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 {s essentially based on a carbon
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materials result from oil or natural gas and consequently the acrylic acid is formed from
a nonrenewable fossil carbon-based starting material. In addition, the processes for
extracting, purifying and synthesizing the starting materials and the processes for
destroying, at the end of the cycle, the manufactured finished products based on these
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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25  Operators are proving to be demanding as regards quality specifications for acrylic acid
(or for its ester). The latter must meet strict thresholds as regards impurities.
Specifically, users of acrylic acid or of acrylic esters which produce polymers employ
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



However, the reaction of the first stage of the process of the invention,
the dehydration reaction, is different fromthe reaction for the oxidation
of propyl ene of the normal 30 process. The dehydration reaction, perforned
in the gas phase, is carried out using 4olid catalysts different from
those used for the oxidation of propylene. The acrolein-rich effluent
streamresulting fromthe first dehydration stage, intended to feed the
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e e e e
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 recognized and having a universal nature but meauns, 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 subjected 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 residual impurities by chemical
treatment.

20
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



<0. 1% >0. 5% 2- But enoi ¢ aci d/ AA <0.001% > 0.01% 10 The inpurities/AA

- ratios depend on the catalysts used, on their "age" (deterioration in the
selectivities over tine) and on the operating conditions. In table 1, the
2-butenoic acid/AAratio is given as <0°001% for the ex- propyl ene process;
however, although the Applicant Conpany has never detected it in
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Impurity/AA ratio by weight
Ex-propylene process | Ex-glycerol process
(crude aerylic acid)

Acetic acid/AA < 5% >10%

Propionic acid/AA <0.1% >0.5%
2-Butenoic acid/AA <0.001% >0.01%

10
The impurities/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, afthough 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 actylic 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.



Table 2 Concentration of the inpurities in the AA (by weight) Technical
acrylic acid for esterification Qacial acrylic acid for polynerization
Acetic acid <0.2% <0.1% Propionic acid <0.05% <0. 05% 2- But enoi ¢ aci d

<0. 005% <0. 001% The acetic acid and th& propionic acid are troubl esone in
particul ar because they are not converted during the polynerization
process; they are saturated and thus cannot be

Table 2
Concentration of the impurities | Technical acrylic acid Glacial acrylic acid for
in the AA (by weight) for esterification polymerization
Acetic acid <0.2% <0.1%
Propionic acid ' <0.05% <0.05%
2-Butenoic acid < 0.005% <0.001%

The acetic acid and the propionic acid are troublesome in particular because they are not
converted during the polymerization process; they are saturated and thus cannot be

5  polymerized. According to the polymerization process involved and the applications
targeted for the polymer, these impurities may remain in the finished product and risk
conferring undesirable corrosive properties on the finished product or may be found
the iiquid or gaseous discharges generated by the polymerization process and cause
equally undesirable organic pollution.

10 The 2-butenoic acid, not synthesized by the ex-propylene process but present in both its
configurations (E, also knmown 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.

In order to achieve the acrylic acid grades cited in table 2, the removal of the acetic acid
may be obtained by distillation in a light fraction, operation generally denoted by the
term topping. However, the reduction of the concentration of acetic acid within the
context of the ex-glycerol process leads to a consequent loss of acrylic acid in the light

20  fraction, due, on the one hand, to the large difference that exists between its initial
content in the crude acrylic acid and its targeted content in the technical acrylic acid for
esterification and, on the other hand, to the existence of hydrogen bonds that exist
between the carboxylic groups of the two molecules. This drawback is significant from
an economic viewpoint, since obtaining a glacial acrylic acid having an acetic acid

25  content of less than 0.1% by weight can only be achieved to the detriment of the

recovery ratio of acrylic acid exiting the oxidation reactor.
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glycerol, an @aehpihdecati®itid s&itiondIald actrdflemqugiuetayr}dfclatelr (23 of nononer s
customarlly used as starting materi al ocesses for

pol yneri zat i (ﬂ?i‘fféﬂl%c@ fythe cac lcda%@reé%te‘fﬂ e\? eghstéf@ghgfﬁpbg]e ‘B‘r“é)aé]é’gsby A
subj ect matt e&atglf I%tl()ﬂ&’% h&nuﬁgycer OJIEBGQSGT o [1gﬁth§ad’!ﬁﬂL{flﬁqg W8 i®hon-

bi or esour ced acry |c acl rom conprisrng the | owi ng st ages.
gas- phase cato@h&énsﬁbldehwdlgﬁlgas{tooi ccghgmmds;l(BIo gi ve acrol e| n, (1) 15-

B?reg Ie(;j]‘![ Fﬁnde?)s/gfglo? Thebgcrgl?(? !';ulslg %01%11011 %%; tdrls;@[L allon mOtfhe prgsgrrléel o' & solvent %a\fvat er

immiscible with water, (4)
- distﬂlation of the solution thus obtained in order to remove the light compounds
(topping), (5)
25 - distiliation of the heavy fraction resulting from the preceding stage (5) in order to
remove the heavy compounds (tailing), (6)
combined with a final stage of extraction of the acrylic acid by fractional crystallization
applied to one of the following effluent streams: the heavy fraction from (4}, the heavy
fraction from (5) or the light fraction from (6).
30
Use is generally made, for the implementation of the process, of a stream feeding the

reactor of stage (1) comprising glycerol and water with a water/glycerol ratio by weight



the reaction nediumof (1), (1') gas-phase catalytic oxidation of the
acrolein to give acrylic acid, (2) extraction of the acrylic acid present
in the effluent streamfromthe oxidatign by water absorption with cooling
and renoval of the light fraction that i's rich in non- 20condensabl e very
| i ght gaseous conpounds, (3) drying of the acrylic acid solution by
distillation in the presence of a solvent that is immscible with water,
(4) di stiWhizhican vafy withinswidetlimits, tfhwsxaoipiabeteden A.06fidaxd /6 and poaferablye

| i ght d t i 5- distillati f.the. f
o omeunde FOamaliel () 8 G LB e
conmpounds (4 adidy ﬁ@one(ﬁbnﬁ%yng%j | tehRrdtirdabvad! RgRnehklgxhiRatdu0n afe t he

acrylic acid by fractional crystallization applied to one of the follow ng
ef f1 uent sgaseplmse it lke hagtoy ifrthe resander ofnd Ccalplyst pbaHempsratrasigse f1Pem ( 5)

the |i o t. f .30 8 i i i i im.ts,
Por ot Bk RE k0T hRRrAERY btbeah 2 C Pafiai e, i A ool ksl
The dehydr gdiivesn Naadts ey (ID0agR L00)kPayhit @bin iaodie @aied bl inuthe peasehdeon but

one pronoted by a high tenperature level, is generally carrjed in the
gas phase P¥/echeorr@daEt oFYSCH-COMPISHEsEY e as S?Scﬁg%ﬂ%%&lﬁcaﬁ?nﬁ‘a‘)\f% 9%%?}#3} e
ranging fr 500C, preferably between 250C and 350C, and an
absol ute p%%%@ﬁ%@gﬁgéﬁggn 1 and 5 bar (100 and 500 kPa). It can al so be
carri ed outhé plycérel felgslenoa woictoxyigeenevallyofaranl oxtygensdihgid sitalgstgakhe as
described in applications, 06/0§7083 an% mD 06/ 1145 6_dThe %|§%3$0|
dehydr & i ofMtalxsE iy i 3§ S@‘éy"\fﬁ? A0S OREET BRIl BoEPS oY JEIGOR Ay s
The 10 cat f ¥§hSicMpefith @ phaSlWHY BrvahaIamish aRaRS, ds6ddiH), 8f BS@ONSI0T
um

|l iquid reaction nedi i'n the heterogeneous phase, which have a Hanmet t
acidity, démotdicatéd oy patent US$ 18740+ vhinh fefs tathedpapar patentanels ¢ dgin 720,

Soi ence. anctips SRR gigce Sy LEERET N gE 51, iy P T S IASR
i s deterni padichys @tbmfnéd by ahiigntivsicgudingdimitdanis opbybyisagion pf hdasofn a
base in 15t he gas phase. ' -
15  the gas phase.
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.
“These catalysts can generally be composed of a heteropolyacid salt in which the protons
20 of said heteropolyacid are exchanged with at least one cation chosen from elements
belonging to Groups I to XVI of the Periodic Table of the Elements, these
heteropolyacid salts comprising at least one element chosen from the group consisting
of W, Moand V.
Mention may particularly be made, among mixed oxides, of those based on iron and on
25 phosphorus and of those based on cesium, phosphorus and tungsten.
The catalysts are chosen in particular from zeolites, Nafion® composites (based on
sulfonic acid of fluoropolymers), chlorinated aluminas, phosphotungstic and/or
silicotungstic acids and acid salts, and various solids of the type comprising metal
oxides, such as tantalum oxide Ta;Os, niobium oxide NbyOs, alumina Al,Os, titanium

30 oxide TiO,, zirconia ZrO,, tin oxide SnO,, silica Si0Q, or silicoaluminate Si0O»/AlOs,

impregnated with acid functional groups, such as borate BOs, sulfate SOy, tungstate



