﬁmé‘%?tTiﬁf?tﬁllyﬁﬂpf{tg‘é%t isﬁaﬁF"’fP?dﬁtﬁ%{e‘?tﬁt ood

to 30 meang.n, Pk MRl Mriid abidagiPh&ipRevehiREIn8 e OXBERMent stages, the
concentrations. This condensation stage (1') has To be carried out with
cool i ng t oremdvehphageuarsowmtis ofi wattk ethe istbyegeeit ¢reovad ob ivtha¢nis exbersive aov al

of the condensed phase, a,gas str.eam conpri sing,.water.and...ll acrolein in
a wat er7 act8I¢ il?{e%ﬂg’a%e FRK %S@Fulil%/llii?%‘g%’%‘cr% i é‘"ﬁa?‘% F&ﬁ‘“‘%nﬁé‘?\"’g‘ﬁ? ifon of
the water Rk lolreR@56h BbRIhDIRELSYRA y UdiFRded Prinbe dead@ihy deh@fratidie 2nd
stage of oxidation of the acrolein to give acrylic-acid and to prevent,

during the subsequent stages, the renoval of |arge ambunts of water, the
subsequent ...y enpvial-  of i ch,.i I: i r I of
Fesul ting. THE PRERigTsptile dop (G RERRUPodY RGP O RRR R ko )
renove a pef himrneé cohprisingavyleculapukydeneat haempdacor rangingh&omePYWCatoi on.
The oxidatjon reaction, stage (2), is carried out in the presence af

mol eculr 3% GeRrderably eoaih & &80ron i H@g%&i RIESSHEET raa&'g,lg dFpM 44103 bar,
tenperaturﬁlthggggsg}gefo@gﬂbgmg Iggat&l%SQSOC, preferably from 250C to 320C,
and under a pressure rangi ng ?rom to 5 bar, in the presence of an
oxi dati on Uat & ymide, s exidstiomdatalyas afxiargatyperwloatadysy svsll-kfiovamnyo tayprasopf

cat al yst l.] - kno to.a person skilled in the art for..this reaction. Use
i's ge%er aY%h?ng’e&%fms%ﬂri% LEHPOP U?‘ﬁbg Bef §§Pac{?n%€ W SRPEFE é‘%]??a?tom
the |ist Mope demWMt dBBsenPFrom M [ift8o0,0p, WiNRe, G MFe, 88, Nil €u, 38, Sd,5eBsb, Pt ,
Pd, Ru and Rh, I|§)resent in the netallic formor in the oxide, sulfate or
phosphat e Borlia Pdidar 4l Riadwesent pathe ineaiglbie form eia tho pride.atilisissorgbaptiats ng
Mo and/ or and/ or. W and/ or .- r ; r i i S.
The gas i S0 &of dstiedy P SHaCPELR T SRR Sonf B 1B LRIRPREMA NN o
aci d: and/or Cu and/or Sb and/or Fe as main constituents. '

The gas mixture resulting from stage (2) is composed, apart from acrylic acid:

20 - of light compounds which are noncondensable under the temperature and pressure
conditions normally employed: nitrogen, unconverted oxygen, carbon monoxide and
carbon dioxide, which are formed in a small amount by final oXidation,

- of condensable light compounds: in particular water, generated by the dehydration
reaction or present as diluent, unconverted acrolein, light aldehydes, such as

25  formaldehyde and acetaldehyde, formic acid, acetic acid and propionic acid,

- of heavy compounds: furfuraldehyde, benzaldehyde, maleic acid, maleic anhydride,

2-butenoic acid, benzoic acid, phenol and protoanemonin.

The gaseous effluent stream resulting from stage (2) is subjected to a stage (3) of
30 counfercurrentwise absorption using a heavy hydrophobic solvent which is
accompanied by a cooling of the assembly. The gaseous effluent stream is introduced at

the bottom of a column and the heavy solvent is introduced at the column top. The flow



20 - of light conpounds which are noncondensabl e under the tenperature and
pressure conditions normal ly enpl oyed: nitrogen, unconverted oxygen,
carbon nonoxi de and carbon di oxi de, which are forned in a small anount by
final oxidation, of condensable |ight E%npounds: in particular water,
generated by the dehydration reaction or present as diluent, unconverted
acrolein, Iight al dehydes, such as 25 fornal dehyde and acet al dehyde,

form c acigie SCeAvht akiodudstilatdmhe Rohmit topGh drom 8o IBeduys Bowphndsu of the
furfural dehyde, benzal dehyde, maleic acid, malei c anhydride, 2-butenoic
aci d, benzairgliaagid in Shregtsiconn feedrBiddRefotiony saiventgpddumsisgrtlpgehat Bier eam
resul ting - j1ec . ( 0
countercur%gﬁgkﬁéﬁggbé%%n ?8%E é?h%ﬁgf%§§@§§%%3§%b o%?%mggﬂséﬁ?Jﬁk?gﬁ is
acconpani egeigitt and additiogulef canhyeishgs timrryedidht cgapeonds efvitgie hoilsigrmamh i s

introduced at the bottomof a colum d .t heavy. sol.ye i s. Introduced
:at t heuftol btvresty fhat wl dhe | hsayvy fQR’FgJ‘t én‘gghaé oqr%\?@ﬁtac\éﬁ‘tcr ?ﬁﬁcgheggt mlfeﬁ%le@& €umm
top is frog3hhdf drd r@%ﬁqlpexed/v%fgdﬁte LRy pbodhdie ACHE! ieacidl: Ik frdifighydaseous

feed m xture.” A heavy solvent solution’is collected at the colum bottom
havi ng an boeyldilydacimdleiomtidnmatpinantgidrige,o}-biensie epidl enmair 35ds thgnlettght

and additionally canprisi "inter.nedi at e’ .conpaund Vi ol L1

oi nt 5 bebRBERUERAE. 81 e EE P ARERRRT I3 Rkt OLULTR
These intEﬁﬁﬁﬂhﬁéPoﬁﬁﬁﬁgﬁﬂﬁﬁfaﬁﬁmQOﬁposed of the heavy products of the
reaction: furfural dehyde, benzal dehyde, naleic acid, maleic anhydride,
2- but ebi ¢ aci d, benzoic acid, phenol or protoanenonin, and of the
stabilizi .odu . i Nt into- i L0 1:ar i1hibi he
por yrrer | zaf 1o et ol LREY e e i Bl o che R Edmb gl WA ale
conposed ofioricheddnsgié wmdepientsapeiritate arde presswco rdadisiald @oumalbr eployed:

tenperature and pressure_conditions normally oyed: .nitrogen, ‘
unconver t R ERS ERCOAFES AX Ko SZ‘i‘r_B%n Hegogyde B‘B‘E [1%%8% %&Bﬂ&%‘ﬁh&, ap dorsdeg
in a small;ampunt almfuﬁt'bgeﬁna?ékﬂaﬁb& ind 3P doRfens@ndens abh@olhdihin sABQaNS:

in particuﬁar 15water, generated by the dehydration reaction or present as
di | uents uwetn\gentreddyitiod éihydratiogireacsion ohprreent as ddhersurfconyaied @bspdanand

i T R R e T S

for the treatnent of acrylic acid synthesized by oxidation of 20

propyl ene; nention nmay be nade, on this subject, of the follow ng patents:
French pat €his ogetation 58@xuaionHpye henhapsy dpgdroppobio Sqlzr@ﬂtaee’vel'dérmﬁhal}fgh@nt
No. 4 308 087,, Europea t ent E 1 NGs 0 20f7 O6
280, whi o housas R dEE e Tor vﬁléanpg‘”i‘m%ﬁégg a?@?‘\?g%?% S@S@ggé&ﬁgfﬁxﬁg Doi nt of

gr eat ego t haRpHeAE, mbmionenagphe nofle beh wise suBjeot, afidhd 86l eind ataite riabigh

bet ween 270 and 320C. French patent No. 1
patent No. 1 588 432, Fren?:h patent No. 2 146 386, German patent No. 4 308 087,

European patent No. 0 706 986 and French patent No. 2 756 280, which describe such

solvents. These solvents have a boiling point of greater than 170°C, for example of
between 200 and 380°C and preferably between 270 and 320°C. French patent No. 1
25 588 432 describes the use of aliphatic or aromatic acid esters having a high boiling
point. They are generally composed of binary mixtures capable of forming eutectics,
such as, for example, diphenyl (DP) and diphenyl ether (DPO), which form a eutectic in
the 26.5-76.5 proportions (FP No. 2 146 386 and EP 0 706 986}, or even ternary
mixtures, DP/DPO/dimethyl phthalate (DMP) (DE No. 4 308 087). French patent No. 2
30 756 280 recommends the use of aromatic solvents exhibiting a boiling point of greater
than 260°C and comprising one or two aromatic ring systems substituted by at least one

alkyl radical having from 1 to 4 carbon atoms or one cycloalkyl radical, in particular



