WO 2010/010298PCT/FR2009/051470 - 1 - METHOD FOR PRODUCING BIORESOURCED
PROPIONIC ACID FROM GLYCEROL The present invention is targeted at a process for the 5
manufacture of bioresourced propionic acid from glycerol as starting material, the term "bioresourced

acid" indicatinggpabtheprapepissacid is essentially obtained from a ggrboRe3iee O fengyvable
origin. 10 Propionic acid is a material which can be used as solvent, as food preservative or in the

herbicide manufacture; propionic acid also participatés+n the preparation of vinyl propionate, which is
used as monomer in (co)polymers with, for example, ethylene, 15 vinyl chloride or (meth)acrylic
esters. Processe¥¥3r RE syrthesiCofroptoric a&id-eknowntinthe prior aft-Ebr éxatiple, patent
application DE 102 25 339 Aldescribesaprocessforthie 201 preparation of propionic acid by catalytic
hydrogenation of acrylic acid in the presence of molecular oxygen and of a catalyst of an element from
groups 8 to 11. Conventionally, acrylic acid is pbtained by catalytic gas-phase oxidation of propane, 25

propylene and/or&crBiesit Bite of the Brobiems os2E%5ythe processEs frIRE syrthedi8 of propionic

acid of thefpriormant isf that they are>€arridaioutsstartingsfrom norvenewable 3@ statting fraterials of
fossil (oil) origin, i patticulag propane Of ROPYENe yROINt0f fact Jesourees,ekihese stafting
materials are I|m|teg,and tge ex;tractlorgﬁ%faocll requires dnl,lmg at |ncre%5|g%ly deegndceftqsl?nd under

. AC L rpCcartin 5 roplonic acl e85 a
technical condiftons which4re g prop

obtained from a carbon source of renewable origin.

10 Propionic acid 1s a material which can be used as
solvent, as food preservative or in the herbicide
manufacture; propionic acid also participates in the
preparation of wvinyl ©preopionate, which 1s used as
monomer in  (co)polymers with, for example, ethyvlene,

15 vinyl chloride or (methj)acrylic esters.

Processes for the synthesis of proplonic acid are known
in the rior art. For example, patent application
DE 102 25 3392 Al describes a process for the
20 preparation of proplonic acid by catalytic
hydrogenation of acrylic acid in the presence of
molecular oxygen and of a catalyst of an element from
groups 8 to 11. Conventionally, acrylic acid 1is
obtained by catalytic gas-phase oxidation of propane,

25 propylene and/or acrolein.

One of the problems poesed by the processes for the
synthesis of propionic acid of the pricr art is that
they are carried out starting from nonrenewable
30 starting materials of fossil {oil) origin, in
particular propane or propylene. In point of fact,
rescurces of these starting materials are limited and
the extraction of ¢il reguires drilling at increasingly
deep depths and under technical conditions which are
35  always mnore difficult, requiring sophisticated
equipment and the use of processes which are always

more expensive 1n energy. These constraints have a



35 always more difficult, requiring sophisticated equipment and the use of processes which are always
more expensive in energy. These constraints have a - 2 - direct consequence with regard to the cost
of manufacturing propionic acid. Furthermore, manufacturers for some years have directed 5 their
research and development studies at "bioresourcemd"zorgcesses of synthesis using renewable natural
starting materials. For example, for the manufacture of acrylic acid 10 resulting from renewable

resources, alterpative processes-nave,recently;hgen devgloped staging from nonfassil plant starting
materials. In particul%r rocesses startin%from lycerol (also known as glycerin), resulting from the

methanolysis ofnf:"alftls} étdb%jt&?céos]f%%%l 'heen %/gl'oped. This glycerol is available in large amounts
and can be stored and transported without difficulty. The methanolysis of vegetable oils or animal fats

can 20 be carrigg ot aceQiding ta Maniods welknownprogessesy kuparticdlae by usingHfemogeneous
catalysis, %uch as sogium hydgoexéq:% or sodig&n dmethng(EiE(%iﬂee hnos%!g%%n in me,tcl*l]l%%sor by ggng
heterogeneous ca?ajﬂysis. Reference may be made, on this sﬁuect, to 25 the paper by D. Ballerini et al.
in I'Actualite ChirRigReSSTNGEDEC. POOESAS feyyards theYEgivetsion oFgiycerdt byatiéeh@mical route,
mention may be madexof the synthesisnaftacrylic 30 acid in two stages, namely the production of

acrolein by dehydration of glycerol, which is described in particular in patent US 5 387 720, followed by
a "conventional” oxidation of the acrolein to produce acrylic acid. 35 The first stage in the manufacture

of acrylic acid ffoth glye&rdiresults intRe sarm@ intimedfte compotifd ad TR tohverttional
manufactlfing preeess sterting fronmpropyleneynamely acrelein; aceerding lthereactiors

processes have recently been developed starting from
nonfossil plant starting materials. In particular,
processes starting from glycerol (also known as
glycerin}, resulting from the methanolysis of fatty
15 substances, have been developed. This glycerol 1is
available 1in large amounts and can be stored and

transported without difficulty.

The methanolysis of vegetable oils or animal fats can
20 be carried out according to varicus well @ known
processes, in particular by using homogeneous
catalysis, such as sodium hydroxide or sodium methoxide
in solution in methanol, o©or by using heterogenecus
catalysis. Reference may be made, on this sublect, to
25 the paper by D. Ballerini et al. in 1'Actualite

Chimigue of Nov.-Dec. 2002.

As regards the conversion of glycercol by the chemical
route, mention may be made of the synthesis of acrylic
30 acid in twe stages, namely the production of acrolein
by dehydration of glycercl, which 1is described in
particular in patent Us b 387 720, followed by a
"conventiocnal" oxidation of the acrolein to produce
acrylic acid.
35
The first stage in the manufacture of acrylic acid from
glvcerol results in the same intermediate compound as
the conventional manufacturing process starting from

propylene, namely acrolein, according to the reaction:



- 3- CH20OH-CHOH-CH20H 4 CH2=CH-CHO + 2H20 which is followed by the second oxidation stage
according to the reaction OH2=CH-CHO + 02 4 OH2=CH-000H 5 Patent applications EP 1 710 227,
W02006/136336 and W02006/092272 describe such processes for the synthesis of acrylic acid from
glycerol comprising the stage of gas-phase dehydration in the presence of catalysts 10 consisting of
inorganic oxides (mixed or unmixed) based on aluminum, titanium, zirconium, vanadium, and the like,

and the stage of gassphage;oxidation g the acraleinthus synthesized in the presence of catalysts
based on oxides of iron, molyb enum, élgpp%é]anda@g 15 Iieke Igldc?ne orin cgmbinatio in the form of

mixed oxides. I%Wé:\yler, drie of the porg ems posed by th(5-,55ecrg)rocess.oexsj‘lCsi hat the a%ry‘ﬁg%cid is not

the only product foraiedi2@ ahed thatby-produtesiare formed in large amounts, such as propionic acid

and impurities, such@s-water +aceylic a€id dimers; acetigiacid, acrolein, benzaldehyde, furfurals or
hydroquin%ne. It is thus generally necessary to purify the acrylic acid by 25 conventional techniques in
order to obtain a more concentrated acrylic acid solution. As the quality of the acrylic acid, that is to

say its content BEV&Hdus ifpRikiiEs PIays a 1dt§e Told'ifl 3trthe sublSeqEnt poRimérizatidh processes,
manufacturers wahufactardig this derylic Aokl haverbeended 4@ eing into ptay & whiole: seéries of

purification stages in opder;tg obtajp; a %%t@ﬁdag%" acrylie acidwhich.is pormally Lefegred fe as glacial
acrylic acid (gAA). 35 This gAA does not meef officiall recolgnlzed specifications hagln a universal
nature but meafis Zfop it& HantaEiTeE the fevel8f purit§ to Eea%ﬁ'égfed iR ‘ord&f{o e Gblé to
successfllfy carryrout its subseduentconuersionsz Byavay(ofiesainple, fonapxed) based
on  aluminum, tTitanium, =zirconium, vanadium, and the
like, and the stage of gas-phase oxidation of the
acrolein thus synthesized in the presence of catalysts
based on oxides of iron, molybdenum, copper, and the
15 like, alone or in combination in the form of mixed

oxides.

However, one of the problems posed by these processes
is that the acrylic acid is not the conly product formed
20 and that by-products are formed in large amounts, such
as propionic acid and impurities, such as water,
acrviic acid dimers, acetic acid, acrolein,
benzaldehyde, furfurals or hydroguinone. It 1s thus
generally necessary to purify the acrylic acid by
2% gonventional technigues 1in order to obtain a more

concentrated acrylic acid sclution.

As the guality of the acrylic acid, that is to say 1ts
content of various impurities, plays a large rcle in
30 the subsequent peclymerization processes, manufacturers
manufacturing this acrylic acid have been led to bring
into play a whole series of purification stages in
crder to obtain a "standard” acrylic acid, which 1is
normally referred to as glacial acrylic acid (gAA).
35  This ghAA does not meet officially recognized
specifications having a universal nature but means, for
its manufacturer, the level of purity to be achieved in
order to bhe abkle to successfully carry oub 1its

subsequent conversions. By way of example, for an



acrylic acid resulting from propylene, the reactor outlet stream is subjected to a combination of stages
which can differ in their sequence depending on the process: removal of the noncondensable products
and of 5 the bulk of the very light compounds, in particular the intermediate acrolein in the synthesis of
the acrylic acid (crude AA), dehydration removing the water and the formaldehyde (dehydrated AA),
removal of the light products (in particular the acetic acid), the removal 10 of the heavy products,

optionally remoyal-oficestain residualdmpurities by chemicy] trgafment This peocess s highly

analogous to the_%rfc%ss for synthesis from,pro%lgnetin so far a%the iptermedilate (%5 Lgiroduct, the
. UL le STre 18. supbjec O combl 10N Ol .sradges
acrolein, resulting fron the firs gfage is e sarme and as the secondnsatage is carried out under the

same operatingédriditiofs "HoweVes thel firstistage rea6tbiesithe provess i the Miverttioh,
dehydration reagtiopeisdifferentfiram the propylener2t-oxidatiomneaction of:thesnarmal process. The
dehydration reaction, caryied out in the Rh, is_carried oyt using sglid catalysts. different from
those used for t%egoxkl) gt%ng(ﬁ p%%){]pe)yler%?ﬁhe]i er%leclr?-rﬁ):% stream resuﬁgt)fyhg f?om the first dehydration
stage, 25 intendéd T3 Teedithe Sedoridstade of Bxidaton HYiHe &G oRint ghetachiitadd comprises
a greater amouant ofwaterane inAadditidarexhikitsisubstantial-differenceswastregardstby:products

resulting from the reaction maehanismsjnvalved being given material 30.formed.by the gifferent

selectivities in each of the two routes. Irj order to illustrate these differences, the data relaililng to the

presence of vaFGiS BEHS in'the che 35 BeRlic 4818, NS 16 s&Fihthe 1iqdid pha& &Riting from the
reactor of.the sefontirstagessccordimgouthe stateofitherart, ave coifatetih table Thelowin- 5 - Table 1

Impurity/AA (crude agrylic acid) ratie by weightex-propylene-process+ .

This process 1is highly analogous to the process for
synthesis from propylene in so far as the intermediate
15 product, the acrolein, resulting from the first stage
is the same and as the second stage 1s carried out
under the same operating conditions. However, the
first-stage reaction of the process of the invention,
dehydration reaction, is different from the propylene
20 oxidation reaction of the normal process. The
dehydration reaction, carried ocut in the gas phase, 1is
carried out using solid catalysts different from those
used for the oxidaticon of propylene. The aerolein-rich
stream resulting from the first dehydration stage,
25 intended to feed the second stage of oxidation in the
acrolein to glve acrylic acid, comprises a greater
amount of water and in addition exhibits substantial
differences as regards by-products resulting from the
reaction mechanisms involved Dbeing given material
30 formed by the different selectivities in each of the

two routes.

In order to illustrate these differences, the data
relating to the presence of various acids in the crude
35 acrylic acid, that is to say in the liquid phase
exiting from the reactor of the second stage according

to the state of the art, are collated in table 1 below.



Ex-glycerol process Acetic acid/AA < 5% >10% Propionic acid/AA <0.1% >0.5% Some of the main
differences, in terms of constituents 5 of the liquid 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, a whole series of oxygen-comprising compounds, alcohols, 10 aldehydes,
ketones and other acids, the necessary separation of which is known to a person skilled in the art, is
also found in the crude acrylic acid, whether it origipatesifrom the ex-propylene process or from the
ex-glycerol process. 15 The acetic acid and the proplonlc acid cause difficulties for the acrylic acid, in

particular bec
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of “the ligui 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 tabkle, a whole
series of oxygen—conprising compounds, alcohols,
aldehydes, ketones and other acids, the necessary
separation of which is known to a person skilled in the
art, 1is also found in the crude acrylic acid, whether
it originates from the ex-propylene process or from the

ex-glycerol process.

The acetic acid and  the propionic acid cause
difficulties for the acrylic acid, in particular
because they are not converted during the
polymerization process; they are saturated and thus
cannot be polymerized. Depending on 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 be reencountered
in the liguid or gaseous discharges generated by the
polymerization process and cause organic pollution,
which 1is also undesirable. They therefore have to be

removed.

