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" indicatinggéhat §he prapieris acid is essentially obtained from apeasher soptceefrgngwable
origin. 10 Propionic acid is a material which can be used as solvent, as food preservative or in the

herbicide manufacture; propionic acid also participates-in the preparation of vinyl propionate, which is
used as monomer in (co)polymers with, for examgle, ethylene, 15 vinyl chloride or (meth)acrylic

esters. Processé&fbi the Eyithe&isif propioRitdtich aFe ki ity i6r dt Bor ple, patent

application DE 102 25 339 Aldescribesaprocessforttier2Q. 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 obtained b catalﬁyotic gas-phase oxidation of propane, 25

propylene and/ot acFIiERS Bne ‘ot & protlems pb&ed By Bie frocesdes3or e syRthesiEof propionic
acid of thé priorarti§thatthey areltarried out starting: ffom ponreewable 39stdrting materials of

fossil (oil) origip; inarticularpropane-ar-propyiene: g point gtfacts resounses of these-starting
materials are Iimi&e(?,,and Qeceggctr.action of oil r %uires driIIir}g.Lat incregsilngly de%gggtpfyand under

. ol andl ing that € TORLOMic acil £55
technical conditions whiclT are g PLop
obtained from a carbon source of renewable origin.

10 Propionic acid is a material which can be used as
solvent, as food preservative or in the herbicide
manufacture; propionic acid alsc participates in the
preparation of vinyl propicnate, which 1is used as
monomer in {(co)polymers with, for example, ethylene,

15 vinyl chloride or {meth)acrylic esters.

Processes for the synthesis of propionic acid are known
in the pricr art. For example, patent application
DE 102 25 339 Al describes a process for the
20 preparation of proplicnic acid by catalytic
hydrogenation of acrylic acid in the presence of
molecular oxygen and of a catalyst of an element from
groups & to 11. Conventionally, acrylic acid is
obtained by catalvtic gas-phase oxidation of propane,

25 propylene and/cr acrolein.

One of the problems posed by the processes for the
synthesis of propionic acid of the prior art is that
they are «carried out starting from nonrenewable
30 starting materials of fossil {oil) origin, in
particular propane or propyiene. In point of fact,
resources of these starting materials are limited and
The extraction of o0il requires drilling at increasingly
deep depths and under technical conditions which are
35 always more difficult, reguiring sophisticated
egquipment and the use of processes which are always

more expensive in 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 "bioresourced? processes of synthesis using renewable natural
starting materials. For example, for the manufacture of acrylic acid 10 resulting from renewable
resources, altethative:processeshaveaecently been degeloged starting-from nonfdssil plant starting
materials. In padicylar processes.starting,frem-glycerol (also known as glycerin), resulting from the
methanolysis of fatty 15 substances, have been developed. 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 carrfagroditcactording To vafows wek kAowh precesses sintparticiliar I50siAg§ $dmogeneous

catalysis, such-as sedium hydrexideror sodiwm methexideripsedution in methanek or byaising

heterogeneous, catalysis. Reference may be made, on this %Jbgect tQ 25 the pa er bgbq. Ballerini et al.
in I'Actualite Ch%iallj% of Nov - ec.pzro%%? ixsser%gaclg S tﬁgnc%n?/e%s?on%? E?;%er’gipgy the chiemical route,

mention may Beariale of #ie §\ithesisoiaerAit=0 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 5@9 acgalein tojproduce. agrylic acid. 33 4 heafgj?tyslt@ge in, the;manufacture

of acrylic acid from glycerol results in the same intermediate compound as the conventional
manufactlring 1578 rtingfrot propyiéia’ Hahfely abfoiGin: &6cordingdo T Péactivh:

processes have recently been developed starting Ifrom

nonfossil plant starting materials. In particular,
processes starting from glycerol (alsc  known  as
glycerin), resulting from the methanclysis of £fatty

15 substances, have been developed. 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 carried out according to  various well known
processes, in particular by using homocgenecus
catalysis, such as sodium hydroxide or sodium methoxide
in soluticn in methancl, or Dby using heterogeneous
catalysis. Reference may be made, on this subject, to

25 the paper by D. Ballerini et al. in 1'Actualite
Chimigue of Nov.-Dec. 2002.

As regards the conversion of glycercl by the chemical
route, mention may be made of the synthesis of acrylic
390 acid in two stages, namely the producticon of acrolein
by dehydration of glycercl, which 1is 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 from
glvecerol results in the same intermediate compound as
the conventional manufacturing process starting from

propylene, namely acrolein, according to the reaction:



- 3 - CH20H-CHOH-01-120H 4 0H2=CH-CHO + 2H20 which is followed by the second oxidation stage
according to the reaction CH2=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 6Hgas-phiase-oxidatiordf tHeacidtéiHthus 8yhthesized in the presence of catalysts

based on oxides, ofion, molykdenum,.copper, and the 13 ke, glone,or ingombination:inthe form of
mixed oxides. However, one of the%)roblems, posed by these processes is that the acrylic acid is not

the only produ@fforh8d 2 & thit by G5t680&E are formed in large amounts, such as propionic acid
and impurities CSuctids Water: denylic a2iddinteérs -4681¢ acid, acrolein, benzaldehyde, furfurals or
hydroquingne. It is thus generally necessary to purify the acrylic acid by 25 conventional techniques in

order to obtain a more concentrated acrylic acid sol u;%ng?the W%%f/tpgﬁ%ic acid, that is to
say its content of VariGus it urities, "f)i)ay_s a largerolé in 30 tHe subsequent polymerization processes,
manufacturers'fRamtaciiting thisteryicladd REFE beéR fFRFSring it pray aYwiéie Sefies of

purification stages icarder to obtain af'standgro; aeryic acithwhieh isgnotmallysrefersedstb as glacial
acrylic acid (g%é)S 3 h‘_lgy;% g%g%%gggrgget ggiciaglx éec?gggg%ggeciggati%@%%gcg universal

nature but means, for its manufacturer, the level of purity to be achieved in order to be able to
successfily c&AFSttits: 8dbsequeRCEGHErSions BiF fay B 888mple, foikn e/ based

on  aluminum, titanium, zirconium, vwvanadium, and the
iike, and the stage of gas-phase oxidation o¢f the
acrolein thug synthesized in the presence of catalysts
based on oxides of iron, mnolybdenum, copper, and the
15 1ike, 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 only product formed
20 and that by-products are formed in large amounts, such
as propionic acid and impurities, such as water,
acrylic acid dimers, acetic acid, acrolein,
benzaldehyde, furfurals or hydroguincne. It is thus
generally necessary to purify the acrylic acid by
25 conventional technigues 1in order to co¢btain a more

concentrated acrylic acid soluticn.

Ls the guality of the acrylic acid, that is to say its
content of wvarious impurities, plays a large role in
30 the subsequent polymerization preccesses, manufacturers
manufacturing this acrylic acid have been led to bring
into play a whole series of purification stages in
order to ocobtain a "standard" acrylic acid, which 1is
normally referred to as glacial acrylic acid {(ghh).
35 This gAA 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 be able to successfully carry out its

subsequent conversions. By way of example, for an



- 4 - 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), dehydrationyremoving the water and the formaldehyde
(dehydrated AA), removal of the light products particular the acetic acid), the removal 10 of the heavy
products, optionally rémovalkadfcertays résidual impurities by cheieced treatinent. dis: process is highly

analogous to the progess far.synthesis rom propylene jn so faras the intepmegliate A5 preduct, the

acrolein, resulting from the first stage is the sag]e and as the second stage js carried out under the

same operatin§ Conditioie! However: theFirsk8fage résction of the Process dfthe Mventian,

dehydration repction: s diffesant froin thie propylene: 20Toxidation reacdtiordofthe noermal process. The

dehydratien reggtion, cagried-out:in the. gas phase, is sapied-ewd using salickcatalysts different from
those used for_.th% ogidagon of pra(l)g;_(l%e. The aerp ein-rich stream resu%linlg_greom the f'ir%dehydration

stage, 25 intenidéd 1o 1eed ?ﬁ‘eesecon S &5"6} of oxidation i the acrolein to give agr():/ﬁg acid, comprises

a greater amoudriticf watsirand fifadditiern BxEibits Stbstanfal diferbfites’as fégarts byitoducts
resulting from the:-feactiem mechanisms iwetwed being givensmaterial 30formee by the idifferent

selectivities in ¢agh of he e foytes I orderto fisrate.these difprpnces the dataselpting to the

presence of various acids in rude 35 acrylic acid, that is to say in the liquid phase exiting from the

reactor of the Sdcorid'8tadé aFeording o tHePstat8F Hid art dre €6T15tEd n 3ble AW&IEW" - 5 - Table 1
Impurity/AA (cruekeiatrylic acid)ratioimswieighthemical treatment.

This process 1s highly analogous toe the process for
synthesis from propylene in so far as the intermediate

15 product, the acrolein, resulting from the first stage
ig the same and as the second stage 1s carried out
under the same operating conditicons. However, the
first-stage reaction of the process of the invention,
dehydration reaction, 1l1ls different from the propylene

20 oxidation reaction of the normal process. The
dehydration reaction, carried out in the gas phase, is
carried out using solid catalysts different from those
used for the oxidation 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 give acrylic acid, conmprises a greater
amount of water and in addition exhibits substantial
differences as regards by-products resulting from the
reaction mechanisms 1involved Dbeing giliven material

30 formed by the different selectivities in each of the

two routes.

In order to 1llustrate these differences, the data
relating to the presence of various acids in the crude
35 acryiic acid, that is to say in the liguid phase
exiting from the reactor of the second stage according

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



Ex-propylene process 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 crutlelaceylic acid, whether it originates from the
ex-propylene process or from the ex-glycerol process. 15 The acetic acid and the propionic acid cause
difficulties forthe acrytic-agid; inparticutar begause they are ot converted during the polymerization
process; they AFPEHUIAEA AN IS0 oL Be poiyimenrdd Dépenditg %51%%8 bolymerization
process involvediahd the Epplibatiorsighdeted for tige polyater, these impufties may remain in the
finished produgt-and risk confefring undesirable carcosive properties or thesfinished product or be
reencountergd 25 N the liquid or gaseous discharges generated by the po%mggzatlon process and
cause organic pPolBESR VrhiBR 1S AISE undesirable- Thel. thérefore have-fo-Be Pemeved-—30-The acetic

LELEASD A

acid can be removed by distillation in a light fraction, an operation generally denoted topping.
However, the reguctionrinithe congentration of agetic acid in thecontext obthesex-glysgral process
IESUHSH1gcogﬁgqugggbsig&%gghc%%gégguagﬁgting from the oxidation

reactor, between the ex-propvlene and ex-glycerol

processes are illustrated 1in table 1. Naturally,
although this is not mentioned in the table, a whole
series of cxygen-comprising compounds, alcohols,
10 zldehvdes, ketonss and other acids, the necessary
separation of which is known toc a person skilled in the
art, 1s also found in the crude acrylic acid, whether
it originates from the ex-propylene prcocess or from the
ex-glycerol process.
15
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
20 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
25 4in the liguid or gasecus discharges generated by the
polymerization process and cause organic pollution,
which 1is also undesirable. They therefore have to be

removed.

3¢ 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-glycerol process results

in a conseguent loss of acrylic acid 1in the light



- 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 glacial acryic.acid with as the production of a 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 thecaerylid acid exiing framtheé oxidation-teactonsAstregdrds dlfe propiohicragid, the

extremely small difference in volatity existing. hetweenthis impuity;15.19,he emaved.and the acryli

acid to be purified (of the order of 1C) prevents any purification of the acrylic acid by distillation under

economically 6EBPfabI& CoHditions® 6 ThértexistsSin e Sidratt, 76 Protess which®akes possible
the manufacturesohcaompadsitiorsysutficienticonoentrated infropiohieracitboidrenewabiléorigin to allow

them to be used.inthe copventionakapplications ofdhe propignig acid-obtaipedwth fogsjkstarting
carboxyl groups of the two molecules. This disadvantage
is impocrtant econcomically as the production of a
glacial acrylic acid with an acetic acid content of
less than (0.1% by welght 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 propionic acid, the extremely small
difference in volatility existing between this impurity
15 to ke removed and the acrylic acid to be purified (of
the order of 1°C) prevents any purification of the
acrylic acid by distillation under economically

acceptable conditicens.