25 588 432 describes the use of aliphatic or aromatic acid esters having a
hi gh boiling point. They are generally conposed of binary m xtures capabl e
of form ng eutectics, such as, for exanp]e, diphenyl (DP) and di phenyl
ether (DPO, which forma eutectic in the 26.5-76.5 proportions (FP No. 2
146 386 and EP O 706 986), or even ternary m xtures, DP/ DPQ di net hyl

pht hal ate (DMP) (DE No. 4 308 087). French patent No. 2 30 756 280

r econmendsditdig dike, sibnaooimethe Corsoble niistuexdl i isdmersaortbe Hitolgl pbemtD1GE)
greater than 2_60%;h fnd conprjsing one or two aromatic ring systens :
subst i t ut eddgimgthy] Bhi8plals B4Ry radi cal having from1 to 4 carbon atons
or one cyc r r : : ] O@w&ferl N
the form o#‘ﬂiyrfr)l%stsuo??l%%wﬁ%dﬁ %gln}%é r ésa,jllll%g Oltltkj?glﬂgiﬂ{egél ﬁf fegétnﬂgdrﬂv%%bm and

di met hyl ptht padfatred solxents ere s gessvibes irothit Renenpaeant e 2 3n6 B80.cabiched

out with these different vents. wever, .th referred.sol ven re

t hose des C?Haﬁtef&OIPﬁLT s ﬂ?ﬁ? S}f\%’hmﬁ%f%% el\ﬁ?Pa@U%gm%B%,e HRRIEHes %regeﬁltz!i?l% a}er om
the fact tRatidnhhgyxtfDraNRe the pheRahaidnosr bitemmher dMpateh lof eBlvehe&eMe i N
the reaction m xture, reduce the phenonmenon of entrai nnent of traces of
sol vent i nstrdam of roaeersfensabie sowrgadi scslvfoiindls sl s8CHB ARG MESCt i on

b T o aBo TS RERE! RLS.E) b BT AEEANSE il e DOLYTEr Al On

i nhi bitors' According t erre ernative formof the process
of the invention, the liquid solution of acrylic acid in the heavy sol vent
is subsequently sent to a togg' i

, 4), in.ord t ! ,
s sl et 4 opiine reqon oLage (S Jorodee 18 Lo
remain at %Agﬁugg?&t %Jg&l‘i)é adil€nRhE ﬁgg%"(;étbtl@é%% RibsQheh®9581 to -EBﬂoﬁpﬁlgHQgiﬂﬂ,

region is top with 't om stream from t he absorption
regi on. Theagb(4)ojn stdeeamremare,chiethei ap) thyhtraceo mbovatersand Hghteeandgesibleo t he

bsor pt i ion far. th f ing th li.ght .. dsin it
Cop St r eantOR IR GUFh JOFHE oh 0 PPBRRet! 0 PITETHE A OB ne o Fhe
bot t om of {ohhmg8LLADs fed aﬁlam@?wam th¢ Hedin duRaiheorditisd dlsbattioanegiogi T f or

the separation of the heavy solvent and 20 the acrylic acjd (st agfe 5); the
heavy &0l vientsticaemexnrichetldd light chmpesndsons sftvagd do thegrlsamntiongegiep 15 e

recycled, after tseatnen in%%th tnI('r t.age, «Jhg, acrylic acid solution
conpri si ngp%g’ieo FPREPERtEY |(§) edoggl?r%%dngsp &Xits at the top of said
region. This stream can optionally also conprise a few traces of sol vent.

The acrylic acid solution_is subseguently sent to i on [ separation,

on the oneThs ligaisusclstion ré tprRedr #8 _Calaéldcm%&ts,tﬁeahg,orﬁno 58 Yhand,
of the pur %Jﬂs&gxeﬁﬁ%%ﬂt% afid Eiisﬁhﬁ%}ﬁ{f%?dn R fiyd ée?aﬁﬁbﬁi)of (RL RGOSy Bbivedhgnd
e compoun eb f

i nternedi a S are extracted at t ottom of the region and the
techni pml deraghilic 6l @tdge exthe dchedsadvent heettoptedfat shai ebtrosgpHsaid regione

technical acrylic acid produced is subsequently sent.to the fr.gcti,onal
crystall i Z%rtdie%ﬁoéﬁr ée@yﬁlgd, aﬁg treatmenﬂ n ﬂle Hrst ystage. ‘he Tacrylic WGACsolEh

comprising most of the intermediate compounds exits at the top of said region. This

siream can optionally also comprise a few traces of solvent.

The acrylic acid solution is subsequently sent to a region for separation, on the one
25  hand, of the intermediate compounds, and, on the other hand, of the purified acrylic acid

(technical acrylic acid) (stage 6). The intermediate compounds are extracted at the

bottom of the region and the technical acrylic acid is extracted at the top of said region.

The technical acrylic acid produced is subsequently sent to the fractional crystallization

30 region.

The various stages of separation by absorption or distillation require, due to the

thermodynamic conditions employed, the addition to the treated streams of



pol ymeri zation inhibitors in order to prevent the formation of heavy
conpounds prejudicial to the satisfactory operation of the assenbly. The
pol yneri zation inhibitors generally useg, for the stages for the
purification of the acrylic acid are phenolic products, such as

hydr oqui none or hydroqui none net hyl ether, phenothiazine 5 derivatives,
conpounds of the fam |y of the thiocarbamates, such as copper

di ( nbut ypdpelinedzativantithéhitoasiincorder ity garevesd , the dermaionh gl rhsryy sempeynds

hydr oxydi phenyl. am ne, or _derivatives of .the fam|y—nf s g

phenyl en edPrﬁﬁdhcég to fﬂ“f P %wfq%or& &PF §P 7 gheo?s‘q%pnh Vi ;Fg(;( i bfffcrization inhibitors

2, 2,6, 6-t efgrrmiyhyiddl RRT hdi fgges Lor aky | puriTcMR) of SHE hicAdicdadiy dir®pheddPO or
4- oxo- TEMPO, or netal salts, such as nmanganese acetate. These 10 . .

" nhi bi t or sPiedRctbe susledanl BRECGNIGNG 6 BFNRERBAANICRYb §heTadeliPpRizine

pr ef er abl Yad A0 GBthdoln GOBP RS i lly 1 healhiMBRRIEOTRE] 3t Npasdigthese
pol ymeri zation in i bi Tor s are genera?’l y heavy conpounds, the vg ati ity of
whi ch is | bwehdithiacerbdmadte,of amiiydi c deiwtiveyt camhi n ssne bgbesylbmiresght er
than the solvent  They are renpved at_.the bottom of the col ums, . whe

i bi t or MG APhPRA I I PaHES GfrBe THTEHALEE i af}que%%ﬂ%ﬁa itipafe

bet ween t h@erfv%ﬂvést r&amlﬁﬁﬂ?xtyhQ,ﬁ@,@t@@?ﬂﬁ@tﬁ%[ﬂeﬁﬁfmllh&-q}lnt‘TM@),S 0Bt ciy are
lighter or close to the 'solvent. hi the najority of t'he colums, their
concent r at #-bmdiony+ HEMPQpoH-phaSEMR3| aendthlesalis,such hampeganess] asaiate. ildcscow

and insufficient to.prevent the.initi.ation of polyners. | rder t
prevent? t h’é‘ﬁﬁ’btﬁésd?ai‘r%eus ﬁafoflﬁé’f %%WP%??HO?’P%OQFng%@E%OrHSPrC% %shgngréjglg%eldves
are usual | ¥ doptviediéassttd of Oxyibe-chbinguikidgshs.eans 20 feeding the devices, but
al so at the top and at various points of the columms _and devices, so as to

provi de coRbésapobsnaiation irbiuinesnys searrlix hervysomposds thctplatity of which

pol ymeri Zaltsllc(?vr\]fml ‘@Qﬂl H{aE 8f fcr?l\f(%ci(?lﬂut Fg}?inps%'fﬁescaggs l}e}]%z?e?\ﬂﬁaﬁxetﬁe S(ﬁ’%}ﬁr ﬂllé_yy1
they are conveyed in solution ina liquid, for exanple 1n acrylic acrd or
in the sol mentmovdd fthbe ponirhiof alid arushagehanehbibéerstheasier thanshecaryani sreng

the solvent. 25 In the praocess of the invention, the final stage of .the
procedli e f¥ceERd. BUAE idé‘ég?‘f)i’eﬁ‘feeflh epioBr YLy ("Pé‘%j tﬁ%ﬂ?ﬁ?’@ slgsarn e ghe

separ at i ony ayifraGhicRnad 1Sk SsAdbdczd the Sl eHSIarahiaffdy b tHe dogniy, @&sdi ng

purification stages. Fractional crystallization is a well-known separation
t echni que. cdrcentaatiopandbe vamu phase innid8Ohe distiBafnf exlurgns @ylawrrng insulficient

crystallization, static.crystalljzation or, suspensi crystallization,
Venti on e BEviRade sidtipbeof pppates By ke R eliné ApBedue"gid A
171 02/ 19774 BASRYi oAt pPRLRRE, ThddS a8d8i0ds 24 TistaBY iB€6JucRA Ghtd t1831qui@ dirdaBASF)
and 15 6 482 981 (N ppon Shokubai), sonme of which are targeted, at .the

puri fi 2at i fudiog thedspises, ldiatposy HiafeBiepédt wyioupeoipis Afdbs erusas pbisese.
The npbst wi dely used techni i i i for, ] . 4] i on,
dynam o o YSEalt MG SEFLIR Sud BobBlodefls il BakipRoRh LE PUShRAGH
crystal | i zahitiors Sfalallithgpird ofi the Wstiads. Gzatmidn they gerenadyky icarduti@dinaut i n

a tubul ar exchanger, in practice nultitubular, each tube _being fed
1 . 1 i f %he punlﬁ?:atlon stage re?ates to

cont i nuousliquigafor pramplspin agrylis; acid or m the solvent, i

streams comprising the solvent.