The acetic acid can be removed by distillation in a
light fraction, an operation generally denoted topping.
However, the reduction in the concentration of acetic
acid in the context of the ex-~glvcercl process results

in a conseguent loss of acrylic acid in the light

Qé&ﬁst'c »acid i the coniext of the. ex-glycerg) pracgess resuits in,a congedyent loss of



- 6 - fraction, as a result, on the one hand, of the large difference existing between its initial content in
the crude acrylic acid and its targeted content in the technical acrylic acid and, on the other hand, of
the 5 existence of hydrogen bonds existing between the carboxyl groups of the two molecules. This
disadvantage is important economically as the production of a glacial acrylic acid with an acetic acid
content of less than 0.1% by weight can only be carried out at the 10 expense of the degree of

recovery of the acgylic:agid exitingfrop the exidation feactor,As F?eG?iEdS the proRionig agid, the
extremely smaII dl%(rgrence in volatili emsﬂgg between h|s |mrp }5 to bg removed %[ d the acrylic
acid to be purlfle%i fthe order 6 T pr%vents any pur catlon e acry i Beid by distiliation under
economically agéeptablerconiditichs. 320 Fhefg exists; Gn théb‘ﬁ@fiaﬁ, neProedss which Aidkes possible

the manufacture@&Eemgitigaewﬁi@iea&y@ongam;rated i pEOPIOIHG acid £f Fenewmblererigin to allow
them to be useg in ghte %onventé%nal SE; I|c ns o}gg;ed@roplgmc c]fgl Igbta,bneegl érﬁ fosgl étartlng 25

materials. i\dvanta eou y and surpri neg t e Company applying for'the present patent application
has employed & ¥ fordtheRdustrial rhandraeture %feﬁl’bgﬁ)%c 3646d FroP? gRReBrot9Fhe process
according to the inventipn makes it passible tadlispenseat leastin partdithistarting miaterals of fossil

origin and to reglage them with 35 reneyvable slaging MAtesials: s« acic content of
less than 0.1% by weight can only be carried out at the
10 expense of the degree of recovery of the acrylic acid

exiting from the oxidation reactor.

As regards the propilonic acid, the extremely small
difference in volatility existing between this impurity
15 to be removed and the acrylic acid to be purified (of
the order of 1°C) prevents any purification of the
acrvlic acid by distillaticn under economically

acceptable conditions.

20 There exists, in the prior art, no process which makes
possible the manufacture of compoesitions sufficiently
concentrated in propionic acid of renewable origin to
allow them to be used in the conventional applications
of the propionic acid obtained with fossil starting

25 materials.

Advantagecusly and surprisingly, the Company applying
for the present patent application has employed a
process for the industrial manufacture of propilonic

30 acid from glycerol.

The process according to the invention makes it
possible to dispense at least in part with starting
materials cof fossil origin and to replace them with

35 renewable starting materials.

The propionic acid obtained according to the process
according to the invention has a gquality such that it

can be used in all applications in which it is known to



The propionic acid obtained according to the process according to the invention has a quality such that
it can be used in all applications in which it is known to - 7 - use propionic acid, including in
applications with the highest standards. A subject matter of the invention is a process for the 5
manufacture of bioresourced propionic acid from glycerol comprising the following stages: gas-phase
catalytic dehydration of the glycerol to give acrolein, (I) partial condensation by cooling and extraction

of a 10portion of the walgs present in.the reaction.medium fromy (1), {13 -9as:phase. eatalytic oxidation
of the acrolein r}? .%i%e a{gryli% aci%, éZT) extraction of the acrylic acid present in the stream 15from
the oxidation by a s‘oerB iof With“5'§61vent, (3) drying the acrylic acid solution by distillation in the
presence of a water-immiscible solvent, (4) distillation of the solution thus obtained in order to remove

the light compounds:(i9pping).{2) 20 - distitation of ae heavy fractiongesuiting fremthereceding

oIS e heb el (o), O sonbine wip agaseglracten o

glycerol comprising the following stages:

- gas~phase catalytic dehydration of the glycerol to
glve acrolein, (I)
- partial condensation by cooling and extraction of a

10 portion of the water present in the reaction medium
from (1), (1")

- gas-phase catalytic oxidation of the acrolein to give
acrylic acid, (2}
- extraction of the acryvlic acid present in the stream

15 from the oxidation by absorption with a sclvent, (3)

- drying the acrylic acid solution by distillation in
the presence of a water-immiscible solvent, {(4)

- distillation of the solution thus obtained in order
to remove the light compounds (topping), (5)

20 - distillation of the heavy fraction resulting from the
preceding stage (5) in order to remove the heavy
compounds (talling), (6)

combined with a stage of extraction of the acrvlic acid
by fractional c¢rystallization applied to one of the

25 following streams: the heavy fraction from (4), heavy

fraction from (5) or light fraction from (6), in order
to disclate crystals of purified acrylic acid and a
solution of mother liguors depleted in acrylic acid

- catalytic hydrogenaticn of the mother liguors

30 isolated in the fractional crystallization stage in
the presence of molecular hydrogen in order to form a
propicnic acid solution

- separation of the propionic acid, for example by
distillation.

35

The ©process according to the invention makes it
possible to obtain a Dbioresourced propionic acid

cbtained from renewable resources.



25 following streams: the heavy fraction from (4), heavy fraction from (5) or light fraction from (6), in
order to isolate crystals of purified acrylic acid and a solution of mother liquors depleted in acrylic acid
catalytic hydrogenation of the mother liquors 30isolated in the fractional crystallization stage in the -
presence of molecular hydrogen in order to form a propionic acid solution separation of the propionic
acid, for example by distillation. 35 The process according to the invention makes it possible to obtain

a bioresourced propionic; asid-obtained from repewahlgresources. 18 ufdenewanl starting material
is a natural resource, S:[tgg §]t<occlg gf V%Eifhgan QE r%ceonstggté?gs%v.eg L{;gc_'térélgrt vaerilpd on é@l% Q%man scale.
In particular, it i$ necéssary for the's 9ck 'to Be able to be renewed as qwcl?ly as it is consumed. For
example, plant Bfdtéfials exhibitthe advaigge of beirfy abléto beakiltivated Withodt'theif €onsumption

resulting in an apparestredudtion i naturat resources. O Uilike theomateriats: resudiing drom fossil
materials, genewable, starting materials comprise ,NCe Al tlgg(ggé@pges ‘gh%?z'itao?ng'&%"!’lgi’g‘ living
organisms (animals or plants) are in fact a mixture of 3 isotopes: 120 (fepresenting approximately

98.892%), 12CHEPPFroXiMAtER 15810856 %Hhd NC hates: 122°x20-49%) eThert -+ vated
m/mO ratio of livihgtisstes isudéenticalda thatrof the atmespherénin therenvinonmgniza NE€nexists in two

predominant forms;,in:the form of carbon-dioxide gas(002) and in the organic form, that is to say in the
20 form of carbon incorporated in organic molecules. -fm In a living organism, the 140/120 ratio is kept

constant
10 Unlike the materials resulting from fossil materials,

renewable starting materials comprise *C. All the
samples of carbon drawn from living organisms (animals
or plants) are in fact a mixture of 3 isotopes: *°C
(representing approximately 98.892%), °C (approximately
15 1.108%) and ¢ (traces: 1.2 x 107%). The “*¢/™C ratio
of living tissues 1is identical to that of the
atmosphere. In the envircnment, C exists in two
predominant forms: in the form o¢f carbon dicxide gas
{COz} and in the organic form, that is tec say in the

20 form of carbon incorporated in organic molecules.

In a living crganism, the Mo/ ratio is kept constant
metabolically as the carbon 1s continually exchanged
with the external environment. As the proportion of *C
25 is constant in the atmosphere, it is the same in the
organism, as long as it 1is living, since it absorbs
this *C in the same way as the surrounding '°C. The mean

Ho/Ye ratio is egual to 1.2 x 1077,

30 **C is stable, that is to say that the number of C
atoms in a given sample is constant over time. *'C is
radicactive and the number of 'C atoms in a sample
decreases over time (t), its half-life being egqual to

5730 years.

The *C content is substantially constant from the
extraction of the renewable starting materials up to
the manufacture of the bicresourced propionic acid and

even up to the end of the use cof the object comprising



metabolically as the carbon is continually exchanged with the external environment. As the proportion
of NC 25 is constant in the atmosphere, it is the same in the organism, as long as it is living, since it
absorbs this NC in the same way as the surrounding 120. The mean NC/ 30 120 is stable, that is to
say that the number of 120 atoms in a given sample is constant over time. NC is radioactive and the
number of NC atoms in a sample decreases over time (t), its half-life being equal to 5730 years. 35
The NC conten is;substantially censtant from the extraction of the renewable starting materials up to
the manufacture of the bioresourced propionic acid and even up to the end of the use of the object
comprising - 9 - propionic acid. Consequently, the presence of 1-4C in a material, this being the case
whatever the aROURE BHETESEL Gived B SIFEEATEIEWItT regard f6thé ofigif of e moleifes
constituting it, naymely thaiéheymlginat@ﬁt@merenaw@@mmng materials gnd qot&remdassil

materials. 10 The amaunt of 146 Jn a maseig cag be deterpynad by one. ofhe, melhads.described in
the standard ASTM D6866-06 (Standard Test Methods for Determining the Biobased Content of

Natural Range Mat&fials Wdifg Radiocarbdfidhtlisotbpd Ratib Mdss Spedrdiidtry An&lgSis). 15 This
standard comprises: threé enetlrads-fof myeasuring otgaric canbon resultingfram redewablé starting
materials, known, as piobased carbon. The proportions shown for the propionic acid of the invention
are 20 preferably measured according to the mass spectrometry method or the liquid scintillation
spectrometry method described in thls standard and very preferably by mass spectrometry. 25 These
measureffent fMbthodsevaluaté theTratio of theat4C 12T setoges iddie savipilakd compare it with a

of the methods described in the standard ASTM D6866-06
(Standard Test Methods for Determining the BRiobased
Content of Natural Range Materials Using Radiocarbon
and Isotope Ratic Mass Spectrometry Analysis).
15
This standard comprises three methods for measuring
organic carbon resulting from rensewable starting
materials, known as biobased carbon. The proportions
shown for the propionic acid of the invention are
20 preferably measured according to the mass spectrometry
method or the liquid scintillation spectrometry method
described in this standard and very preferably by mass

spectrometry.

25 These measurement methods evaluate the ratioc of the
“c/*C isotopes in the sample and compare it with a
ratio of the ™C/YC isctopes in a material of biological
origin giving the 100% standard, Iin order to measure
the percentage of organic carbon in the sample.

30
Preferably, the propilonic acid according te  the
invention comprises an amount of carbon resulting from
renewable starting materiels of greater than 2Z0% by
weight, preferably g¢reater than 40% by weight, with

35 respect to the total weight of carbon of the propionic

acid.

In other words, the propionic acid can comprise at
least 0.25 x 107 by weight of '"C and preferably at



ratio of the 19- /12 92/ -C isotopes in a material of biological origin giving the 100% standard, in order
to measure the percentage of organic carbon in the sample. 30 Preferably, the propionic acid
according to the invention comprises an amount of carbon resulting from renewable starting materials
of greater than 20% by weight, preferably greatermtg?g 40% by weight, with 35 respect to the total
weight of carbon of the propionic acid. - 10 - least 0.5 x 10-1% by weight of 14C. Advantageously, the

amount of carbea fesulting from; reneyvable gtarting mageriads is greater than 75% by 5 weight,
preferably equal to 100% by weight, with respect to the total weight of carbon of the propionic acid.

According to the process of the invention, the acrylic 10 acid is purified by fractional crystallization.
During this purifi€atioh; 3#6 streaihs afe6btadfiet E-first Stre@nt onceritrdted #i-aeryli€z@id, which can
be recovered in-value gisiacrykic acidi and aseeand:steeams(methes figuors)rHaeorer gxacpylic acid. This

second 15.stregm.cannot be recovered ép \% Iég as acrylic %%%,A\cg)%/din%&%etprocgisﬁgf the
! | : : y

invention, this second stream is hydrogenated to form bioresourced propionic’acid. The manufacturing
process accordiiFirthe ifventioh niakedlit pessible teébtam & plrifidd 20" &crfCRdia" I to recover
in value the seeondistream and thus delimit the losses of product during the process. For the
implementation of the process, use is generally
According to the process of the invention, the acrylic
10  acid is purified by Ifractional crystallization. During
this purification, two siresams are obtained: a first
stream concentrated in acrylic acid, which c¢an be
recovered in value as acrylic acid, and a second stream
(mother liquors) poorer in acrylic acid. This second
15 stream cannot be recovered in wvalue as acrylic acid.
Bocording to the process of the invention, this second
stream is hydrogeﬁated to form bioresourced propiocnic
acid. The manufacturing process according to the
invention makes 1t 9possible to obtain a purified
20 acrylic acid and to recover in value the second stream
and thus delimit the losses of product during the

process.

For the implementation of the process, use 1s generally

25 made of a stream feeding the reactor of the stage {1)
comprising the glycercl and water, with a
water/glycerol ratio by weight which can wvary within
wide limits, for example between 0.04/1 and 9/1 and
preferably between 0.7/1 and 3/1. The dehydration

30 reaction, stage (1}, which is an equilibrium reaction
but one favored by a high temperaturse level, 1is
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 of between 250°C and

35 350°C, and an absolute pressure of between 1 and 5 bar
(1000 and 5000 %xPa). It can also be carried out in the
presence of oxygen or of a gas comprising oxygen, as
described in applications WO 06/087083 and
WO 06/114506.



25 made of a stream feeding the reactor of the stage (1) comprising the glycerol and water, with a
water/glycerol ratio by weight which can vary within wide limits, for example between 0.04/1 and 9/1
and preferably between 0.7/1 and 3/1. The dehydration 30 reaction, stage (1), which is an equilibrium
reaction but one favored by a high temperature Ie_vei,lis generally carried out in the gas phase in the
reactor in the presence of a catalyst at a temperaturé ranging from 150C to 500C, preferably of
between 250C and 35 350C, and an absolute pressure of between 1 and 5 bar (1000 and 5000 kPa).