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

25 materials.

Advantageously and surprisingly, the Company applying
for tThe present patent application has employed a
process for the industrial manufacture of proplonic

30 acid from glvcerol.

The process according to the invention makes 1t
possible to dispense at least in part with starting
materials of fogsil origin and fo replace them with

35 renewable starting materials.

The propicnic 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



25materials. Advantageously and surprisingly, the Company applying for the present patent
application has employed a process for the industrial manufacture of propionic 30 acid from glycerol.
The process according to the invention makes it possible to dispense at least in part with starting
materials of 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 quality such that it can be used in
all applicationsipewtichitiskhowatd d,7 -uselpdpithid acigrpelbdmeinapplitdations Bath the
highest standng%.@%@npggn@g}g@e aspect, there is provided a process for the manufacture of
bioresourced propionic acid from glycerol comprising the following stages:
Summary
5 In one aspect, there 1s provided a process for the
manufacture of Dbiorescurced propionic acid from
glycerol comprising the following stages:
- gas-phase catalytic dehydration of the glycerol
to give acrolein, (I)
10 - partial condensation by cooling and extraction
of the water present in the reaction medium from
(1), (1)
- gas-phase catalytic oxidation of the acrolein to
give acrylic acid, {2}
15 - extraction of the acrylic acid present in the
stream from the oxidation by absorption with a
solvent, {(3)
- drying the acrylic acid solution by distillation
in the presence of a water-immiscible sclvent,
20 (4)
- distillation of the solution thus obtained in
order . to remove the light compounds (topping),
(5)
- distillation of the heavy fraction resulting
25 from the preceding stage (5) in order to remove
the heavy compounds (tailing), (6}
combined with a stage of extraction of the acrylic
acid by fractional crystallization applied to one
of the following streams: the heavy fraction from
30 {4), heavy fraction from (5} or light fraction
from (6), in order to isolate crystals of purified
acrylic acid and a solution of mother Iliquors
depleted in acrylic acid
- catalytic hydrogenation of the mother liquors
35 isolated in the fractional crystallization stage
in the presence of molecular hydrogen in ordex
to form a propionic acid sclution
- separation of the propionic acid, preferably by

distillation.



gas-phase catalytic dehydration of the glycerol to give acrolein, (I) 10partial condensation by cooling
and extraction of the water present in the reaction medium from (1),(1") gas-phase catalytic oxidation
of the acrolein to give acrylic acid, (2) 15 - extraction of the acrylic acid present in the stream from the
oxidation by absorption with a solvent, (3) drying the acrylic acid solution by distillation in the
presence of a water-immiscible solvent, 20(4) distillation of the solution thus obtained in order to
remove the lightrcomponinids {toppsmg o) distitlatien ofithe heavy frdetion eesuitmg25frsin the
preceding stagg.(3),iprrer toremoye E%%%ﬁonaq%@é#a"@eba@h@amtﬂ'@%ﬁ% with, & stage of

extraction of the acrylic acid by fraction(%] crystallization applied to one of. the following streams: the
heavy fraction RORCS6T4) AeatF raBfich fORTTS) of RYFFHABE fréhh (8)°fSrders isSfate crystals
of purified acrylicapiticarid:asohdiopkdfanothér fgqeorsidephsedur aed/livacki- talsytic hydrogenation
of the mother liquors 35 isolated in the fractional crystallization stage in the presence of molecular
giystzirl?a%ﬁ)r:]in or%%rstglf(i)gglaogropionig acid solution separation of the propionic acid, preferably by

A subject matter of the invention is a process for the
manufacture of biorescurced  propionic acid from
glycerol comprising the following stages:
10 - gas-phase catalytic dehydration of the glycercl to
give acrolein, (I)
- partial condensation by cocling and extraction of a
portion of the water present in the reaction medium
from (1), (1')
15 - gas-phase catalytic oxidation of the acroliein to give
acrylic acid, {2)
- extraction of the acrylic acid present in the stream
from the oxidation by absorption with a solvent, (3)
~ drying the acrylic acid solution by distillation in
20 the presence of a water-immiscible solvent, (4)
~ distillation of the soluticon thus obtained in order
to remove the light compounds {topping), (5)
- distillation of the heavy fraction resulting from the
preceding stage (5} in order to remove the heavy
25 compounds (tailing), (6)
combined with a stage of extraction of the acrylic acid
by fractional crystallization applied to one of the
following streams: the heavy fraction from (4), heavy
fraction from (5) or light fraction from (6}, in ordexr
30 to isolate crystals of purified acrylic acid and a
goluticon of mother liquors depleted in acrylic acid
- catalytic hydrogenation  of the mother liquors
isolated in the fractional crystallization stage in
the presence of molecular hydrogen in orxder to form a
35 propionic acid solution
- separation of the propicnic acid, for example by
distillation.



- 7a - In another aspect, there is provided a purified propionic acid composition directly obtained from
the process as defined above comprising at least 85% of propionic acid obtained from bioresourced
materials. 5 Description A subject matter of the invention is a process for the manufacture of
bioresourced propionic acid from glycerol comprisingsthe following stages: 10 - gas-phase catalytic
dehydration of the glycerol to give acrolein, (I) partial condensation by cooling and extraction of a
portion of the iEter presentinshe asactivdimeadiutndrontii®), (Lnengasphasekaalytic oxidation of

the acrolein to give-aarylic aqid, (2hexiragtionsof thg aceylie @cicpresentdp ihg searg fom the
oxidation by absgépti.on \gitl% a solvent, g%‘_z 1 d%r:vin%the acrylic acid solution by distillation in 20the
presence of a waterimniiscibie soivert. LB distifation ot the solution thus obtained in order to remove
the light compounds (topping), (5) distillation of the heavy fraction resulting from the preceding stage
(5) in order to remove the heavy 25compounds (tailing), (6) combined with a stage of extraction of the
acrylic acid by fractional crystallization applied to one of the following streams: the heavy fraction from
(4), heavy fraction from (5) or light fraction from (6), in order 30 to isolate crystals of purified acrylic

acid and a solution of mother liquors depleted in acrylic acid



catalytic hydrogenation of the mother liquors isolated in the fractional crystallization stage in the
presence of molecular hydrogen in order to form a 35propionic acid solution separation of the
propionic acid, for example by distillation. - 7b - The process according to the invention makes it
possible to obtain a bioresourced propionic acid abtgined from renewable resources. -8 - A
renewable starting material is a natural resource, the stock of which can be reconstituted over a short
period on the lumasrssatén 1a partieutar,nitis mecessary for the stock toibe able ¢e berenewed as 5

quickly as it is copsumed. For.examplesplant-materials.exhinit the.advantage of beigg apje to be

cultivated without their consumption rgéiultinngrj in an apparent reduction in gatural resourges. 10 Unlike

the materials rESUitiNg frof fossil fnateiAi& ren&wable startihg materiais cétnprise NC. Afl the samples
of carbon drawrefremdwvirig ofganisms (apimals oftplams) axe irefaétca mikture b 84sbtcpes: 120

(representing appreximately 98:89290); 426 (approximatelk 1541108%) and N&x (teaces: 3.2 X
10-10%). The %fg% %Otraté%of Iiv@‘gati%sues IS iger}gié:al to th%[aof th@ at osphggetil%r%%gnvironment,

NC exists in two pre orminant forms: in the Torm of carbon dioxide ga% ( (552) and in the organic form,

that is to say i e 20fornt-6fcarboRIREHPBIELEd in BRERICHdfecUlds. IR IRy BFgHHism, the
140/120 ratio ig kKepteanstantmeatabolically-asstherearbon is continually exchanged with the external
environment. As the proportion of NC 25 is constant in the atmosphere, it is the same in the
10 Unlike the materials resulting from fossil materials,
renawable 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 98.8%92%), 3c (approximately
15 1.108%) and '*C (traces: 1.2 x 107°%). The "c/*C ratio
of living tissues 1s identical to that of the
atmosphere. In the environment, Yo exists in  two
predominant forms: in the form of carbon dioxide gas
(C02) and in the organic form, that is to say in the

20 form of carbon incorporated in organic molecules.

In a living organism, the Mo/t ratio is kept constant
metabolically as the carbon is continually exchanged
with the external environment. As the proportion of '*C
25 is constant in the atmosphere, 1t 1s the same in the
organism, as long as it dis living, since it absorbs
12(:.

this '"C in the same way as the surrounding The mean

YMe/c ratio is egual to 1.2 x 107,

30 *?c is stable, that is to say that the number of 'YC
atoms 1in a given sample 1is constant over time, Moo ois
radicactive and the number of **C atoms in a sample
decreases over time (t), its half-life being egqual to
5730 years.

35
The *C content is substantially constant from the
extraction of the renewable starting materials up to
the manufacture of the bioresourced prepionic acid and

even up to the end of the use of the obiject comprising



organism, as long as it is living, since it absorbs this NC in the same way as the surrounding 120. The
mean r p/120 ratio is equal 'EC) 1.2 x 10-12. 30120 is stable, that is to say that the number of atoms in
a given sample is constant over time. NC is radioactive and the number of HC atoms in a sample
decreases over time (t), its half-life being equal te 5730 years. 35 The HC content is substantially
constant from the extraction of the renewable starting materials up to the manufacture of the
bioresourced propioniciacidamidieven up to the end of the use of the object comprising - 9 - propionic
acid. Consequently, the presence of 140 in a material, this being the case whatever the amount
thereof, gives an 5 indication with regard to the origin of the.moleculesconstituting it, ely that they
originate from(?gﬁlés’ﬁaqﬁ%%%rﬁhgFna%eri%fseg%lﬁgt f%gm foegsil Thatérials. 1 nﬁhagémgtﬁmlrg%of HCina
material can beafeterminedl byasite of e fiEthods e sGibedih the'sthfidard ASTN D6866-06
(Standards Test Metheds for Determiniag the:BiobasagCantentiof NaturabRangel Materiads Using

Radiocarbon acrléjniggt_&pgt@%t%o Ma S Spggtll;l%r%try @Hglé/sis)cb}%gyThi%§@g§5c£gom@rlis\)%g, three

methods for méasuring organic carbon resulting from renewable starting rpaterlalsf known as biobased
carbon. The pfdpe owhCfRF i Bropishic Adia bt thefPentiohtare from  tossil

materials.

10 The amount of 'C in a material can be determined by one
cf the methods described in the standard ASTM D6866—06
(Standard Test Methods for Determining the Biobased
Content of Natural Range Materials Using Radiccarbon
and Isotope Ratio Mass Spectrometry Analysis).

15
This standard comprises three methods for measuring
organic carbon resulting from renewable starting
materials, known as biobased carbon. The proportions
shown for the propionic acid of the inventicon are

20 preferably measured according to the mass spectromeiry
method or the liguild scintillation spectrometry method
described in this standard and very preferably by mass

spectrometry.