25
In the process of the invention, the final stage of the procedure for the purification of the
bioresourced acrylic acid is a separation by fractional crystallization thus combined with
the preceding purification stages.
Fractional crystallization is a well-known separation technique. It can be carried out in

30 various forms, dynamic crystallization, static crystallization or suspension

crystallization. Mention may be made, on this subject, of French patent 77 04510 of
17/02/1977 (BASF) and patents US 5 504 247 (Sulzer) and 5 831 124 (BASF) and



a liquid stream (solution or nmelt) of the conmpound to be purified, acrylic
acid (AA) in the process, falling as a film preferably along the internal
wal | of the tube, received at the tube ttomand recycled at the top
10(cl osed | oop) for the tinme necessary tor the crystallization of the
anount of conpound (AA) deci ded upon by the operator, a stream of
heat - exchange fluid, for exanple ethylene glycol/water or nethanol/water,
falling ase6asibsmNipped Shalbibai)abaongof haidaxdire targdtedval the plirifibasionuifecrydics o
recircul ated,t hrough %t t he .ﬁr}/st lization within the tube and 15which

wi [T i nt r Rk eynthrsized by Uy oxifid tPIA0CEEsary for the operation of the

stages of each,f FiaeySt&BStecHi§ud 9 I8Siog | SlnR fReIBAN Al Ralligdiony @gassicve
steps, which each conprise 3 stages: crYstaI | ization: the tenperature of
t he heat - exgtaltigatidi, optdonadly|lcowdined with molten medium statageepitallingiato a negati ve

t enper at ur radient from.a tenperat.ur |, ght] [ I .
cryst all | zlg"’tlﬁ% ]P@ncﬂgsrtzgﬁﬁzf‘tg’nolfrg% %raf% rcy r?eg %&i%%‘tﬁg@ﬁg&%&? %eﬁia{ﬁo‘%ﬁaﬁhcg
order of 14GtEhMst adch tabcodins adoaimdusiynat ®asop)gdith:t hi ck | ayer at the
surface of the tubes. Wien approxi mately from 30 to 80% of AA _circul ated

has crystallized,® affiguidoyteeam; (splutioner makaiohitirgcamenynd tp baPurgrd:@sbtlier
liquors rich in inmpuritihes)..i . L nt } . ting:
t he tenperature of ?‘H% (ﬁg‘ztlye@%hg%ggi ? {ﬂl[}lgg a|hsra iﬂggrlggféggygéig%%%enaﬁﬁaa
posi tive tenperat ur galr@dihendubé,nreoeitted at ahe ewtmyvdottdny amdl eeynded théhe top

inmpurities trapped in the formof inclusions in the |layer of acrylic acid
crystal%s being for ndesed fpapa forthe Hﬁﬁerﬂeﬁesis%}é’g?‘é@eicws‘iahéééaﬂ? 8%%?%“&5/

i.e. which was in ¢ iat T1EG | am 30 increasingly rich
Q&E%dmtdi%mdé& h%ng%@ﬁﬁ%péﬁa{&,

in inpurities. During ng, t Irst nmolecules to nelt are
eutectic m xtures of stepurof hes-cacithngt RAJ, fdreexamplyr iethykese Lgpatl/editdrnot he

| ayer of crystals mgrate towar t he ter l.ayer that. which Syl 16
contact with the reBeHEnpAvag: écgff@%ﬁf’ a%’%‘nﬁﬁﬁ%@?tﬂ’o&g thy e tﬁ'i”é"y\%ﬁ&]/fg?ﬂbef

crystals is thus me|fed,@RdedifansdemiGbhblt G RARLMRN, withifBE @eyaridne
same receiver as that for the nother liquors recovered during the

crystaldization staghichTillsinsodarithgcad agthedwat irsessep! ety wyrationgs fiang
techni que, which 5 consists in, rempving the inpurities present at the
surface by washing MR %ﬁ?é’ﬁ,he B¥B¥erably introduced at a tenperature

slightly grRap@kedsiafd céMBinaRb bNGicPabIvE s@bs,tWldch eyhrconipridd3 stageever, this
technique is a priori less effective. nelting: the terrperat,gr_e of the
heat - exchange f| ui dcﬁygta}li;pﬁm:ythen’@m@ge of the heat-exchange thuid is lowered

according to a negative temperature gradient from a temperature slightly

20 | greater than the crystallization temperature of the acrylic acid in the
medium, of the order of 14°C. Crystals are formed as an increasingly thick
layer at the surface of the tubes. When approximately from 30 to 80% of
AA circulated has crystallized, after draining, the remaining liquid fraction
(mother liquors rich in impurities) is transferred into a recetver.

25 e sweating: the temperature of the heat-exchange fluid is increased
according to a positive temperature gradient in order to remove, by
melting, the impurities trapped in the form of inclusions in the layer of
acrylic acid crystals being formed; these are mainly located in the
outermost layer i.c. which was in contact with a recirculated stream

30 increasingly rich in impurities. During the sweating, the first molecules to
melt are eutectic mixtures of impurities and of AA, the impurities located

in the layer of crystals migrate towards the outer layer that which was in



Oabove the nelting point of AA (14C) and should preferably remain bel ow a
maxi mum t enper at ure above whi ch pol yneri zati on (expl osive) of the nmedi um
may be feared: this maxinumtenperature , is of the order of 35- 40C in
order to remain safe in nelting the layer of crystals of purified AA The
purified Iiquid recovered is placed in a second receiver. 15 Starting
fromthe streamto be purified, the conbination of the three stages
descri bed represent somadiiwsh thereditcvdttédntretnepd Fhal porticdn efl this deyet of

resulting fromthis first. step can again be subjected to a.sequence of the
three stages descri B‘é’&aﬁ"ﬁsgl "m%_ff‘:aiqﬂﬁggéﬁ“?jgﬁeit‘@b BCBUPYH ?:rﬁfeimgﬂy g}?asf&e. The
mot her |iquors resuldiRg: {9 @M fohiike AothedligRordi&oPske dutifahet dtpsigllib4im t he
precedi ng step and can thus be used as a mxture with a new charge of AA

to 20 be purified binges(Thjs fuecating stpge camhe rephased by arvashinggechidgue; 8@iddut i n

athird purification st it bei i.ble for e I fFrom
this third st ep to %Oé"‘s}sﬁsg‘;‘}ch‘éla‘”i“%qﬁ%g&i‘ﬁ“a‘%"a reg? nttalt%gl ezﬁ%t agffeé% ,k)daglﬂgé S‘ﬁ{he
product bei ng recovpied\ Ry pfeRdribingni-bituced %6 b Adibperfianesiahtly grédne thmi fer

liquors fromthe "n R_uri fication step_can be recycled by mxing themwth
the feed stream f or melimgmeintofghe laviee 8f P Havegyer Zhimdeshaiiveie 2 piiers letsat i on

phases, the pol yner%&%ttivgn inhibitors present in the mxtures to be
purified are treate |]ke'irrpurities and are thus renoved in the nother

liquors. In ordere t mepingy et tenlperdtorensit tho rheaf exphhygeefisidi in rapidiyninkteased
crystallisate, an inhibitor conpatible in nature and copcentratiopn wth
the fiHal use of thabarshelting noiE ol b §aeté6§8.h°ﬂ%1 RelEEahlY [HRRPP™
particul ar be carri e?ﬁ'xtn {eh%. }ﬁe&nﬁ% doRalwiii® bbishedibats @kpRsiIEFbEd ed
with a stream devoi %q% pgﬁ’;rre I 1Qati onoi nﬁ)}] bi'tgr ?ﬁlseuch _asé,é ?0?1 gﬁa | e,
the final "n" purifirediinomagttepfefred: thid miayiowing ienapapatiief is @d tha edarof s&m t he
"n-1" step. 17 The her ]iquors .col lected subsequent .to the firsi
purification step cﬁ%@lf’ 5?%5‘311_1?'}1153 40 0 ggﬁ%garygf ﬂ%clfyg&r%%ff@gh%ed
three-stage processaalhgepidisitdlifhigatQveRAYphed Bakcbthdusedvas suppl enent
for the feed charge of the first step. The npther |liquors fromthe "4"

step at®e tHering Gamelic streundp by nusificlethsmembmasioasy the thrge plagessdsaribad on,

the 5 crystallisate.of ich W || e - :

moai at of ogrEe &ret e MRl ishr S, b SHRRlGHE TR Bhis i sicp can

subj ect ed @i Be sijaRES B 4 Bequeh@WSH tht 1Rree Staggs deFbidbéddin,a 2™ Pliifienibntstap

|i ke, steps constitute the concentration_steps (}],hemguccessi ve @f‘@s make
it possi bl @uribicalinicelitet)at Be MEhar HIUPISTPREURGTORENEEL HEFP 110 qUET ¢ 85fs) .
cenerall V. bR IRt Oeink PR dah A BPusclas GURGEIE Ll PRoPLERSe BF A fpal ed

accordi ng e samne hree-stage process I1nt sequent "n4" step.
The repeti bé porifidd inhegeNopér Ghé smse (poatentmatd omriphaste)p ashird pusikieatian
possi ble to concentrate the inpurities in_a nmpther. ]iquor, stream, .

i ncr easi ngFPr it BRR POsHPiG P thesmothsy Iguqrﬁé‘r%%sﬁﬁ ?t%&?oaher P o7 s
will bere tfe the gl thal,udd GRodubhbeingt R8oAGEY by CmeRing @Bt érgiigd i n
the initi aFMr%‘feg)éfrtﬂfi quosr can’ be ?ecélverel_élgi n or der Hgfomi rrprgove the 15
recovery yiGehetaliydhe fothen diguorsefom the %' Upwificatien slepgan be reaypled ibyinakingan be

obt ai ned. The syccessiye concentrati,on steps are characterized by nother
li quor st rg’ﬁ% i‘ﬁlﬁrﬁﬁfygﬁiaﬂbfoéglﬁ ﬁ’g'* yplf:rbfﬁ'ncélg‘ﬂ’ilgtﬁf"ed ininpurities as these
steps pil epdbing e PRiMGibRiphasel e polphatlhiigainhiitokepled iy i ixtibese

m xtures becones increasi n?I y low, which has the effect of increasi n? t he
ener gy cosbe ofrifipd agobgdtedy ikEimpwatiosornd, are bus, femovee de sheamgthep liquors. Tn

order to prevent the formation of polymers in the molten crystallisate, an inhibitor
compatible in nature and concentration with the final use of the monomer is preferably

- added. This addition will in particular be carried out during the final melting stage of a

30  step fed with a stream devoid of polymerization inhibitor, such as, for example, the final

“n” purification step fed solely with a purified stream from the “n-17 step.