These catal ysts can be chosen fromnnatural or synthetic siliceous

subst ances or acidic zeolites; inorganic supports, such as oxides, covered
with nmono-, di-, tri- or polyacidic inorganic acids; oxides or m xed

oxi des or heteropol yaci ds or heteropol y3ci d salts. These catal ysts can
generally be conposed of a heteropolyacid salt in which the protons 20 of
sai d heteropol yacid are exchanged with at | east one cation chosen from .
el enment's bwi@nehaghite PO,OLPsatt $i0, &MVinobhdhteMbes iiediienal gbdupsodr 4 éxture

El ements, these heteropol yacid salts conprising at | east one el enent
chosen fro@ﬁﬂlwcgﬁww%onsi sting of W M and V. Mention may

particul ar , i i t ir on 25
phosphor u sf%enﬁl%gé&?% 8%@ ag:él? aﬁﬁﬁg fe?asi%}ﬁﬁlﬁn r%fg sapl%g ?lg)gé?gﬁ%ﬁtag r?\gds t% (ﬁ{]}'%é’

cat al yst s RhePd; RasBm, Co, ParScl LalZar, Mg, diey CedVi dresontidatillomi(e.) conposites

(based on sulfonic acid of fluoropolynmers), chlorjnated .al um nas, .
phosphot un§&t P‘i??‘i’éﬁ'&/ Q?Faqgslt? P@o?%%@&t?%zﬁiqné@ HW&S%@HCP@QII“?%, Wécﬁfl(?g?‘ia%us
sol i ds of {hehyRE tFOBRIES iRGrd¥RhRl With d8SustaSHIOR PSspiRMlikE, Phbsithated205,
ni obi um oxi de Nb205, alum na AI"203, titanium 300xide Ti 02, zirconia Zr02,

tin oxi de Sn@asgir|silias.Shagropelyssils ebarigrapebteidSialis/ inpre @Bosphaiss apd atoad
with acid functional qgroups, such as borate B03, sulfate SO4, tungstate 9
W3, phosplmﬁg@h%fo ﬁ"cgg%gmg}og “or nol ybdate Mb03 functional groups, or
a m xture of these conpounds. The preceding catalysts can additionally

conprise a pronoter, such as Au, Atg, Cu, Pt, Rh, Pd, Ru, Sn}ﬁrOe, Yt, Sc,
La, znl0 MyThewsactis mugivgy cxibng frami e danideationmeacton sy Mgk Waler spgieptcdugy o

phosphat od 2h §00L APt UNARLE RS0k EPRIARE (Sl PscH HSODidATmal it ym or

tin oxides inp tungstate” or (r)sp otungstate, phosphate
al um nas osf partibic asdehettienogoibyasiatds soch ket ropainpds i thatsddstgbed mopatent

o om e GO R OBO eyl of s TR VA Rkt ar ar SO due
to the gl yeengh ufara® {A8USRMShE Yabitd #BImPAGdIRIERAGAIIYOReAd @RS thAof

addi tional stage (1") of partial condensation of the water, such as, for
exanpl & t thatexewspylédveptobess piat @rler tafptd batseemd AR B8YfosREien of theedrapleinof

the Applicant., will. make jt possible to renpve .a,porntion.t o.as to
bring thi sg8¥e taBIYéICc%Hgot]?? ?%W 5085‘&03@? Pagpi/ta‘rilt@élﬁtlfi%% e} ogte'%nzltg&(t)?‘)%l‘g t he
ex- pr opy| epgadin0s@Sdlar shnRit@iolt@, fHvard atdexiRe ebtkcdtragenso Thiexbakddnkaivnof

the acrolein to give acrylic acid. The term "conposition substantjally
i dent i cal "sthge @mgl@s’ o be qantisdphwibrophng focticaposityr M clamakisdt Possibig ©r  and

oxygen concentrations. Thi n lO, ' . il £ out
wi th cooli ‘E‘ga% agteE é%%%\zéét%fr gl%mgoﬁlcﬁaggﬁg sféé?g %%;Sltr)ﬁ?lga?%ﬁ l%bs?% S\Nad artf ter
renovapy of adrfleinCiarteniesderpeais eola rgiés ofs 1 SEam Tonplik phrigl vatdensaging of the -

acrolein in a water/acrglein nolar, rati %oé)f 1.5/ 1%,[18 z,(dl. Thi.s parti ail
condensat i BAlcomakeiet patsile HaREEeq dapagsionhe Ayt dBRe  HrE L O HES
catal yst of,.t e i2adiSbRgC.G1iO%ERAMAL D Plevkhe REHe! @k ”subébq%ﬁ-’tfstg%‘ers%’girece

acid and to prevent, during the subsequent stages, the renpva )
amount s of renivel of lahdeccimounte xpenasiryehmhds whpanhivpraad eviish presents ghe gk o

resulting in losses of acrylic acjd., In addition, it kes it possible to
Famove a° pEPHIER Topsss of AR gt i iy (e Lptt BT ToperBRTorof
dehydr 34 i Oft. FBE O XA AToRRALANAY (h34AGAGRN, 15 carried out in the
presence of nol ecul ar oxygen or

The oxidation reaction, stage (2), is carried out in the presence of molecular oxygen or

of a mixture comprising molecular oxygen, at a temperature ranging from 200°C to

350°C, preferably from 250°C to 320°C, and under a pressure ranging from 1 to 5 bar,

30 in the presence of an oxidation catalyst.
Use is made, as oxidation catalyst, of any type of catalyst well-known to a person

skilled in the art for this reaction. Use is generally made of solids comprising at least



of a m xture conprising nol ecul ar oxygen, at a tenperature ranging from
200C to 350C, preferably from 250C to 320C, and under a pressure rangi ng
from1l to 5 bar, 30in the presence of ap oxidation catalyst. Use is nmade,
as oxidation catal yst, of any type of catalyst well-known to a person
skilled in the art for this reaction. Use is generally made of solids
conprising at |least 10 one el enent chosen fromthe list My, V, W Re, Cr,
Mh, Fe, CogndNilemét,chdsen fBm thkelist Siho, BiW, Re, CiPdn, Re, Go.dNiRE:, pneYee. S t he

netallic formaor. int oxi de,  sul f at r .phosphate f.grm ,h Use i de in
particulargbftﬁHERW6Wa§pbﬂF8W§tEU%%PF%#ﬁ%ﬁ%W*ﬁﬁH%% O%ﬁ%ﬁwﬁﬁﬁcvwiﬂﬁﬁﬁF Cu
and/ or Sb gppd/ Oke Femade MBhHiCARSH thi Etofutatont REMPASINFING UAGoF Satldidrng from
stage (2) 1s conposed, apart fromacrylic acid: - of |ight conpounds which

are nonconaehedhl andierdérandier fecaspedinconséitugits. pr essure conditions nornal Iy
enpl oyed: nitrogen, unconverted oxygen, carbon nonoxi de and carbon
di oxi de, which are fornmed in a small anount by final oxidation, 10- of

condensabl end i Bhhix6RERAUMDE;: frdrA s@AE [1)Gut@hiposed, epart G@neiayiidadiy: t he
dehydration reaction or present as diluent, unconverted acrolein, |ight
al dehydes, - efifBhtaeornparungds Fangh eranencerasnsplle Apder thedemperages gnd JEEHHE aci d

and pr opi O%%nﬁﬁgﬁ%ls qlorrhalﬁ){/ ggﬁjgy@?édg ggﬁbt%gﬂ,dﬁﬁco%%ﬁ r ﬁ)g Zﬁ,y d&boP etaRk R e,

mal ei ¢ aci ei c an nol ¢ acl d, ol ¢ acid, phenol and
pr ot oanenogirborldoSidagehitB hrecionaed tosa ofial hamewtt badinabexiddtianhe acrylic acid
by a countercurrent absorption with water. For this, th resul ting
from tHe r‘eaﬁf%‘l’* qngab?%fig}étgﬁ@gaogids? H’ep%?‘ﬂlﬁ’%nwa?ena%enﬁf?i%ﬂﬁ?i%i% d%m%ﬁ?ﬂ?%er e
it neets, COUMHETRURFSH Us WALSE nbsRaHEE hcdlethelidiRPalibhides, Gattingy. The
| i ght compounds (mai nly acetal dehyde and acrole|n5 are for the nost part

20 r enpvedfcamalkdhleydeopd ofctoluichydeb Sumpe iad aseliaanid akheropigperacibed as

absorbent solyent may be.introdyced.vi,a a ur.ce external . -QCEess,
but will pr 8# g?aé’gl V%@%ﬁ%s@f@fﬁf‘%&yd‘%’a}ﬁnﬁa&a&y dg’o’[r][rlf'j1 ‘e %‘ﬂ@’, %ylér %%1 vglraiéf from
at | east opguRhoicheid BagbioRidahesdlhaaphoté@silonlnng from the initial

reaction stages, for exanple the water resulting fromstages (I') and (4),
nanel ylt he water condensed in stage 1', or the water recovered fromthe

: ﬁips S;ng?}&g@é% ﬁﬁ; Zlafeﬁgsgér)fte 51? E;éﬁ'acq{o}ﬂi JH9hE AHTR - acithBy ARFuitek RrenP ABlckpRIAS Of
with water. For this, the gas resulting from the reactor is introduced at the bottom of an
absorption column where it meets, countercutrently, water introduced at the top of the
column. The light compounds (mainly acetaldehyde and acrolein) are for the most part

20 removed at the top of this absorption column. The water used as absorbent solvent may
be introduced via a source external to the process, but will preferably be constituted,
partly or completely, by recovery from at least one of the reaction gas streams resulting
from the initial reaction stages, for example the water resulting from stages (1) and (4),
namely the water condensed in stage 17, or the water recovered from the top stream of

25  the azeotropic drying column. The operating conditions of this absorption stage are the
following:

The gaseous reaction mixture is introduced at the bottom of the column at a temperature
between 130°C and 250°C. The water is introduced at the top of the column at a
temperature between 10°C and 60°C. The respective amounts of water and of gaseous
30 reaction mixture are such that the water/acrylic acid weight ratio is between 1/1 and 1/4.