It can also be cagyried out in the presence of oxygen or of a gas comprisin en, as described in
applications Wg{b%/@g]%% réjnﬁi\%%%é/&‘l‘i%gg Thé %Fyl(:C(gPol deh rgﬁ%?e? ti(_():r"iI Fsré‘égr?erally
carried out ovePs6lidoatsd catalysts. Thecatahists Which aréhsuitablecdrshateralstsed i a gaseous

or liquid 5 reaction masiwm, in-a hetarogengoys phase, which have=a Hamynet-acidity; denoted Ho, of
jess than +2 Aslndicated i pateqh VS » 387,720, whichiefers tpihe paper ik Tanabeet al in
“Studies in Surface Science an Catalysis", Vol. 51, 1989, chap.1 and 2, 10 the Hammett acidity is
determined by iR fitraticirdsihg indicARrS 6FBy alsorption of e Base e gas?phade® These
catalysts can berchbsen fromimaturaktensynthetic 158silicets substancessdieacidic zeatites; inorganic

supports, such.as oxjdes, covered with.mano-, di-, frior palyacidigiparganic acidszoxides or mixed
oxides or heteropol¥acids or heterq{)olyaciq salts, 20 The ecat?gesgtscan enerallyconsistofa
heteropolyacid $aft i WhichtHe pfoténe 8t Said h}-ﬁ:éi‘opo°i§a(cid1 & exchanged wittAfleast one cation

chosen frotn eléments detorgingao Groups lite XV bethelPedodicy TableR sitheEleragntsithese 25

heteropolyacid galts, gomprising @t least one glexaent:chosen from thergraup gensistingpf W, Mo and
V. Mention m%yggarticularly be made, among mixed oxides, of those based on iron and on
0

phosphorus an thiose 30 based on cesium, phosphorus and tungsten. The catalysts are chosen in
particular from zeolites, NafionO composites (based on sulfonic acid of fluoropolymers), chlorinated
aluminas, phosphetmgstic al ysts can be chosen from natural or synthetic

15 siliceous substances or acidic zeclites; inorganic
supports, such as oxides, covered with mono-, di-, tri-
or polyacidic iInorganic acids; oxides or mixed oxides

or heteropolivacids or hetercpolyacid salts.

20 These catalysts carn generally consist of a
hetercopolyacid salt in which the protons of said
hetercpolyacid are exchanged with at least one cation
chosen from elements belonging To Groups T to XVI of
the Periodic Tablie of the Elements, these

25 heteropolvacid salts comprising at least one element

chosen from the group censisting of W, Mo and V.

Mention may particularly be made, among mixed oxides,
of those based on iron and on phospheorus and of those

30  Dbased on cesium, phosphorus and tungsten.

The catalysts are chosen in particular from zeolites,
Nafion® composites {(based on sulfonic acid of
fluoropolymers), chleorinated aluminas, phosphotungstic
35  and/or silicotungstic acids and acld salts, and varicus
soplids of the type comprising metal oxides, such as
tantalum oxide Ta,0;, niobium oxide Nb:Os, alumina Al.Cs,
titanium oxide Ti0,, =zirconia Zr0,, tin oxide Sn0,,

silica Si0; or siliceoaluminate S10;/A1:0:, impregnated



35 and/or silicotungstic acids and acid salts, and various solids of the type comprising metal oxides,
such as tantalum oxide Ta205, niobium oxide Nb205, alumina Al203, titanium oxide Ti02, zirconia
5r02, tin oxide Sn02, silica Si02 or silicoaluminate Si02/Al203, impregnated - 12 - with acid functional
groups, such as borate 303, sulfate SO4, tungstate WOS_, phosphate PO4, silicate Si02 or molybdate
Mo03 functional groups, or a mixture of these compounds. 5 The preceding catalysts can additionally
comprise_lclal pFOWLD%@#h%@L@?&ﬁ%ﬁQ:»%& Pg}rBﬂﬁBg, Bﬁc(jﬁ%@%cyﬂa@@, |B@)3ngMgf E_@eCC_)l,_ Ni or
montmorillonite referred catalysts ar osphate conias, fungstated_zirconias, silica
zirconias, titaniﬁréf‘br ti%l%&%se%ai%epreggéted %/%itﬁstﬁ?ﬁ%%gte ogrg f)hosﬁﬁétﬁ%%gt%te,Szlhoc?spr?aﬁed aluminas
or silicas, heterdpélyacisorhetardpbhdci@Baks, WoRHosphates afid FonrEs phosphagss comprising
a promoter. The ¢eactigndgsedium exiting from the dehydration reactor has a high water content due to
the glycer%I charge (agueous solution) and to the reaction itself. 20 An additional stage (1') of partial
_condensation of the water, such as, for example, that described in the patent application WO

08/087315 on Belalf 8ftRESPplieant Ebiipatys wilf Afake*E PosdiBAto rém&E xR pbitfon thereof, so
as to bring thisgasitoas25 compasition substaidiallyCidentica) tokthat dfihe Bx-prajpyleng=process, in

order to feed the.second stage of oxidation-gf theacrglein,to give agrylic,acid. The term “substantially
identical composition” is understood to mean in particular similar concentrations 30 of acrolein, water
and oxygen. This condensation stage (1') can be carried out with cooling to a temperature which

makes it possibléto otntaint aftee removat of thetcondensed piiase; aajascstreahr compeising water and

acrolein in a watgf{gerolein nalarntatie of 4.5/4 10 8547/%.: This partial cendensationof the water makes
it possible to prevedate damage fo the catalyst.of the 2nd stage of oxidation of tPe acrolein to give acrylic
n

acid and to avocl}c}i(,1 uring T su géaquent stages,%ﬁél femoval o?ﬁarg?e amoun sdgfgv\slé‘t%r, Which is

expensive and #Highhaizeckisia biigig ab6ut lossesictatrylic BRid 1R ddiRA ft Inakes it possible
to remove a portioneetthe I'heavy! impikities formed-during the-dehydration. S1he oxidation reaction,

stage (2); Is caf)r}ilecgg YL.ip the BB%.?P%B{ olegylar.axygen or of a mixture comprising molecular
oxygen at a temperature ranging from 200C to 350C, preferably from 250C to 320C, and under a

pressure ranging from 1 to 5 bar in the
The reaction medium exiting from the dehvydration

reactor has a high water content due to the glycerol
charge ({agqueous solution) and to the reaction itself.
20  An additicnal stage (1') of partial condensation of the
water, such as, for example, that described in the
patent application WO 08/087315 on behalf of the
Applicant Company, will make 1t possible fto remcve a
porticn thereof, s0 as tTo Dbring this gas to a
25  compesiticn 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 "substantially identical composition"” is
understood fo mean in particular similar concentrations
3¢  of acrolein, water and oxygen. This condensation stage
(1') can 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
acrolein in a water/acrolein molar ratio of 1.5/1 to
35 7/1. This partial condensation of the water makes it
pessible to prevent damage to the catalyst of the 2nd
stage of oxidation ¢f the acrolein to give acrylic acid
and to avoid, during the subsequent stages, the removal

of large amounts of water, which 1s expensive and which



10 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 15 comprising at
least one element chosen from the list Mo, V, W, Re, Cr, Mn, Fe, Co, Ni, Cu, Zn, Sn, Te, Sb, Bi, Pt,
Pd, Ru and Rh, present in the metallic form or in 'gmhe%/%xic_je, sulfate or phosphate form. Use is made in
particular of the formulations comprising Mo and/or V20 and/or W and/or Cu and/or Sb and/or Fe as

main constituents.skhe gas-mixureyresyltingfrom staged2) is composed . aparkirem the agrylic acid:
25 - of light compo lncdsovghich are nq{né:ond%nsable urgj@er thte temgerature and pressure conditions
normally employéd: nif‘rogén,hncglr?vertsedloxygéans,Scjarb“oen monoxide and Earboih %ﬁ'ooﬁde? hich are
formed in a smallt&@moune BY finalexidaticrt S0Lceteandensable lighecombodads: inparticular water,
generated by the dehydration reaction or present as diluent, unconverted acrolein, light aldehydes,

such as fogmaldghyd de formic agj eticacid and propionic acid, 35 - of heavy
compoundé?furjurald%}gggﬁafe%al gr%?étejj ér%)éleig g%%%mgéd anh@drﬁ%e%,%gﬁn%% aczlL&, benzoic
acid, phenol, protGaném&mR &id theflikéoL £4 2 by absorpidRin £Solveit. The SolveritEan be water

or a mixture of heayy hydnophabiclsalvénts, sugk @srdiphenykandddiphaemt ether. Tdis;extsaction stage
is known to a person skiflgd dn the ar andthe latter may:5 refer tothefollowing patentsiFrench patent
No. 1 588 432, Frenchgggtent No. 2 146 386, German pat%nt No. f 308 087, European patent No. O
706 986 and Fréfich PARRENG: 25766280, ThisBxircton caifibe cafrfed dut With Watet B a
countercifentwise skdiglssorption Fotihist thengas tesulting from the reactor is introduced at the
bottom of an absorption column, where it encounters, countercurrentwise, water introduced at the
column top. ng@g gorqpsoupn%sdgn?alng)é acg}t{allg%@/idoenangaa%cilglsn% ?reoegseanrtllglIyggg&ve@dfat
catalyst well kncwn to a person skilled in the art for
this reaction. Use 1s generally made of solids
15  comprising at least one element chosen from the list
Mo, V, W, Re, Cr, Mn, Fe, Co, Ni, Cu, Zn, Sn, Te, Sb,
Bi, Pt, Pd, Ru and Rh, present in the metallic form or
in the oxide, sulfate or phosphate form. Use is made in
particular of the formulations comprising Mo and/ocr V
20  and/or W and/or Cu and/or Sb and/or Fe as main

constituents.

The gas mixture resulting from stage (2} 1s composed,

apart from the acrylic acid:

25 - of light compounds which are noncondensable under the
temperature and pressure conditions normally
emploved: nitrogen, unconverted oxygen, carbon

monoxide and carbon dioxide, which are formed in a
small amount by final oxidation,

30 - of condensable light compounds: in particular water,
generated by the dehydration reaction or present as
diluent, unconverted acrolein, light aldehydes, such
as formaldehyde and acetaldehyde, formic acid, acetic
acid and propionic acid,

35 - of heavy compounds: furfuraldehyde, benzaldehyde,
maleic acid, maleic anhydride, Z2-butenocic acid,

benzoic acid, phencl, protcanemonin, and the like.

Stage (3) consists of an extraction of the acrylic acid



15 the top of this absorption column. The water used as absorbing solvent can be introduced via a
source external to the process but will preferably be composed, partially or completely, by recovery
from at least one of the gaseous reaction streams resulting 20 from the initial reaction stages, for
example the water resulting from stages (1') and (4) Elar_nely the water condensed in stage I' or the
water recovered from the azeotropic drying column top stream. The operating conditions of this

absorption stage arg:asfollews:25 the gasequs,keactinn mixtureistintrgduced atthe.column bottom
at a temperature betv.\/egll 130C afnd %5@0%. Th%wgg:er i%ir}gr](m)guce% f‘t ghetcolumn tgﬁ at a temperature

of between 10& z‘ana1 B0C: The rfe)spe_zc”uvg1 Gmounts of water and ot ga\ée%ué3 feaction mixfusre are 30
such that the wéatgtfaiylie agierratic- by weight &-bétiveen B arftl1/42 The Bpefdtid@iss édrried out at
atmospheric pressure. tlo aprefersech akiernalive emboginaentof the pracess, 3% dyring.astage (3),

the acroleip prersgg&n thetlg')quid{@gtionEeos%tM[rp?(B)' recoveredby g@guja&ti?on 0 gt{igﬁ;i{ng with a
gas.In this alternative form of the process, the absorption column can be coupled to a column for the

distillation of th#< 15 vt li§RtcompotfricesseatialFacrdléin uncbhtertéd on cBREMERN of
reaction, preseptiteanlowieanceniration &7 thefaqueotisracpdiceacid sSelution Fécoveked attthie bottom of

the absorption gqlumn, This ddistillaion colurag, which opgrates uadera-pressure of, frogy6 x 103 to 7

x 104 Pa, is fed at the top with the bottom stream from the precedin% ab§ogption column and makes it
possible to remoVEL affhe top; b strédm bf adkiicacid Efrichéd in GErOTEIA WIMER TE¥eeyEred in 10 the
lower part of theabsordtioncolurinX3) forfinal reroval atethe to ohihis sameicotumn tAr aqueous

mixture of acrylic.aeiddn water (ratio-byweight from«1{1 toH1} isthusrobtainegd whighqs freed from the

bulk of the unconverted acr%lein whié:h agueous mixture 15 is_known as "crude acrylic acid". The
. COLUMN W edré Jt @I’lCOUtIH ers COUNLEercurrentwlise Wi?k er
acrolein can also bé redovered by stripping with a’ gas, stuch as air or an inért gas mixture preferably

comprising oxy§eh X PHis &tageds oftishalButiiits‘elisendel $he crigBRo-Ectlic @&id wlvbe more
concentrated ircaeroleiniankich wilkhave ta-besemoved duringdbe subsequentiappiay siage.

Pl LR i L s T e
which is absorbling solvent can ke introduce via ~a source
external to the ©process but will preferably be
composed, partially or completely, by recovery from at
least one of the gaseous reaction streams resulting
20 from the initial reaction stages, for example the water
resulting from stages (1') and (4), namely the water
condensed in stage 1' or the water recovered £rom the
azectropic drying column top stream. The operating
conditionsg of This abscorption stage are as follows:
25 The gaseous reaction mixture 1is intrcduced at the
column bottom at a temperature between 130°C and 250°C.
The water 1s introduced at the cclumn ftop at a
temperature of between 10°C and 60°C. The respective
amcounts of water and of gaseous reaction mixture are
30 such that the water/acrylic acid ratioc by weight is
between 1/1 and 1/4. The operation is carried out at

atmospheric pressure.