20 crystallize the sane anpbunt of acrylic acid becones increasingly

| engt hy, which has the consequence of reducing the productive output of
the purification for the sane crystall&iﬁtion surface area. Consequently,

t he nunber of the concentration steps will preferably generally be halted
before the total concentration of inpurities in the nother |iquors exceeds
50% by wei ght of the stream 25 Depending on the purity of the starting
mat eri al , Thepptirdrtliyueds colectek paat@anptr the ifesd porifidatoin sepdeanhlee WAtedeinay er y
yield desiggg, t he conplete process for an initial AA ?r?de of "technical"
type conpriSesteRacreidite © BE SR IHEPoREE PSS B'}“%FQ’PEH PJErNeLH FaMd 4
purificati gR4siseRplcaiaf: RELUNEGEI cingk 4f BleemSt 06 TiRemeARE BRLSAIFRA RS the
inmpurities. 30 In"order to further inprove the recovery yield, it is also
possi bl e t &-13ddepnafe thah tstatgsl efcordivgverthe isama goess dorc pywpalstiazaion, ke t hi s

case, the mxture t e.crystallized is placed i.n contact wth a cold

vt 14 costsgie d AR bRnR R e o BuB Ot A kel BB (g

t hrough whiyglhed 1Hy@ads-&whieRgee hhalh dupREREI0 tim?ﬁfcs@dniaﬁloaveve‘SEE&tep. The
conprising the crystallization nother |iquors fromthe Preceding st eps.
The AA for g a “@ryatdathe| likge stepp condityjg) the gpneerBatitediers (the susestsher stePuor s
are then r | t N A 1 ' i

aubsequent LY Fasradle d SgfkckaE e FEgus KTh, hEmBBic fuhBREY ddlelify,
5crystal | i g@tmother Aqinet fiem trdar’sternchtragionfstdph ergtreated scaidihf o itheveanid on

wi |l be obtained on reading the description below, made with reference to
figuresds ?Em%$m%HWEﬁ”8Ph@%éHgﬁﬂPﬂglP§ iffPustrate the various alternative
enbodi ment §pe THEIMHADO! ShdsERGREAIMN: NGohdHAMD PSR ViR BxkbangRisbleawe

been synbolized in the diagrans by a downward arrow for the.cooling stages

and an upweergeniratowhd onpuiitgeshimat imethet Hges . stRguinereasingili welf igimpurities,
illustrates, the preferred alternative, form of .OGESS t he .

i nventi on. W/Rﬂig’edﬁg‘ég%ﬁ? éggtfi%(? O’%Wﬁ%\?ﬁ ](eﬁm?ds&ﬂﬁ? P‘B%"{C](,Sﬁeé’ ‘ ﬁm%’ Elhee 5 %m of
t he absor padi@enG@inedtin Ghe Whiifihmb@eL1iYSs AN WRLIRESIIJICH Wdseto Anheay Yhe

hydr ophobi ¢ sol vent or a m xture of heavy hédggphoblg_solvents..At t he

col urmibot resayery ieeld prrliifertharmeraa mExtuse {'urichedhgpimparigstcap by htainegnt
conpounds ' id.i [ : IS i Sti i QR.: 6ol um
G2 i ch i Saccess ColePBlch! Gt chploclofiZBEBY shdindt il sreiht MBiGE
(aceti c ach@)inafcadfely h@nt@pratédnirnt hepwiticcaam (8%, steys pite up. fredyoigettiist the he
colum C . At the top of the colum. d, ;he as strea q14) 0 ri%$s al

t he nonconﬁ@ﬁ@gﬁﬁgﬁbﬁﬁﬂﬁﬁﬁﬂ?‘é:_F*U@BWW?%-9@{ Flﬁ%%ﬂ%%ﬁy‘aﬁdW'FgﬁFm °©
conpounds {gcetaldenyde. thléfe;i/leﬂrgg" d?)fs‘ﬁ il Doffd. PuritBlnfdre, BBGind fedebdi) 1o THi s

stream (14) can be partia cycled to the reaction (15) and partially
or conpd et edyytabize gledsapieamods oflucryhe agidtbecrmesfingrohsimgly Eagthyh evhidhduis dhe

m xture conprises th 15-259% in solutjon inn,the solvent,. and the
Teavy | nt oPRSRERES o fauriay. (i prooene Pt A5 e Bdfilin e B8 M aa
and that oflRiS0hY SiffaceSHed GshsbRlcilg, MBMRHART thEdidembatiddengsl wahyde,

prot oanenonin, 2-butenoic acid, and the |ike) and the conpounds optionally
present whpsferahly [geheralie he helted befaretthe toddl| apapgniragon Thinspusitics anileanotheeds

the col urrnlit%)’org%xéeggs %d%}g‘byw&ght%?ltﬁ%mre%kes It possible to recover:
25
Depending on the purity of the starting material, the purity of the expected purified
product and the AA recovery yield desired, the complete process for an initial AA grade
of “technical” type comprises at least 2 puriﬁcétion steps, preferably between 2 and 4
purification steps, and between 1 and 4 steps for the concentration of the impurities.
30 In order to further improve the recovery yield, it is also possible to add a final step of
recovery in a static crystallizer. In this case, the mixture to be crystallized is placed in

contact with a cold wall. It can, for example, be an exchanger composed of metal sheets,



19 - at the bottom the solvent + traces of heavy conpounds (9), with the
m ni mum of acrylic acid, at the top, a stream (17) which conprises nost
of the AA and of the internedi ate conpoypnds, and small concentrations of
solvent (approximately 1% . 5The stream(9) is recycled at the top of the
absorption colum C, optionally after purging (10 and 11), in all or

part, fromthe stream (9) the conpounds heavier than the solvent in an
evapor at or throdghbeihin pdesai-btahahgr flulhk pessapomatased ap astessdn@opningitieg t he

solvent to be recovere 2). The stream quentl sent to a
st 111 at | 6R bR B sh hoermPss HeprabH e alogs 15 A5 Qb sVEA RETaR o
techni cal gada) atinht faﬁeett@@hé RbiRGighHi8 ard@RM YeROyBAOMAA RS cststan&%d%@ am
(5), conposed of the sol vent and |nterrred| ates. This stream (5) can
subsequent Inglted ipwrdefritechel sutsequedtly ttreatedl incohighar ¢tept ofr Bfilimgs Bl elynamict he
di agra in orﬂer to renove the heavy internedi ate conpounds at the top
and to rec%W& ?OI{ he bottom the solvent and the inhibitors, it being
possi bl e for the latter bottom stream 15subsequently to be recycl ed
upstream of the process, Due to the high acetic acid content of the

reaction sfriesist pndergausting ef thamrgrsss of she invpticaonilivbe obtatnsd onreading ke | t
possi ble t ty cal, 6)
still conp(??sglgg@ dé{gg?llolg g’fé?f k;‘ﬁilhom"{%{\‘/%\llh(%eyhtopr%grlegnll g@arﬂéﬁghlgﬁ(ﬁ? %T u eaﬁ@}ll@
aci d. 20Thilkmswsite e]aam(rﬁ))ls iaktemiativé emﬂodhmehtsaifhe symabois rapstsehiing ticirogin habti ch

makes it possible rrulta ve the acetic acid, the prqpionic
acid alt tR¥ iéng:‘?ﬁ% &i e%éii’laggl éaﬁé Hagrmg EY@%WPF@W% f‘?ﬁ?‘ﬁfo‘ﬁﬁ'g

| Tqui d Phasg,dsGalbhbpGald #0FAGR: fichlinkSlbl ected to 25 a topping by
distillation"with separation, at the top, of the water and residual |ight
conpounds (stage 4), the bottomfraction being sent to a stage (5), a
fractionation by distillation in a colum fed at the |level of an

i nt er medi ab@“ﬁ%te bet ween the col unm bottom and top, equipped with a side
stream w t Tighs ke fiIRktritBEthe preferred alternative form of the process of the invention. A

15  gascous reaction stream (1) is introduced at the bottom of the absorption column C1
which receives, countercurrentwise, a heavy hydrophobic solvent or a mixture of heavy
hydrophobic solvents. At the column bottom, the liquid stream (2) still comprises water
and light compounds (acetic acid in particular). It is sent to a distillation column C2,
which makes it possible to recover the water and the light compounds (acetic acid) at

20  the top, in the stream (3), which is recycled to the column C1. At the top of the column
Cl, the gas stream (14) comprises all the noncondensable compounds (nitrogen,
oxygen, CO, CO,) and light compounds (acetaldehyde, acrolein, acetic acid, water, and
the Iike). This stream (14) can be partially recycled to the reaction (15) and partially or
completely purged (16).

25 At the bottom of column C2, the liquid mixture comprises the AA (15-25%) in solution
in the solvent, and the heavy intermediate compounds (with a boiling point between that
of the AA and that of the solvent, such as maleic anhydride, furfural, benzaldehyde,
protoanemonin, 2-butenoic acid, and the like) and the compounds optionally present
which will be heavier than the solvent.

30  This stream (4) feeds the column C3 at the top. This column makes it possible to

recover.



i nt ennedi ate conmpounds, preferably in the gas phase and in a | ower ‘
position than 30 the feed level (situated between the feed plate and the
colum botton), with withdrawal at the E p for the acrylic acid and with
wi t hdrawal at the bottomfor the solvent” (stage 5), 20 a purification of
the acrylic acid resulting fromthe top effluent streamfrom stage (5) by
fractional crystallization In this alternative form the stream (4) feeds
a col um C3 at tmepbeiginmgth8 ssbebi onisgces 0 imeaie ceropowdsr{Aprvdsh Bie, mirs2usndf S3.
This single clol unm perfornms the functions of 5 colums C3 and C4 of figure
1. Feedi ng?By"¢ #8%stream 4 takes place at the bottom of the section Si.