The operation is carried out at atmospheric pressure.



foll owi ng: The gaseous reaction mxture is introduced at the bottom of the
colum at a tenperature between 130C and 250C. The water is introduced at
the top of the colunmm at a tenperature Het ween 10C and 60C. The respective
anounts of water and of gaseous 30reaction m xture are such that the
water/acrylic acid weight ratio is between 1/1 and 1/4. The operation is
carried out at atnospheric pressure. 11. In one preferred inplenmentation
vari ant of Inthie peaes smplutentgion vatiagef (3 protévs, doimgl eitage Gonthaianesdeiin t he
liquid fractiqn resulting. from(3), is recovered by distillat.i .or

stri ppi ng SHNg ghdhe fliguid,facen ir%‘r‘tlt”}ﬂ_‘ %l‘)ﬁé?%)r dﬁe‘g%‘),veﬁq‘ei’%béﬁtﬁ&t“%nor

col um miystng iﬁgqﬁlﬂfq 58 3n GRIsUHRahPof Ghé prdckd, 1RO aBlorMigdty colulihl may be
conmpounds, e %e tiall'y"acrolein 5 unconverted at the end of the reaction,
present at cdupledconeeertlnmni fom distiidten aefusenyslighir saneouads. dessentigdly ogerolein
recovered at the hottom of t absar ption col , Thi (Stillati

col umm,® op®rREVHEFILHAEF egdp?tgﬁjfurre%&b - & <§<s*>e§t0%;ul[%gv 7 xeﬁ% Iq ai,n !hg %qglgouast t he
top by the,girean ksiambdi@obakl ammelfbotiim ¢irtae ebiongicabeturpi i Tis dsliliaion and

makes it possible to renove, at the top, g stream,of acrolein-enriched
acrylic aceaymmhppdrating nedsyal prgstvee P& 10| towker 19aPe. istied b tagntpy BY then

colum (3), for.a final renmoval at the t0 f this s ] an
aqueous m ¥fareiigp %E%FP@ 311;/&‘3 Rrecesy earbsgl??l e tcgi%%%%i% & rr'lgm%ﬂ)%}ésm
stripped ofeniRe! atahe i} auteanver iceéleidcdrpichtdadrglio btidj whith iwkicgbled so the
referred to as "crude acrylic acid". The recovery of thﬁ acr ol e'in may al so
be car #0 edlosier pest &t the sbseTgtion crluny &Y. derch Tnal wmoval abths top (dhise sapige; ¢

gases pref gglajggyTﬁeptaﬁiaugggusogxguﬁﬁ o@-g i asta@ewhEr PR 118nal vtza;gtlniﬂaﬂé))t s

absence theé crude acrylitc aci re concentrated in acrol ein which
will have gippel semosad thiunhagvthel sublsagsebtaitedpphing is refgecd Ruas Treedenor e,
this stage (3) makes it possi Ele to recover. and rec cl%bt h(la.acrol et%lnato
“the reacti 8nyidasifon eapoeidy ChTE FEOIFRIPRA8l RS A! PY FTES P e

process. S z?sgs%cﬁﬂ% ait St AnHelyYds@EhiPPas Pfiszéﬂaﬁlg ohafng\iyeeni s carried out

in the presence of a 20solvent of acrylic acid that 1s inmscible with
wat er . 15Thi $hidetned ineptomakhuge itrapsdoee herorsdscretidic doid wilbg @org euceptrated

extraction. of the acrylic. acid in.the prese ofy, .t 1 ol d by
a stage of msé‘ffar%rei Xl?)fwglhgla%ﬁ%rpéer ],‘ncng%vreﬁﬁ/l ‘lﬂgfﬁlgc;h& , ggi’)?g(gjle\éfiqﬁt’}?pété) os'lﬁa%w‘e}hi s
dehydr at i op.RR@serd, $hidl e@ee (g thdkas (aysibieite Mdverser koyclekempldeipao dnt FR

2 119 764, with nethyl isobutyl ketone (M BK) as solvent, or patent US
3, 689, 541, reaBtigy seition (rand yhusyie iesese Hisryerd! el wd e PreFeshy distillation

in the presence,of sol . 111 f odl YN h2 el REQGENEOUS
azeot rope %@ﬁ?ﬁ%se%, efsffdgf&tl(gl{s Oagié}%lgé gg‘ggrw}ﬁg% E%P&?lg(g%&lt;l/ 9[[l<e¥)one, as
descri bed f@vexdAmRgic avidaharit iR &iE64vi80 Yawr. Ehis elebpdragmt stagh atayf e m

in addition, an azeotropic mxture w i

descri bed f¥Fied Qy}@[ ]E!q‘i“ﬁ“lhhlti% g¥iragpop §%1 %&gﬂ%?acﬁf indthg lf)%ehser?cse cgiothg S %ént? S

followed by a stage of separation of the monomer, acrylic acid, by distillation.
This dehydration phase is described in many patents, see for example patent
FR 2 119 764, with methyl isobutyl ketone (MIBK) as solvent, or patent US 3,689,541,

25  with trimethylcyclohexanone as solvent, or by distillation in the presence of solvent or
mixtures of solvents forming a heterogeneous azeotrope with water, such as acetates or
methyl isobutyl ketone, as described for example in patent FR 2554 809 or else
solvents that form, in addition, an azeotropic mixture with acetic acid such as toluene,
as described for example in patent JP 03 181 440.

30 In the process of the invention, use will preferably be made, for this dehydration stage,

of an azeotropic distillation using a solvent such as MIBK. The distillation column,

which operates under a pressure of 6 x 10% to 7 x 10* Pa, is equipped with a decanter



30l n the process of the invention, use will preferably be nade, for this
dehydration stage, of an azeotropic distillation using a solvent such as
M BK. The distillation colum, which operates under a pressure of 6 x 103
to 7 x 104 Pa, is equipped with a decant’er 12 that receives the stream
fromthe top of the colum after condensation and ensures the separation
of an upper organi c phase essentially constituted of MBK, conpletely
recycl ed umgefecti®bd W strearh eorh @i Rl dfftBe eolubiiMhfteadehdhsAdnaGdepgepti@se
contai ning water and nost of the fornal dehyde. The heating power inposed
on the rebisprstionfolt #ne uBPoPIEHIIc Bhase (ispatially congiuted beb/ﬁf-"  sLosmlgielt
reflux flo i i r
reflux an éﬁég'@%%ggﬂp}gﬁ%te@@ﬁw?ﬁg{ ecér%gﬂh%dy?f%:ﬂ %@?@?@g%g@tﬁgfﬁgol um
cor r espondsatepaidhmobtheahe forpaldchzdatThedicating péwera mpdbel @t theasbmlst af Hed at

t he bottom of the column, the dehydrated acryljc acid, is essentially free
of water (YUWBRAT fepuiatssoaraR q%%l%ﬁ Paffﬁefl}l%f%"% %’f%ﬁl&héﬁ% %@?W&%i ant ,
this col ung Welﬂ%eﬁ?ﬁgékeqn&é? RAFECOADLC LM oh@Incl SROKE rcyu&]t a r?%c agldvent ,

so as to recover in the aqueous streamdecanted at the top of t
azeot r opi cfeddiagi tht atolunn cwirespynds riacths heorstital eareotddgs chixgatei dhe hgreagueous
phase. These smml | anounts s& ven icgr re di,stilled and. ensed at
the top ofoqtﬂflg?%’ih%é’ﬁfto’?le%tgtbgf uggy wehg éi%gté}c%lcu fer® § Sﬁ%éagﬁg}dﬁec&e
pressure, {h@r {REGaNPLRUSHRH 10ALY Welight)lS decanter of the preceding col um.
The aqueous streamfromthe bottomof this solvent recovery colum is

renovetd Shagee EBiboilinent stagigat. ghisr erfepnngay ihgheouwpldpbuadecond, cplimn &) ar

acetic acid and ferm c, aci _ .Stk ian: .t I S
M oppi g+ eRBtyRRIEErER So pfle BuSler it B SRt by SEAGIRAIA GG BBUTIRS |
t he azeot r gpbGosit fidtillaAdn opluaml, watesi of brnt tesdltvel i ttidlaquéas tphade. dhese

distilling colum which operates under._an overhead pressure qf .the, order
of 2 x 103wl amgunlgal Palverwhihas A Gt coBGRsshi oo LR of s dalvent
cont ai ns ryld j.¢, Stri sto : L,ght Sled TR Hier €am
fromthe f%ﬁg%éfr ft%@%l%ﬂﬁ&naﬂgﬁgﬁéﬁrn acgﬁeélkggfﬁh%dmfg?@r}np?lgci d, may

opt i onad | yddeentaddf theqnededing codanednamiedes stregnr eovibe bogn df hig selwerind
colum in series, the .small amounts of acrylic acid entrained with the
streamfro’f?l"?‘fféyf%lﬂmé'flsf%@‘@gl um. Stage (6) is a stage of separation of

t he heavy conpounds by distillation. The strewn fromthe bottom of the
precedi ng topping colum is introduced into the bottomof a 30 .