In a preferred alternative embodiment of the process,
35 during a stage (3'), the acrolein present in the liguid
fraction resuiting from (33 is recovered by
distillation or stripping with a gas. In this
alternative form of the process, the absorption column

can be coupled to a column for the distillation of the



carried out in the presence of a water-immiscible solvent for acrylic acid. This dehydration stage can
be 30 carried out by liquid/liquid extraction of the acrylic acid in the presence of the solvent, followed
by a stage of separation of the monomer, acrylic acid, by distillation. 35 This dehydration stage is
described in numerous patents; see, for example, patent FR 2 119 764, with methyl isobutyl ketone
(MISK) as solvent, or patent US 3689 541, with triméthylcyclohexanone as solvent, or by distillation in

the presence of;a solventr-of ~-ko.»mixdures of selvents foyming a-heterogenegus azeqtope with the
water, such as acetates or Tethyl isoblétgl ketone, %uch as described, for example, in pfttent FR 2 554
ol o rea 1O =}

809, or solvents 1'€}1ddit|ocr>1r§1ﬁy 1’r‘osrlmcfrl?g an azeotrob:lc mixture vﬁfh%@éi% acid;'such as toftiéne, as
described, for exaffsiatinahe patentIP (3.2 814405 M the ProtEss of tHeCidentior, Wiseowill preferably
be made, for this=dehyslration:stage,«of aptazeatregic d0distilation using a-solvent, suchias MIBK. The
distillation olump, which.oneratesynder, 2 pressure of iom 6 x 108 (0.7 x 104 R fs cayipped with a
decanter Whichﬁreceives?he cqlumn top s’treagn after condensation and provides for the separation of
an upper organtc 28  pRase, Essehfially consistingof MBKE Ghichlis E6fpletély Fedieletlss column top
reflux, and of ah@quenus phasencamprising: thepwatee andanaost b thecformaldehyde. Thesheating

power set for the.ailer ok the columpn is adjusted such as.to obfain a splvent 20.reflux, floy rate such

that the ratio by weié;ht of solyent returned as reflux to water present in the crude acrylic acid feeding

the column corfsshdnds te e thESreticA T edltofit Mikiute. THE Sheant obfained & thé Rolumn
bottom, thé dehyratédeerylivacid, isR25Essenrtialy devoitof watem(gerérally fess tHare 1% by

weight). In an alterpative embodiment - this cglumpican be gaupledito A.second columnferrecovery of
the solvent, 30 so aguto recqver, in ttie aqueomfjs stream epar ted_hy s%ttlin% gt thect%E of the
[ e.

azeotropic distiliation 5§Iur%n, fhe'tfaces of sofvent diSoivéd i Itﬁg la%ueé{us pﬁgg 888 small

amounts of solvent, distilléd ahd ésndefsed aPthitopdf this sblvent recbvefy coliffin, 8% which
operates at atmaspheti¢ ptessure, are subsequentlygeeyeled imtherdeganterof the preceding column.

The aquegus sirgam from the befiom of this,sojvent Leqavery column s discarded,, 4150
be recovered by stripping with a gas, such as air or an

inert gas mixture preferably comprising oxygen.

This stage is optional but, in its absence, the cruds
20 acrylic acid will be more concentrated in acrolein,
which will have to be removed during the subseguent
topping stage. Furthermore, this stage (3') makes it
possible to recover and recycle the acrolein to the
reaction stage {Z2) and thus to increase the overall

25  vyield of the process.

Stage (4) is a dehydration or drying stage which is
carried out 1in the presence of & water-immiscible
solvent for acrylic acid. This dehydraticn stage can be

30 carried out by ligquid/liguid extraction of the acrylic
acid in the presence of the solvent, followed by a
stage of separation c¢f the monomer, acrylic acid, by
distillation.

35 This dehydration stage 1s described 1in numercus
patents; see, for example, patent FR 2 119 764, with
methyl isobutyl ketone (MIBK) as solvent, or patent
US 368% 541, with trimethylcyclohexancne as solvent, or

by distillation in the presence of a solvent or of



- 17 - Stage (5) is a stage of removal of the light compounds, in particular acetic acid and formic acid,
by distillation; it is generally known as "topping". The stream of dehydrated acrylic acid obtained at the
5 bottom of the azeotropic distillation column is conveyed to the middle part of a distillation column
which operates under a top pressure of the order_of12 103 to 2 x 104 Pa. The stream from the
column bottom comprises acrylic acid freed from the bulk of the light 10 compounds. The column top

stream, which ig figh in-aseticracid,and formic-acid; 6an aptiopally-he adgitionally treatedin order to
recover, in a seco %coélfl}mn ‘lmp sﬁerjres, the SI[lnaII amountg o{ acrylic acid entrained W%hgbcolumn top
stream. 15 Stag""é1 Eé isa %tageamE séparSaLfi%n of the ﬁé:gv;? cc?r%po%%dsnﬁy 8% illation. e’ bottom
stream from thepieeeding ®ppihg EGlumPrEis ditiddiited dttle botdPefa distillatior E6lunn operating
under a top pressure af:20 theogrdercaf 2 %1032 x 104-Ra.A stigamof pagtied agrylic.acid
described as of technic lpgrgd%isxcélg}ggle\q, atthe top.. The varioys stsagﬁﬁ ofa %ep@ratglneqﬂt%y distillation
25 necessitate, due to the thermodynamic conditions employe(ji, the ‘addition of polymerization
inhibitors to thestreadis freafsdrin‘GrdePiePprevent the foffaticn-6ffiealy dom formed by

polymerization of acrylic acid which are harmful to the satisfactory operation of 30 the assembly. The

polymerization inhibitors geperally used fgrthe stages;of purification ofthg acrylic.acid age phenolic
products, such as hydroquinone oy hydroguinone methyl ether, phenothiazine derivatives, compounds

of the family of i fhocarbamates Ssuday 35%opPar dithiityl)ditiocaanist&amiitr derivatives,
such as RWydroxglasiines,aiydroxydighienylansine erdervitives ofithe family offffigkphenylenediamines,

nitroxide derivaives of 4:hydrexy-2 2,66, teframethylpiperdine-loxyKTEMRO)suchas 18 -
4-hydroxy-TEMPO or 4-0xo; TEMPO, or m Its, such as manganese acetate. These inhibitors can
be used alone cgri%%o%nbinaléonwlgﬁd Fé\ore in‘i?aldi ion pereSferQa%%f' %?r%%nugécﬁl caomcﬁﬁgt%neﬁith an
oxygen-comprigifig Byas STRESE polyAtrerizatominhibiers arecgéheralfeiedigindensation

and provides for the separation of an upper organic
15 phase, essentially consisting of MIRBK, which is
completely recycled as column top reflux, and of an
agueous phase comprising the water and most of the
formaldehyde. The heating power set for the boiler of
the column is adjusted s=such as to obtain a solvent
20  reflux flew rate such that the ratio by welght of
solvent returned as reflux to water present in the
crude acrylic acid feeding the column corresponds to
the theoretical aszeotropic mixture. The stream cbtained
at the column bottom, the dehydrated acrylic acid, is
25 essentially devold of water (generally less than 1% by

welght) .

In an alternative embodiment, this column can be
coupled to a second column for recovery of the solvent,
30 50 as to reccver, in the aqueous stream separated by
settling at the top of the azeotropic distillation
column, the traces of solvent dissolved in the agueous
phase. These small amounts of solvent, distilled and
condensed at the top of this socolvent recovery column,
35  which operates at atmospheric pressure, are
subsequently recycled in the decanter of the preceding
column. The aqueous stream from the bottom of this

solvent recovery column is discarded.



compounds, the volatility of which is lower than that of acrylic acid. They are removed at the bottom of
the 10 columns. On the other hand, their concentration in the vapor phase inside the distillation
columns is low and insufficient to prevent the initiation of polymers. In order to prevent the appearance
and the accumulation of polymers, these additives re usually introduced into 15 the liquid streams
feeding the devices, but also at the top and at various points of the columns and devices, so as to

provide continugys gad fromagengoys 1gflux-ef selutiop:richin polymerizationdphibitarssever all the

parts of the devices. GengraII% they are conveyed inXZdO solutié)n in.a Ii%uid, for example in acrylic acid
. Ll Darticylar cé%lc aCl an CrmiC a?ﬁ?” by,

or in water, if thelpurlﬁca}ilon stage ‘relaa}_es 0 aqueous streams. - The process of the invention

comprises a stages6f25 plifification ‘of the bibtesoiéed adiyic’acid Whichi®aiseparatibh®y fractional

crystallization. Eractianal erystallizatian is-a wvellknown separatian techiidquesdt cart becagried out in

various forgns, %Q)g)ggﬁmic C%ystaglli@tio% Zsé%t'tcr%r&tglIiz@ko&grlq%s@fgﬁion crystallization. Mention
may be made, on this subject, of the French gatent 77 04510 of 17/02/1977 (BASF) and the US

patents 5 504 2A7Y(StN7eT) drfd 50851 FYaht 6482 98 (Nippon Shoklbaif’ 38™8bme of
which target thevpurficatiorm of aeryliczacid synthesized by exislatien offprapgyenexrdd® - optionally in
combination with g static crystallizatign ip.a melten medium. The faling film crystallizatign is generally
carried 5 out in a tubular exchan e, in prac(tggfse multli%u%ular, eg%h t%qugeing fg% cogtimfjously (at the
top) with: a qulﬁSIg?réaﬁqe(ssoﬁﬁ' d‘rcmgl‘f)l thfé: o poﬂ%rL to be p Fi ied,oacriillceaci& C(‘AE\) in the
process, fdllingasta filin preferdbly along @astintéatal valk $66f the'ulbd; reééivetiatitheltibe bottom

and recycled atthetop (clegeddoop)far the dime necessary,for thecrystallization of the arount of
compound (AA) decided u by the operator, a stream of heat-exchange fluid, for example ethylene
T Gyeolwoter G ot 1o Lo T hirs o ehoraily BEg b oxteina walt SPTD e, aico
recirculated thr6Ggfdtit thetcrydedliiZtion Within Hiettibe, AMMER Will contriBdEhe €old ot the heat
necessary for tkeopetation of the stagescofleach ofop stream.

15
Stage (6) 1s a stage of separation of the heavy
compounds by distillation. The bottom stream from the
preceding topping column is introduced at the bottom of
a distillation column operating under & top pressure of

20 the order of 2 x 10° to 2 x 10! Pa. A stream of purified
acrylic acid described as of technical grade 1is
cbtained at the top.

The wvaricus stages of separating by distillation
25 necessitate, due to the thermodynamic conditions
employed, the additicon of pelymerizaticn irnhibitors to
the streams treated in order to prevent the formation
of heavy compounds formed by polymerization of acrylic
acld which are harmful to the satisfactory operation of
30 the assembly. The polymerization inhipitors generally
usaed for the stages of purification of the acrylic acid
are phenolic products, such as  hydroguinone  or
hydrogquincone methyl ether, phenothiazine derivatives,
compounds of the family of the thiocarbamates, such as
35 copper di{n-butyl)dithioccarbamate, amino derivatives,
such as hydroxylamines, hydroxydiphenylamine or
derivatives of the family of the phenylenediamines,
nitroxide derivatives of 4-hydroxy 2,2,6,6-

tetramethylpiperidine~l-oxyl (TEMPO), such as



20the steps. The process is a combination of successive steps which each comprise three stages:
Crystallization: the temperature of the heat-exchange 25 fluid is lowered along a negative temperature
gradient starting from a temperature slightly above the crystallization temperature of the acrylic acid in
the medium, of the order of 14C. Crystals form as a.more or less thick layer at the surface of the 30
tubes. When approximately 30 to 80% of AA circulated has crystallized, after draining, the remaining

liquid fraction (mothes liguorsrighpin impurities)ds tiansterregd-inte-a raceiver Sweating: the

temperature of the heat-exchar(lz% fILtJid 354;31 raised.algng a positive tem%erature grad'ent in order to
ﬁtang{ﬁnase G fa e, 1.7 GESE‘ 1IF ILHOI-S C-al’i F US% aﬁrone.
remove, by melting,”the impurities trapped’in the form of inclusions’in the layer of acrylic acid crystals

being formed; tR& latte? ar€ ggiAIyadcatad iftthe ordmmosttayer YHicH iFin dohtdct -220-¥ with the
recirculated strearm-inereasingly: fich vinpurkiesoburing the sweating;therfirsiompleculesdo melt are
eutectic mixtures of impurities and of AA (acrylic acid), the impurities located in the layer 5 of crystals
migrate toward ?he outer layer, that is to say that which was in contact with the recirculated stream. A
small portion of this crystal layer is thus melted and transferred into a receiver, preferably the same
receiver as thatfofsthe motheynE-liquors secovered duting she erystaltizationestage. Tkissyeating

stage can be replaged by.a washing feghnique, whiclicopsists,in remeying impuyities present at the
surface by washing with pure AA,‘preferabIgg introduced at a temperature slightly 15higher than the

melting point ofthe Afiidyer” Holever, thig YecHriquesiE & Storfless effedtivet Melfifg: thé
temperatife of thel heatsexchange fluid is eapidiy intreasetiaboverthe meltiig point. of AA€14C) and

should preferably reypaiprhelew amaximupy, 20temperature abgve-whightis possible tafear a
polymerization g%xsplli%%'v?)‘of the medjum: this m?gmum temp%r%ture is.of th% order of 3?1;140C in order

to remain secure in mel méefl%l Iay%r gfrcerilfset%l% 0 p%riﬁé}dlifbf? %npu?iﬁe(ﬁ)ﬁqafgers
order to prevent the appearance and the accumulation of

polymers, these additives are usually introduced into
15  the liguid streams feeding the devices, but also at the
top and at various points of the columns and devices,
so as to provide continuous and homogeneous reflux of
solution rich in polymerization inhibitors over all the
parts of the devices. Generally, they are conveyed in
20 solution in a liquid, for example in acrylic acid or in
water, 1f the purification stage relates o agueous

streanms.

The process of the invention comprises a stage of
25 purificaticn of the biloresourced acryiic acid which is

a separaticn by fracticnal crystallization.

Fractional crystallization is a well known separation
technique. It can be carried out in various forms,
30 dynamic crystallization, static crystallization or
suspension crystallization. Mention may be made, on
this subiject, of the Ffrench patent 77 04510 of
17/02/1977 (BASE) and the US patents 5 504 247 (Sulzer)
and 5 831 124 (BASF) and 6 482 981 (Nippon Shokubai),
35 some of which target the purification of acrylic acid

synthesized by oxidation of propylene.

The most widely used technique is falling film

fracticnal <crystallization, dynamic crystallization,



25recovered is placed in a second receiver. Starting from the stream to be purified, the combined
three stages described represent a first purification step. The purified liquid can, on conclusion of this
30 first step, be again subjected to a sequence of the three stages described in a 2nd purification step
(purification phase). The mother liquors resulting from, this 2nd step are purer than those from the
preceding step and can thus be used as a mixture with a fresh 35 charge of AA to be purified in step

No. 1. The samgapesation ¢an he carried,autin.a third pugficationstep,,it being possible for the
mother liquors from this th'gd st(ie&) Ié) be recycled in the charge of the 2nd step and the pure product
being recovered %yamg]ﬁﬁg Shpfizerum.

The falling film crystallization is generally carried
5 out in a tubular exchanger, in practise multitubular,
each tube being fed continuously (at the top) with:

e 2 ligquid stream (solution or melt) of the compound to
be purified, acrylic acid (RA) in the process,
falling as a film preferably along the internal wall

10 of the tube, received at the tube bottom and recycled
at the top (closed loop) for the time necessary for
the crystallization of the amcunt of compound (AR}
decided upon by the cperator,

¢ a2 stream of heat-exchange fluid, for example ethylene

15 glycol/water or methanol/water, falling as a film,
preferably along the external wall of the tube, also
recirculated throughout the c¢rystallization within
the tube, which will contribute the cold or the heat
necessary for the operation of the stages of each of

20 the steps.