25 These measurement methods evaluate the ratio of the
Y4c/MC isotopes in the sample and compare it with a
ratio of the *C/'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 amcunt of carbon resulting from
renewable starting materials of greater than 20% by
weight, preferably greater than 40% by weight, with

35 respect to the total welight 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



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 ratio of the 140/120 isotopes in the sample and compare it with a
ratio of the 140/120 isotopes in a material of biological origin giving the 100% standard, in order to
measure the percentage of organic carbon in the sample. 30 - 10 - least 0.5 x 10710% by weight of
1-4C. Advantageauslypthe amaont'sf caybere regudting frota renewable starting materials 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. "BURHY- G Blrfication = Rio BN aré Sbtdifed Wiirst Seam - eshcdrirdted in acrylic
acid, which candesrecoveredsirevalueas agrylicaeitdsandsa secenrd streannémotherdiquors) poorer in

acrylic acigl. This sggend 19%@@95%@@10@@@%0@5@ in yalue asacrylic;agid. Accprding to the
process of the inventioQ, I;gns s%cong strefm Is h ‘d{ogepated tg form piog%sourced propionic acid. The
manufacturingrﬁﬁgggs acc%r(ﬁng to-thenvehtion makes it 8555?&e?6” obtain & lb%?lﬁ(ej i 20 acrylic acid
and to recoverdfMyalue the second stream and thus delimit the losses of product during the process.
For the implementation of the process, use is generally 25 made of a stream feeding the reactor of the

stage (1) comprising. the glycerol.and water, with ater, lyceral ratio by weight which can vary within
wide limits, for% e%(%cr%p% %%tv%éjent%f&/agfn%e&é a%%vpr%f%gréb ;/T %g%egenn' 0. %anaf gﬁl 1I‘%e

dehydratién 3GFe4ttion, seaget@d efniel istdit egaifibidm féactiohldut Thelfaloret by d Righ
temperature level, ¢s genetdllyccartied putintshesgassphase #rthe ceactonkmdhe presencecof a catalyst

at a temperatute ranging from. 150 1p S90G, preferably of between 250 ard 35 350G, and an

absolute pressure of between 1 and 5 bar (1000 and 5000 kPa). It can also be carried out in the
presence of 0X/YRR"SH A gdb CEMPsiAG oXyger. 88 dschibed iF afplREG6RS WO 8787083 and

WO 06/114506mcther liguors) poorer in &acrylic acid. This seccond
15 stream cannot be recovered in value as acrylic acid.
Aecoording to the process of the invention, this second

stream 1s hydrogenated to form bicresourced propionic

acid. The manufacturing process according to the

invention makes 1t ©possible to obtain a purified

20  acrylic acid and to recover in value the seccnd stream

and thus delimit the losses of product during the

process.

For the implementaticn 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 welght which can vary within
wide 1limits, 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 eguilibrium reaction
but one favored by a high temperature level, 1is
generally carried out in the gas phase in the reactor
in the presence of a catalyst at a temperature ranglng
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 kPa). It can also be carried out in the
presence of oxygen cor of a gas comprising oxygen, as
described in applications WO 06/087083 and
WO 06/114506.



The glycerol dehydration reaction is generally carried out over solid acid catalysts. The catalysts which
are suitable are materials used in a gaseous or liquid 5 reaction medium, in a heterogeneous phase,
which have a Hammett acidity, denoted Ho, of less than +2. As indicated in patent US 5 387 720,
which refers to the paper by K. Tanabe et al. in "Studies in Surface Science and Catalysis", Vol. 51,
1989, chap. 1 and 2, 10 the Hammett acidity is determined by amine titration using indicators or by
adsorption of a base in the gas phase. These catalysts can be chosen from natural or synthetic 15

Si.”CGOUS SUbStﬁf‘i‘&esg9&%@9@?126@@@@?6@&{&@?{0 §W§%§uq@asﬁ%g§§,ique@rwg@gjnono-, di-,
trior polyacidic inorganic acids; pxides or mixed Exides or }ﬂﬁteero(po yacids or h‘?lt‘?[:(ﬁml acid salts. 20

Thesecatalyst&%%g%ﬁ%r%lI}?coonls st@fg%%te%%ﬁglyggiass'alt in Whlc%ttﬁéypsrgtsong of said I“‘eeferopolyacid

are exchangedwithait Jéastéoiie caidis chasen frofeélerhdntsbeldngiigt® Groups 181XV of the
Periodic Table:af the Elements; these2b hetaeopolyarid saltscomprsing @t least aae lement chosen
from the group.consisting of W,.Mo and V, ention,may particylarly be ge, q@ong}{pixed oxides,
of those baseﬂﬂ81r]‘?rlnlr%srtl!Eand3 i %Ilg\i/l(%syﬁhorﬁyse %%’\ge(% th%isoé 30%)%%%%%0%%@% phosp'horuss5 and

tungsten. The eathlysts afe cHbséri irfparticiiarfrom zeotites, Matidna cdhfosités’ (ba8&d on sulfonic
acid of fluoropelymers),ichlonnated ahubinass phosphotuhgsti¢' 3bwahitar silicotudgsticcaeids and acid

salts, and variQus solids of the type g@m'@ing mpetal oxdes, sygh, as @{gglymloxgq%T@ZIOS, niobium
oxide Nb205, alumina Al203, titanium oOxide .‘I’i02, zirconia ZrOZ, tin oxide Sh02, silica Si02 or

silicoalurhinate" 82 ATSHE fnpragnated? - 12°- with-8G8 tasctional grdlibe suth w&orate BO3, sulfate
S04, tungstate:¥08; phosphlatedP®4,silicate 5132 opmolybdafe Mob3 functionallgrogps; or a mixture
of these compgunds. . :

These catalysts can be chosen from natural or synthetic
15 siliceous substances or acidic zeolites; inorganic
supports, such as oxides, covered with mono-, di-, tri-
or polyacidic inorganic acids; oxides or mixed oxides

or heteropolvacids or hetercopolyacid salis.

20  These catalysts can generally consist of a
heteropolyacid salt in which the protons of said
heteropolyacid are exchanged with at least one cation
chogsen from elements belonging to Greoups I to XVI of
the Periocdic Table of the Elements, these

25  heteropolyacid salts comprising at least one element

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

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

30 based on cesium, phosphorus and tungsten.

The catalysts are chosen in particular from zZeolites,
Nafion® compcsites (based on sulfonic acid of
fluoropolymers), chleorinated aluminas, phosphotungstic
35 and/or silicotungstic acids and acid salts, and various
gsolids of the type comprising metal oxides, such as
tantalum oxide Ta,0s, nilobium oxide Nb:0s, alumina Al 0.,
titanium o©xide Ti0,, =zirconia Zr0;, tin oxide Sni,,

silica 810, or silicoaluminate S8i0;/A1,0;, impregnated



5 The preceding catalysts can additionally comprise a promoter, such as Au, Ag, Cu, Pt, Rh, Pd, Ru,
Sm, Ce, Yt, Sc, La, Zn, Mg, Fe, Co, Ni or montmorillonite. 10 The preferred catalysts are phosphated
zirconias, tungstated zirconias, silica zirconias, titanium or tin oxides impregnated with tungstate or
phosphotungstate, phosphated aluminas or silicas,jipeteropolyacids or heteropolyacid salts, iron
phosphates and iron 15 phosphates comprising a promoter. The reaction medium exiting from the
dehydration reattdr hasialhighnwatercedtent due o the:glyceml thares(agleous sbiition) and to the

reaction itself. 29,An additional stagey(l;) of parialsardensation ofthe;wateL, sucthas, for example,
that described in ih%ga%ent ae Iic%tion WO -08&08731_5 on behalf of the @B[}Iican%Cg%wé)any, will make
it possible to rermov aap(?rtion ereof so a8 to br(i”fr%:éD thi§ gaé3 fod 2%1%%mpo%iti%n su stsa%tially
identical to that ofEHesEipropylene process, in order to feed the second stage of oxidation of the
acrolein tg give acrylic acid. The term "substantially identical composition” is understood to mean in

particular similay congcentrations 30 of acrolein, water an en. This condensation stage (1') can be
carried out with Fé%oliﬁgr o %Ct%% ergtalﬁg é\)ﬁc ’smactk%rsl it%géé%ljé%g% S%:Xln %%t@sprgeln%valgof the
condensed phB$ETE §5$ stréamcofipribing Wiler antr acroleintii a Water/&ctolefi"molsaf ratio of 1.5/1
to 35 7/1. Thisypartialkcondensation mithefeatet makes ibpossiblerto piévent tdamage to the catalyst of
the 2nd stage of oxidation of the acrolein to give acrylic acid and to avoid, during the subsequent
stages, the removal of large amounts of water, which is expensive and which - 13 - risks bringing
about losSes of A&ryli® &GS IF &ditidie FEmERES it pasible ¥ PébGe S Portioh sFhe*Reavy”
impurities formadnduring-the dehydeations 5 Theldxidation eactien, stage €2)] istcartied dat in the

presence of mglecylar oxygen-eraf-a mixture-comprising molegulapaxygen-at a temperature ranging
from 200C to 3 OC(,)&referably from 250C to BZOCSan under a,pressure ran inggom 1to 5 barin the
i 2 1C élr% 3 or

10 presence ofan ¢ d%{fi%% ca?e%l%%@%éf’ IS r?lrade, as oxidation cgta?y%?,p(?f yctype of ™~

heteropolyacid saits, iron phosphates and iron

15 phosphates comprising a promoter.

The reaction medium exiting <from the dehydration
reactor has a high water content due to the glycercl
charge (agueous soluticn} and to the reaction itself.
20 An additional stage (1"} of partial condensaticon of the
water, such as, for example, that described in the
patent application WO 08/087315 on ©behalf of the
Applicant Company, will make it possible to remove a
portion thereof, so as to Dbring this gas to a
25 composition substantially identical to that of the ex-
propylene process, in order to feed the second stage of
oxidation of the acrolein to give acrylic acid. The
term "substantially identical composition"” is
understood to mean in particular similar concentrations
30  of acrolein, water and oxygen. Thilis condensation stage
{1') can be carried out with cooling to a temperature
which makes it posgsible to obtain, after removal of the
condensed phase, & gas stream comprising water and
acrolein in a water/acrolein melar ratico of 1.5/1 to
35 7/1. This partial condensation of the water makes it
possible to prevent damage to the catalyst of the Znd
stage of oxidation of the acrolein to give acrylic acid
and to avoid, during the subsequent stages, the removal

of large amounts of water, which is expensive and which



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,
Sh, Si, 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/or V 20 and/or W and/or Cu and/or Sb
and/or Fe as main constituents. The gas mixture resulting from stage (2) is composed, apart from the
acrylic acid: 254 efdigght cempginds whichuare nonserdensalble undey thietenyperdture and pressure
conditions normally employed: nifrogen, uncopyerted axygen, cathon,mogoxide and catbon dioxide,

which are formed in,a small amount by final oxidation, 30 - of condensable light compounds: in
particular water"Genet&fetby tHEdéhydta oriEPegE‘ﬁgn%?ﬁé‘s%nVé% difeeN ,%Ebﬁé)erted acrolein,
light aldehydes, such as formaldehyde and acetaldehyde, formic acid, acetic acid and propionic acid,
35 - of heavy compoudndsifutfyraldebyde ; benzaldehyde, maleic acid, /paleic.anhydride; 2-butenoic
acid, benzoic %%de phernecg,énrggoanepo?rilg,lancdu&hg Iike.x- 1%- bygbsog)gionain a §Lol¥%ntéThe solvent
can be water of & mixture ofnheavy%ydrophoeblc soﬁ/en?s, SHEH as cﬁphenyl and élmpﬁ{enlyﬁ ether. This
extraction stageiSRAGHAD aPerssiiskilled ¥ iHEEEM dnd the |atdmay Biefer torth@isiidowing
patents:Frencly patentoNo.°t 5884325 Frenchpaterd Ne 12,146:386, Seorhan paterizNG.4 308 087,
European patent No, 0 706 986 gr}_% Erench pggefpé i\hog 2 g;%gS@. This extraction;can.he carried out

with water by a countercurrentwise 10 absorption.”or this, the gas resulting from the reactor is
introduced at thé HoRbRToran aBs6rptioh chitinrakRerdStencounters, countercurrentwise, water

introduced at the column top. Light compounds (mainly acetaldehyde and acrolein) are essentially

removed at 15.thg top of thisabsorplion.calump; The water used as ghsorhing solyent can be
introduced via a souyce external tq the process but will Lgreferab y. be compo&ed, arti:#lé or

completely, by FecEVers ot at leA8C8e 5fthé ghSesud readtion Strears réSultitg 20 ffdm the initial
reaction stages,fos exansple the wateriesultingsfrony stagjes (1Y) and{4ie namély tiseWater condensed

in stage 1 or thesyater racoyered fropsthe azeetropic-dring columa topsstrgam: The pperating
conditions of this abgorption gtage are agfollows: o, i ¢y, zn, sa, Te, sb,
Bi, Pt, Pd, Ru and Rh, present in the metallic form or
in the oxide, sulifate or phosphate form. Use is made in
particular of the formulations comprising Mo and/or V
20 and/or W and/or Cu and/or S8Sb and/or Fe as main

constituents.