di still ati Sage 6Fuism diseroft tenyvingolkight sampeurdse soppHedaipwtisfacidnndoiogaic of 2

25,0 2530300l bRy AT B 4L ROt BE4A i
20  stream obtained at the bottom of the azeotropic distillation column is sent to the middle

part of a distilling column which operates under an overhead pressure of the order of

2 x 10° to 2 x 10* Pa. The stream from the bottom of the column contains acrylic acid

stripped of most of the light compounds. The stream from the top of the columun, rich in

acetic acid and formic acid, may optionally be additionally treated in order to recover,

25 in a second column in series, the small amounts of acrylic acid entrained with the

stream from the top of the column.

Stage (6) is a stage of separation of the heavy compounds by distillation. The stream
from the bottom of the preceding topping column is introduced into the bottom of a
30 distillation column operating under an overhead pressure of the order of 2 x 10° to
2 x 10* Pa. At the top a stream of purified acrylic acid, referred to as technical grade, is

obtained.



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

t hernrodynam ¢ conditions enpl oyed, the addition to the treated streans of
pol ymeri zation inhibitors in order to p&gvent the formati on of heavy
conpounds fornmed by polynerization of acrylic 5 acid, which are
prejudicial to the satisfactory operation of the assenbly. The

pol ynmeri zation inhibitors generally used for the stages for the

purification of the acrylic acid are phenolic products, such as

hydr oqui none or _hydroqui npne net hyl ef her,. phenat hi azi ne derivatjves
conpounds &he (VAHOYS HPESS 6’?5?%3'%% lﬂﬁé{‘ﬁg[‘?ﬁf’g§?q§{?e ﬁauﬁstoc@ﬁpté?rm(’dynamm

di (n-but yl ) di ) { Gre ADIHHA HRAL YBlEY QPoanBUF ddnexhationem 10
hydr oxydi p%u(geﬂr?g/t é“%%%{e"t?@f@ag‘ﬁ vatives of the fam|l %Pl%?%e _1 ) )
phenyl enedow=er gsevant thediindgiaierfibrary vaspainds formed by polymerization of acrylic

4- hydr oxy-2,.2, 6,.6-t et ranet hyl. pi peri di n-.1- | ( TEMPO) h
4-hydrd&y-%@%P@ﬁBglim%ﬂgg?g%ﬁ%z%%ﬁhﬁe$§§ﬁ§%%¥§ém§%§ﬁ ggqﬁgnﬁgﬁggi'éggiate.
These i nhi pilyRkeszARR iRBbHSRGcALANE uskd ToR ti0NRlen &1 the paficatiog of theealdylid on
preferably introduced in conbination with an oxygen-conprising %ﬁs. 15
These pol yasd i aratphsnolio mireducts ssugh easg BREPAPINgne, @AY deesrpgg guethyf gsther,

vol atility pof ich i.s.] o t C i i 6l; e ed
at the botpﬁﬁpﬁﬁw?%%d%g%hﬁ§§.&Qgﬁ?ﬁggégﬂ%?q%%%%fﬁ}ﬁ%igngéﬁgﬁﬁgéh?%%ggyn
the vapor phase ditebdelidhikiodidhinkicat iaimoc cdenivavess duotv amdhydroxylaingicent to

Phe. acitum halmonipnsBry Lot T REses Sf 1oy BHE TR AP MR D I S0
into the | .H&Wa‘av% ,[ﬁfgr%—h?&%q&—@%,g,%gegﬁﬂétﬁﬂﬁipeﬁﬁfmﬁ-b}‘éﬂ rEMIROS, ORuen daat

various points o of uts and devi ces, so as to provide continuous and
honogeneous-hyafdxyxTEN¥PEodrut-bom TEMINOS or mpethlysalis.i sneh pomahgimicts aastate. dwese al |

the parts of .the devices ner al | they are conveyed in.sal.ut] N
liquid, fofhiBilgrs,eambeisgda nie(f’ré%?%'h@?m‘il%‘ ?ﬁfaé? m ?‘f&{??‘}lep ‘-’Slffrf i E:lgfolrag‘lﬁéhst age
rel ates t o AQSRRRIoHWBRAIB oxvRnldnipigingi@sess of the invention, the fina
stage of the procedure for the purification of the bioresourced ?crylic
acid i$5a dbprmmmlyroeridetion inbibitasmare gangelybepvasamenpupds She prpilE PTRI t he
precedi ng rifigation . r ' i {0014 )

et 1 - knoantsienst B SRR s o RE KRRRY F bl ERUSABIERE On
forms, dynam @h& Baat adhkirzahiaitatioh ai the wipys pladsk iizsidd tho dastillstisp evlsinos is
crystallization. Mention may be nadeh,qn,thig stject of FrenchG%?tggt 77
04510 of 1kvozndgpsulfigsnyo Anerephihn iritigions of palymers. (&, Pyt YO eVt 39 104
(BASF) and 4 NaAR S oo ST o] traRted at
t he purifi%%%ég%c%gﬁgggiﬁéc acgg“é9ﬁ?ﬂ§§?§%&ﬁ%§%9%%vgg?%2??%ﬁyof ]

propyl eme. intheharigiid wirdehy facdig the daviceudut alsé at thierigp findt pi varswsinoitds of

crystallization, dyna crystallization, opt.ionall ombi ned w ten
mséi um st a&%cgm%/a?ﬂﬁli t“i%ﬂ SO g5 0) P‘?‘?ﬁ{hﬁ ?%”8 t%’ﬁ 591393%}?0}1% lrégfguﬁgerﬁg gl ly
carried outylfof riH QH!;@[yn?éi‘leﬁﬁ&g @khibitdts %EJ&CM-I G past oft b Wedices. aa@krrdllybe

being fed continuously (at the top) wth: ) o ) )
they are conveyed in solution in a liquid, for example in acrylic acid or in water, if the

purification stage relates to aqueous streams.
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 crystéllization 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 (BASK) 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
(closed loop) for the time necessary for the crystallization of the anmpunt
of conmpound (AA) decided upon by the operator, a stream of heat-exchange
fluid, for exanple ethylene glycoUnater or nethanoUnater, falling as a
film prefé&nddP§l éNippgn Shekebhalesmat ofaihichodre tdrgetedi betheglusificateni ofcaskdiced

t hroughout the crystallizati.gn.within the tube and 15 which wll

i ntroduce ?%‘és%‘; Hﬁabty eﬂ’é‘ﬁfm 9:@%@%“61‘ or the operation of the stages
of each of Thhensk 8pRlelyTHRIPIRARFSe 11§ fBIIHE MBInD dfdcAbnDf crysigfiesfiny lysiaRs,
whi ch each conprise 3 'stages: crystallization: the tenperature of the
heat - exchatystaflizatieh, optipmalleroechtarssloridh mglte mgdweystaticerysteigatian ur e -
gradient f a tenmperat.ure slightl 20. gr eat.er n.th stallizatio
t enper a{ urgag]f‘g Ffﬁ‘@n‘%&% @ﬁliz%tloélc%so&nﬁra%ﬁ & apr%é i%u%lggfélpﬁgr %)r(c 3&% hﬁ%ﬁ@e
Crystal s apitfteburdesas tabe beigs ealsionghyoushi @kihb aygrwigh: the surface of the
t ubes. When approximately from 30 to 80% of AA circul ated has .
crystal lized, af teradanidnitiegm tspbitios paimal §f thegeamapqung de jbs pugifisd.rassylic
liquors rich in inmpynjitihas);, . i Nt j . . ting:
t he tenperature of ?#é (ﬁggtlpetﬁ%hg%gi?{ﬂ&ﬁgalks%@rl%grfggfség#%@gg%ﬁ%aﬁ%aa
positive tenperat ur ealjr@dihentube nreaeided at ahe ewhevbottday amdl tebyxded tthéhe top

inmpurities trapped in the formof inclusions in the layer of .acrylic acid
cryst als being forn@éﬁseflﬁ&l’gf%ﬁg@ Hﬁ}eﬁ}e?eslsi‘fé’g?’é‘g‘el"ws aHap 8 ﬂwﬁ%i“a&%’ﬁf

which is in contact i e A)_febided @gyﬁfer(,?%o’f,p increasingly rich in
inmpurities. During the sweatlr?g the Tirst nolfecules to nelt are eutectic

m xtures of inpurs thesﬁreandobhea%;‘bxc]hdngeiﬂ’qidl,r fori exsmipbe &thytbnie nelydnd/ vadgreor of
crystals mgrate towards the ouyter |la . 1.e. tha jch was, 15 i
contact with the reﬁep’é'ﬂ?]é‘f"%tﬁng?lﬁgﬁﬁ? gglgnﬁfeferﬁgyfio&%? exifnal W&@é’fﬁﬁf
crystals is thus nmehiedadhdedifc@NMER bR BedriRAREMRN, wRhiaf 188 dleyaridhe
same receiver as that for the nother liquors recovered during the

crystaliization stagbichTillsingogueeithgceld gthedisnt trsessapl lne &t pgraiionss fiong
techni que, which 5 consists in, remving the inpurities present at the
surface by washing WeH 05&?@1 %%,heﬁtreg?'er ably introduced at a tenperature

slightly gTRap@EedshadncéhBinaBOL bNGich@kIvE sRps,iWific @ylicoaipridds stigyever, this
technique is a priori less effective. nelting: the tenperature of the

heat - exchange fI ui deiystaligationy thentmpsiderc10fabiy Beattrschange fgdpisi letvemd Aa
(110 ,20d 21wl € D1 GLEKIH o SRR ik Ay THLAT RS Sty
tenperadure is of tpheaerdiin ahe IbystdlEtion emgerantre ofethei aerglidf ecidninmitiet | ng
the Tayer of cryst alnsedi(ljlin,% rtlllg ci)r%\lgr 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 receiver.