The process i1s a combination of successive steps which
each comprise three stages:
e Crystallization: the temperature of the heat-exchange
25 fluid is lowered along a negative ‘temperature
gradient starting from a temperature slightly above
the crystallization temperature of the acrylic acid
in the medium, of the order of 14°C. Crystals form as
a more or less thick layer at the surface of the
30 tubes. When approximately 30 to 80% of AA circulated
has c¢rystallized, after draining, the remaining
liguid fraction (mother liguors rich in impurities)
is transferred into a receliver.
e Sweating: the temperature of the heat-exchange fluid
35 is raised along 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; the latter are mainly

located in the outermost layer which is in contact



the crystals. Generally, the mother liquors from the "n" purification step can be recycled by mixing
them with the feed stream of the "n-I" purification step. 5 During the purification phases, the
polymerization inhibitors present in the mixtures to be purified are treated as impurities and are thus
removed in the mother liquors. In order to prevent t%fo_rmation of polymer in the molten crystallizate,
an inhibitor 10 compatible in nature and concentration with the final use of the monomer is preferably

added. This additign +will inyparticular be casiied;out melting stage.af asstepfed with-a .dggi_lng stream
the final devoid of . ol\r/m rlzatlorpmhlbltor,tsgch as fo%]examplghthe 5f|%al n l%ucrglfatlon step fed

solely with a purifiégll ]flrejaﬁlf?gm the "ri-i gstep.el'hsew,r%%t 1errlﬁc'quors Tolfectéd sl Osequenf3 fo the first

to melt are eutectic mixtures of impurities and of AA

(acrylic acid), the impurities located in the layer

5 of crystals migrate towards the ocuter lavyer, that is

to say that which was in  contact with  the

recirculated stream. A small portion of this crystal

layer is thus melted and transferred into a receiver,

preferably the same receiver as that of the mother

10 liguors recovered during the crystallization stage.

This sweating stage can be replaced by a washing

technigue, which consists in removing impurities

present at the surface by washing with pure AA,

preferably introduced at a temperature slightly

15 higher than the melting pecint of the AA layer.
However, this technique is a priori less effective.

e Melting: the temperature of the heat-exchange fluid

is raplidiy increased above the melting point of AA

{14°C) and should preferably remain below a maximum

20 temperature above which 1t 1is possible to fear a

polymerization (explosive) of the medium: this

maximum temperature is of the order of 35-40°C in

order to remaln secure in melting the layer of

crystals of purified BRA. The purified liguid

25 recovered is placed in a second receiver.

Starting from the stream to be purified, the combined
three stages described represent a first purification
step. The purified liguid can, on conclusgion of this
30 first step, be again subjected to a seguence of the
three stages described in a 2nd purification step
{(purification phase). The mother liquors resulting from
this 2nd step are purer than those from the preceding
step and can thus be used as a mixture with a fresh
35 charge of AA to be purified in step No. 1. The same
operation can be carried out in a third purification
step, 1t beling possible for the mother liguors from
this third step to be recycled in the charge of the 2nd

step and the pure product being recovered by melting



purification step can be treated in a "-1" step 20 according to the same three-stage process. The
crystallizate recovered can be used as supplement for the feed charge of the first step. The mother
liquors from the "-1" step are then treated according to the same process for a further separation, the
25 crystallizate of which will participate as charge i tpe_step immediately above and the mother
liquors of which are again subjected to the process in a lower 2" step. The steps "-1", "-2", and the like,

constitute the copeenyralign steps (thersuiesessive staps make 8,30 possiblesto gopgentrate the

impurities in the, mpthelrI Ii%orc stg%%ms).s gnergl% tt})eemcl»ftg%r quueocgs fg)om Itnqe tlgﬂ cql ceergtration
steps are treated acc%r(ﬁng {6 the same t rge-stage process in the subs%qué"rﬁj"n- " step. The

repetition of the&sEdperafions &dneenttatiorr 35 pPhaselwill make it hossibieto E6fcentrate the
impurities in a stream of mother liquors increasingly rich in impurities, while the fractions of pure acrylic

acid will be retyred o, the initial step; Fhus, it is, possible torecoyer.the acrylic acid eptrgined in the -
22 - initial mother liquors in orderto |mgroye the recovery yield and furthermore to obtain a mixture

"enriched" in imptititied SrSin BrOpiGRic acid. 5-he SudlessR@ chcetftralidh Stepsaré ERaracterized
by streams of mathet #quorssincreasingly. tescertratedanémpurities andrninpeopiohit acidas these

steps accumulate In.doing this, the crystallization temyperatine of these mixduresbegomss increasingly
low, 10 which has.the effect of increasin ttﬂg energy cost oﬁoolintg. Furthermor% tt%e time necessary
1010 r

to crystallize thg%]a%ngegmoﬁﬁt of"ahcefylic aci ?snincrerééisﬁg?y o‘h’é?w%ich fas the conséﬁﬁence of

reducing e produstifeldutputiof tHespuwrificatioiifor tecsame efystalliZzatibh 15 sarfacerarea.

Consequently, thesnuber of theceaneentrationsteps wilkb-generallypreferahly be halted before the
total concentratiori gf the impurities arid of %%pionic acid C'hn the Enother IJi%uorst%xce is S?% by

. Wl AL 1CULa L Cgrrie OuU durn = ia
weight of the stream. 20 Depén ing on the purity ofthe starting materlajf, the purity o the expected
purified producP&rd e re8&7érs yield desifdd: thel@inpieté protessHor an irfitfal At quafity of

"technical” typq;prlej‘zafabhyz&& ﬁ:ompriﬁesftmmdmtp 5 siepss qurificﬁﬂ@n of aenyliceacid and from 1 to 5
steps for {e cancentration.of the jmpudties, and:pt.the prapianjg acid, marg preferably-from 1to 4

steps of purification and from 1 to 4 steps for the concentration of the impurities and of the 30
propionic acid. Thi€an afVantdGe fot the prdé&ss according to the invention as these purification
and concentration steps require the consumption of a great deal of energy; a limited number of steps

makes it possiblg do gblained Mmore.eeonomical peoeess While sequent to the first
purification step can be treated in a "-1" step

20 according to the same  Three-stage process. The
crystallizate recovered can be used as supplement for

the feed charge of the first step. The mother liquors
from the "-1" step are then treated according to the
same process for a further separation, the

25 crystallizate of which will participate as charge in
the step Immediately above and the mother liquors of
which are again subjected to the process in a lower "-

2" step. The steps "-1%, "-2", and the like, constitute

the concentration steps (the successive steps make 1t

30 possikle to concentrates The impurities in the mother
ligquor streams). Generally, the mother liguors from the

"n" concentration steps are treated according to the
same three-stage process in the subseguent "n-1" step.

The repetition of these operations (concentration

35 phase) will make it possible to concentrate the
impurities in & stream of mother liquors increasingly
rich in impurities, while the fractions of pure acryvlic
acid will be returned to the initial step. Thus, it is

possible to recover the acrylic acid entrained in the



35 obtaining a good yield of propionic acid. In order to further improve the recovery yield, it is also
possible to carry out the final concentration step in a static crystallizer. In this case, the mixture to - 23
- be crystallized is placed in contact with a.cooled wall. It can, for example, be an exchanger
composed of metal plates through which a heat-exc ?nge fluid circulates and which are immersed in a
vessel 5 containing the crystallization mother liquors from the preceding steps. The AA forms a crystal

layer on the walls, of the platasnand theqmether liguersconcentrated i PEopigrIC Acikhahd-in impurities
are recovered. 10 I%uc{lné;ﬁ:he Rrocess accordlgg t% %hcealgr\l/egtlon at least gne streﬁm qf mother liquors,

preferably the sfream o %thellrliiqugr%nﬁgr% the final concentrgégr? 1SJ.ltre?:), iS S0l e(fd15 ,&élcording to

the invention, tH&8tt&amicimath@r ligusrsiselatebcddingithe fractional crystallization is hydrogenated
in the presence of molecular hydrogen in order to obtain propionic acid. 20 The stream of mother

liquors preferably comprises fron.50.19, 203 by, wejght of 8%%’:;% l?@"gﬂ%@a@@é%@%%ioﬁfa” be

carried out in the liquid phase or in the gas phase. 25 For e ple, the hydrogenation can be carried

out: by homogé&hésiidiiquit-pHate EtalydiSLit being Hossibie i thie CatalRitoBéad in
ruthenium-phosphine compiex andihe solveptrbgingmietharatiat a 3¢ temipesaturesafsgpproximately
60C and at a pressurg,9tapproximately 3MRa; byheferogeneoysgas-phasecatalysisovera
temperature of these mixtures becomes increasingly low,
10  which has the effect of increasing the energy cost of
cooling. Furthermore, the time necessary to crystallize
the same amount of acrylic acid 1s increasingly long,
which has the conseguence of reducing the productive
output of the purification for the same crystallization
15 . surface area. Consequently, the number of the
concentration steps will generally preferably be halted
before the total concentration of the impurities and of
prepionic acid in the mother ligucrs exceeds 50% by
welght of fLhe stream.
20
Depending on the purity of the starting material, the
purity of the expected purified product and the
recovery vyield desired, the complete process for an
initial AR gquality of Ttechnical” type preferably
25 comprises from 1 to 5 steps of purification of acrylic
acid and from te 5 steps for the concentration of the
impurities and of the propilonic acid, more preferably
from 1 to 4 steps of purification and from 1 to 4 steps
for the concentration of the impurities and of the
3C  propionic acid. This is an advantage for the process
according te the invention as these purification and
concentration steps require the consumption of a great
deal of energy; a limited number of steps makes it
possible to obtain a more economical process while

35 obtaining a good yield of propionic acid.

In order to further improve the reccvery vyield, it is
also possible to carry out the final concentration step

in a static crystallizer. In this case, the mixture to



hydrogenation catalyst,for example copper/zinc deposited on an aluminum oxide; the reaction is then
35 carried out in a fixed bed at a temperature between 250C and 350C and at a pressure of between 1
atm and approximately 6 atm; by heterogeneous catalysis over a palladium catalyst applied in the
form of a liquid palladium salt - 24 - solution absorbed on a porous support, such as silicic acid or an
active charcoal,the salt subsequentlybeingreducedtoformmetallic palladium. An advantage of this

process is that §=5 caphe-garriedout underg'milds gongitions; thatds to.sayrat tempeyaturgs of 20 to
80C and hydro%er?L pres]s_%regaor]; 1 tgolo aém Whi%h m{'gkes it possible to limit %)ogémeeraiéatioE reactions

of the acrylic acid. 10 This process’is 5esc>ﬁ%% i detail o%npa%}é% {674 6t thé Gocurent FR 2 219

927, the conterft®f #vhichris ficoTporafedrbiE FeferéAés Merition Hiay: alseBeEmz@e of #e documents
Chgm. Prum., 35371984} ppabiail tows3cand Qle@troana[hgiggl;@hem_iﬁtry, @O_(M_ﬂ@@pp. 75 to 80,
which desgribe ofher processesfor the fiydtogenation of aﬁ{éﬂi%é‘%'d_ﬂ%{}’&%r ORIPDIE a%’}de 20
Preferably, the hydrogenation is carrledyout In the gas phase:accordmg o this alternative orm,the

hydrogenationdatdl{stissubjetetittess it riérandetidmithépossibiptesengdst on the

walls of the plates and the mother liguors concentrated

in propionic acid and in impurities are recovered.

10 During the process according to the invention, at least
one stream of mcther liguors, preferably the stream of
mother liguors freoem the final concentration step, is

isolated.

15 According to the invention, the stream of mother
liguors isolated during the fractional crystallization
is hydrogenated 1in the presence cof mclecular hvdrogen

in order to obtain propilonic acid.

20  The stream of mother liquors preferably comprises from

50 teo 90% by weight of acrylic acid.

This hydrogenation can be carried out in the liquid

phase or in the gas phase.

25

For example, the hydrogenation can be carried out:

- by homegeneous liguid-phase catalysis, it besing
possible for the catalyst to be a ruthenium-phcsphine
complex and the solvent Dbeing methanol, at  a

20 temperature of approximately 60°C and at a pressure
of approximately 3 MPa;

- by hetercgenecus gas-phase catalysis over a
hydrogenation catalyst, for example copper/zinc
depcsited on an aluminum oxide; the reaction is then

35 carried out in a fixed bed at a temperature between

250°C and 350°C and at a pressure of between 1 atm
and approximately o atm;
- by heterogeneous catalysis cover a palladium catalyst

applied in the form of a liguid palladium salt



polymerization inhibitors. 25 In the liquid phase, in the case where a sulfur-comprising polymerization
inhibitor was used during the preceding stages of separation by distillation, it is preferable to carry out,
before hydrogenation, a stage 30 of prior purification of the mother liquors, for example by distillation,
a sulfur-free polymerization inhibitor optionally being,added during this purification. It is also possible to
use a "capturing body" before hydrogenation, that is to say to place 35 solid compounds capable of
scavenging sulfur-comprising inhibitors, sych as ZnO, TixCeyld?2, suehasdescriedin theaapplication
US 2009/065400, angl.ocr supporé[:ec(iimetals, such as Mo.and/or Ni and/or.Co, in ]%he oxideLgr sulfide
form, before introdsu%lnlg fhe hy?]r&gena’fforn - 95 - cgt%?yls¥%r uﬁjs}%rae}écﬁ”?%%fhe latter. ¢
Thepropionicacidsolitiorasilfingfrom P ydfbgenafdh f€4ttion e@mprisesimpufitiesi shék as 5 acetic
acid, which can be>gasilyseparated by: an addifigsal stagerof purification by distillation. Atithe end of
the procesg, a biogeasrg)u%:gd Qg%@ggi& ag@tcompgggionﬁ ggtaingg hc?“’{r_{%%% objgﬁt glqbgioresourced
propionic acid composition having a concentration of propionic aci of reater than § % by weight,
preferably of greate? thah¥056 by WaHREEN Aftte prefefablytSF gr%%ttgr tFA 9995 ByW&ight. 15 The
invention also relates tostheaisecdf saidchiore§ourcedd pnopibnicaciscompasiticn ol ef the
bioresourcedd propignic agid;obtained.according fo.the, procgss of the, inventjon gs sglvent, as food
preservative or in herbicide manufacture, in the 20 preparation of perpropionic acid or in the
preparation of vinyl propionate, which is used as monomer in (cc) polymers.
TheapplidationGfastageoffraetional 25 rystallizationi of the taehylicacidegmbinéd withdhe T
hydrogenation efthe methesdiguorsisofated at theyend of this stage-exhibits the advantage of fully
achieving the Ogi?g}jg%% gg%ié%d glythg eogg%%rrq Co@atent application, that is to say to obtain a
bioresourced ’

Mention may also be made ¢f the documents Chem. Prum.,
i5 37 (1987, pp. 651 to 653, and Electroanalytical
Chemistry, 60 (1975), pp. 75 to 80, which describe
other processes for the hydrogenation of acrylic acid

to give propionic acid.