By side streaameMophdrsatah (179 MHdECARMNER mbeLERRN Al 8n$ 8¢ thOhiPheal: t he
section S3, a stream (5) is recovered which is rich in heavy internediate

i puri ti escempouwids.aidsomprdosesntatignedt sobwptappiokinatlydit). and optional Iy of
stabi |i zer gy, Thi.g, b SAMLRNAO8 (L 53 SF B2 afESIALEA.ARE SMRLAPL AL

C
recover” t he salvent g st'abi € purposeé’o cycling

upstream opuighg PUR@ESS), iMtalltdreaRptibamhefsirtdig (SolhyROmpatndsheatiot thamief S3,
t he sol vent and . the heavy caonpqunds are recovered in the stream.9 and are
recycl ed tPYHYE inB8 6VHOFYAL dbPsing rasstids f95the pvaneedemten sirgd copprising tho  angd

13. The st%(ﬁgégt@}e%ggﬁérgfgl t the top of columm C3 is the technical AA,
I ed by a

‘which can be puri tional crystallization. 15 Figure 3: In this
al t er nat i v&hé stramm €17e id subsdgphepiivasat toesdistillaignfoobmmis Cd gani¢ldhakes ispispibbt ed

to a topping by distillation.with separation, at. the top, of the ter
and ¢ hid’F ol dadbeq A B sl epgf 2R Wit i keaeuttt al B s en
to a stagepdthm &); Suipoddi Wi @he 3ofveRf ldraNalkQfedited $his! k@danP1(5) Scan
carried out, on the one hand, of the acrylic acid at the t OE and of the
heavy sol vessequentihdetmirifioch insanagdsligynal calupur (ot eeressntedfintthe diagram) & aci d
resul ting I){d%m& Pgmév%pth%fﬁela%?rfr'[ltel'sn'[lé’(ﬁa%@ c];){n%gqm%&saaatethe top and to recover, at the -

bottom, the solvent and the inhibitors, it being possible for the latter bottom stream

15 subsequently to be recycled upstream of the process.

Due to the high acetic acid content of the reaction stream (1) produced ex-glycerol, the -

column C2 does not make it possible to remove all of this impurity. The stream of

technical AA (6) still comprises acetic acid, along with propionie acid and 2-butenoic

acid.

20  ‘This stream (6) is purified by fractional crystallization, which makes it possible to

simultaneously remove the acetic acid, the propionic acid and the 2-butenoic acid.

Figure 2:

In this alternative form, the liquid phase resulting from stage (3) is subjected to
25 - atopping by distillation with separation, at the top, of the water and residual light
compounds (stage 4), the bottom fraction being sent to a stage (5),

- a fractionation by distillation in a column fed at the level of an intermediate plate
between the column bottom and top, equipped with a side siream withdrawal for the
intermediate compounds, preferably in the gas phase and in a lower position than

30 the feed level (situated between the feed plate and the column bottom), with
withdrawal at the top for the acrylic acid and with withdrawal at the bottom for the
solvent (stage 5), |



(5) by fractional crystallization. This figure illustrates a sinplified
alternative formof the process which nmakes it 25 possible to dispense
with the colum C4 of figure 1. The strgam6 to be purified is richer in
heavy inpurities. In this case, it is no |longer possible to recover the
solvent entrained with the AA at the top of C3 as this solvent will be
found in the nother |iquors which conprise all the other inpurities.

30Fi gure 4: Impuhiicatiahtodihaadrybe fodmesdlheg foguitd tphatituent sindam fignf sloge

stage (3) is jected to 21. fractionation by distillation in a region
conprising_tWﬁygtg?pgﬁgiﬁﬁ?ﬁﬂ§%€%$ation at the top of the water and
residual | ghiis SRRAURNG M AthetshBal Q) Q01Ok doligndead\ympaibing ' sedtibhs, Mpnsi de
streamw thdrawal , at the boundary of the two sections, of the acrylic

aci d (stagweatop dowawpds it ot jaadh BF thie sty Icplmpe perlfpasuthei Agchiowsnf he

side strea i I . I l, 1l L] J WeloB s is
anot her’ af PUMry MR AL RAAOS, K] SR Tabh bRE 4| U TphOR of IV
stream w t kattiandll. B sidestreapovittphasd from thecdahobetin thbssctish IS@amd () 1S
purified by crystallization. The bottom stream (4) of colum C2 is sent to
a col um c_%ﬂcrlaﬁsséeﬁﬁvw (g3 5?0%@8;%59*1 B 18 @%}Hﬂ(ﬂsﬁmél&wmpyrlﬁas B5t of
the heavy i@ fRGANALS aCRAIOMAGEt WM dolvedt SRRLhEAIMYNYE RibilpRly aMis suldahs

stream (5) can subsequently be treated as descri bed above in order to
recover t hearsbd werted amdesspbednbdteyinsarddyi foi rzerver thehjodvenhiand thsestatalizar |fed

R TS S N R ROV X

invention bétdrhf BN Heaohe afd (HRABape LyfPoendanee FRPMYART theliregcrshdy
pol ynmeri zation of acrylic acid and optionally of other unsaturated

mononer s, PSreEeladip dha Hsorpien caky aftespristseatassionin i L 1ndE gkl obt ai ned
oY oty e, Al e e oS s . Bl e o
aci d obt ai pedlfied by fractional crystallization.
15
Figure 3:
In this alternative form, the liquid phase resulting from stage (3) is subjected to
- a topping by distillation with separation, at the top, of the water and the residual
light compounds (stage 4), the bottom fraction being sent to a stage (5),
20 - during which a fractionation by distillation is carried out, on the one hand, of the
acrylic acid at the top and of the heavy solvent at the bottom (stage 5),
- a purification of the acrylic acid resulting from the top effluent stream from stage
(5) by fractional crystallization.
This figure illustrates a simplified alternative form of the process which makes it
25  possible to dispense with the column C4 of figure 1. The stream 6 to be purified is
richer in heavy impurities. In this case, it is no longer possible to recover the solvent
entrained with the AA at the top of C3 as this solvent will be found in the mother

liquors which comprise all the other impurities.

30  Figure 4:

In this alternative form, the liquid phase resulting from stage (3) is subjected to



The invention also relates to the polynmers and copol yners obtai ned by

pol yneri zati on of bioresourced acrylic acid and optionally of other

bi oresourced nononers or nononers resul %1 ng fromfossil starting

mat eri al s. The invention also relates to the superabsorbants obtai ned
by pol ynerization of 25bioresourced acrylic acid. The invention is al so
targeted at the use of bioresourced acrylic acid in the manufacture of

pol ynmers of cofpadtipmetion by distllytiver inzategon @hprkmgdenisectidng egthofepgaiidn ati d
in the ester por amide form It is. also targeted at the po]yners, or

copol ynmers o %it%d’?ﬁ]&ﬂ P iﬁfcfué‘ﬁ?'@%‘t F‘%’Ep‘&‘g‘rd?v Tta\?etgo,tt%% of e dst%r or
am de form af1RhPLRE QY KRARGHY WitBdrARAL a8 the TRRINAAY CEBe B0 bdRBOohS)\EMkd ON
is illustrated by the follow ng exanples. 22 Exanple 1: Mnufacture of
crude acryl i acadicdcid(@imegHycerol The preliminary stage consists in

purifying the crude.ql rol abtalned fr veget abl L w.th val
bF"the Lt o0 TP BietesB] AUTRTI R MU 851 0L Supe Fiharelfel O 585 ™o
of glycerol, (3)8¥ationat @staigationl% of sodi um chl oride. This stream (6400
g) is continuously conveyed as feed to a stirred 2-liter reactor heated by
an ext er nallhis| iscanpihen alteiggive fome athere thenacryliy seidols gy BY sidgpdireanyy e
condensed |f l; a e el I | VRr . I:

pur' 1 cat i SAnGSAL it e VHIGE AL b EONELE €2, M SRERD 1) o RlbBepby 5
mrHg) . 57 16rygtatifzagiong The dotbmssleaini (6 hofientand (Of is sad ite mcollnhor C &oraemoval,
obtai ned. Myying on to stgﬁe g}%} of the Fro ess,. the reaction f%{ﬁ t._!%‘e |
dehydr &t i off tBF [APmat §FYcaE b)) CHPGFE e §f BPTcand HRR Bt femPRrPSh WPy of
a portion ghafi AR WRIFsoRERL. TRISTH@IMQY} can HABsABEMEN Y thQifed Rakekdrbediabove
carried out in the gas phase in a fixed bed reactor in the presence of a
sol i d cat alny srder dnprssextr othe asol vamg sndt epfionaly owitalizro 2vhiol witll e twepydedat ur e
of 15 320C at at npspheric pressure. A m xture of glycerol (20% by wei ght)
and wat er E%%%“B’)P ‘?%rﬂijssi s conveyed to an evaporator in the presence of
air in an 02/glycerol nolar ratio of 0.6/1. The gas nmediumexiting from

the evaporator at 290C is introduced into the reactgor, conposed of a tube
with aldi akbe Bvepiomdsaiplaentoghe uss ehthsdipregoussed aaiyhr peid obimsdafsP s i n a

salt bath : j 26t Lot aj

Ferper at ur & B PSHRE OF A R P L TR g B PPy
m xture i spedovelydg polyhiezitait o afylk eoildend atptonaitol| afmthei hirsatooitedm i s
conposed of a | ower, section filled %th R?schilgpri S- syr nount ed. b%{ a
condenser PIPQIEESH far ExiBPiGe . BABRIRAGES A iugeaPIq bt RUYmeis o Rtawed iy -

tenper at ur Fol'kgleh%o%xﬁﬂ“%aﬁmid@ adicmsit & 288 ASthk HoPRh&iZtioAtoft ARE GGUM

top, a 25 tenperature of the vapors of 72C at atnospheric pressure. Under

t hese e®ndidllosed bytapertiadssuwilizatiowbeihg patyactybic ecdddtmeadi on col urm bot t om
5% ILn the

ENETRUT NN ERETRACEE F NN NI NE
of nitrogepf itloREbiAEAURLryNECASS ind IoptiohalleT of Qther bioresourced monomers or

monomers resulting from fossil starting materials.