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 which is in contact with the 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, i.e. that which was



AA. The purified liquid recovered is placed in a second receiver. Is
Starling fromthe streamto be purified, the conbination of the three
stages described represents a first purkfi cation step. The purified liquid
resulting fromthis first step can agai W be subjected to a sequence of the
three stages described in a 2" purification step (purification phase). The
nother liquors resulting fromthis 2" step are purer than those fromthe
precedi ng step and Gatortduysvitie thisediradatad rirgdrr & sshdlh partinevefcharlgeerodf AA
to 20 be purified in step No. 1. The sa o(g)eration,can b qqegrried out in
a third purificati offysigksps thus meisdpnddeapisred e arpesivis: preferaily s emer om
this third step 0 Beilaeuchachdtd &%m%hﬁg s Aleob&8d Aurifd AR cri ARLRMR
product being recovered by nelting the crystals. GeneralTy, the nother
liquors fromthe "ngtagauifihis oedatiop seize parc hnrdpéacee by @l veashing tathoiqy, vhet wi t h
the feed streamfor the "n-1" purificatign step. Dur i he purification
phases,’ t he pol yrmer {95¥FAR rF‘?i‘ﬂ?‘ﬁ‘igttﬁff @W&?@ﬁff’sgﬁ Bgalf Srﬁrt/%?%%’%gva‘%gn%évl&
purified are treategyhbife prRUEBIYIiBSoRRE af £ tdhiptFatiRI TSy | Redidiahamtieer
liquors. In order to prevent the formation of polynmers in the nolten
crystal lisate, an imhitbgtpeintcafithadayst ef . Alavwaver, dhd tednianats ation 1o§st h
the final use of thgffrgagorrer is preferably added. This addition will in
particul ar be carrie out" duri ng the final nelting stage of a 30step fed
with a stream dewoi gheRingPeley foRipeZAtlesT 1hehichi-é:@hang@UBiidas rafidly Rxeagide,
the final "n" purification step fed solely with a purified streamfromthe
"n-1" #tep. 16 Theahoye ftes meltpgaointob ectied) abdeglderreferably rranain pelpw
purification step ¢ e fre j "4" St -0l

Phr ce- stage processt Mg gy EhEFrdelpott (haPaASHREANE fapt e o B ement
for the feed char gemefliuhhmalibesfearstiethis mheinmmt hepcratopeois of fiicoondthef 33"

step are then treated according to .the_sane process for _a new separation,
the 5 crystallisat O InPrdsT 4 F?m?ﬂarsf’fec]inp‘ﬁ?lgﬂééhec%ifﬂggf F’é’tsmgh%fel_?‘m ed

| mredi ately greater A8l fc ?ﬂﬂfi&@ﬁqnﬁ‘iﬁtr&%ﬂ/eﬂeﬂ WIOhSAh MREST BESvagal N
subjected to the process in a lower "-2" step. The "4", "-2", and the

| i ke, st epStadonsfromube strérem dobeantrifizdi tae combputipn nd the dues siages dsefedmake

it possible to con trate t.he inpurities in the th |i.Qu sLre ).
General | y, CPHECTRAAGR MtiGapen rien phev e Rl Bt R Hhom P HGha R o
accordi ng igid be sfaeRed R 4 béRenst SOBe BieE 88 ges destitRdsubsEY perificatiod "stept ep.
The repetition of fhese Oﬁgrati ons (concentration phase) wll nmake it

possi bl e t @usiGaaem phase. The niotisutiqupsgesuling e iais 2| deroare Pures dpan those

i ncreasing rich in.inpuritie [ : [ [ E£1RiA0f2S
will ber etréllnn %Ipfec?e(thﬁ% S{fé iatnfiacl%nstwépg.eeuﬁ%gg‘? Bt 1%“%% %tllhl agn%g !Cgaréénta ?%ﬁn@d in
the inkdi abe pRAHEY inl steN6S 1 CHiRe REnd epaMEmethni it @hdet odtdnianghird \perificeion
recovery yield and, furthernmpre, a 15m xtlzlre "enri_ched"'ig i mpurities can
be obt ai ne#l¢P, Thieigg peesile far thsrmether Huness fomefus dind stepboabe geydled ipipe

mot her 1iq nayj ch ' ' t nd fEPYdhikes as
t hese st epgi%%gﬁségcﬁggsll drllwg{cfgi r%lgé ﬁjﬁﬂﬁﬁg @fgiil/l t%‘?{?\i%ﬁ? nﬁ?lgn eﬂrhat urég of

t hese m xt Geesalbe chnestlicn tigeasi fagh yhd Gw, puificetiorhstsp tire befdcgclied by mixing

i ncreasing the ener cost of the copling. .Furthernore, the tinme necessary
to 20 crystsm W%léﬂ’fe%%eds%’f?énh it “6? %&&PP‘_&“ deP-d becones increasingly

| engt hy, whi,gh mmaﬁ&mgﬁ%@%@ BfyrSEHES MBS rP5REME b HR BiRu (oOf
the purificati %n for the sane cryst?al l'i zati on surface area. Consequently,

t he nunberboputifiel ewncettd Hké onpetiepsang; dre thisefemoapd yn genaptier Jighashhl t ed

before the total concentration of .dnpuriti.es,in the nother |iquar ceeds
50% by wei GHE 57 PTG e Hmabg™ (S JRINIHY Brint o oy aliatend b g

material, tHRpAMld tyniretah8 OXESEHLAEEN MM the Bdalniseddlic ABHohBEIsAefepbBVer Y
yi el d desi redl,3 the conplete process for an initial AA grade of "technical™

type gener addey. Thinpdiligien villtinmarticulag by carmsdraut Henrg By b peltingrdegsetiteen 1
and 4 steps for,t concentrati ¢ he- 1 fL 0 r t her
ipr vl ¢ ik SV SO of Bo el RS TRSb} S5ch 804 BRI 62 inf

“n” purification step fed solely with a purified stream from the “n-1” step.



step of concentration in a static crystallizer. In this case, the mxture
to be crystallized is placed in contact wwth a cold wall. It can, for
exanpl e, be an exchanger conposed of 17 netal sheets, through which a
heat - exchange fluid passes, imersed in a vessel conprising the
crystallization nother liquors fromthe preceding steps. The AA forns a
crystal layer on the wall of the sheets, the nother liquors are then
removed anith¢ tmether jigoak lbeaded supsequest wwethe Sest iprribeation step dsa bsutsaeduant | y

treated in_ a,hj gher step falli,ng 5fil mdynam c crystallizatian, ng
he probl e Sisbeteegingre by stbniite-Sre eHigThof LA ARk M
stream r esyli R%GubpleMehiRr A Akl dHardeeaTihe MirkiSstép T herBsBe Bq@irs fromethe

| arge anobunt of acetic acid, the separation of which at the topping _stage

(stage 5) T-4”tstdpchy then vigestednaticordiog) ta dhep pave dadess &1d2 WISHC FEPEFSTY B ¢ he

orasourt oo oawperneie ifvuRbRfs 2 RFRs or BL ENERIPER LA ReplINE °T

col um. | nmbher tig&ersAff wiieh Wsea@fin auPjucicd ite #id pocasdge war Crd7sdte. | Theat | on
downstream of this topping stage, the oHer ating conditi _ﬂg% of the latter

for renovi g+ ré" ek the 1ge glopp cpnysbuighe correpRatainyens SW?%SE"Fg%‘?I?Sng a
| ess drast fnﬁhég ﬁg%@ﬁmefm %&E@%ﬁﬂhﬁ tﬁl ﬁgblﬂ%%dn HBothes ligud! stdsb). Gty at

the end of t ppi nhg stage, e able to be renoved during the
subsequent therysthed liquoat irom gedyé. cohentsition sgpsvaiccticaigd hccoeding e thegsape