20 Preferably, the hydrogenation is carried cut in the gas

phase: according to this alternative form, the
hydrogenation catalyst is subjected to less
interference from the possible presence of

polymerization inhibitors.

25
In the liquid phase, in the case where a sulfur-
comprising polymerization inhibltor was used during the
preceding stages of separation by distillation, it 1is
preferakle to carry out, before hydrogenation, a stage

30 of pricr purification of the mother liguors, for
example by distillation, a sulfur-free polymerization
inhibitor optionally being added during this
purification. It is also pessible to use a "capturing
body" before hydrogenation, that 1s to say to place

35 solid compounds capable of scavenging sulfur-comprising
inhibitors, such as Zn0O, Ti,Ce,0,, such as described in
the application  US 2009/065400, and/or supported
metals, such as Mo and/or Ni and/or Co, in the oxide cor

sulfide form, Dbefore introducing the hydrogenation



30 propionic acid and to limit the losses of product during the manufacture of a purified acrylic acid
using an ex-glycerol process. The process for the manufacture of propionic acid 35 according to the
invention is illustrated by the following examples. - 26 - The preliminary stage consists in purifying the
crude glycerol obtained from vegetable oil, the salts-heing removed. The crude glycerol solution
consists, by 5 weight, of 89.7% of glycerol, 3.9% of water and 5.1% of sodium chloride. This stream

(6400 g) is continuous|y: eonveyegd-as-tegd toma stirked 2diterreactor heated by an external electrical
reactor heater. The glycerol and water vapors are condensed in a reflux condenser and 10 recovered
in a receiver. This purification operation is carried out under a pressure of 670 Pa (5 mmHg). 5710 g of
a glycerol solutidtdevoill S Boditht chlorfifie &re obtafhedt 18TPassin§ 'staged1) of théProcess, the

reaction for therdefwdrationtdfdhe glyeerol targiveagralereand the cendersationsiddof & portion of the
water are garried.aut; The dehydratign; reactian js cajred.out in the gag phase. i afixed bed reactor in

the presence of 20 a solid catalyst consisting of a tungstated zirconia ZrQ2/WO03 at a temperature of
320C at atmospiieticpratéures Wfixtire SFgIyceroF(2098 b Wwélghity hhdwater (80% by weight) is
conveyed to an evaporator in the presence of air in an 02/glycerol molar ratio of 25 0.6/1. The gas

medium exiting:from.the exaporafer at 290G isintredyced infg the-reagtorconsisting of atube with a
diameter of 30 mmghar%;ed with §90 ml of catag/s}_ and immersed.in a salt bath (KNO3, NaNO3 and
aci 1T1 ] bra E&f eCT

NaNO2 eutecti€ mixture) maintained at a femperat“uré 07 303 *Athe dutlet ot thé reacgflor, the

gaseous kéactidr aiigteraisccohveyaid-iithe ottorh ©f & corddrsatibhicolumm ahisi€olurin consists
of a lower sectign filed 8bwithy Raschig rings strmounted by a cgndenser inMdiichsa goldy

heat-exchange V\I;Ig%%i{cula es g’e@ ?F?ci}ing&e f‘% é%ingﬂggxc@%g%§ is»?edi ttgd sQAasto obtain,
at the column top, a temperature o?t e vapors of 72C at atmospheric pressure. Under these
more preferably of greater than 99%% by weight.

15 The invention also relates to the use of saild
bioresourcedd propionic acid composition or of the
bioresourcedd proplonic acid obtained according to the
process of the invention as solvent, as food
preservative or in  herbicide manufacture, in  the

20 preparation of perpropionic acid or in the preparation
of wvinyl propionate, which is wused as monomer in

{cojpolymers.

The application of a stage of fractional
25 crystallization of the acrylic acid combined with the
hydrogenation of the mother liquors isolated at the end
of this stage exhibits the advantage of fully achieving
the ohiectives degsired in the present patent
application, that is to say to obtain a bioresourced
3¢  propionic acid and to 1limit the losses of product
during the manufacture of a purified acrylic acid using

an ex—-glycerol process.

The process for the manufacture of propionic acid
35 according to the invention is 1illustrated by the

following examples.

Example 1: Manufacture of crude acrylic acid from

glycercl



- 27 - conditions, the loss of acrole n at the condensation column bottom is less than 5%. In the
following stage (2), the gas mixture is 5 introduced, after addition of air (02/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 acrglein to give acrylic acid. This oxidation reactor 10
consists 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,
vanadium and Gopper anﬂ%mersed in,a salt batpl, ide@técal. to that 15fdescrib§gtL ab%\éedégr its part

maintained at a emp%Ffture of - ?Zféjc. the?gr% ir?t?odsulblsng over th%ucrajtal%g e e gas mixture is
preheated in a UBEREIRR iCAISS imffersetPin the g4t Batht 20° At the GtitletSot-thé oxidafién reactor,
the gas mixturerisrintyedicedraidhe betiam ofdnsalesosptionsedlumity, staged3},ieperating at

atmospheric Pragse. Thisconn is led Wi candlem paiing made alstatnless sfqel of ProPak
3 .

type. In the lower part, over 1/3 of 25 its total height, the column is equipped with a condensation

section; a porti6i Of the cohdarssE mixtiteSecoverdtiat 5 88Iufin bottonas Fedtfetf Bfter cooling
in an external excharger] attheftepdf this zondensationSettiorTheapperpdreefthe column

an external electrical reactor heater. The glycerol and
water vapors are condensed in a reflux condenser and
10  recovered in a regelver, This purification operation is
carried out under a pressure of €70 Pa (5 mmHg). 5710 g
of a glycercl solution devoid of sodium chloride are

obtained.

15 Passing to stage (1) of the process, the reaction for
the dehydration of the glycercl to give acrolein and
the condensation (1') of & portion of the water are
carried out. The dehydration reaction 1s carried cut in
the gas phase in a fixed bed reactor in the presence of

20 a solid catalyst consisting of a tungstated zirconia
2r0,/W0s at a temperature of 320°C at atmospheric
pressure. A mixture of glycercl (20% by weight) and
water (80% Dby weight) 1is conveyed to an evaporator in
the presence of air in an 0O;/glycercl molar ratio of

25  0.8/1. The gas medium exiting from tThe evaporator at
290°C is introduced into the reactor, consisting of a
tube with a diameter of 30 mm charged with 3%0 ml of
catalyst and immersed in a salt bath (EKNOi, NaNO; and
NaNQO, eutectic mixture) maintained at a temperature of

30 320°C.

At the outlet of the reactor, the gaseous reaction
mixture is conveyed to the bottom of a condensation
column. This column consists of a lower section filled
35  with Raschig rings surmounted by a ccndenser in which a
cold heat-exchange fluid circulates. The cocling
temperature 1in the exchangers 1s adjusted so as to
obtain, at the coclumn top, a temperature of the wvapors

of 72°C at atmospheric  pressure. Under these



30 is cooled by exchange of heat through the wall. The temperature of the vapors at the column top is
25C and that of the aqueous solution of crude acrylic acid obtained at the column bottom is 35C. The
product obtained at the bottom (crude acrylic acid) comprises 35 40% of water and a mixture of acrylic
acid (predominant product) and of impurities, presentin_“impurities/AA" ratios by weight shown in table
1 below. An aqueous hydroquinone (HQ) solution is introduced continuously into the recirculation loop

at the column bettent at arr=28 -eoncentrationaf O:pdaeweights witheespest de thesacrylic acid.

Example 2: Purification ogéht &[ﬁjde AA obtai gd ex55}glycerol to give technical AA The aqueous

. . . g X SN .
solution obtalngglisu&rbjecte to als?agé}?f) 0 dari/}mg by distillation in order to remove the water in the
form of an azeotropic mixture with methyl 10 isobutyl ketone (MIBK). The column, packed with ProPak
elements represeanting:an efficiency bfid5 theargtical plates, isfes atdtssmiddlexwithr erudesAA and at

the top with MIBK.in an MIBK/watet present i the grude-AA ratio by weight.af.3/1. Asoluton of
stabilizers in 15 MIBK is injected continugusly at the column top, which solution comprises the
ﬁaUHﬂHShymﬁaﬁmgngﬁ 0.8/1) and of nitrogen i1n an amount necessary
in order to obtain an acrclein concentration of
6.5 mol%, as feed of the reactor for the oxidation of
acrolein to give acrylic acid. This oxidation reactor
10  consists of a tube with a diameter of 30 mm charged
with 480 ml of a commercial catalyst for the oxidation
of acrolein toc gilve acrylic acid bassed on mixed oxides
of aluminum, molybdenum, silicen, vanadium and copper
and immersed in a s=salt kath, identical tTo that
i5 described above, for its part maintained at a
temperature of 345°C. Before introducing over the
catalytic bed, the gas mixture 1is preheated In a tube

which is also immersed in the salt bath.

20 At the outlet of the oxidation reactor, the gas mixture
is introduced at the bottom of an abscrption column,
stage (3), operating at atmospheric pressure. This
column is filled with random packing made of stainless
steel of ProPak type. In the lower part, over 1/3 of

25 its total Theight, the column is equipped with a
condensation section; a portion of the condensed
mixture recovered at the column bottom is recycled,
after ceooling in an external exchanger, at the top of
this condensaticn section. The upper part of the column

30 is cooled by exchange of heat through the wail. The
temperature of the vapors at the column top is 25°C and
that of the aguecus solution of crude acrylic acid
obtained at the column bottom 1is 35°C. The product
obtained at the bottem (crude acrylic acid) comprises

35 40% of water and a mixture of acrylic acid (predominant
product) and of impurities, present in "impurities/AA"
ratics by welght shown in table 1 below. An agueous
hydroguinone {(HQ) solution is introduced continucusly

intc the recirculation loop at the cclumn bottom at a



phenothiazine and butyl dibutyldithiocarbamate (respectively: 35 ppm, 70 ppm and 35 ppm, with
respect to the acrylic acid present in the feed stream). The 20 azeotropic mixture distills at a top
temperature of 45C under a pressure of 1.2 x 104 Pa. The dehydrated acrylic acid recovered at the
column bottom comprises no more than 0.4% of watgey. 25 It is sent, stage (5), as feed of a topping
column, which makes it possible to remove the light compounds, essentially acetic acid, at the top.

This column, packedanith-PraRak elements {204hearstical plates) is:30-feglatdts middle with the
stream of dehyg@}etsliﬁé ar(ljoll stream rich in acetic acid is distilled at the top under a pressure of 1.3
x 104 Pa at a top te\‘r/nﬁera?ure of 77C with a reflux ratio of 7/1. A solution of stabilizers in technical
acrylic acid comprising the 35 stabilizers hydroquinone and butyl dibutyldithiocarbamate (400 ppm,
with respect to heagrybc &cid (Fresdftiindkla feedstreaingis intratiicad atdhe siistdldtiomxcolumn top.

The yield fer re?‘i‘_(g%&?éih%écﬁlﬂ%éC@éEﬁQiécﬁig%ﬁ 97%. - 29 - The topped acrylic acid recovered
t

at the bottom of this column has an acetic acid content of 0.07%. It is conveyed, stage (6), as feed of a
tailing column 5 provided with 17 perforated plates comprising weirs which makes it possible to
remove the hedilyecompotinds attheliottom. Jhis: colarn operatés andera pressure 6T x 103 Pa

with a top temperaturgof £3C and with ayeflux of 9i5/1,A solutionQf stabilizers,ipJechpjcal 10 acrylic
acid, comprisin% t@e stabiliz%ﬁ p gngthiaz;ne and butgjﬁdibutyldithioctarbamat.e %100 % m,lwith respect
to the acrylic adid p?e%eﬁ?in & feed g}reoa*m)?llls infroduced atthe %&p Bf?ﬁe 8t 'Eﬁe distiation column
and the cofdensedlgistilate stisdrm is(@ddifivated With A5 lasluticrrefdsroguihor’einisute AA (200

ppm, with respegtdehe distileg:acrylic-acid). The agrylic: acid optaied 2 therealu@ntep constitutes
the technical acryli id (TAA) T S e ical grade acryli id sh hat the
product compri gé%%%?% -gfs acfe%cg: _aé}g,aopg%/%%gfgér%%iotﬁ?cqglc& E%%%% méacﬁl(;%}f: %Eh%‘i‘%e, 0.11% of
water, 0.023% bPP-btitdrivid’add, 0.019% of fdfiral 0-659%F BerzaldéRyde) ©.019% ¢ pfdtoanemonin
and 0.02% 25 ofzecroleiny Theyigld-forcrécavéry ofithes atnylid acid af thiststagé 1285.5%in

15 MIBK is injected continucusly at the column top, which
solution comprises the stabilizers hydrequinene,
phencothiazine and butyl dibutyldithioccarbamate
(respectively: 35 ppm, 70 ppm and 35 ppm, with respect
to the acrylic acid present in the feed stream). The

20  azeotropic mixture distills at a top temperature of

45°C under a pressure of 1.2 x 10° Pa.

The dehydrated acrylic acid reccvered at the column
bottom comprises no more than 0.4% of water.