The invention also relates to the superabsorbants obtained by polymerization of

25  Dbioresourced acrylic acid. _

The invention is also targeted at the use of bioresourced acrylic acid in the manufacture

of polymers or copolymers by polymerization of the derivatives of said acid in the ester

or amide form. It is also targeted at the polymers or copolymers obtained by

polymerization of the derivatives, in the ester or amide form, of bioresourced acrylic

30 acid.

The process of the invention is illustrated by the following examples.



obtain an acrolein concentration of 6.5 nol% as feed of the reactor for
the oxidation of 30 acrolein to give acrylic acid. This oxidation reactor
is conposed of a tube with a dianeter 0%2 30 mmcharged with 480 nl of a
comerci al catalyst for the oxidation of”"acrolein to give acrylic acid
based on m xed oxi des of alum num nolybdenum silicon, 23 vanadi um and
copper and imersed in a salt bath, identical to that described above,

mai ntai ned at a tenperature of 250C. Before introduction over the

catalytic ped, the gas mxturg is preheated in a tube which is also
i mrer sed igﬁgﬂﬁlﬁgap& i‘ﬁ.“re"te‘i’w@e&é'éygﬁ“ﬁf Hﬁ‘%¥yfﬂ8?additional recovery

and purification stages relates to the diagram5of figure 1. At the outlet
of the oxidation reactor, the gas mxture (1) is introduced at the bottom
of an absofp¢ pehingein stagelconsisiage pealying percedengyearobehteisph &omcvesewbkur e.
This col um.is.fill wi-th rand stainless steel packing af,the.RroPak
ype. *th Tk Fishapniy P i, A R0 ShAY o o RRon R O PRt b B c5E

equi pped WB9.Mpofoanaesls AV Bf satt hed 5. 18 of fidide phiotidd Orvibkedant 40eeyd ed a
portion of the condensed m xture recovered at the colum bottom _ after

cool i ng t ocorticupysluprreyed aaleed ke i simget 2- Al reastkmbeatay by grssisatl skecipre
g ; . . ) )

(St o by St hoathd) The ohelih( At poRTUCBRAEH in Nibfif oRAGKLOMIIAS
bef or ehandreasveped ymre re@atdarohisnhirthichoon opsatfiedisatartidve oatolingien atopssate @
tenperature_o 4C. The erature of .the vapors. at. the.colum , 15 top is
boC antd ¢ hE7 b P o D T s e p o R e B L s e pbiamg P
col um bot {RMideSorBhGtagtR€) Hf B Pedcels21heABARONTE: @b dERRIrRNIL GMhé siyeqe] fd to

a tenperature of 35C and is then conveyed, using a punp, to thé'top of a
col unm C2 gigaiapyeéain wid Hhel Sopdentaicat @9 @i apedionantithy wakdrrase cBirist iouk.aklieon i s

carri ed out ,i his colum at rressure of 187 HhP he 1 enpgrature
roneur ad_atetb fisdh erffion Fselic e i R il sl i A 65T pad BBt BB FhaERes) L
top i s 88GCf Alsbli®icatalist mmﬁr)@dcmaiem%eﬁt@t zitdd@iad BROARIO-adtea fe@bpiraned oM the
external cooling loop of the colum O . The stream (4) extracted at the

h
foot of5 t A Eci ghmospEerds prsesue r4 mistugeplogly sieldB 0 usyaysisht apdovster{80%A i ¢
S e U o Ay : Cryiic
The st can?h AR Bt A8 36 K o fin B EraRGEN AP B0 Rt fRERALS 1
furfural, Hti0270281.0fhepgntaadiamsxiting Rof3% evapoencedt PO deés indko8dd&idhto

AR R IO T (TR
SFS{ 2tsi Ng Ligded MdPIRRSMES ifTa LY bhiRaDS NG OS Gl PREdOW dufecflc REKfRE)AL ed
20  maintained at a temperature of 320°C.
At the outlet of the reactor, the gaseous reaction mixture is conveyed to the bottom of a
condensation column. This column is composed of a lower section filled with Raschig
rings surmounted by a condenser in which a cold heat-exchange fluid circulates. The
cooling temperature in the exchangers is adjusted so as to obtain, at the column top, a
25  temperature of the vapors of 72°C at atmospheric pressure. Under these conditions, the
loss of acrolein at the condensation column bottom 1s less than 5%. -
In the following stage (2), the gas mixture is introduced, after addition of air
(Oy/acrolein molar ratio of 0.8/1) and of nitrogen in an amount necessary in order to
obtain an acrolein concentration of 6.5 mol%, as feed of the reactor for the oxidation of
30  acrolein to give acrylic acid. This oxidation reactor is composed of a tube with a
diameter of 30 mm charged with 480 ml of a commercial catalyst for the oxidation of

acrolein to give acrylic acid based on mixed oxides of aluminum, molybdenum, silicon,



30each provided with a weir and which is fed between the 2'd and the 3rd
plates. At the top of colum C3, a portion of the condensed streamis
returned at the |l evel of the upper pl atg with areflux ratio (flowrate
of liquid refluxed/flowrate of liquid 24 wi t hdrawn) of 0.2/1. The
tenperature neasured in the reboiler is 180C and the tenperature at the
top reaches 119C. The stream (9) obtained at the columm bottom assays

0. 082% of Adgadiune.and whpperemdoimmensed ér y seft batle idencakto thht déveribal amavet op

of 99.7% 5 The strea 17), of j rawn at the top of col um ,
conpri si ng™ ali“ﬁé)ﬁ? F%%B?%W%B%W%%“@ ‘8&9 108 OFFY ﬁ’eaf@@ly,’[‘col?%@@%f

pr opi oni ¢ g@s #ixthheQd Phefbatédinf 4Bk whibh03 YisefimRIcAl0 30 /XAl Bath0. 03% of

benzal dehyde, 0.04% of 2-butenoic acid, 0.4% of maleic anhydride and 1.1%

of ditolyl Tee Hescripfian ebHgedditionsl repevereved pwffication stagepickte to doudiagmng f r om
t he bot§on%f§% l,%lsecond colum C4 equi pped with 16 perforated plates
provi ded 1 YK Wweirs. This colum C4 operates under a pressure of 226

hPa (170 nwitigd)e @ntdt bLdRiok@dutiodtredchd, thefpas anifiud Unes DroBh@idt kiehotloaYoHHQVE
in AA). The reflux ratio %ﬁglied at the top (flowrate of |iquid

ref | uxed! f PHRPIOEREPTOFOIIPA it i S{HSe Kalk ARG ah atgrosphericerrpsteo Htserpemmitr e
I's 187C anﬁﬂ&(ﬁ%&?ﬁn&oﬁr&ﬁfnﬁsy el Sp%igg]&)ggff-{?}ﬁl)}ogﬁlg%%afn n? fobbdr %glqcé)\%r 1/3

obtained at the colum top assay impurities present in
thi s streaof #s ¢otacheiplet, doi dol(Gn68 % pipped piitna coadrncat{o. $8680n, o uhd wpabf

0. 0059, i.n (0.009%_ benzal dehyde (0.012% , 2-butenoi i d
(0 0160 RaRLiE FETRGM tvipn o Uiy orqAReH 5 SiFoRal ribe gl opttons
Exanpl e 2: afpsrdobiif@io TCah AR xB¥nAbYQRhSdr. NOGRALGR) M]ﬂ?)ﬁ@(?dSmﬁ"El(&lﬁ(ﬁ?a ion

20 The streamof acrylic acid of technical grade obtained in exanple'1l is
subj ect ed ¢Ben, withjagwleht/aqrshie agifl psesent incthe ireastiam dat tatiodnt weichoef 4y, in
fractional |1 i-zaty s descnibed . n,t present patent.. .

appl i cati o%vﬁ{v‘%ﬁ)tés%grorf an %%&S%S%l%%s?oslvea cfpiep agtproz)gﬂqrgra Q¢ hyhitpg,is fed

conposed 0ft the ¥6ltinnGap asd Rinife@BGre S 68¢C ITHageimpblatfle vi thb vAgat aEke angmh
fluid 25 (ethyl ene glycol/water m xture) circulating in a closed circuit,

via a punploPtBrBughindntheewppmfurs b ithe aevlisgerd slreon ebiinsd a6 thgycalvmd as

a tenperat Faghgnt j all i e
Fop T h t herd S & TR oY PRk S5 Moo Bt SodE s SemBfic B0
wal | . The Bi°§uam isalgrosestepdd, tikieg i puinyy, éo the tp of aystuahd C2 eduippetovthried i n
a receiving tank at the bottom recgjrculates as a |loop jn a |agged cifcuit
in 30 orde eff%ﬂ_&@&ﬁﬂﬁ@_ﬂr“@g&l&'ﬁ@f% 6%%15%%10{1%0%_ Foyi 1 this 5alggin HffePrEtsiesath of
techni cal per i Tha%dfpdraufiREReRth iR SISRhILER I@fis $E¥RY Ad BYEERRTANR
purification steps, each step conprising the fo? oW ng stages: 25 :
cryst ald i zefithegolupivetoh en88 €x Abnlide fvhpire cpsdensgel althe ©pdB pate refornad in thd ower

the tenperature of .the falling.film.of acrylic acid down to the
t enper atur%(t%ﬁlglccroﬁgfl%qupzogtt{’eo%ﬂwn{E;er acrylic acid in the mxture,

det er ni nedThefiesahentxirkast at RMbEoOhis fftluMhXs Bflle laerylie aell Whi@dassand
then a negative tenperature gradient, o
20.2% of acrylic acid. With respect to the acrylic acid, the concentration of impurities in
the stream are 0.72% of acetic acid, 0.81% of propionic acid, 0.01% of furfural, 0.02%
25  of protoanemonin, 0.03% of benzaldehyde, 0.04% of 2-butenoic acid and 0.41% of

maleic anhydride.