i nduced by the crystallization, stage Qves the. topping. stage is therefore a
reduct {bn §hﬁeefq§%g%mgsrs W&Fkﬁélg?ﬁjg@aln" td é’s%’? lgﬂggﬁpsﬁﬁeﬁ Pé%rgé% Sum
(ther ef or edofcdniatifiebakk) 90‘111tlhﬁ(eq@lc}jmbleaca;boﬁ@am&umetﬁ@uﬁﬂeé v @ Shomat
saving. A second advantage is a reduction in 20 the tenperature at the

bott om of lidpeor steamincreaspee dichyin timpuptiess sdhile the gyre aeryliseaci igptionsi widle| f

roportional to th mber. of, pl ates, : ' j inth
Pl ok or bk g ek AhEE of WnBERSROURRA B el Mot T e
(- acryl oxypq@Rré e Geasidikraint peky e impros The rdcoeatyi vialdodnd; Hertlidrmate, a

crystallization “sta_t%le in the purification chain of the acrylic acid w L1
dependlon midusesienighedt dbRpusties cawhe ebfaingte nature and the source of ‘the

glycerol usgd sﬁ&e%ti\gen n?l&gtg:ﬁonpﬁé Il Yo SRGSLHERE b :ﬂﬁ)tﬁé} lﬂ?l&%ﬂEﬁﬂ@ duigr the

final acrylic aci y economic criteria linked to the cost
savi ngs i nafehiac@hshgly | @htonsitabimpanpdities @ best stepsepilainp dlre doivg dhisi Her ease

D TS L AL L 55 BT RO ok . (o
has the adygng3@en@Easiiyl thy el e0sNSr hBRoORIE FHukhesndieSthe end Receliaryptoesent
application wth a recovery yield of acrylic acid that is particularly
ef ficient enystalige tiaestame amount of acrylic acid becomes increasingly lengthy, which has the
consequence of reducing the productive output of the purification for the same
crystallization surface area. Consequently, the number of the concentration steps will
preferably generally be halted before the total concentration of impurities in the mother
liquors exceeds 50% by weight of the stream.
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 generally comprises between 1 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 carry out the final

step of concentration 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



18 crystallization stage (greater than 97% and an overall yield of
purification better than that of the conventional process by distillation
with a degree of purity of the acrylic agid that is at |east as good. The
application of the treatnent by fractional crystallization to the heavy
fraction of 5 stage (4) makes it possible to reduce the investnent costs
of the unit by reducing the nunber of purification colums and al so the
mat eri al cowta, ﬁ@q@hﬂaQU@hemﬁghynéEWZamhmmeiﬂhﬁbp@$¢$ hmmm@gwém a tvhgsel i sk
of fouling via The, reco he | ast
crystal |1 2sopBitle e Sk SohEHaE" on al BRRHERY sXpEdBart e bu
the overal brys@€ Q4RF Ynythe Wi 8Mbienshebs! tiRrmbthanlifhart aad tlieﬂereﬁﬂ@ﬂw} ahd eRal
process via 10distillation. The appllcatlon of the treatnent by fractional

crystal | i zeteHized lweisrre%wi Iﬂr%‘é‘ffflt@ he spbssupely (iwpterl dn phgdeneigh af Blig ween
the first W LR recovery yield which remains greater than
t hat of§the cdﬁventf%ﬁ%? process via distillation. 15The invention al so
relates to the use of the bioresourced acrylic acid obtained according to

the process of t ention i.n he nanufa ture of honopo s and

copol yner s A5WE %arg%%fopwé (Y, st 2 ﬂgﬂ %“E‘lféep%ﬁeﬂdL%gf RGP
ot her unsatdRhg FrdRNREBLRlaib? Erea%ﬁﬁ”i? liBe ph&edtR rBffaf'i%&rlﬁrg‘éf arfdiRR b aibent
pol ymers obtai ned by polynerization of said partially neutralized acid or

t he pol yrremlé,aﬁlscsnpmtl@aoﬂmmhdat m@ﬁmﬂmg/\etdgfbg/st@ep%)rm itatkynsupasaindiatédn of-
t he pobyac#élkp.@ éa eg ﬁ% ent oqla SO. rela es to i ¥ners
and copol yRE'S"S "oﬁ}“’B 51y r‘l‘sfa on of" BoPELEL? f’él‘ée %‘é“ﬁ‘ﬁ}"rf UPIFY and
optional | yle@ﬂmgttb@r@m@ﬁe@ewwednmmtﬁreqﬁffmm%ﬁweﬁah& bbthgn fah@ e
fossil starting materials. The invention also relates to the

super absor 2nels thehedrRBd b hen g35¢ ey the atse o %ﬁmnﬁeﬂwmoﬁt@geomaceastalélﬂwqrb
e AOYERLAT Rl AL LR, B HaBRl o PhTRSPHTSERAREY ©,
deri vat i vescetit asfl @ilhbé dblicrtotbeesimptified by targemhg : ] dm;sm]rdshc |d9g1ahsxﬁ rémmoget ed
at the r cqpol ynmers optai ned by ynerj zation qf the

deri vat veﬁirge?c}sa P acadialaceic ahidgal thersad of tqfﬁ 9PRLE ¥R Vﬁ{%rlgﬂ Ple doahs d.
19 The prog@gvel %ﬁlg%&aiwéftew E&sﬁﬂlz@ﬁéﬁ’ Liage. amec!;aaﬁlg%ﬂbmﬂﬂ%etme to
invention is illustrated by | owi ng exanpl es. Exanple I: Mnufacture

of crude abe dducedalgy ﬂhefcry;sﬂnlbtqtmrs@ﬂgc@ver the topping stage is therefore a reduction in
the number of theoretical stages of the distillation column (therefore in the height of the
column) and consequently an investment saving. A second advantage is a reduction in
20  the temperature at the bottom of the column, imposed by the pressure loss in the
column, itself proportional to the number of plates, and consequently a reduction in the
risk of formation of heavy compounds of the type of acrylic acid dimer (p-acryloxy-

propionic acid) and polymers.

25  The location of the final crystallization stage in the purification chain of the acrylic acid
will depend on the initial feedstock treated, the nature and the source of the glycerol
used in the process, purity specifications to be achieved for the final acrylic acid and
finally economic criteria linked to the cost savings in the distillations compared to a cost
premium due to an increase in the number of crystallization stages.

30 The application of the treatment by fractional crystallization to the light fraction of stage
(6) has the advantage of fully achieving the objectives desired in the present application

with a recovery yield of acrylic acid that is particularly efficient in the last



The prelimnary stage consists in purifying the crude glycerol obtained
fromvegetable oil, wth renoval of the salts. The crude glycerol solution
i s conposed, by weight, of 89.7%of gly Serol, 3.9% of water and 5. 1% of
sodi um chl oride. This stream (6400 g) iS continuously conveyed as feed to
a stirred 2-liter reactor heated by an external electrical 10 reactor
heater. The glycerol and water vapors are condensed in a reflux condenser
and recovecmwstailizaton sagd YeeaterTthns 9FU)iahil cataverallopeldadfi pmificsti@nbetiee dhamut
under a pressu of 67Q Pa (5 . .0r710 g of a glycerpl soglution devoid
o Sod um BHE O e comenton arored o iikgiosice dfabe SRty of eachiebds
the reactigp; {:9f Idhftes@ehydration of the glycerol to give acrolein and the

condensation (1') of a portion of the water are carried out. The 15
dehydr at i ofthe eplidation iof tatreptagnbhy frastiohed ogrstaltaiive torthe htdwettadisg of

reactor_in_the nresence of. olid catalyst conposed of a.tungstate
Zrooni 263 B4 P & tded PeatRtmE RIS aRHE: it esliPs e

m xture of nghyGarphuritiéfUdyoluehgbhd aiRd thevmbetiall @30 hchwritBhbdlyhirieavreyed
to an evaporator in the presence of air in an 02/glycerol nolar ratio of