25
It is sent, stage (b}, as feed of a topping column,
which makes it possible fo remove the light compounds,
essentially acetic acid, at the top. This column,
packed with ProPak elements (20 theoretical plates) is

30 fed at its middle with the stream of dehydrated AA and
a stream rich in acetic acid is distilled at the top
under a pressure of 1.3 x 10° Pa at a top temperature of
77°C with a reflux ratio of 7/1. A solution of
stabilizers in technical acrylic acid comprising the

35 stabilizers hydroequinone and  butyl dibutylidithioc-
carbamate (400 ppm, with respect to the acrylic acid
present in the feed stream) 1is introduced at the
distillation cclumn top. The vield for recovery of the

acrylic acid in this stage 1s 97%.



30 Example 3: Manufacture of propionic acid from ex-glycerol technical acrylic acid purified by
crystallization (1) The stream of acrylic acid of technical Quality 35 obtained in example 2 is subjected
to a series of purification and concentration steps by fractional crystallization, as described in the
present application. The arrangement used is a falling, film crystallizer consisting of a vertical tube
made of - 30 - stainlesssteelfilled with heat-exchangefluid (ethylene glycol/water mixture) circulating in
a closed circuit, via a pump, through an external heat exchanger which can be programmed as a

temperature gr gnttSO( acr Eatic bath). This tube is fed at the top in the form of a liquid film
which flows uni?lg#[nly oéyesrgltgs egx(%/ép aﬁvaﬁ? Tﬁe |§&| %%%%ﬁfteuﬁ%g Rneim?x?nﬁp:gofg boegqcf%/gtlaﬁized,
recovered in a fEeelVily tatiicat the bétisn Fecifttidtesasd Rioh incd lagget! Gircuit 0 iA Brder to

again feed the tubeat fhel fop, via gpumk ) The stsearhcafdechnical acryliciaciel¢s subjected to a series
of several successive pudficafion steps, each step.comprising;the fo'&%‘%@?i%ﬁ%‘%ﬁ: 1n. Crystallization:

the heat-exchan%e, fluid is rapidly cooled, so as to lower the temperature of the falling film of acrylic

acid down to thE témpefature®f &lysafliZatont f the abRMic Rid il the hkiure CaBterMited
beforehand fromta $dmplecdfithe miftuie too20be: puhfied: aad thenlamegative temperature gradient,

of C()j.l to O.SC/S@JE;;is?%wtp@?se@aondtbglmegt-%&h?gg%g%]ﬁM{Q@n the vl?}gm@e of grystallized acrzlic
acid, measure ifference by.evaluagting the level of liquid in the, co gctin container at_25 the
bottom of the cr‘tﬂl%y{gﬁlz%er,ortgagbr"lé 0%%‘of . (Q us%alrﬁﬁg %{gixtﬁ?eafl ﬁ% %ezcﬁrc%lajt?éntoeﬁ & :i‘éiﬁrjrg film of
mixture td-Be paffiediisthaftéd @nd fHeniubess Wiaindd Thedighiimpasre i the Motherilicriors thus

obtained is separated ang stored i a receives 3r Syveatiag: theheat-exchange fhadisreheated, so
as to bring abo%thet%eltigg P%%i%?”@@i@% gg@éenlgye{ 8f cc%%tallkzeed Lacr lic acid at the5 surface of

the tube. The mother liquors t IS sweating stage are collected anc? storeqlr in‘the samé receiver as
the 35mother liGEorsdrBtithe precédifig stiyel MéRfingithé htatéxchange fimiisTapidiireheated up
to a temperatureraf 306G untihthercrystallized fayes has completelysmelted. tTheapurifiedliguid stream is

placed injasdifferentfeceivel, or nydroguinone in pure AA (200 ppm, with
respect to the distilled acrylic acid). The acrylic
acid obtained at the column top constitutes the
technical acrylic acid (TRA).

20  The analyses of the fechnical grade acrylic acid show
that the product comprises 0.07% of acetic acid, 0.66%
of propionic acid, 0.11% of maleic anhydride, 0.11% of
water, 0.023% of Z-butenoic acid, 0.01% of furfural,
0.02% of benzaldehyde, 0.01% of protoanemonin and 0.02%

25 of acrolein.

The vyield for recovery of the acrylic acid in this

stage 1s 95.5%.

30 Example 3: Manufacture of propionic acid f£from ex-
glycerol technical acrylic acid purified by

crystallization (1)

The stream of acrylic acid of technical guality
35  cobtained in example 2 1is subjected to a series of
purification and concentration steps by fractional
crystallization, as described in the present
application. The arrangement used 1is a falling film

crystallizer consisting of a wvertical tube made of



- 31 - 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 subject to a fresh series of the three 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 stream of techyjical AA in step 1. This process is thus repeated
until the desired 10 quality is obtained in the molten purified product. In order to limit the losses of
acrylic acid whigh ate, tepeentrategdn the mothes liquatstiiom a fiest puriticatiorestep; a.sefies of
successive con ti 5 ibiting t ta [fication s Is;carried out
in which the cryg%;%ﬁga%t%q%r%mst eg:pn%?«'ws?egpgllg c%%%% ZS %ge%dégff%egg}r{la S%SIEJ aQnd%Qe%rr%ther liquors

from this "n-I" steiF &reidonvéy8d asFeBt of ther Avgstep. These téps AR Carfid B 28 under the
same operatingstanditions:as thres purificatioansteps, exeeptfor theweluateiokcrygtadlizedracrylic acid

targeted, before passing from, the, erystallization stage.tothe sweating stage, which-is 609 of the
product fed. 25 The flpalrcryst%”lzathn steg |sw%tar7rled okgt ”hft%t c mode. T,hfce stream to be purified is
placed in a contalfier miade ot stainless Siad 'ﬁ*é“jagkgtcf (o] Which'tirctifates’a &didluid

maintained at thé& 30 erystallizationaémperdtgre lof e tediums, tddtemingd beforaiarid:by a
measurement of grystallization temperature. A verticaktube made ofstaintesscsteet filledawith
heat-exchange gkl{id (gtm@ene glycollwatei mﬁixtureg circuli\tin in.a closed circucitt, via_a pump, 35

e O OITl recirc ate S 4 O 11 =] [=] crrohIt.m)
through an external hea exchanger‘wﬁwlgh can %e programmed as a ?empé%ture graé:lent is immersed
in this cohfainet:- 3Z44IGid i theddbeis Papidiy IBWErEE trthetcrystafiRatidh ferdpératire of the
medium and then a

The stream of technical acrylic acid is subjected to a
gseries o¢f several successive purification steps, each
step comprising the following stages:

15 e Crystallization: the heat-exchange fluid i1s rapidly
cooled, so0 as to lower the temperature of the falling
film of acrylic acid down tc¢ the temperature of
crystallization of the acrylic acid in the mixture,
determined beforehand from a sample of the mixture to

20 be purified, and then a negative temperature
gradient, of 0.1 to 0.5°C/min, 1is imposed on the
heat-exchange fluid. When the volume of crystallized
acrylic acid, measured by difference by evaluating
the level of ligquid in the collecting container at

25 the bottom of the crystallizer, reaches 70% of the
starting mixture, the recirculation of the falling
£film of mixture to be purified is halted and the tube
is drained. The iigquid mixture of the mother ligquors
thus obtained i1s separated and stored in a receiver.

30 e Sweating: the heat-exchange fluid is reheated, so as
to bring about the melting of a porticn (5%) of the
laver of crystallized acrylic acid at the surface of
the tube. The mother ligquors from this sweating stage
are collected and stored in the same receiver as the

35 mother liguors from the preceding stage.

e Melting: the heat-exchange fluid is rapidly reheated
up to a temperature of 30°C, until the crystallized
layer has completely melted. The purified liguid

stream is placed in a different receilver.



negative temperature gradient of 0.1 to 0.5C/min is imposed.Whenthecrystallizedvolumereaches 5
approximately 50% of the starting product, the mother liquors are removed, a sweating stage is then
carried out and, finally, the melting stage is carried out, as in the upper crystallization steps in dynamic
mode. 10 Applied to the technical acrylic acid obtained from glycerol on completion of the purification
stages of example 2, a sequence of 4 purification steps and 3 concentration steps, including a
crystallization step in static mode, made it possible to obtain acrylic acid 15 of "glacial" quality

comprising 50 RRM of acs ic %ci 410-0pm o rortam acid, | ssttilg n 1.ppm of maleic anhydride,
less than 80 ppm of water, 6ss %Ién 1 ppm o[?%-buteng%c %cié,slesst an ::LL ppm gf fuéreféural, less than 1

ppm of benzaldeh§de: s thRH 4 ipprhi ©F 28Tprotb&Reménirr ahd F&Cth&r 1 bpfn GFcPdi8in. The yield
for recovery of AArin fhiszgpurificatiorestage =26 5%: 26Therésiduall: rathertiquersffamsirefinal

concentration step -have the fellowing compgsition:; Acrylic acid: 82,426 by, weight feetic aeid: 1.7% by
weight Propionic acid: 7%.4% by We;gh; 30Diacrylic acid: 0.6% by weight FHrfurqls: O.BW%ét%y weight
Benzaldehyde: O-6% By Weight Weter: 5555 by waight By arsetinone?059% by Weéight 35" Manufacture

ofﬂmFnomom@gm@@@mggmification step are subsequently mixed with a
fresh charge of the feed stream of technical AA in step
1. This process 1s thus repeated until the desired

10  guality is obtained in the meclten purified product.

In order to limit the losses of acrylic acid which are
concentrated in the mother ligquors from a first
purification step, a series o0f successive concentration
15  steps, exhibiting the same stages as the purification
steps, 1s carried out in which the crystailizate from
the "n-1" step is conveyed as feed of the "n" step and
the mother liguors from this "n-1" step are conveyved as
feed c¢f the "n~-2" step. These steps are carried cut
20 under the same operating conditions as the purification
steps, except for the volume of crystallized acrylic
acid targeted, before passing from the crystallization
stage to the sweating stage, which i1s 60% of the
product fed.
25
The final crystallization step is carried out In static
mode,  The stream to be purified is placed in &
container made of stainless steel with a jacket through
which circulates a cold fluid maintained at the
30 crystallization temperature of the medium, determined
beforehand by a measurement of crystallization
temperature. A vertical tube made of stainless steel
filled with heat-exchange fluid {ethylene glyccl/water
mixture) circulating in a clesed circuit, via a pump,
35 through an external heat exchanger which «can be
programmed as a temperature gradient 1s immersed in

this container.

In a first stage, the temperature of the heat-exchange



- 33 - wall thickness 4 mm) was packed over its entire length with Raschig rings made of silica. A
jacketed tubular reactor made of stainless steel 5 identical to the evaporator was packed, from the
bottom upwards, first over a length of 5 cm with Raschig rings and then the jacketed tubular reactor
was packed with a homogeneous mixture of 130 ml+,135.1 g of the Johnson Matthey hydrogenation
catalyst of 508 type (0.3% by 10 weight of Pd on y-Al203, as 2 mm spheres) and of 226 ml of Raschig
rings. The remaindercof thenlength of the jacketed subulsapeadtor wasspacked onkyavithRaschig rings.

15 The intermeg@);%g@a&g Qgggfnthq:@% @ggggglaro%va %rgto%gag%thgﬁ%ck%tggﬁubyIar reactor

was provided with"an oinormlng a heat-exchange fluid which exhibits a temperature of 185C. 20 10

g/h of the residU&FROHE? liGUBFE feré itfod deetP (o thetop ddwnlards) thib 1A facKeted tubular
evaporator. 16 imghhsafdnolectilaehydroger were passed thiroagh thertubular evaperator: s

countercurgentwise te these. mothes iquars: 26, The mixture.af acrylic;acid ang:of malecuylar hydrogen

exiting from the evaporator was immediately conveyed, from the bottom upwards, through the jackete
iting f h P ' d'él %df he b \{Xr(ljh h.the jacketed

tubular reactor.l‘llh% ERd ofthe 1attdl 7s'a atm%sﬁnwe ﬁ:t?;ﬁl%regg‘&r%? Thé teTrT1pee‘ratherIT in't % middle of
the reactor is approximiately 220€. The urreacted aenfic acikbandithe propivaie avid-prodeiced were

recovered by cendensatiopyin a separalen at 16¢135 Aftesan operatiagtime ofdo.h, the condensate
comprised 813 g of propionic acid. - 34 - Example 4: Manufacture of propionic acid from ex-glycerol

technical acrylic acid purified by crystallization (2) 5 The same purification of the ex-glycerol technical
AA by crystalliZzaien i€€arried otif 8s if thé preceting exdmple, éxcept tRaar BaditiohaPEoncentration
step in dynamigyinpclers tarried eutnelg:diputification 16 stepsand-h cancentsatieyesteps; including
oneinsuumrn%Q%mple 2, a sequence of 4 purification steps and 3
concentration steps, including a crystallization step
in static mode, made it possible to obtain acrylic acid
15  of "glacial"™ quality comprising 50 ppm of acetic acid,
410 eppm of propionic acid, less than 1 ppm of maleic
anhydride, less than 80 ppm of water, less than 1 ppm
of 2-butenocic acid, less than 1 ppm of furfural, less
than 1 ppm o©of Dbenzaldehyde, less than I ppm of

20  protoanemonin and less than 1 ppm of acrolein.

The vield for recovery of AA in this purification stage
is 96.5%.

25  The residual - mother liquors from the final
concentratrion step have the following composition:
Acrylic acid: 82.4% by weight
Acetic acid: 1.7% by weight
Propionic acid: 7.4% by welght

30 Diacrylic acid: 0.6% by weight
Furfurals: 0.3% by weight
Benzaldehvde: (0.6% by welght
Water: Z.5% by welight
Hydroguinene: 0.5% by weight

35

Manufacture of the propicnic acid solution

A dacketed tubular evaporator made of stainless steel

{length of the tube 100 cm, internal diameter 2.5 cm,



The yield for recovery of AA in this purification stage is 99.3%. 15
Themotherliquorsrecoveredafterthefinal concentration stage have the following composition: 54.4% .of
acrylic acid, 7.3% of water, 20 8.9% of maleic anhydride, 4.4% of acetic acid, 16.7% of propionic acid,
and 1.5% of hydroquinone. 25 Manufacture of the propionic acid solution In this instance, the
hydrogenation is carried out the liquid phase with a Pd/C catalyst. 30 200 g of solution of the mother

liquors, 200 g ofipidpiortic acidadready fecovesed, simulating,aprocess with-recyclingnangd 50 g of
Johnson Matth(@yi%%tagygggtn%%G M%e?gr%lgg%e%witgir@%netlc stirring at 60C to an autoclave and
[ cted with 35 hy

then the combined mixture is rea rogen under an absolute pressure of 7 bqr for 2
hours. After reaction, 340 g of propionic acid are recovered. - 35 - glyceroltoppedacrylicacidpurifiedby
crystallization 2 Jjacketed tubular reactor made of stainless steel

5 identical to the evaporator was packed, from the bottom
upwards, first over a length of 5 cm with Raschig rings
and then the jacketed tubular reactor was packed with a
homogenesous mixture of 130 ml = 135.1 g of the Johnson
Matthey hydrogenation catalyst of 50B type (0.3% by
10 welght of Pd on y-A1;0:;, as 2 mm spheres) and of 226 ml
of Raschig rings. The remainder of the length of the
jacketed tubular reactor was packed only with Raschig

rings.