The gas mixture resulting from stage (2} is composed,

apart from the acrylic acid:

25 - of light compounds which are noncondensable under the
temperature and pressure conditions normally
employed: nitrogen, unconverted oxvgen, 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 aldehvdes, such
as formaldehyde and acetaldehyde, formic acid, acetic
acid and propionic acid,

35 - of heavy compounds: furfuraldehyde, benzaldehyde,
malelic acid, maleic anhydride, 2-butenocic acid,

benzolc acid, phenol, protoanemcnin, and the like.

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



25 The gaseous reaction mixture is introduced at the column bottom at a temperature between 130C
and 250C. The water is introduced at the column top at a temperature of between 10C and 60C. The
respective amounts of water and of gaseous reaction mixture are 30 such that the water/acrylic acid
ratio by weight is between 1/1 and 1/4. The operatigp is carried out at atmospheric pressure. In a
preferred alternative embodiment of the process, 35 during a stage (3'), the acrolein present in the
liquid fractionresultingfrom{3)isrecoveredbydistillatiomios stippingwith argas:nwhiscatternative form of

the process, the absprption column %%coqgla%%g&gi%nn ggyltpgrg&%tijlati%ggtheaé 15 - very

light compounds, essentially acrolein unconverted on conclusion of reaction, present in a low

concentration firtABHGIEo S derific®A&a Bolufion Fecoveérdsat e B6ttom Bt the &tforptidn column.
This 5 distillatibrcslumy whicke operatescunderia pressire ef-frorargix 108 ta - £04 Rayis fed at the
top with the boftomm. streamfrom:the pregcgding,absorption ealmn and makes|t pogsibleto remove, at
the top, a stream of acrylic acid enriched in acrolein which is recycled i the lower part of the
absorption coI%grg”m (3) %érging#%émovgfgp t(ﬁ% toﬁ3 ot t%zl}stsarr?ﬂeoéolgmfrjﬁ %rjl_%gc?ljeodé ?n"v%i%rrle of acrylic
acid in water (Eatibsyoweight fromCH/148 4/1)ks Baurcabtaipeesich i fréed fromPthe bl of the
unconverted agreleinrwhichragueousmixtureskd issknowm ass'crude: aerylia agid"-Zhe asgolein can

also be recovered py stripoing.with.g,ggs, Sushas.air r,an inert gas e preferably gomprising
|

oxygen. This stage is optional but, in'its absence, the crude 20 acrylic acid will be more concentrated
in acrolel?, whithwillthave'to befréfoved diring thé suBSequeht Bhpmg Stage* Rlirthérfore, this
stage (3') makes itqossibledo decoverianddecytle tresacraleincto thefreactionistage(2)and thus to

increase the oyerall 25 yield of the process, Sfage () isa dehydration or drying stage which is carried

out in the presence of a water-immiscible ‘ ,
introduced at tThe column top. Light compounds (mainly

acetaldehyde and acrolein} are essentially removed at
15 the top of this zbsorption cclumn. The water used as
absorbing scolvent can be introduced wvia a source
external to the process butt will preferably be
composed, partially or completely, by recovery from at
least one of the gasecus reaction streams resulting
20  from the initial reaction stages, for example the water
resulting from stages (1"} and (4), namely the water
condensaed in stage 1' ©r tThe water recovered from the
azeotropic drying column top stream. The operating
conditions of this absorption stage are as follows:
25 The gaseous reaction mixture is introduced at the
column bottom at a temperature between 130°C and 250°C.
The water 1is introduced at the column top at a
temperature of between 10°C and 60°C. The respective
amounts of water and of gaseous reaction mixture are
30  such that the water/acrylic acid ratioc by weilght 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 acrclein present in the liguid
fraction resulting from (3) is recovered by
distillation or stripping with a gas. In this

alternative form of the process, the absocorption column

can be coupled to a column for the distillation of the



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 (M#BIK) as solvent, or patent US 3689 541, with
trimethylcyclohexanone as solvent, or by distillation in the presence of a solvent or of - 16 - mixtures
of solvents forming/a hetghagenenns azestropeswith the Water zsuch'asi acetatesovanethyl isobutyl

ketone, such ag described; for example sin patent.ER 2,554 809, o gelvents.addigonaly,forming an 5

azeotropic mixture with acetic acid, such as toluene, as described, for example, in the patent JP

03.181.440. INtRBPrOGESs 0f the invention® usé Wif Breterabiy Be nfadé: forthis GeHydrafion stage, of
an azeotropic t@distiflatoh asing assolvent,ssuch as MIBKaThe distilatiorreslammn, whichsoperates
under a pgesfsmggsoj%rg[g@i@%O%glgﬁr%O%ﬁgdﬁ egympggé@itk}lgggga@tepﬁ@%@é@eWgs the column
top stream after condensatiorsand provi for the separation of an er organi ase,
esF;entiaIIy cor?f;}fs%%g%f >I‘\/IIE@3 Wthcl’fhﬁsxcc?lfrg}ple%ealy relc%ycl%egcgs%%lu%f]é)to%or%%lﬁqxﬁa%d% an agueous
phase comprisid tHenwater ane niostdf theSfolrralgerydel The Heatihg Powes sefifor Bieccboiler of the
column is adjugteeksuch as @ ebtain a selventa2Q-reflux How rate stelpthabthe tatiahy weight of

solvent returnerl g Ieflx 1o watel preseatin he gudg aerlicacideedino Mie sallinp gopresponds to

the theoretical azeofropic mixture. The stream obtained at the column botto e dehydrated acrylic

acid, is 25 esseffally d&v6idt Watét (géréralfI8es BiiarP Too Ty Weight . ih ahHitefriative
embodiment, thisreoharhn ean bereoupled tocef secorid catumn forrdcovery ofthe solvent, <30 so as to

recover, in the aqueQys Sg%a@éf;gﬂ@qume&tﬁn%@@s top-gf the azeotrapig;distiiatign column,
n the

the traces of sglvent dissop/eg i agueous %hase. %heﬁgﬁau amaunts of solvent, distilled and
condensed at the'tog 6f this'solveht recdvery CoRMIT 35 WHich opetatbs &t atmidspheric fressure, are
subsequently tecyded i tHeedecanteriof the preceding: columni: The aguieds streamtfrera the bottom
of this salvent recovery.coldmnis gdisgarded:v1: ¢ acid". The acrolein can also

be recovered by stripping with a gas, such as air or an

inert gas mixture preferably comprising oxygen.

This stage 1s optional but, in its absence, the crude
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 1t
possible to recover and recycle the acrolein to the
reaction stage (2) and thus to increase the overall

25 vyield of the process.

Stage (4) 1s a dehydration or drying stage which is
carried out in the presence of a water-immiscible
solvent for acrylic acid. This dehydration stage can be
30 carried out by liguid/ligquid 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 1s described in numerous
patents; see, for example, patent FR 2 115 764, with
methyl i1sobutyl ketone (MIBK)} as solvent, or patent
US 3689 541, with trimethylcyclchexanone as solveht, 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 of 2 x 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 isi sichu ineaceti€ aeid langhfosmitcacid,rean optienallydaeadditienallydreatec in order to

recover, in a segqnd cojumn,jn series, the small.amounts ot acryli¢ agid entrained withythe column top

stream. 15 Stage (6) is a stage of separation of the heav%/1 compounds by distillation. The bottom

stream from ther8B&ding T9Piing Tolurfifi 7§ introtticed B the BERGH 6 a distilatioh&iimn operating
under a top préssure of 208h¢ order of 2 xL08totZXx 164i@at Acstegaiy of gurifiedhacrylicracid
describedzas of sechnical gradg is obiaineg atthe, tap. The yarious stages of separating by distillation
25 necessitateédug to the Ehecrlmoggnamic conditions em}ﬁ)loyed the a _iti%%ogpg%ly%]e ization
inhibitors to thé Streams tréated in o?‘ﬂdeer%%r{b?é\/eént‘tﬁle Forema%%{ﬁeo?%eai/y ¢ompounds formed by

polymerization of acrylic acid which are harmful to the satisfactory operation of 30 the assembly. The
polymerizationzinhibifers.genesally used:fos the stages ©f purificationiof the-aeeytisiacid are phenolic
gher, phg othail%zingzdeeéivatives compounds

products, such as,hydrogujino r_hydroguinone.methyl
a ALINONE. QI %ﬁqu%gulo% Slf T

of the family o%n tcﬁeethiocarb‘amates, suc copper n-gﬁt’yl)dlt iocarbamwate,téfrﬁi%o derivatives,
such as h§jdrokyigrnines? hyafoxydipheaylamine Stdetivativestthe fahfily 6FtRé pherylgnediamines,

nitroxide derivativesiof 4=hydroxy 2]12:6/6; tetramethylpiperidine-l:axyd(TEMPO}suchas A8 -
4-hydroxy-TEl\glgngr§-qu-a_' EMRO5 o, r_nlegal %Igs, %CP@% mangangse acefate, g Qﬁ@g Jnhibitors can

be used alone or jn combination and are in addition preferably’introduced in combination with an
oxygen-compriSingGas SHesE Polyhér o inhibitersHré G¥Refatly Heat§ ROMpotndS the volatility

of which is lowerthapthatides for the separation of an upper organic

15 phase, essentially consisting of MIRK, which  is

completely recycled as column top reflux, and of an

aguecus phase comprising the water and most of the

formaldehyde. The heating power set for the boiler of

the column is adiusted such as to obtain a solvent

20 reflux flow rate such that the ratio by weight of

solvent returned as reflux to water present in the

cruce acrylic acid feeding the column corresponds to

the theoretical azeotropic mixture. The stream obtained

at the column bottom, the dehydrated acrylic acid, is

25 essentially deveclid of water (generally less than 1% by
welght) .

In an alternative embodiment, this column can ke
coupled to a second column for recovery of the solvent,
30 so as Lo recover, in the agqueous stream separated by
settling at the top of the azectropic distillation
column, the traces of solvent disscolved in the agueous
phase. These small amounts of scolvent, distilled and
condensed at the top of this solvent recovery column,
35  which operates at atmospheric pressure, are
subsequently recycled in the decanter of the preceding
celumn. The agueous stream from the bottom of this

solvent recovery column is discarded.



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 are 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 continuous and homogeneous reflux of
solution rich inspelymerizatiansinbibitorssever fall:theqants of the-tdevices;iGeneralby; theys are conveyed

in 20 solution in.a qu#gifggr&%mple in-agrylic acid-grin water, if the,purification;stage relates to
aqueous streams. The %egs of the inventionrciggri es a stage of 25 purificagion gf the
bioresourced &trylic-acid wiich is B separatich by Fractiondl ¥Wstalifzation Frattorial &/Stallization is

a well known sepagation teChnidley ficandase cariedlowt in varcus forisi 3edynamic thystallization,

static crystallization o suspensien £rystallizationpMention may besnade, ondbis.subject, of the French
patent 77 04510 of 17/0@/1%7 (tEgnASF% {,Iélgltge Us rpcateon%s 5 50&13.2%7:L ﬁtﬁlg%eg 1,{;md 51831 124 (BASF)
hokubai), ica

and 6 482 981‘3(%6’68%@ 35's6me 6f which target fhe pur‘sl ion of acry(ﬁg a%zf(\flsynthesized

by oxidation offropylerm®er a§eHptisafy in‘cofmbihalicriWith &statit ciystallizafié in @ molten
medium. TheAfallingdilmerystalizatibnrs geneeallycasted 5 othinca tubtdanexchangernn practise

multitubular, eaghiaeBeing {9 coniiesvaL e P it & I steamy{goluign.or melt) of the

compound to be p d, acrylic'acid (AA) in the process, falling as a film preferably along the internal
wall 10 dfthe t%%?%%fé‘ﬁvsed at fhe tbebBtom A rédyeiiifat thetbpiclostd foop) forthe time
necessary for thes¢rystallizatiah of theiambomtréfccompoimd (AARrdecided:-upors by the dperator, a

stream of heat:exchange flyid, for example ethylsne ds glycoliwater.oF methangl/water, falling as a
film, preferably along the external wall of the tube, also recirculated th£ou§[]out_Lthe cg/sta lization
the'o

within the tubeSWhidH will Bonfiibute te coltf or 1AE heat Hadessaty for ration of thie stages of

each of 20the stepsained with the column top stream.
15

£

Stage (6) 1s a stage of separaticn of the heavy
compounds by distillation. The bottom stream from the
preceding topping column is introduced at the bottom of
a distillation cclumn operating under a fop 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

chtained at the top.