The crude acrylic acid stream obtained in the preceding stage is sent as feed to a column

C3 operating under a pressure of 117 hPa which is equipped with 4 perforated plates
30 each provided with a weir and which is fed between the 2™ and the 3% plates.

At the top of column C3, a portion of the condensed stream is returned at the level of

the upper plate, with a reflux ratio (flow rate of liquid refluxed/flow rate of liquid



5 of 0.1 to 0.5C/mn, is inposed on the heat-exchange fluid. \Wen the
vol unme of crystallized acrylic acid, nmeasured by difference by eval uating
the level of liquid in the collecting cg tainer at the bottom of the
crystallizer, reaches 70% of the starti ‘S m xture, the recirculation of
the falling filmof mxture to be purified is halted and the tube is
drained. The liquid m xture of the nother liquors thus 10obtained is
separ at ed aidldsa) ed 0.8/1a Tieacm'm;mmturesvmmira@ inttlhe heater ex cteiGeadd whed 1 s

reheated, so as to brjng about t ortl 5% . of the Iayer
of cryst al ITRSHEE]| e T Feac f@e h&lFé 8”“’6f 'éta’tnﬁgé‘t (thle‘n/%"i
l'iquors frou, %&e 83 3MEATA RO S1AQ&RE 81 FQLYEGI AdnaRMnSERF eﬂﬂiertomen

receiver as the nother liquors fromthe préceding stage. 15 melting: the
heat - exchaP@&%d .l uid is rapl dly reheated up to a tenperature of 30C, unt|I

t he cryst ized | | et e rrelt The urlfledllqmd

o o neta The & T ar S oE Bt Sl B b S Pt riipenaf Hhittid T he
final staggre@bmidaatly 0r6yts pPadetic eatdl 017884 8PproficBRMERY B 190 of RLABACO0D%
purification step, where it will be subjected to a new series of 20 the 3

puri fi cat i shretegesonisg8.03¥nef b%rﬁelctsbédeatq Mgo @b ﬁoh%@rerrsacmth%‘t%tﬁteﬁlew
liquors fromt Pﬂﬁg&?ﬁ% t"ﬁh& Pfls%] ﬁ%&%ﬁé&%@%é o Bl @ othdd

“fresh charge-o eed stre ‘tec in ste |s proc ss is
thus r epeafreﬁh ﬂaattiottomhef de;ecwrmﬁcanmﬂeiﬂ sqmp[beah witld 16 I’peﬂbﬂtt&ibﬂ)lhel ppamiddd ed
product . rder tg.limt t | osses of acrylic aci Sﬁich re

oncentt at Bl e rnd hibeAum E%mgat%un <F GRS Pf §§6 R (4 7men 5 @dep, a

series of t o RN R i SRIE: S=dAS
the puri f|l?gt&?gsz%tsggggﬁ%ﬁgﬂ%g@rqu%bgazt%plﬁsn/vvhl ch ltlh%g)c‘rqegtral I sag%g romthe

"n-1" st epati heclopByedrags of étqdidofeﬂuned/ﬂnw wtepl dgdidt wehdratvhpis LiSquolrte from

this "n-1 are conve of the tep. These steps are
carried ouPOtEﬂ?geermltehagu@dﬁiwtga 1F| pctSWé?F]taughészga?sét he purification steps,
except for Th@chatal®rydic acidysita@héd Zietlc 30@akINYtbp Gssagd SRY% I 9et. Slthe iRRhATES
passing fromthe crystallization stage to the sweating sta@e which is 60%

of t helSr opgeant fiad this xgreqme afe aegticc pgish £-P§%At p@ﬁl@ttequs( a9%edrbugl i n

static nod PN 4 Iy of
St ai ntess. DY, PASATRRD. PRI bl npleB0otd ZoRERAEPRYO TR
mai nt ai nedmateid éjﬂlydﬁ&es(mlﬁ%);atat@motze‘m)enaDIi‘Ee(OcthSM)e medi um det er mi ned

bef orehand by a neasurenent of crystallization tenperature. A vertical
tube made of 5stainless steel filled with heat-exchange fluid (ethylene

gl ycol / wat gt%_ﬁﬁ RHUPGYifichfiGikh ereq glﬁc&oPJeQﬁﬁi@alCAAgﬁ dryst¥ilBagoRUP, through

an external heat "exchanger Ich cah be programmed”as”a tenperature
gradiemt is immersed in this container. In a first stage, the tenperature

crystal 1 256 srebnparafinre Gl Ereiidi SRR Ih e Regd: e EEdP & ur e
series of steps of purification and concentration by fractional crystallization, as
described in the present patent application. The arrangement used is a falling stream
crystallizer composed of a vertical stainlesé steel tube filled with heat-exchange fluid

25  {ethylene glycol/water mixture) circulating in a closed circuit, via a pump, through an
external heat exchanger which can be programmed as a temperature gradient (Lauda
cryostatic bath). This tube is fed at the top in the form of a liquid film which flows
uniformly over its external wall. The liquid composed of the mixture to be crystallized,
recovered in a receiving tank at the bottom, recirculates as a loop in a lagged circuit in

30  order to again feed the tube at the top, via a pump. '

The stream of technical acrylic acid is subjected to a series of several successive

purification steps, each step comprising the following stages:



to gradient of 0.1 to 0.5C/ M is inposed. When the crystallized vol une
reaches approximately 50% of the starting naterial, the nother |iquors are
renoved, a sweating stage is then carri%j out and, finally, the nmelting
stage is carried out, as in the upper crystallization steps in dynamc
mode. Applied to the technical acrylic acid obtained fromglycerol on
conpletion of the 15 purification stages of exanple 1, a sequence of 4

purification «t egstanpeicn:coRCRAL-eHa0 SuRPS iRy idooRAS $b bk ot lBwebligd N
acrylic acid of "glacial" grade co rising 50 ppmof acetic acid, 410 ppm
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invention is a bioresourced acid 30manufactured from nonfossil natural
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of natural orjgin can. be hggg,ec %3%1%1.% b H@ate?(f b he lf}rlpg]%og{ @gﬁn@;}ng of

participating ih Sw?fhe cONPoST t1on 1 na

because, unli kea{p@ﬁﬁ)‘lﬂ@%}bﬁ"&l&mﬁ?&, Ed#?ﬁﬁl&mﬂﬁcrﬂﬂfm@@aﬂhefsﬁm&)mbé fube.
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15 s melting: the heat-exchange fluid is rapidly reheated up to a temperature of 30°C,

until the crystallized layer has completely melted. The purified liquid stream is
placed in a different receiver.
The product purified by melting in the final stage of the first purification step is
conveyed to the second purification step, where it will be subjected to a new series of
20 the 3 purification stages under the same bperating conditions. The mother liquors from
the second purification step are subsequently mixed with a fresh charge of the feed
stream of technical AA in step 1. This process is thus repeated until the desired grade is
obtained in the molten purified product.
In order to limit the losses of acrylic acid which are concentrated in the mother liquors
25  from the first purification step, a series of successive concentration steps, exhibiting the
same stages as the purification steps, is carried out in which the crystallisate from the

Ci »

“n-1" step is conveyed as feed of the step and the mother liquors from this “n-1"
step are conveyed as feed of the “n-2” step. These steps are carried out under the same
operating conditions as the purification steps, except for the volume of crystallized

30  acrylic acid targeted, before passing from the crystallization stage to the sweating stage,

which 1s 60% of the product fed.



wi th continual exchange with the atnosphere. The disintegration constant
of 14C is such that the 14C content is virtually constant fromthe
harvesting of the plant starting nmaterigls up to the manufacture of the
final product. toThe bioresourced acrylic acid obtained by the process of
the invention has a content by weight of 14C such that the 14C/ 12C ratio
Is greater than 0 8 x 1042 and preferably greater than 1 x 1042. The
measur enenThofinglheytdtzaomt sep isofargaboutanctgicirgodst dhe Isireate s be pedfiehist he

standards ASTM D6866 (i n particular D6866-06) and in the siandards, ASTM
7026 (1 n A B APaipioRpBRdh.Af Hta AT vt R, Peadh ShRRiac s
manuf act ur goddd Bulr RSRMGRET 2@t Ydrigal8citibol feOFe@tte & Ohe nfeait®i, dtdithiddde
foll ow ng stages: 5- gas-phase catal ytic dehydration of glycerol to give
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of the ter. an v n iffh i [ 11m ,
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condensabl e T1ght compounds, such as water, acetal dehyde, unconverted
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stage is then carried out and, finally, the melting stage is carried out, as in the upper
crystallization steps in dynamic mode.
Applied to the technical acrylic acid obtained from glycerol on completion of the
15  purification stages of example 1, a sequence of 4 purification steps and 3 concentration
steps made it possible to obtain acrylic acid of “glacial” grade comprising 50 ppm of
acetic acid, 410 ppm of propionic acid, less than 1 ppm of maleic anhydride, less than
80 ppm of water, less than 1 ppm of 2-butenoic acid, less than 1 ppm of furfural, less
than 1 ppm of benzaldehyde, less than 1 ppm of protoanemonine and less than 1 ppm of
20  acrolein.
The concentration of acrylic acid in the residual mother liguors from the final
concentration step is 71%. The AA recovery yield in this purification stage is 97.2%.
With an additional concentration step in static mode, the AA concentration in the final
mother liquors is 54.3% and the overall purification yield is 99.3%. The residue has the
25 following composition by weight: AA: 54.3%; water: 7.3%; maleic anhydride: 8.9%;
protoanemonin: 1%; benzaldehyde: 2%; acetic acid: 4.3%; propionic acid: 16.7%0;

acrolein: 1.6%; furfural: 0.8%; 2-butenoic acid: 2%.