15  The intermediate space both of the Jjacketed tubular
evaporator and of the jacketed tubular reactor was
provided with an oil forming a heat-exchange fluid

which exhibits a temperature of 185°C.

20 16 g/h of the residual mother liquors were introduced
{from the top downwards) 1into the Jacketed tubular
evaporator. 16 mol/h of molecular hydrogen were passed
through the tubular evaporator countercurrentwise to
these mother liguors.

25
The mixture of acrylic acid and of molecular hydrogen
exiting from the evaporator was immediately conveyed,
from the bottom upwards, through the jacketed tubular
reactor. The end of the latter 1s at atmospheric

30  pressure. The temperature in the middle of the reactor
is approximately 220°C. The unreacted acrylic acid and
the propionic acid produced were recovered by

condensation in a separator at 10°C.

35 After an operating time of 100 h, the condensate

comprised 813 g of propicnic acid.

After distillation, a propionic acid solution having a

purity of 99.1% is recovered,



The same treatment series as in example 3 (with a 5 static crystallization step) are applied to the
stream obtained at the bottom of the topping column (stage (5) of example 2). A series of 4 purification
steps and 3 concentration 10 steps, including a static crystallization step, made it possible to obtain
acrylic acid of "glacial" quality comprising less than %04 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- 15 butenoic
acid, less than 1 ppm of furfural, less than 1 ppm of benzaldehyde, less than 1 ppm of protoanemonin

and less than 1 crolein. Theresidualmotherliguorsfromthefinal 20 concentration step have the
following compé%ﬁ%rﬁ%ryl%acig%%aﬁyg\?vﬁiaght%get%%%%% 6% bya\%f%ht%f r: £3% by weight
Maleic anhydridErB98%DY weidtt PP iblonic &SEFYAL% by weight Furlerais £6.896 by weight, and
Hydroquinone: 8886 tyMeight: Manufagture of the prop ionic acid solution 30 A jacketed tubular
evaporatorgmade of stainless steel (length of tube 85 cm, internal diameter 3 cm, wall thickness 4 mm)
was packed over its entire length with Raschig rings (material Si02, quartz glass; external 35 diameter

3 mm, internal didfef®F ¥ mmCienbity 3 MAY. Afackdted bRkt YE&HBH mhade bh stitlesssteel (length
of the tube 120%ewm, intgrriak diameter 8rcm; svalt shickress dummy) was packed qvesits entike length

- example, except that an additional concentration step
in dynamic mede is carried out, e.g. 4 purification
10 steps and 4 concentration steps, inciuding one in

static mode.

The yield for recovery of BA in this purification stage
1s 99.3%.

i5
The mother liguors recovered after the final
concentration stage have the following composition:
54.4% of acrylic acid,
7.3% of water,

20 8.9% of maleic anhydride,
4.4% of acetic acid,
16.7% of propionic acid,
and 1.5% of hydroquinone.

25 Manufacture of the propionic acid solution

In this instance, the hydrogenation is carried out in

the liquid phase with a Pd/C catalyst.

30 200 g of solution of the mother liquors, 200 g of
propionic acid already recovered, simulating a process
with recycling, and 50 ¢ of Johnson Matthey catalyst of
87G type are added with magnetic stirring at 60°C to an
autoclave and then the combined mixture is reacted with

35  hydrogen under an absolute pressure of 7 bar for
2 hours. After reaction, 340 g of propionic acid are

recoveared.

Example 5: Manufacture of propionic acid from ex-



- 36 - with a homogeneous mixture of 400 ml = 446 g of the Johnson Matthey hydrogenation catalyst
of 48 type (0.5% by weight of Pd on y-Al203, extrudates as 3 mm pellets) and of 400 ml of Raschig
rings. The intermediate space 5 both of the jacketed tubular evaporator and of the jacketed tubular
reactor was filled with an oil forming a heat-exchangesfluid. The oil forming a heat-exchange fluid of
the evaporator had a temperature of 210C and that of the reactor had a temperature of 180C. 10 g/h of

the residual moffigrdigols weretisgmosiiced (faarmtihe dop dowmidrds) intothe jasketed tpular
evaporator. 50 malifnafmelegular hydrogen were passed through the jacketed tubular evaporator 15
countercurrentwise to the acrylic acid. The mixture of acrylic acid and of molecular hydrogen exiting
from the evaporator was immediately conveyed from the bottom upwards through the jacketed tubular
20 reactor posifiorred abowe the evaperator. Skheiernd of the tube satatiosphericpressure. The
temperature in the,middle. of the-reactor is 186G« Ehe unreactgd acrylic acid present:in the,gas stream
produced and thg pro ionic qf;iqﬁﬁormgdtqﬁre seg?ragﬁd bg condensatioT in 252 steé)aratlegr?t 10C. After
an operating time of 207, 13. g of proop|orcﬁrc[:‘L acid are recovered i the Cohdensate? 30 The propionic
acid produced &écordiigrtodhe invention is a bioresourced acid manufactured from nonfossil natural
starting materials. WO 2010/010298PCT/FR2009/051470 - 37 - WHAT IS CLAIMED IS:

A series of 4 purification steps and 3 concentration
10  steps, including a static crystallization step, made it
possible to cbtain acrylic acid of "glacial” guality
comprising less than 50 ppm of acetic acid, 3500 ppm of
preopionic acid, less than 1 ppm of maleic anhydride,
less than 100 ppm of water, less than 1 ppm of 2-
15 butenoic acid, less than 1 ppm of furfural, less than
1 ppm of benzaldehyde, less than 1 ppm of protoanemonin

and less than 1 ppm of acrolein.

The residual mother liguors from the final
20  concentration step have the following composition:

Acrylic acid: &7% by weight

Acetic acid: 1.6% by weight

Water: Z.3% by welght

Maleic anhydride: 9.4% by weight
25 Propionic acid: 7.4% by weight

fFurfurals: 0.3% by weilght, and

Hydroguinone: 0.8% by welght.

Manufacture of the propionic acid solution

30
A jJacketed tubular evapcorator made of stainless steel
(length of tube 85 cm, internal diameter 3 cm, wall
thickness 4 mm) was packed over its entire length with
Raschig rings (material 85i0;, guartz glass; external

35 diameter 3 mm, internal diameter 2 mm, length 3 mm).

A Jjacketed tubular reactor made of gstainless steel
(length of the tube 120 cm, internal diameter 3 <m,

wall thickness 4 mm) was packed over 1its entire length



1.A process for the manufacture of bioresourced propionic acid from glycerol comprising the
5following stages: gas-phase catalytic dehydration of the glycerol to give acrolein, (I)  partial
condensation by cooling and extraction of the water present in the reaction medium from 10(1),(1")
gas-phase catalytic oxidation of the acrolein to give agrylic acid, (2)  extraction of the acrylic acid
present in the stream from the oxidation by absorption with a 15solvent, (3) drying the acrylic acid
solution by distilatian ia thedqresence-of-a water-immiscilile galvent] (49 44distllatian of thke solution

thus obtained iy 2000 t LRMAUE thﬁ;%g@ﬂmmségqumd 22 digtillaion of tnesheavy

fraction resulting from j[hegecedinﬁgostage ( %in order to remove the heayy compounds (tailing), (6)

25combined witha &g 6f éktrabtiorPoF thieatiiiic aGiiby FadiRhalcrystdifzakisit afpifed to one of
the following streains: fhet ieawyl fractioR dront (4), heangsfraction fromt Srardight fractionefeom (6), in

order to iselate;crystals,ef pyrified 30ageic acid apd gssolution of mother liquers s the
Jacketed tubular reactor was filled with an oil forming
a heat-exchange fluid. The c¢il forming a heat-exchange
fluid of the evaporator had a temperature of 210°C and

that of the reactor had a temperature of 180°C.

10 g/h of the residual mother ligquors were introduced
{from the top downwards) intc the dJacketed tubular
evaporator. 50 mecl/h of molecular hydrogen were passed
through the Jacketed tubular evapocrator

15 countercurrentwise to the acrylic acid.

The mixture of acrylic acid and of molecular hydrogen
exiting from the evapofator‘ was immediately conveved
from the bottom upwards fthrough the -Jacketed tubular
20 reactor positioned above the evaporator. The end of the
tube is at atmospheric pressure. The temperature in the
middle of the reactor 1s 186°C. The unreacted acrylic
acid present in the g¢gas stream produced and the
proplonic acid formed arse separated by condensation in

25 a separator at 10°C.

Affer an operating time of 20 h, 13.2 g of proplonic

acid are recovered in the condensate.

30 The propionic acid produced according to the invention
is a Dbiloresourced acid manufactured from nonfossil

natural starting materials.



depleted in acrylic acid catalytic hydrogenation of the mother liquors isolated in the fractional
crystallization stage in the presence of molecular hydrogen in order 35to form a propionic acid solution
separation of the propionic acid, preferably by distillation. - 38 - 2.The process as claimed in claim 1,

characterized ig;ghaj 4he I/igtiigggaé:tion resulting from (3) is subjectedﬁeia/w@g B £3 %k 9pthe 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 heavy fraction from (4) is stibjected to the stage of extraction of the 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 subjeétedfo {ive Stalyd“dflextiattion of the acrylic acid by fractional
crystallization. 5.The process as claimed in either of claims 1 and 2, characterized in that the light

fraction from (GQ ois sugjecg)%ql3 'g:oetgse stage of %téact}rpann%fftgg ta&%ic %c%'d b% jfgarcstaiggglr%rgatalIization.
prepionic acid  from  glycerol comprising the
5 following stages:
- gas-phase catalytic dehydration of the glycercl
to give acrolein, (T
- partial condensation by cooling and extraction
of the water present in the reaction medium from

10 (Ly, (1"

- gas-phase catalytic oxidation of the acrolein to
glive acrvylic acid, (2)

- extraction o¢f the acrylic acid present in the
stream from the oxidation by absorption with a

15 solvent, (3)

- drying the acrylic acid solution by distillation
in the presence of a water-immiscible solvent,
{4}

- distillaticn of the solution thus obtained in

20 order to remove the light compounds (toppingj,

{5)

- distiliation o¢f the heavy fraction resulting
from the preceding stage (5} in order to remove
the heavy compounds (tailing), (6)

25 combined with a stage of extraction of the acrylic
acid by fractional crystallization applied to one
cf the fellowing streams: the heavy fracticn from
{4}, heavy fraction from (5) oxr Ilight fraction
from (®), in crder to isolate crystals of purified

30 acrylic acid and a solution of mother liguors
depleted in acrylic acid
- catalvytic hydrogenation o©f the mether liquors

isclated in the fractional crystallization stage
in the presence of molecular hydrogen in order

35 to form a propicnic acid sclution
- separation of the propicnic acid, preferably by

distillation.



6.The process as claimed in one of the preceding claims, in which the hydrogenation is carried out in
the gas phase. 25 7.The process as claimed in one of the preceding claims, in which use is made of a
sulfur-free polymerization inhibitor during the distillation stages. 30 8.The process as claimed in one of
the preceding claims, in which the fractional crystallization comprises from 1 to 5 steps of purification
of acrylic acid and from 1 to 5 steps for the concentration of the impurities and of the 35 propionic acid,
more preferablyfrom T'ie 4 steps=ofpurlicatian anddromml tol4 steps for the:cencentration of

impurities and of the p{gplg@g@c%e 39 q]% %cg@g%glgﬂ cgglﬂglis%%t I%@S%}@f propionic acid

obtained from bioresourced materials. 10. The use of propionic acid obtained by the process 5 as
claimed in one of claim8 1-t6 4 6Fof 5%oMpositioA @stdidimed i claifi’o akSolvéstS é@ﬁ?&d
preservative, in the manufacture of hetbicidé lihahe preparation ob pérgropionic acid ot in the
preparation of vinyl propionate.
3. The process as c¢laimed in either of claims 1 and
2, ¢haracterized 1in that the heavy fraction from
(4} 1s subjected to the stage of extraction of the
acrylic acid by fractional crystallization.
10
4. The process as claimed in either of claims 1 and
2, characterized 1n that the heavy fraction from
(5) is subjected to the stage of extraction of the
acryiic acid by fractional crystallization.
15
5. The process as claimed in either of claims 1 and
Z, characterized in that the 1light fraction from
(6) 1s subjected to the stage of extraction of the
acrylic acid by fractional crystallization.
20
0. The process as claimed in one of the preceding
claims, in which the hvdrogenation is carried out

in the gas phase.

25 7. The process as claimed in one of the preceding

g

claims, in wnich use 1is made of a sulfur-free
polymerization inhibitor during the distillation

stages.

30 8. The process as claimed in one of the preceding
claims, in which the <fractiocnal crystallization
comprises from 1 to 5 steps of purification of
acrylic acid and from 1 to 5 steps for the
cencentration o©of the impurities and o©f the

35 propilonic acid, more preferably from 1 to 4 steps
of purification and from 1 to 4 steps for the
concentration of impurities and of the propionic

acid.



10.

A composition comprising at least B85% of propionic

acld obtained from biorescurced materials.

The use of propionic acid obtained by the process
as claimed in one of claims 1 to 8 or of a
composition as claimed in c¢laim 9 as solvent, as
food preservative, in the manufacture of
herbicide, in the preparation of perpropionic acid

or in the preparation of vinyl propioconate.