0.6/ 1. Theingibitorre dlergpesti thentisk pbiquling a4 fplymerigation isagdeseds The reoyeiyed

into 20 th L I - h ed
wth 300 niiesdnd bt SPBRRERAInG (R0l by £ ERIE hRed R lnEs Sh A Rance
eut ecti ¢ nmhetaveedll niontgi nietll atmaind eopar thwrtkatodf GR0ENnvANtidrak porebe tiaof

t he reactor, .liqr;e gaseous reaction mxture is conveyed to the bottomof a
conden¥ht i H8UHI8m. This colum is conposed of a | ower section filled

wi th Raschipg, g}ﬁflfdﬁﬂ&? oB WhdRERLRA: BY AichOnd epaelildlionb Ghe deS8l faction of

heat - exchange uid circulates. The cooling tenperature in the exchangers
i s adj ust estago(ads tiweoikdiatn, besweenhtbe dobtuiwe, tvofh am oveeredvigrie yistd which

vapors of 72C.at at notﬁglhﬁr%)cf@r essurﬁ. ndec%f}r}egetiﬁotnditi ons, the | oss of
acrol ei n atP™M3E LEHYSARAIHAT P CORT O SRCE YASEUIAMN 506 In the

followi ng stage (2), the gas mxture is introduced, after addition of air
30 (02/acrolein nolar ratio of 0.8/%) and of nitrogen in an_ anmount
necess&ry The wertion alsaotslaigntodhe Bier ofl the hiogesausad perlie acidobBunedpasrorlings

feed of thg » r.f t . dat | f | @i ' AN id.
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20 Exanple 2 (conparative): Manufacture of crude acrylic acid from
propyl ene The reactor for oxidation of propylene to acrylic acid is
constituted of 2 reaction tubes in serigs, imersed in independent
conpartments containing baths of heated nolten salts (eutectic m xture of
53% KNO3, 40% NaNO2 and 7% NaNG3). The 2 reaction 25 tubes have a hei ght
of 1 m a dianeter of 25 mmand are filled respectively with a comrerci al
cat al yst fdhe pmessxﬁoddmi angictmespycotic acol acroling 19, thewrivehtigmisallysirateds
based on Oﬁ);ﬂtﬁ"ﬂ bdepum bi smuth, iron and silicon and with a

catal yst f 8 %%n& YR'6f acrolein to acrylic acid which is identical
to that used in exanple |I. The salt bath of the conpartment containing the
first reaction tube is heated at a tenperature 30of 362C, that of the 2nd
reaction sExgmplatl: Mararectpne of erude agadic acithfrom glyeeriobaction tube is fed at
a flowygate of 546 NN/h with a m xture constituted, by volune, of 7% 21
propyl ene, 7% water, 26% nitrogen and 60% air. The reaction gas exiting
the tube Ih The pfulmgﬂatr@ stdpe coasiendn @&ﬁﬁhmgﬁme})anm gl¥baor aagihed froat V@afﬂble
exiting the second reactor is sent to the bottom of. an absor tion coI
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recovered in a receiver. This purification operation is carried out under a pressure of
670 Pa (5 mmHg). 5710 g of a glycerol solution devoid of sodium chloride are obtained.
Moving on to stage (1) of the process, the reaction for the dehydration of the glycerol to
give acrolein and the condensation (17) of a portion of the water are carried out. The
15  dehydration reaction is carried out in the gas phase in a fixed bed reactor in the presence
of a solid catalyst composed of a tungstated zirconia ZrO»/WO3 at a temperature of
320°C at atmospheric pressure. A mixture of glycerol (20% by weight) and water (80%
by weight) is conveyed to an evaporator in the presence of air in an O/glycerol molar
ratio of 0.6/1. The gas medium exiting from the evaporator at 290°C is introduced into
20  the reactor, composed of a tube with a diameter of 30 mm charged with 390 ml of
catalyst and immersed in a salt bath (KNOs;, NaNO; and NaNO, eutectic mixture)
maintained af 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
25  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
temperature of the vapors of 72°C at atmospheric pressure. Under these conditions, the
loss of acrolein at the condensation column botiom is less than 5%.
In the following stage (2), the gas mixture is introduced, after addition of air
30 (Oyfacrolein 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

acrolein to give acrylic acid. This oxidation reactor is composed of a tube with a



0.38% 1. 37% Acetic acid 14.44% 3. 27% Propionic acid 0.81% 0.05% Furfural
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diameter of 30 mm charged with 480 ml of a commercial catglyst for the oxidation of
acrolein to give acrylic acid based on mixed oxides of aluminum, molybdenum, silicon,
vanadium and copper and immersed in a salt bath, identical to that described above,
maintained at a temperature of 345°C. Before introduction over the catalytic bed, the
5 gas mixture is preheated in a tube which is also immersed in the .salt bath.
At the outlet of the oxidation reactor, the gas mixture is introduced at the bottom of an
absorption column, stage (3), operating at atmospheric pressure. This column is filled
with random stainless steel packing of the ProPak type. In the lower part, over 1/3 of its
total height, the column is equipped with a condensation section, at the top of which is
10 recycled a portion of the condensed mixture recovered at the column bottom, after
cooling in an external exchanger. The upper part of the column is cooled by heat
exchange through the wall. The temperature of the vapors at the top of the column is
25°C, that of the aqueous solution of crude acrylic acid obtained at the bottom of the
column is 35°C. The product obtained as bottoms (crude acrylic acid) contains 40% of
15 water and a mixture of acrylic acid (major product) and of impurities, present in the
“impurities/AA” weight ratios indicated in table 3 below. Introduced continuously, into
the recirculation loop at the bottom of the column, is an aqueous solution of

hydroquinone (HQ), at a concentration of 0.1% by weight relative to the acrylic acid.
20 Example 2 (comparative): Manufacture of crude acrylic acid from propylene

The reactor for oxidation of propylene to acrylic acid is constituted of 2 reaction tubes
in series, immersed in independent compartments containing baths of heated molten
salts (eutectic mixture of 53% KNOs, 40% NaNO, and 7% NaNQ;). The 2 reaction
25  tubes have a height of 1 m, a diameter of 25 mm and are filled respectively with a
commercial catalyst for the oxidation of propylene to acrolein, which catalyst is based
on oxides of molybdenum, bismuth, iron and silicon and with a catalyst for the
oxidation of acrolein to acrylic acid which is identical to that used in example 1. The
salt bath of the compartment containing the first reaction tube is heated at a temperature
30 of 362°C, that of the 2nd reaction stage at a temperature of 345°C. The first reaction
tube is fed at a flow rate of 546 Nl/h with a mixture constituted, by volume, of 7%
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0.67% 10 Exanple 3: Purification of the crude AA obtai ned ex-glycerol to
techni cal AA The aqueous solution obtainhed is subjected to a drying stage
(4) via a distillation in order to renove the water in the formof an
azeotropic mxture wth nethyl isobutyl 15 ketone (M BK). The col um,
packed with Freak el enents representing an efficiency of 15 theoreti cal
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Table 3
“Impurities/acry.lic acid” weight Example 1 Example 2
ratios

Formaldehyde 0.38% 1.37%
Acetic acid _ 14.44% 3.27%
Propionic acid 0.81% 0.05%
Furfural 0.01% 0.02%
Protoanemonin 0.02% 0.02%
Benzaldehyde 0.03% 0.03%
Trans-2-butenoic (crotonic) acid 0.04% 0.00%
Maleic acid 0.41% 0.67%

10
Example 3: Purification of the crude AA obtained ex-glycerol to technical AA

The aqueous solution obtained is sﬁbjected to a drying stage (4) via a distillation in
order to remove the water in the form of an azeotropic mixture with methyl isobutyl
15 ketone (MIBK). The column, packed with ProPak elements representing an efficiency
of 15 theoretical plates, is fed at its middle with crude AA and at the top with MIBK, in
an MIBK/water contained in the crude AA weight ratio of 3/1. A solution of stabilizers
in MIBK is injected continuously at the top of the column, containing the stabilizers
hydroquinone, phenothiazine and butyl dibutyldithiocarbamate (respectively: 35 ppm,
20 70 ppm and 35 ppm relative to the acrylic acid contained in the feed stream). The
azeotropic mixture distills at an overhead temperature of 45°C under a pressure of
1.2 x 10* Pa.
The dehydrated acrylic acid recovered at the bottom of the column contains no more

than 0.4% water.



It is sent, stage (5), as feed for a topping colum, which nakes it
possible to renove at the top, the light conpounds, essentially acetic
acid. This colum, packed wi th ProPak i%enents (20 theoretical plates) is
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30 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 stainless steel tube filled with heat-exchange fluid



sweating: the heat-exchange fluid is reheated, so as to bring about the
nmelting of 20 a portion (5% of the layer of crystallized acrylic acid at
the surface of the tube. The nother liqgyors fromthis sweating stage are
coll ected and stored in the same receiveéer as the nother liquors fromthe
precedi ng stage. mel ting: the heat-exchange fluid is rapidly reheated
up to a tenperature of 30C, until the crystallized | ayer has conpletely
mel t ed. Thetipilerief dlecbliwatgri rixsure e aineul stir@Sipl acleskd ¢ircaitdiviaf epemp, thewwbvaar |
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technical acrylic acid obtained fromglycerol on conpletion aof. the
purification st 5@%@"6‘?@1’@5&%‘6&@1@Thlés‘é[gadé]@ﬁﬁa@e@fe Wﬁlﬁgflﬁégﬂe@dnﬁ%ﬁ@%nd 3
conoentrat i on Stepse: IV UG IRUGRYRIANLd AUy elgep 1 static node, made

it possible to obtain acr
o 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

25 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
the 3 purification stages under the same operating conditions. The mother liquors from
the second purification step are subsequently mixed with a fresh charge of the feed
30  stream of technical AA in step 1. This process is thus repeated until the desired grade is

obtained in the molten purified product.



25 acid of "glacial" grade conprising 50 ppm of acetic acid, 410 ppm of
propionic acid, less than 1 ppm of mal eic anhydride, |ess than 80 ppm of

water, less than 1 ppm of 2- butenoic id, less than 1 ppm of furfural,
| ess than 1 ppm of benzal dehyde, |ess than 1 ppm of protoanenoni ne and
| ess than 1 ppm of acrolein. The concentration of acrylic acid in the

residual nother liquors fromthe final 30concentration step is 82% 25
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' nel uding garacsfl%eg;[ io% 0.1 to 0.5°C/min is imposed. When the crystallized volume reaches
approximately 50% of the starting material, the mother liquors are removed, a sweating
20  stage is then carried out and, finally, the melting stage is catried out, as in the upper
crystallization steps in dynamic mode.
Applied to the technical acrylic acid obtained from. glycerol on completion of the
purification stages of example 3, a sequence of 4 purification steps and 3 concentration
steps, including a crystallization step in. static mode, made it possible to obtain acrylic
25  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 acrolein.