The various stages of separating by distillation
25 necessitate, due to the thermodynamic conditions
employed, the addition of polymerization inhibitors to
the streams treated in order to prevent the formation
of heavy compounds formed by polymerization of acrylic
acid which are harmful to the satisfactory operation of
20 the assembly. The polymerization inhibitcors generally
used for the stages of purification of the acrylic acid
are phenolic  products, such as  hydroguinone or
hydroguinone methyl ether, phencthiazine derivatives,
compounds of the family of the thiccarbamates, such as
35  copper di(n-butvl)dithiccarbamate, aminoc derivatives,
such as hydroxylamines, hydroxydiphenylamine or
derivatives of the family c¢f the phenylenediamines,
nitroxide derivatives of 4-hydroxy 2,2,6,6~

tetramethylpiperidine-l-oxnyl (TEMPC) , such as



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 marg ar 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 (motheriguors: Her TEMFaUrities isdransiened inte a reeeivér. sSweatjng: thé tersperature of

the heat-exchange fljid 35 is;raised along g positive, temperature gradient in arder toremove, by

melting, the impurities trapped in the form of inclusions in the layer of acrylic acid crystals being
formed; the latter aretaififyi6¢atad 1Pthe Git8rméstTayervhiéh fSiih ¢Ohtadt “S36 £ Aith%the
recirculated strisahy intreasinglyrichdnriinpueties:Durinig-the sweatingy diee: firstmpaléstles to melt are
eutectic mixtures ©f impurities and of AA (acrylic acid), the impurities located in the layer 5 of crystals
migrate towards the 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 that ot fife nictheED kGidrs $8covietbd [dliFing the ThHpstallizatoresthje. This&iveating
stage can be replased:by=3 washing-techaigques which consists in Eemaovirg- impusities peesent at the
surface by washing with-pure ref ly introd t a temperature slightly 15. higher than the
melting point o%?n'ghe% gﬁ%@éﬁ %@Ve? %%y té%%%iq%%%%%aéglrio%}aleegg %ff%éﬁ%@%&ﬁngg}[ﬁe
temperatute of the ' Eat-exBRange&lurt REapidRFifcreaiBd ab6¢8 fid ieftint Bointof AR (14C) and
should preferablycremaim bebwia: maximun20termperatareiabove avhich i isi possible tmfear a

polymerization;(explesive) of theumediumy, this maximum temperajure s ofthe grder of 35-40C in order
to remain secure in melting the layer of crystals of purified AA. The purified liquid 25recovered is

placed in a seSritfrecefvel “Sthfting ffoth the BF8am o e Putifieds tie Combingg e ©F

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

streams.

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

a separation by fractional crystallization.

Fractional crystallization i1s a well known separation
technique. It can be carried out 1in wvarious forms,
30  dynamic crystallization, static crystallization or
suspensiocn crystallization. Mention may be made, on
this subject, of the French patent 77 04510 of
17/02/1977 (BASF) and the US patents 5 504 247 (Sulzer)
and 5 831 124 (BASF) and 6 482 981 (Nippon Shokubail},
35 some of which target the purification of acrylic acid

synthesized by oxidation of propylene.

The most widely used technigue is falling film

fracticnal «crystallization, dynamic crystallization,



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 same operation can be carried out in a third purification step, it being possible for the
mother liquorsdom this third step debeireeycled inthercharge-afthe 2nd,step BndAhe pire product
being recovered by melting. - 21 - 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 @ne:théis rémoyedfinlthe motherdiglidors: in ondek to preventaheé formation afl polymer in

the molten, crysfallizate, apn inhibiter10 @E@R%t}@%in, natyre angd-.qoncentration; with the, final use of the
monomer is prefer%bléaéjdeg. This afddétion W'II,|n£a[tiiuIar be c%%ried out durin hthe final melting
stage of a stepefaécd with'a stream ' devoi o?%% yjﬁer?z%?ioﬁ irﬂ?i%itor, %u&?%é, for xample, the

¢ a liquilid stream (solution or melt) of the compound to

be purified, acrylic acid (AA) iIn the process,
falling as a film preferably alceng 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 amount of compound (AR)
decided upon by the operator,
¢ a 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 crystallization within
the tube, which will contribute the cold or the heat
necessary for the operation of the stages cof each of
20 the steps.

The process is 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 temnperature
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
3¢ tubes. When approximately 30 to 80% of AA circulated
has crystallized, after draining, the remaining
liguid fracticn (mother liquors rich in impurities)
is transferred into a receiver.
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 inclusicons 1in the layer of acrylic
acid crystals being formead; the latter are mainly

located in the outermost layer which 1s in contact



15 final "n" purification step fed solely with a purified stream from the "n-I" step. The mother liquors
collected subsequent 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"_stef ate 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 methehliguoss of'whichare agaih sabjeeted toltheprecessiihva lowert!'- 2itstep. The
steps "-17 "-2", a@%@&ﬁ@.@ﬂsﬁﬁﬁ CQHEG@E@&iQBi%%QS (%W%SL@,P%%W%@@@§JE@%9.“ 30
possible to concegga}g:- T{'*? @Purlge% mcgc e mother Ilguor so'\t?ams . Generallyé%a m ti}g& liquors from

. 1C mlﬁt% es ﬁm urities
the "n" concentration s eps are treate accordlng 0 the same thr e-stage process In hé subsequent

"n-I" step. The repétitiohiicfeheseicherations (coticentraticon 35 phase) il mak& & possible to
concentrate the impuriiessin A streany of motherliguers ingreasinghyrichindmpurities; whije the
fractions of pure %rylic ngd wil,é e tretuwgg A0 them;giéial s}merp. Tl‘(lj%g_i ._itaig 1poss‘fidbll%rtlo recover the acrylic
acid entrained in the - 2 < Initial mother liquors in order to improve the recovery yield and furthermore
to obtain a mixture®ehfieNed iRl and in FFGpionie atid: & THe suekessive ¢dricehtration steps
are characterizedllyystreams of motherlligeorssincéreasingly eaneentrated insimpeiridiesangd in propionic

acid as these steB§ @‘E%%'QHE?{#- In doing this, ggcgryg@glizgtgongggperggjrec%thg%etH@gures

becomes increasingly low, 10" which has the effect of increasing the energy cost of cooling.

Furthermidte, the tinfe i&cesdary 18 Bhstall 28 ihE Bame @amohrtoPderyiicacidTs iférédSingly long,
which has the cofisequierseseftreducingtthegprodactive dutpytofahe purification for thelsame

crystallization 15 suifaee arpa. Copseguently; the aumber, of th@é@@g@g@aﬁ%@@p%\ﬂ@generally
preferably be halted before the tot%ihconcegg%tion of the impurities and O]‘Eplropionic ac}'@in the mother
] :

liquors exceeds 50% %?/I\I/\J/Ceigﬁ{E of t e-stréam. 20 %ep}%%diﬁ‘]& (Eirnutﬁg pu"rgiiLy of th%uéigrtlng fhaterial, the
purity of the expektedifgurifledyprodictzrdheFecovery yield HeBired ahe compieté process for an
initial AALguality of {'technicatHype preferally 26icomprisessfromdlito 5 istepseef purfication of acrylic

acid and from 1 1,5, stegs for-the congepation.of he Impurties ad. of e propianjg 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 30 gropfiohictadid. Thigis aREfAaRtdgeSforrthe plocessaccsidimeriodhe ihvenfion as these
purification and cancentration gteps ceqguiresthe ebnsumption ofiagreatdeabafenergy; atimited
number of steps makes: it pggsible fo, optain.g mare scopomical process While,  ray i mum
20 temperature above which it 1is possible to fear a
polymerization (explosive) of the medium: this
maximum temperature 1is of the order of 35-40°C in

.

order to remain secure in melting the layer of
crystals of purified AA. The purified 1liguid

25 recovered 1s placed in a second receliver.

Starting from the stream to be purified, the combined
three stages described represent a first purification
step. The purified ligquid can, on conclusion of this
30 first step, be agaln subjected to a seguence of the
three stages described in & Znd purification step
(purification phase). The mother liquors resulting from
this Znd step are purer than those from the preceding
step and can thus be used as a mixture with a fresh
35 charge of AR to be purified in step No. 1. The same
operation can be carried out in a third purification
step, it being possible for the mother liguors from
this third step tec be recycled in the charge of the 2nd

step and the pure product being recovered by melting



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 ofmetal plates through which a heat-exchange 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 theyplatessandihe ewethér liquors:concenteated inguropionitaeid andsin impurities

are recovered.~0Duging the precess ageqrding 10 thednveation;jatdeast,ong; stregm efymgther liquors,
preferably the str% mtcﬂ‘em the&ligggﬁrg afrorg %heétlflinal,,corhcgntratio ste A is isola%%d. 15 According to
5 a

the invention, the strean of mothér IlquoIPs isolated dul}llﬁg thé fractiona cﬁ%%alﬁzaﬁ)dn is hydrogenated
in the presence of molecular hydrogen in order to obtain propionic acid. 20 The stream of mother
liquors preferablyrGormprisgs<ror 50ite90% by-weight=cfacrylictacid. This hydrogenatiom can be

carried out n thgiguif phase or 10 e 0as phase. Ze:aexamale, the hydpgenation gap be carried
out: by homogeneous liquid-phase catalysis, it being possible for the catdlyst t6 be a

ruthenium-phospRMETOmpIRx ditPifieidohfeht FElty nidtfianbiaf a IFteMperatite of Aproximately
60C and at a presswze ofidpproximately 3MPREr to prevent the formation 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 addition
will in particular be carried out during the £final
melting stage of a step fed with a stream deveid of
polymerization dinhibitor, such as, for example, the
15 final "n" purificaticn step fed scolely with a purified

stream from the "n-1" step.

The mother liguors collected subsequent tce the first
purification step can be treated 1in 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 Iiguors of
which are agaln 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 possible to concentrate the impurities in the mother
liquor streams). Generally, Tthe mother liguors from the
"n" concentration steps are treated according te the
same three-stage process in the subsequent "n~1" =ztep.
The repetition of these operations (concentration
35 phase) will make it possible to concentrate the
impurities in a stream of mother liguors increasingly
rich in impurities, while the fractions of pure acrylic
acid will be returned to the initial step. Thus, it 1is

possible to recover the acrylic acid entrained in the



byheterogeneousgas-phasecatalysisovera 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 aof a liquid palladium salt - 24 - solution
‘absorbed on a porous support, such as silicic acid or an active charcoal, the salt subsequently being
reduced to formmeétadlic paitfadrm.lAnfadvantage of this processus that itt b eamdeccartied out under

"mild" conditions, that igAe say, at temperatures of 2019 80¢ and.ydrogen pressuces ok} to 10 atm,
which makes if possible to limit polymerization reactions of the acrylic acid. 10 This process is

described in det&il'oh pages 2104 of the d8cdHiént BR2'219 927, the content of which is incorporated
by reference. Mention may also be made of the documents Chem. Prum., 15 37 (1987), pp. 651 to

653, and ElectioanalyticakbGhermistry, 60449 7a) Ppr 72 e 80, which desetbe otherroggsses for the
hydrogenatlonsof ac%\yg aglld tlgn%ve propionic acid. .20 Preferabl%/ the h%drog naton,is carried out in

| i
the gas phase:acjégr INg to this t%?natlvecf‘grcfr{ﬁwejhny%%éagnlaﬁ %%at%@sﬁgsu rjectegtofLe%s

interferencefrofithBpddsisieprededceot polyRietizafivn inhifiers 2525  these  steps

accumulate. In doing this, the crystallization
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 is increasingly long,
which has the consequence c¢f reducing the productive
cutput of the purification for the same crystallization
15 surface area. Conseguently, the numbex of the
concentration steps will generally preferabiy be halted
before the total concentration of the impurities and of
propionic acid in the mother ligquors exceeds 50% by
weight of the stream.
20
Depending on the purity of the starting material, the
purity o©f the expected purified product and the
recovery vyield desired, the complete process for an
initial BAA quality of "technical" type preferably
25 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 propionic 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
320 propionic acid. This 1s an advantage for the process
according te the invention as these purification and
concentration steps reguire the consumption of a great
deal of energy; a limited number c¢f steps makes 1t
possible to cobtain & more economical process while

35 obtaining a good yield of propionic acid.