The acrylic acid produced according to the invention is a bioresourced acid
30 manufactured from nonfossil natural starting materials.
The use of nonfossil carbon-based starting materials of natural origin can be detected by

virtue of the carbon atoms participating in the composition of the final product. This is



purification of the acrylic acid present in the acrylic acid fraction
resulting fromthe preceding stage(s) by fractional crystallization.

202. The process as clainmed in claim1, aracterized in that the liquid
phase resulting fromstage (3) is subjected to a topping by distillation
W th separation, at the top, of water and residual |ight conpounds (stage

4), the bottomfraction being sent to stage (5), a distillation of the
acrylic achatase| utlfilenfossilsubstinedsneubsiancer denpdsed s€paewtele startinhmakBisbt t om

t he heavy solvent and, at the tops.the acrylic acid fractiQn caonprising

the i nter nEdmRItsE ql‘?rfﬁﬂ“?aﬂ%%m@go[pﬁgg?'?f‘,ﬁ Ca%") iSEJ?]ipﬁetsgﬁwgh%Wl ﬁﬁgggg'r?agr/‘fs_lncl:s aci d
sol ution r A1k ORI BS FRE 8 SEHRI0S ABRPES) T Fepredidting O I88T0YH, "at the
bottom the heaviest "1nternediate" conpounds and, at the top, the acrylic

aci d (st age B)08%8Pand ' Butriaddsc ALIXOH OP6)t Ble AEF VT iraficaedi ltvingssiies Wadentienh
stage (6) by.fractiqnal .crystallization. 29 3.The process as clained in
claim 2 c‘r?é}‘g&%@?q g@aofﬁ‘etafslfﬁ SRYF®" | i qui d phase resulting from stage (3)

i's subj ect ek fRaridbIERRPbNheBICACSEtb ! iatl 1Mo lohniSORR FQit O itdinetabelitmp, of
the water and residual |ight conpounds (stage 4), the bottomfraction

bei ng sent with cantétuabyexchayge With thefatgesphstat i on by distillation in a colum

fed at t heﬂlee ginté)gfrat%rlll cio?lgt%fltngidmétise SlPClhatLgt the '*C content is virtually constant from
the harvesting of the plémt starling materials up to the manufacture of the final product.
10 The bioresourced acrylic acid obtained by the process of the invention has a content by
weight of "C such that the 14¢/2C ratio is greater than 0.8 x 1072 and preferably greater
than 1 x 1072, _
The measurement of the "*C content of substances is clearly described in the standards
ASTM D6866 (in particular D6866-06) and in the standards ASTM D7026 (in
15 particular 7026-04).



bet ween the col um bottom and top, equipped with a side stream w t hdrawal
for the internedi ate conpounds, preferably in the gas phase and in a | ower
position than the feed |l evel (situated hetween the feed plate and the
colum botton), with withdrawal at the Top for the acrylic acid and with
wi thdrawal at the bottomfor the I()solvent (stage 5), a purification of
the acrylic acid resulting fromthe top effluent streamfrom stage (5) by
fractional crystallization. 4. The prédeskvas clainmed in claiml,
characterized in that the liquid phase Isresulting fromstage (3) is
subjected to a topping by distillation with separation, at the top, of

the water fnd tRe,fessdigl ki GBtukaIROBN Sfortolpee ék}r'f/lié heidbabhoglykeatt i on
being sent to a s;t)age (5), a fractionation by distillation, on the one

hand, of tdéen@osing the fabivdnatstagere t op and of the heavy solvent at the
bottom (stage 5 20- urification .of rvlic. aghd resulting from
the top ef Tl &&h h@?ﬁ@%ﬁ@?ﬁ%ﬁ?@?g %O‘?%a"’%éﬂs g\%té?é%)dr%g ’@l)yst al l'i zati on.
5. The proces$aafl ebichBAionbyCtailing lind GRanaiinerf Z pettion of hiad whiee ahd bedvy
phase resulting fromstage (3) is_subjected to 25- a fractionation by

di still ati on cPpmpaupdsgiressnicisripe resrtigp Baduaetbik) wi t h separation at the
top of the [ j N : i ottyom of the heavy
sol vent and\,l\%%%p E?sgga{gﬁ? fggj#]%ﬁtﬁohg’?ghv?é%@%#@(?%Ye‘}e%%llﬁllg%?@’ §)2tf) the two
sections, of eklrsctarofl the sanilid dcéd pgsent)in thaefiluehf stoati Gomothetdxédation \Hyi ¢
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removal, at the top, of the light fraction composed of the “noncondensable”™ gaseous
compounds and condensable light compounds, such as water, acetaldehyde,
unconverted acrolein, formic acid or acetic acid, (3)

- separation of the residual light fraction and the heavy solvent present in the liquid

15 phase resulting from stage (3) by at least one distillation stage (4), (5) and/or (6) and
recovery of the acrylic acid fraction thus separated, and

- purification of the acrylic acid present in the acrylic acid fraction resulting from the

preceding stage(s) by fractional crystallization.

20 2. The process as claimed in claim 1, characterized in that the liquid phase
resulting from stage (3) is subjected to
- a topping by distillation with separation, at the top, of water and residual light
compounds (stage 4), the bottom fraction being sent to stage (5),
- a distillation of the acrylic acid solution thus obtained in order to separate, at the
25 bottom, the heavy solvent and, at the top, the acrylic acid fraction comprising the
intermediate impurities (stage 5),
- a distillation of the acrylic acid solution resulting from the preceding stage (5) in
order to remove, at the bottom, the heaviest “intermediate” compounds and, at the
top, the acrylic acid (stage 6),
30 - a purification of the acrylic acid resulting from stage (6) by fractional

crystallization.



30 6. The process as clained in any one of the preceding clains,
characterized in that the fractional crystallization stage is carried out
according to the falling filmfractional, crystallization technique. 57.The
process as claimed in claim®6, characterized in that the fractional
crystallization stage conprises at least 2 purification steps and between
1 and 4 steps for the concentration of the inpurities. 8. The process as
cl ai med i n3-ei t hE€he gioashsiasscl@neddiny claghat.achasndteréagdi i thattthe Hisgud phase

10fractional crystalliz on sta i s suppl enented by a step of
concentratﬁeﬁﬂgﬂg?@%ﬁt%ﬁ bilgﬁl eﬂ%gﬁ ion. 9. The process as clained in any

one of the. pra%ﬁﬁh?@)ycdiﬁﬂmﬁon%&{ aglapitionegt the téf)alf thd@aleeany rdydiabfiplebi

solvent is chosen fromaromatic solvents exhibiting a bgiling 15 point of

greater than ceBOCURGsdSlEgnH: ths britoshBagionheingieBniad $ageilhy syst ens
substituted by.at. t ik -I adj vj F’lar} Qpﬂ t ons
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the feed level (situated between the feed plate and the column bottom), with
withdrawal at the top for the acrylic acid and with withdrawal at the bottom for the

10 solvent (stage 5),
- a purification of the acrylic acid resulting from the top effluent stream from stage

(5) by fractional crystallization.

4, The process as claimed in claim 1, characterized in that the liquid phase
15 resulting from stage (3) is subjected to
- a topping by distillation with separation, at the top, of the water and the residual
light compounds (stage 4), the bottom fraction being sent to a stage (5),
- a fractionation by distillation, on the one hand, of the acrylic acid at the top and of
the heavy solvent at the bottom (stage 5),
20 - a purification of the acrylic acid resulting from the top effluent stream from stage

(5) by fractional crystalliiation.

5. The process as claimed in claim 1, characterized in that the liquid phase
resulting from stage (3) is subjected to
25 - a fractionation by distillation in a region comprising two sections with scparation at
the top of the water and residual light compounds, at the bottom of the heavy
solvent and, by side stream withdrawal, at the boundary of the two sections, of the
acrylic acid (stage 4),
- a purification of the acrylic acid resulting from the side stream withdrawal of stage

30 (4) by fractional crystallization.
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6. The process as claimed in any one of the preceding claims, characterized in that
the fractional crystallization stage is carried out according to the falling film fractional

crystallization technique.

7. The process as claimed in claim 6, characterized in that the fractional
crystallization stage comprises at least 2 purification steps and between 1 and 4 steps for

the concentration of the impurities.

8. The process as claimed in either of claims 6 and 7, characterized in that the
fractional crystallization stage is supplemented by a step of concentration by static

crystallization.

9. The process as claimed in any one of the preceding claims, characterized in that
the heavy hydrophobic solvent is chosen from aromatic solvents exhibiting a boiling
point of greater than 260°C and comprising one or two aromatic ring systems
substituted by at least one alkyl radical having from 1 to 4 carbon atoms or ome

cycloalkyl radical.

10.  The process as claimed in claim 9, characterized in that the solvent is ditolyl
ether, alone or in the form of a mixture of its isomers, or the ditolyl ether and dimethyl

phthalate mixture.