The concentration of acrylic acid in the residual mother liquors from the final

30 concentration step is 82%.



crystallization step, nmade it possible to obtain acrylic acid of "glacial"
grade containing 26 1200 ppm of acetic acid, 450 ppm of propionic acid,

| ess than 1 ppm of mal ei ¢ anhydride, |ess than 100 ppm of water, |ess than
1 ppm of 2-butenoic acid, less than 1 ppmof furfural, |ess than 1 ppm of
benzal dehyde, | ess than 1 ppm of protoanenonin and | ess than 1 ppm of
acrolein. 5The concentration of acrylic acid in the residual nother
liquors frpmre e rédovaly gieRcentiiapudficsticepstige 5296.5%hFuchanalré, thecoeeily
yield of AA fromthe stream obtained after the azeotropic dryin stage (4)
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t echni cal y, by distillation Added to the technical grade acrylic acid
resulting Trom exanple 3 are phenothiazine (0.2% and hydrazine hydrate in
a nol ar r aWith af aditlomadcatdentation $the iis dymaphic trhaleal.deh puacativo staps angd 4

benzal dehyde, acrol ein) and | ei c.anhydride present and the streamis 15
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under a presair Bqldrs & 74304108 (Rovékil PuAicaiarhaad desrenat wselefhad @ and
areflux ratio of 0.5/1. Added to the condensed distillate streamis a

sol ution ofolleyirm quirpesitéonmby wdightt Ady: JARIENaler §P %e inaleipanhpdygich $i”o;

relative to the distil.lbed, acrylic,acid). ) Yy : . Qgwhic
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propi oni ¢ @&gbWdin: 3.GeRMugiralrel 8¥c2 dintendic adil: 20:.7% wat er, 75 ppm of 2-

butenoic acid, less than 1 ppmof furfural, less than 1 ppm of
benzal Hehyde, 38 ppm of protoanenonin, and 2 ppm of acrolein. The recovery

ratio of apLihle Pl dlLPuR AUy o Ploef ALY BRI e end of

this |ast at1 on stage ai ning the glacial AA grade, the
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car bon- based startlng material s of natural origin can be detected by,
4 purification steps and 3 concentration steps, including a static

15 A sequence o
crystallization step, made it possible to obtain acrylic acid of “glacial” grade comprising
less than 50 ppm of acetic acid, 500 ppm of propionic acid, less than 1 ppm of maleic
anhydride, less than 100 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 protoanemonin

20  and less than 1 ppm of acrolein. |
The concentration of acrylic acid in the residual mother liquors from the final
concentration step 1s 67%. |
The AA recovery yield in this purification stage is 97%. Furthermore, the overall
recovery yield of AA from the stream obtained after the azeotropic drying stage (4) is

25 94%.
Example 6: Purification of the ex-glycerol dried AA by crystallization

The same treatment series with a static crystallization step are applied to the stream
30  obtained at the bottom of the drying column (stage 4) from example 3.
A sequence of 4 purification steps and 2 concentration steps, including a static

crystallization step, made it possible to obtain acrylic acid of “glacial” grade containing



virtue of the carbon atons participating in the conposition of the final
product. This is 27 because, unlike fossil substances, substances
conposed of renewabl e starting naterialf conprise the radioactive isotope
14C. Al'l carbon sanples drawn fromliving organisms (aninmals or plants)
are in fact a mxture of 3 isotopes: 12C (representing - 98.892%, 13C (-
1.108% and 14C (traces: 1.2 x 10-19. Thetic/ 12C ratio of living ti'ssues

i ﬁ i dentcll cBQOOEpptrm dfhadetiof adithe 4GDEpwf of ipeopadmosiohbrless Thea il ppar icdbhalrisss of
the 14 12
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harvesting lant starting materials up to the nanufacture of the
final prodwmimﬁmhmfhppMMﬂk@Bﬂ@nced acrylic acid obtained by the process of

the invention has ont ent by wei f a )y thel

ratio is gt@%f@PuFﬁﬁﬁ megﬁimﬁg hp&bféég%ﬁgggﬁégtéﬂ&¥§ %ﬁgnﬂrxﬁﬁgﬁz.
The measur giRBkrRionts IQGQMpontent of substances is clearly described in
t he standards ASTM D6866 (in partlcular D6866- 06) agg in the standards
ASTM D7026T1(1¢ ﬂvqglba@wrf%rml}aﬂdﬁz%écfm ez@f@%@%ﬂ?cd 186 @8OUpIC YIS

nanufactur& 4253h§50urced acrylic acid fromglycerol, conprising the
fol |l ow ng ST %

10 Example 7 (comparative): Purification of the ex-glycerol technical AA by distillation

Added to the technical grade acrylic acid resulting from example 3 are phenothiazine
(0.2%) and hydrazine hydrate in a molar ratio of 7/1 relative to the sum of the aldehydes
(furfural, benzaldehyde, acrolein) and maleic anhydride present and the stream is

15 distilled in a column having 17 perforated plates containing downcomers, under a
pressure of 6.7 x 10° Pa, with an overhead temperature of 70°C and a reflux ratio of
0.5/1.

Added to the condensed distillate stream is a solution of hydroquinone methyl ether
(HQME) in glacial AA (200 ppm relative to the distilled acrylic acid).

20  The analyses of the acrylic acid obtained show that the product contains 0.07% acetic
acid, 0.7% propionic acid, 3 ppm of maleic anhbydride, 0.7% water, 75 ppm of 2-
butenoic acid, less than 1 ppm of furfural, less than 1 ppm of benzaldehyde, 38 ppm of
protoanemonin, and 2 ppm of acrolein. The recovery ratio of acrylic acid of this stage is
93%.

25  Furthermore, at the end of this last purification stage for obtaining the glacial AA grade,
the recovery ratio of AA from the stream of the bottom of the azeotropic drying column

from example 3 (stage (4)) is only 86%.

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



5- gas-phase catal ytic dehydration of glycerol to give acrolein, (1)
partial condensation by cooling and extraction of the water present in the
reaction nediumof (1), (1') gas-phase Lat al ytic oxidation of the

acrolein to give acrylic acid, (2) extraction of the acrylic acid
present in the effluent stream from the oxi dation by 10wat er absorption
with cooling, (3) drying of the acrylic acid solution by

di still atilosaige, thitkepfossiemdetantesa sstolaneet carthpased of rameivsblelstating mategatser ,

(4) distillation of the solutiong ai ned ord
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weight of "*C such that the MC/2C ratio is greater than 0.8 x 102 and preferably greater
than I 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).



29 5. The process as clainmed in either of clainms 1 and 2, characterized in
that the light fraction from(6) is subjected to the final stage of
extraction of acrylic acid by fractional_crystallization. 5 6. The process
as claimed in any one of the preceding Clains, characterized in that the
fractional crystallization stage is carried out according to the falling
filmfractional crystallization technique. 7. The process as clained in
claim®6, characterized in that the fr@cAIMSal 10crystallization stage
conprises between 1 and 4 purification steps and between 1 and 4 steps for
t he concentration of the inpurities. 8. The process as clained in

either of ¢lainmg 6,RRG for ARANAGLGBLAELYS I HotelAhcddhBer iOCIP M glycerol,
crystallization stage is supplenmented by a step of concentration %y static

15cryst al | toapiismg the following stages:
5 - gas-phase catalytic dehydration of glycerol to give acrolein, (1)
- partial condensation by cooling and extraction of the water present in the reaction
medium of (1), (19
- gas-phase catalytic oxidation of the acrolein to give acrylic acid, (2)
- extraction of the acrylic acid present in the effluent stream from the oxidation by
10 water absorption with cooling, (3)
- drying of the acrylic acid solution by distillation in the presence of a solvent that is
immiscible with water, (4)
- distillation of the solution thus obtained in order to remove the light compounds, (5)
- distillation of the heavy fraction resulting from the preceding stage (5) in order to
15 remove the heavy compounds, (6)
combined with a final stage of extraction of the acrylic acid by fractional crystallization
applied to one of the following effluent streams: the heavy fraction from (4), the heavy
fraction from (5) or the light fraction from (6).

20 2. The process as claimed in claim 1, characterized in that the liquid fraction
resulting from (3) is subjected to a separation (3°) from the residual acrolein by

distillation or stripping with a gas.

3. The process as claimed in either of claims 1 and 2, characterized in that the
25 heavy fraction from (4) is subjected to the final stage of extraction of acrylic acid by

fractional crystallization.

4. The process as claimed in either of claims 1 and 2, characterized in that the
heavy fraction from (5) is subjected to the final stage of extraction of acrylic acid by

30  fractional crystallization.
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5. The process as claimed in either of claims 1 and 2, characterized in that the light
fraction from (6) is subjected to the final stage of extraction of acrylic acid by fractional

crystallization.

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 between 1 and 4 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.