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

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



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 durigg 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 sulfar-comprisinglinhibitors ssueh asZmnO . TixCeydRz stich estdesctibetbinlthe application

US 2009/065400; and/er. supported metals, sueh as Mo and/erNiand/ar Ceqinthgaxideror sulfide
form, before introduIquing the h%droge%ation - 25 - cat%lyst or u%strecam of the latter.
| thr h 3 eat—exch

Thepropionica](n,%%% tiofre3 ﬁgfrom CH‘f/%}rloge"ﬁaﬁgn reaction comprl}scgs ?ﬁgﬁritieg}g&& as 5 acetic

acid, which cafbecedsilyseparated byvaniadditionafstagersepiiication by distillatfons At the end of
the process, akiereseourced propionie asidhcampesition isyebtained having.as objest adidbioresourced
propionic acid composition hayving a cancentration of propionic aci ar han_85% by weight,
preferably of g?ggté)?éﬁﬁg%go B %eigﬂ%%né%no?eogﬁ?ergblygﬁ/ ggrj%ga%er %% n%gcy?%y v{v?-é?ght. 15 The
invention also ¥élates t6 thé (i8e Bt aidiDidradoliedB PrEFibnic HEP EGMPOEITHBH 'of Bf fie
bioresourceddipropionitiacid obtained according: tacthe ipraeessaafthednventiondas solvent, 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 (co)polymers. Theapplication4

orastagedtfracibharss &yEtallizafiss of tHe A& dciitombed With tHE hydrogenafisi of the
mother liquorsaselated=tdie erfid of-this:stage exhibits theradwartage of-fudly athiewing afie objectives

desired in the prasept patenfapplicationy, thatis torsay:to obiain-a-biereseurced 8@ propianic acid and
to limit the losses %f proguct during the manufacture of a purified acrylic acid using an ex-glycerol
process. isoldted.

15 According to the invention, the stream of mother
liquors isolated during the fractional crystallization
is hydrogenated in the presence of molecular hydrogen

in order to obtaln propiocnic acid.

20  The stream of mother ligucrs preferably comprises from
5C to 90% by weight of acrylic acid.

This hydrogenation can be carried out in the liguid
phase or in the gas phase.
25

For example, the hydrogenaticn can be carried out:

- by homogeneous liguid-phase catalysis, it being
possible for the catalyst to be a ruthenium-~phosphine
complex and the solvent being methanol, at a

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

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

35 carried ocut in a fixed bed at a temperature between
250°C and 2%0°C and at a pressure of between 1 atm
and approximately € atm;

- by heterogenecus catalysis over a palladium catalyst
applied in the form of a liquid palladium salt



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 being 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 continuously conveyed
as feed to a stirred 2 liter reactor heated by an external electrical reactor heater. The glycerol and
water vapors are sohdensed in=é refltixeacbndensersandbt@ recoveredhince teceivercThis gurification

operation is carrigd putyunder afprgssuse of 670 Pa (5 mmHQ)~5410-9:0f a glygerol splition devoid of
sodium chloride are obtained. 15 PaSjDig to stage %oft e process, #he reaction for the dehydration

of the glycerol to G EFSfRi aNd th nsafisi (L' 6f a potion of thE' wat&Fardcatfied out. The
dehydration reactien isachirviad oditrin teévgas-plagsedn a fiked bedkrezetor inithe pregencd of 20 a solid
catalyst cgnsisting6f aijungstated zirconia Z1024AM03 at astemperature-af320C atratmospheric
pressure. A mixtuﬁrg OfS%l}é/CGFOJ (zﬁog% by w 'QQQ San% water, (89%0 Ongght |(§ cgn\éeryoedetg an
evaporator in the presence of air in an ?glycerol molar ratio of 25 0.6/1." The ga\é medium exiting from

the evaporator at280¢ ighifAfroducet intd the rédctor, EoRsiStintPoRstubl At diaifietePof 30 mm
charged with 3901mhof-caialystrand immessed-ivsasakbatho(KNO3, NaN@3iand diatNO2 eutectic
mixture) maintained at a temperature of 30320C. 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 RESERigHMYSStFmotnted Ty a B6hdertser fwhith Aedid gat-éxchange fifiid circulates.
The cooling temperative imthetexctiangers. is adjistedtsceas toobtairt, atthe columin topsa

temperature of;the apors, £ 42¢ @t atrpaspheric pressure. Under these

Mention may also be made of the documents Chem. Prum.,
15 37 (1987), pp. 651 toe 653, and Electrecanalytical
Chemistry, 60 (1975), pp. 75 to 80, which descrike
other processes for the hydrogenation of acrylic acid

to give proplenic 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 inhibitocrs.

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, z stage

30 of pricor purification of the mother liguors, for
example by distillation, a sulfur-free polymerizaticn
inhibitor optionally being added during this
purification. It is alsoc possible to use a "capturing
body" before hydregenation, that is 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 or

sulfide form, before introducing the hydrogenation



- 27 - conditions, the loss of acrolein 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 acgalein 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 acrelem tosgive acngie tacidibased ohenixed oxides of aluminum, molybdenum, silicon,
vanadium and copper and immersed in a salt bath, identical to that 15 described above, for its part
maintained at a,lemperature of 345C. Before c:{ntroducifbg over the c%tealggtij[c%ged the gas mixture is
preheated in a tuBe which 98 afsd imersedin the <ait %ﬁ.ofb At the ouflet &qhe oxidation reactor,
the gas mixturé ¥sl irfeetielueed @t the BobATOf af AB8EEHtBA colliMmnl stabey(8), spetatingsat
atmosphegic peesstiie; This calumnyisifilled with random packing made of-stadless steek of ProPak
type. In the lower.art, qyer 143.01,25 It total helght, ihe golunnisequiped with a condensation
section; a portion of the condensed mixture recovered at the column bottom is recycled, after cooling
in an external exchanger, at the top of this condensation section. The upper part of the column 30 is
cooled by exchange lof heatdhraugh thewalk- Jbhess, a bioresourced propionic

acid composition 1s obtained having as object a

10 Dbioresourced propionic acid composition having a
concentration of propicnic acid of greater than 85% by
weight, preferably of greater than 95% by weight and

more preferably of greater than $9% by weight.

15 The invention also relates to the use of saild
bioresourcedd propionic acid compesition or of the
bicresourcedd propionic acid obtained according to the
process of the invention  as solvent, as food
preservative or 1n  herbicide manufacture, 1in the

20  preparation of perpropicnic acid or in the preparation
of winyl propionate, which 1s wused as monomer 1n

{cojpolymers.

The application of a stage cf fractional
25 crystallization of the acrylic acid combined with the
hydrogenation of the mother liguors isolated at the end
of this stage exhibits the advantage of fully achieving
the oblectives desired in the present patent
application, that is to say to cbitain a Dbioresocurced
30 propionic acid and to limit the losses of product
during the manufacture of a purified acrylic acid using

an ex-giycerol process.

The process for the manufacture of propicnic acid
35 according to the invention 1s illustrated by the

following examples.

Example 1: Manufacture of crude acrylic acid from

glycerocl



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,
present in "impurities/AA" ratios by weight shown i table 1 below. An aqueous hydroquinone (HQ)
solution is introduced continuously into the recirculation loop at the column bottom ata - 28 -
concentration of 0.1% by weight, with respect to the acrylic acid. = Example 2: Purification of the

crude AA obtained ex:3 ghicerol 10, give technical AAsthe @qye%%@wg% obtained is, gubjected to a
stage (4) of dryl?ﬁ b% %I%}I”atlon in order to remove the water in the fotm o arlazeok'grénfic mixture with
0

methyl 10 isobtityl ket (R}HE?(}. C%Wr?}n,‘b%%%awif% PtoPak eldtents e resenﬁﬁg an
efficiency of 15 thewretical plates, is fadist itsohidehe with cpadetAreand actheitsp svith MIBK in an
MIBK/water presentin the gruge, AA ratio by weightof 3£1. 9 selution ot stabilizers.ins1 S MIBK is
injected continuoysly at the column top, which solution ¢ ises the, stabilizers hydroguinone,
phenothiazine Sa%%”"b%%yl (li}blu f/fI%lﬁﬁibcglijgéns”latgsigees%%cti?/%@gsgapm% 70 %%Iﬁitérr%g{ %%Sp*r}f’n, with
respect to the GER/IIE 4ef presEREin the feedSstidaififl Thel1ter reactor 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 cof 670 Pa (5 mmHg). 5710 g
of a glycerol solution devoid of scdium chioride are

cbtained.

i5 Passing to stage (1) of the process, the reaction for
the dehydration of the glycerol to give acrolein and
the condensation (1') of a portion of the water are
carried out. The dehydration reaction is carried out in
the gas phase in a fixed bed reactor in the presence of
20 a golid catalyst consisting of a tungstated =zirconia
7rC,/WO; at a temperature of 320°C at atmospheric
pressure. A mixture of glycercol (20% by weight) and
water (80% by welght) is conveyed to an evaporator in
the presence of air in an O/glycerol molar ratio of
25 0.6/1. The gas medium exiting from the evaporator at
290°C is introduced into the reactor, consisting of a
tube with a diameter of 30 mm charged with 390 ml of
catalyst and immersed in a salt bath (ENOj3, NaNC: and
NaNO, eutectic mixture) maintained at a temperature of
30  320°C.

At the outlet of the reacter, 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 & condenser in which a
cold  heat-exchange fluid <c¢irculates. The coeoling
temperature 1n the exchangers 1is adjusted so as to
obtain, at the column top, a temperature of the vapors

of 72°C  at atmospheric  pressure. Under  these



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 water. 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,eolumn, 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-atithe top uader g pressuse ofdf3 x 104 Raiat adop temperaturdeofsAAC with a reflux
ratio of 7/1. A sglytion, of stapilizers.injtechnical.acrylic acid comprising the 35 stabilizers hydroquinone
and butyl dibutyldithiocarbamate (400 ppm, with respect to the acrylic acid present in the feed stream)
is introduced at the distillation column top. The yield for recovery of the acrylic acid in this stage is
97%. - 29 - THetoppee acrifi¢ beidirezoveredat thelBottom ofithis gelamnihiastary aceticsacid content
of 0.07%.4t is conveyed:stage é@t as fegd 9f atailinggolumn.5 provided-with 14 perfarated plates
comprising Welrs WhICh rpage possmg togemo e the hea VY ¢ compounds at the bottom This column
operates under & pressure of x 16? awith'a op P perature Yof 75C15 and With 3 retiux of 0.5/1. A
solution of stabilizers s gschnical 10PEEFRE acidNconiprising e stabilizéns phehbitiazid and butyl
dibutyldithiocahaanate1(#00 ppmswith respeetto the acnie agid:present inthefeed stream), is
introduced at the é%?hglﬁge of the%g{sélllaélg A‘?A%gnnﬁ%n%theﬁfge%%&ddgm%%e stream is additivated
with 15 a solutlon o} roquinone in pure ppm, with respect to the d|st|IIed acrylic acid). The
acrylic aefd obf%ﬁ’n“e“tiﬁfﬁe eblurhn tapPEonktithtes the deéRticaacryfic atid FFAAI 26 9F@ analyses of
the technical graderacrylic acid show thatrthe product campiigses 00786 ohacetie atid, 0066% of

propionic acid, oofllaéom@@k?ict%ﬁhg{%ee £-1190:0f water; 0,0239% of, 2-butenoic acid40.01% of
furfural, 0.02% of benzaldehyde, 0.01% ofgé] toanemonin and O. 02% 25 of ac gleln Thelyleld for

recovery of the gcrﬂﬂc%&%hls”ﬁadg Bop, STLICOT, vanadium and coppe
and immersed in salt bath, identical to that

15 described above, for its part maintained at a
temperature of 345°C. Before introducing over the

catalytic bed, the gas mixture is preheated in a tube

which is also immersed in the salt bath.

ZO At the outlet of the oxidation reactor, the gas mixture
is introduced at the boittom of an absorption 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 height, the column 1s equipped with a
condensation section; a portion of the condensed
mixture recovered at the column bottom is recycled,
after cocling in an external exchanger, at the top of
this condensation section. The upper part of the column

30 is cooled by exchange of heat through the wall. The
temperature of the vapors at the column top is 25°C and
that of the agueous sclution of <crude acrylic acid
obtained at the column bottom is 35°C. 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, present in "impurities/AA"
ratios by weight shown in table 1 below. An agqueous
hydroguinone (HQ)} scolution is introduced continuously

into the recirculation locop at the column bottom at a



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 circttity viare: pamps thraugh @nlextesyal heatexchangertwhichzgacbe programmed as a
temperature grggkeynltég_a&gpdqryostatic bath). This tube is fed at the top in the form of a liquid film
which flows uniformly over its external wall. The liquid constituting the mixture to be crystallized,
recovered in a receiving tank at the bottom, recirculates as a loop in a lagged circuit 10 in order to
again feed theEslsemiithe 2op, Viard parptbe skdantbétecimidal ad#fylichdid is:edbjeeted to a series

of severalsuceespivedunificatign steps=£86R steb gmprising the following stages: 15 Crystallization:
the heat-exchange fluid is rapidly cooled, so as to lower the temperature of the falling film of acrylic

acid down to the temperature of crystallization of the acrylic acid in the mixture, determined
beforehand frof:& sampfeosfthe pdixtuteto 20bé putifled; Yyrathiénite ot heat-exchangé aeylic acid, the

level of (4} of drying 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 representing an efficiency of 15 thecretical

plates, is fed at its middle with crude AA and at the

top with MIBK in an MIBK/water present in the crude AA

ratio by weight of 3/1. A solution of stabilizers in

15 MIBK is injected continucgusly at the column top, which

solution comprises the stabilizers hydroguinons,

phenothiazine and butyl dibutylidithiocarbamate

{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 acld recovered at the column

bottom comprises no more than 0.4% of water.

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,
packed with ProPak elements (20 theoretical plates) is
300 fed at 1ts 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 soluticn of
stabilizers in technical acrylic acid comprising the
35 stabilizers hydroguinone and  butyl dibutyidithio-
carbamate (400 ppm, with respect to the acrylic acid
present 1in  the feed stream) iz introduced at the
distillation column top. The yield for recovery of the

acrylic acid in this stage is 97%.



and then a negative temperature 0.1 to 0.5C/min, is imposed on the fluid. When the volume of
crystallized measured by difference by evaluating liquid in the collecting container at 25the 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 liquicdbmixture of the mother liquors thus obtained is
separated and stored in a receiver. 30 Sweating: the heat-exchange fluid is reheated, so as to bring
about the melting of a portion (5%) of the layer of crystallized acrylic acid at the surface of the tube.

The mother liqugrs from this sweafing stage are collected and,stored inhe same recejver as the

35mother liguors from the preceding stage. Melting: the heat-exchange fluid is rapidly reheated up to

a temperature 5P 388 untifthe &Y stdiffed-Ryef has compefdl mélted. orhe’ purified liqdid stream is
placed in a differenitegesiver. st3hy< ThéPproduetpurifieeddby mélting intthe finabstage bfithre first

purification step.is sonveyed;to-the second.pytification stgp.where it wilk be subject @ a.fresh 5 series
of the three puriﬂcgtgfn s;a&es ungler the same O[Eeratiré?nconditj&ns. he mother liquors from the
second purificgtloln“’s ef)Tl are é‘sublseql?eon%ﬁ/lm|x%d with & rgs%echar‘gee of the feed Stream of technical AA
in step 1. This pFodess i$ tHusFYepeatetsurith e siesi B0 §Gality S sbtairesia THe #nolten purified

product. In order to kmit the dassesof agryticacid atpieh ate:eencentratetiin theimgther liguors from a
first purificationrg@mg Sg%ie% Og ﬂqc%sg@l%o@fgﬁtr%t}o%tabilizez:s in technical
10 acrylic acid, comprising the stabilizers phencthiazine
and butyl dibutyldithiocarbamate (400 ppm, with respect
to the acrvylic acid present in the feed stream), is
introduced at the top plate of the distillation column
and the condensed distillate stream is additivated with
15 a selution of hydrogquinone in pure AA {200 ppm, with
respect to the distilled acrylic acid). The acrylic
acid obtained at the column top constitutes the

technical acrvlic acid (TARA).

20 The analyses of the technical grade acryiic acid show
that the product comprises 0.07% of acetic acid, 0.66%
cf propionic acid, 0.11% of maleic anhydride, 0.11% of
water, 0.023% of 2-butencic acid, 0.01% of furfural,
0.02% of benzaldehyde, 0.01% of protcanemonin and 0.02%

25 of acrolein.

The yield for recovery of the acrylic acid in this

stage 1s 90.5%.

30 Example 3: Manufacture of propionic acid from ex-
glycerol technical acrylic acid purified by
crystallization (1)

The stream of acrylic acid of <technical guality
35 cbtained 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 1s a falling film

crystallizer consisting of a vertical tube made of



15 steps, exhibiting the same stages as the purification steps, is carried out in which the crystallizate
from the "n-1" step is conveyed as feed of the "n" step and the mother liquors from this "n-1" step are
conveyed as feed of the "n-2" step. These steps are carried out 20 under the same operating
conditions as the purification steps, except for the vglume of crystallized acrylic acid targeted, before
passing from the crystallization stage to the sweating stage, which is 60% of the product fed. 25 The
final crystallizationistép isscarriedeaiit in sfaticl mode. Wwhetstreamda be:prirdiedds placediith a container

made of staniess.slpeLwih aagket hioush which eeyates.a. cald fhighmaintainedas re 30

crystallization température of the medium, determined beforehand %(a measurement of crystallization

temperature. A véfficatubd Made 6F&RNIesS SEEiIRD wWithFedtdexchafde At @R Téne
glycol/water miktirg) circalatingdn arctosechemcult, vissa pamp; Ssrthrgugh-an egterddldigat exchanger

which cansbe programmed-as-a tempenaiuie,gradientisrinmeersed i this eontainetop 321 fluid in the
tube is rapidly JICower%d to the é:rysta izatiorgitepplerature“, %f thegm&géumu%nq é@%q a n%%aet;_ye
temperature gra%eien 81 0.1 % 0.5C/min is |mpolseIa. W%Jén}%he*érystallizetjl?/ommél reaches 5
approximately 5096 6f:thexstarting prdduct ‘the rictHérliquersaretrebiovedtasweatifig Sfage is then
carried out ana.dinally, theymeling stagg is €aniseeuldasiin the uppet crystallization steps in dynamic
mode. 10 Appliad to,he feghnical acoylc acid. gbtgined from, gy gerolon cagpletion of the purfication
stages of example 2, a squ:%ence of 4 purification steps and 3 concentration steps, including a

crystallization $tep3A SEdticiiodd 2rhadéSEaoddisle 16 0BT abRfic BeRt 15 bF "glakidPRuality

comprising 50 ppm of acetic acid, 410 ppm of propionic acid, less than 1 ppm of maleic anhydride,

less than 80 ppm.of water, lessdhan. 1,ppm of 2:hutenoic acid, less than, 1 ppm-ef furfural, less than 1

ppm of benzaldehyde, less than 1 ppm of 20 protoanemonin and less than 1 ppm of acraglein. The yield

P
for recovery of KA 11t thisBurifiCationtstage s 96°5%” 25 THéresidiiaimBthefiigubrefromiiefinal
concentration steprhaverthe feliowing leonfpositiont Aendiczarid :82.4% by weight Acetic acid: 1.7% by

weight Prepionjc agigl: 7 A% byweight the heat-exchange fluid is rapidly
cocoled, so as to lower the temperature of the falling
film of acrylic acid down to 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 & negative  temperature
gradient, of 0.1 to 0.5°C/min, is imposed on the
heat-exchange fliuid. When the volume of crystallized
acrylic acid, measured by difference by evaluating
the level of liguid in the collecting container at
25 the bottom of the crystallizer, reaches 70% o¢f the
starting mixture, the recirculation of the falling
film of mixture to be purified is halted and the tube
is drained. The liquid mixture of the mother liguors

thus obtained is separated and stored in a receiver.
30 e Sweating: the heat-exchange fluid is reheated, so as
to bring about the melting of a portion ({5%) of the
layer of crystallized acrylic acid at the surface of
the tube. The mother liquors 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
ap to a temperature of 30°C, until the crystallized
layer has completely melted. The purified liquid

stream is placed in a different receiver.



30 Diacrylic acid: 0.6% by weight Furfurals: 0.3% by weight Benzaldehyde: 0.6% by weight Water:
2.5% by weight Hydroquinone: 0.5% by weight 35 Manufacture of the propionic acid solution - 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 ta, 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 S0Bpiype (Q.3% by 1Q wejghtof Pd.ony:A203, as g mm sphetes) and gf,226 ml of Raschig

rings. The remainder of the length of the jacketed tubularreactor was packed only with Raschig rings.

15 The intermédifite ShEEE bBthorthe fdcketedttiBllar evaporatsy Sfd 6fthé fck&RdtBular reactor
was provided withr ah ioilforming satheat-excharge fluid Whicheexhibits)a temperatureg o£:85C. 20 10

g/h of the fesidyal motherdiqugrs weredptreduced: (from the top gdownwards)intoribe jagketed tubular
evaporator. 16 mol/h of molecular ydrogleSn weﬁ]‘gassed t}%ough the tubularﬁvapora r

countercurrentwise to thége nTother ﬁdLuoors.'ZS & mivture of acr%/ﬁgggiasan of Molecufar hydrogen

exiting from thé @vapeorarorwds-ipdrnéaiately Eonveyed SiidrAate boftdm upwards whidugh the jacketed
tubular reactors herengrefthe latter is\at atmospberie 30 prgsstkenhhe iemperaiwedn #ie middle of

the reactor is aPpro>firmlaStel¥Q%%%Cé‘.s'ls'he ygreg]%%g a‘%r%li% ggig CLangJ 1Ilhceigropci%ic %ci%ﬁg%%uced were
recovered by condensation’in a'separator at . 35 After an operating time of 1 0 , the condensate
Comprisé(ﬂDSlgqgl%;é@biéﬁc%}afCﬁined in the mclten purified product.

In order to limit the losses of acrylic acid which are
concentrated in the mother liguors £from a first
purification step, a serises of successive concentration
15 steps, exhibiting the same stages as the purification
steps, 1s carried out in which the crystallizate from
the "n-1" step is conveved as feed of the "n" step and
the mother ligquors from this "n-1" step are conveyed as
feed of the "n-2" step. These steps are carried out
20 under the same operating conditions as the purification
steps, except for the wvolume of crystallized acrylic
acid targeted, before passing from the crystallization
stage to the sweating stage, which 1s 60% of the
product fed.
25
The final crystallization step i1s carried out in static
mode. The stream to be purified 1s placed 1in a
container made of stainless steel with a jacket through
which circulates a «cold £fluid maintained at the
30 crystallization temperature of the medium, determined
pbeforehand bv a measurement of crystallization
temperature. A vertical tube made of stainless steel
filled with heat-exchange fluid (ethylene glvcol/water
mixture} circulating in a closed circult, wvia a pump,
35 through an external heat exchanger which <can be
programmed as a temperature gradient is immersed in

this container.

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



- 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 crystallization is carried
out as in the preceding example, except that an additional concentration step in dynamic mode is
carried out, e.g. 4 purification 10 steps and 4 concefyration steps, including one in static mode. The
yield for recovery of AA in this purification stage is 99.3%. 15 Themotherliquorsrecoveredafterthefinal
concentration stagécdhave the fallowingtedmeposition: 54:4% ot acrylic-acide 7. 3%taf watet208.9% of

maleic anhydride, 4.4%6 of acetic,acid, 16.£%6.0f propionic agid, apd 1:5% of, hydroguinone. 25

Manufacture of the propionic acid solution In this instance, the hy drogenatlong arried out in the liquid

phase with a Piié%catai§st. W?@éﬁ%f%%lu%?gflﬁf“etm&her?qaor 200 yrof propionic Acid already
recovered, simutatingeal proceésavith retyeling, amnd 5929 ofi JstthsonWattivey catalystof87G type are

added with magnetic stifring=at,60€cte apautoclave angdithen the.combined mixturgds reacted with
liguors are removed, a sweating stage 1s then carried
out and, finally, the meliting 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
congentration steps, including a crystallization step
in static mode, made it possible to obtain acrvlic acid

15  of "glacial"™ quality comprising 50 ppm c¢f acetic acid,
410 ppm of propicnic acid, less than 1 ppm of maleic
anhydride, less than 80 ppm of water, less than 1 ppm
of Z-butencic acid, less than 1 ppm of furfural, less
than 1 ppm o©of Dbenzaldehyde, less than 1 ppm of

20 protoanemcnin and less than 1 ppm of acrolein.

The vyield for recovery of AA in this purification stage

is 96.5%.
2  The residual - mother liguors from the final

concentration step have the following composition:
Acrylic acid: 82.4% by welght
Acetic acid: 1.7% by weight
Propionic acid: 7.4% by weight
30  Diacrylic acid: 0.8% by weight
Furfurals: 0.3% by weight
Benzaldehyde: 0.6% by welght
Water: 2.5% by welght
Hydroguinone: 0.5% by welght
35

Manufacture of the propionic acid solution

A Jacketed tubular evaporator made of stainless steel

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



35 hydrogen under an absolute pressure of 7 bar for 2 hours. After reaction, 340 g of propionic a}cid
are recovered. - 35 - glyceroltoppedacrylicacidpurifiedby crystallization The same treatment series as
in example 3 (with a 5 static crystallization step) are applied to the stream obtained at the bot’Fom of
the topping column (stage (S) of example 2). A sgri% of 4 purification steps and_ 3 concentration 1_0
steps, including a static crystallization step, made it possible to obtain acrylic acid of "glacial” qugllty
comprising less:than &@w}ﬁﬂl@fséceii%@@dwie@@ p@%@é%@%&g a{c%_i@, _I@%_g@l@ 11%@@%1‘ ma'e'Cf
anhydride, les n of water, less than 1 ppm_of 2- utenoic acid, less than 1 ppm o
furfa/ral, less tfiir?%ﬂp]ﬁsg%b%%zgljd%ﬁsd&alggs ﬁ#anS %ﬁ%adf protoanemonin and less than 1 ppm of

acrolein. Theresidualmotherliquorsfromthefinal 20 concentration step have the following composition:
Acrylic acid: 672 byawéight Aceticlacitk #.6%dnwetghtW¥ater: 2.8% byweightMaleie anhydride:
9.4% by weight & Propignic.acid: 7.4% by weight Furfualg; 0.3%.by weight.and Hydroguinone: 0.8%
by weight. Manl?g%cg%r sc,)f t?ierpsr%plg‘r;lgra%d ?%Igg%?l 3gf 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 50B type (0.3% by

10 weight of Pd on v-Al:03, as 2 mm spheres) and of 226 ml
of Raschlg rings. The remainder of the length of the
jacketed tubular reactor was packed only with Raschig

rings.

15 The intermediate space both of the HJacketed tubular
evaporator and of the Jacketed tubular reactor was
provided with an oil forming & heat-exchange fluid

which exhibits a temperature of 185°C.

20 10 g/h of the residual mother ligucrs were introduced
(from the top downwards) into the Jjacketed tubular
evaporator. 16 mol/h of mclecular 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 is 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 propionic acid.

After distillation, a propionic acid solution having a

purity of 99.1% is recovered.



A jacketed tubular evaporator 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 Si02, quartz glass;
external 35 diameter 3 mm, internal diameter 2 mm, length 3 mm). A jacketed tubular reactor made of
stainless steel (length of the tube 120 cm, internal digmeter 3 cm, wall thickness 4 mm) was packed
over its entire length - 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 R g {ngs. fhe intermediate space 5 both of the jacketed. tubular evaporator and of
the jacketed tuagsfjglar re:zlafngtor4 v'vasg?mxelg vﬁﬁacélr{: bgil f(?rﬁin %ﬁ?ela?%}%haﬁé% #ui - The oiﬁ’é?ming a
heat-exchange HEFSF e evabGrRGAFAd a tenSErER A€ of 2B dnd thevsifitadactobiad a
temperature of &BPELADVILEC:gthiekthé2esidual mother liquors were introduced (from the top
downwards) into the jacketed tubular evaporator. 50 mol/h of molecular hydrogen were passed
through the jacketed tubular evaporator 15 countercurrentwise to the acrylic acid. The mixture of

acrylic acid and of mSrERGIaPHYdrogeR eXithg Fromthe eFapsratsiwas imnisdiateRieonteyed from the

bottom upwardsithrough the jacketed-tubular 2G:reactor positioned abovelthe evaposatoisThe end of
the tube is at atmaspheric pressure. Thetemperatus in-themiddle of the reactor is 186C. The
unreacted acryii% acéd present in tge gas stream pro ucedtand the propionic acid formed are
separated by condendafion in 25°3 Sepafatorat 168° ©vtr ©-¢. 4 purification
steps and 4 concentration steps, including one in

static mode.

The yield for recovery of AA in this purificaticn stage
is 99.3%,

15
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 liguors, 200 g of
propionic acid already recovered, simulating a process
with recycling, and 50 g 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 wunder an absoclute pressure of 7 bar for
2 hours. After reaction, 340 g of propiconic acid are

recovered.

Example 5: Manufacture of propionic acid from ex-



After an operating time of 20 h, 13.2 g of propionic acid are recovered in the condensate. 30 The
propionic acid produced according to the invention is a bioresourced acid manufactured from nonfossil
natural starting materials. - 37 WHAT IS CLAIMED IS: 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 mpliheaeadtion medipwedom 1@@dxyl') gas-phasedatalyts@didaten of thesacrolein to
give acrylic aCiQr@taﬁ)ﬂE%QiPQnOf the acrylic acid present in the stream from the oxidation by
absorption with a”15solvent, (3) drying the acrylic acid solution by distillation in the presence of a
water-immiscible solvent, (4) distillation of the solution thus obtained in 20order to remove the
light compounds:@opprags, (5)rdistiltation obtheikeavysfraction resutimg fron® the piededing stage (5)
in order tosremgye the heavy:eompeunds (ailing). {6) 25eembined;with a stageof extraction of the
acrylic .obtained at the bottom of the topping column (stage (5)

of example 2).

A series of 4 purification steps and 3 concentratiocon
10  steps, including a static crystallization step, made it
possible to obtain acrylic acid of "glacial" quality
comprising less than 50 ppm of acetic acid, 500 ppm of
propionic acid, less than 1 ppm of maleic anhydride,
less than 100 ppm of water, less than 1 ppm of 2~
15 butenoic acid, less than 1 ppm of furfural, less than
1 ppm of benzaldehyde, less than 1 ppm of protoanemcnin

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: 2.3% by weight

Malelc anhydride: 9.4% by weight
25 Propileonic acid: 7.4% by weight

Furfurals: 0.3% by weight, and

Hydroquincone: 0.8% by weight,

Manufacture of the propioconic acid sclution

30
A jacketed tubular evaporator made of stainless steel
(length of tube 85 c¢cm, internal diameter 3 om, wall
thickness 4 mm) was packed over its entire length with
Raschig zrings {(material 510;, quartz glass; external

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

A Jacketed tubular reactor made of stainless steel
(length of the tube 120 com, internal diameter 3 cm,

wall thickness 4 mm) was packed over its entire length



acid by fractional crystallization applied to one of the following streams: the heavy fraction from (4),
heavy fraction from (5) or light fraction from (6), in order to isolate crystals of purified 30acrylic acid
and a solution of mother liquors 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 glainbhocharactesizedsin thatdhediuid draction xegulting; frass (3} isssubjected to
a separation (3;).qf the residual acrolej istillation or_strippi ith-a gas. e pKroGess as
claimed in eithé)ﬁ%F ggﬁn? ]g %%Eaegf clﬁg‘!rjgé% r%e%%%%atct gghee%%gvfr%%tigﬁe frg%gQM)eé é%L%Sjected to the

stage of extractivn 'Of & &cryiic 46d BY fractiondr crystdiiZ4toh 2. The proddsshss-dginted in either of
claims 1 and 2z charactedzéd mlthat'thedwavy draction fromT{%) iS subjectetttotthe stagesof extraction

of the acryfic agigkby fractiopglerysialization. SThe process agclaimed.in either of €laims.1 and
Jacketed tubular reactor was filled with an oil forming
a heat-exchange fluid. The o0il feorming 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

10 g/h of the residual mother liguors were introduced
(from tThe ftop downwards, intoe the Jacketed tubular
evaporator. 50 mol/h of molecular hydrogen were passed
through the Jacketed tubular avaporator

15 countercurrentwise to the ecrylic acid.

The mixture c¢f acrylic acid and cof molecular hydrogen
exiting from the evapofator was immedlately conveyed
from the bottom upwards thrcugh the jacketed tubular
20 reactor pogitioned above fThe evaporator. The end of the
tube is at atmospheric pressure. The femperature in the
middle of the reactor is 186°C. The unreacted acrylic
acid present in the gas stream produced and the
propilonic acid formed are separated by condensation in

25 a separator at 10°C.

After an operating time of 20 h, 13.2 g c¢f propionic

acid are recovered in the condensate.

30  The propionic acid produced according to the invention
is a bioresourced acid manufacturead from nonfossil

natural starting materials.



2, characterized in that the light fraction from (6) is subjected to the stage of extraction of the acrylic
acid by fractional crystallization. 6The 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 clainrg, 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 propio_nic a _'gi,Ar;?oEe pr f%rIabI from:1 tp 4 steps of purifi_c_ation anpl fr.om 1
to 4 steps for the concentration of mpu%ﬂe&aﬁég—eéﬁe»&g%{eﬁe acid. - 39 - 9.A purified propionic
acid composition directly obtained from the process according to any one of the claims 1 to 8,
comprising at least 8396 qf psepiopicaeisiobtainedirambiorasauieed Spr@teHalSresourced
propiconic acid from glycerol comprising the
5 © following 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}, (17)

- gas-phase catalytic oxidation of the acrolein to
give acrylic acid, (2)

- extraction of the acrylic acid present in the
stream ZIrom 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)

- distillation of the solution thus obtained in

20 order to remove the light compounds (topping),
(5)

- distillation of the heavy fraction resulting
from the preceding stage {5) in order toc remove
the heavy compounds {(tailing), ({§)

25 combined with a stage of extraction of the acrylic’
acid by fractional crystallization applied to one

of the following streams: the heavy fraction from

(4), heavy fraction from ({(5) or 1light fraction
from (6}, in order to isolate crystals of purified
30 acrylic acid and a solution of mother liguors

depleted in acrylic acid
- catalytic hydrogenation of the mother liquors
isolated in the fractional crystallization stage
in the presence of molecular hydrogen in order
35 to form a propionic acid solution
- .separation of the propionic acid, preferably by

distillation.
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The process as claimed in claim 1, characterized
in that the liquid fraction resulting from (3) is
subjected to a separation (3'}) of the residual

acrolein by distillation or stripping with a gas.

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

acrylic acid by fractional crystallization.

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

acrylic acid by fractional crystallization.

The process as claimed in either of claims 1 and
2, characterized in that the light fraction from
(6) is subjected to the stage of extraction of the

acrylic acid by fractional crystallization.

The process ~as claimed in one of the preceding
claimg, in which the hydrogenation is carried out
in the gas phase.

The process as claimed in one of the preceding
claims, in which use ig made of a sulfur-free
polymerization inhibitor during the distillation
stages.

The process as claimed in one of the preceding
claimg, 1in which the fractional crystallization
comprigses 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
propionic 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,



9.

- 39 -

A purified propionic acid composition directly
obtained from the process according to any one of
the claims 1 to 8, comprising at least 85% of
propionic acid obtained from bioresourced

materials.



