1 METHOD FOR PREPARI NG ACRYLI C ACI D FROM GLYCEROL
In one aspect, there is provided a nethod for
preparing acrylic acid from &an aqueous gl ycerol
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However, it is necessary to introduce all the molecular oxygen from the

dehydration stage. This has many drawbacks, in particular the reaction in the
first dehydration step risks running out of conirol by combustion, and
furthermore, when the source of molecular oxygen is air, the reacior must be

much larger because of the presence of nitrogen in the air,
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In patent application EP 1 710 227, the reaction

.product resulting fromthe gas phase gl ycerol

dehydration reaction is subjected to a subsequent gas
phase oxidation-step to obtain acrylic acid- The
method is inplemented in two reactors in series, each
conprising a catalyst suitable for the reaction
carried 5 out. It is recomended to add oxygen to the
gas mxture fed to the second reactor, in order to
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at high pressure, paricularly at a pressure above 50 bar, using very dilute
aqueous solutions of glycerol, in particular containing less than 10% by weight
of glycerol.

The use of an agueous solution of glycerol in a two-step method has the
drawback of producing, at the outlet of the first stage, a stream containing not
only the acrolein produced and the by-products, buf aiso a large quantity of

water, originating partly from the glycerol solution, and partly from the water
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produced by the dehydration reaction. This streamis
sent to the second reactor, where the acrolein is
oxi di zed to acrylic acid in the presence of a

catal yst. The conventional catalysts for this

oxi dation reaction are generally solids containing at
| east one el ement selected $3romM, V, W Re, C, M,
Fe, 5 Co, Ni, Cu, Zn, Sn, Te, Sh, S, Pt, Pd, Ru, Rh,
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More precisely, the present invention relates fo a method for preparing
acrylic acid from an aqueous solution of glycerol, comprising a first step of
dehydration of the glycerol fo acrolein, carried out in the gas phase in the
prasence of a catalyst and under a pressure of between 1 and 5 bar, and a

second step of oxidation of the acrolein to acrylic acid, in which an intermediate



10

15

20

30

present in the streamissuing fromthe first
dehydration step is inplenented. In the nethod
according to the invention, the expression at |east
partly condensing neans that 20%to 95% preferably
40% to 90% of the water 5present in the stream
issuing fromthe first stepdis renoved in the

i nternedi ate step before being sent to the second
stage reactor. The dehydration reaction of
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in the method of the invention, use is made of an aqueous glycerol
solution having a concentration of between 20% and 99% by werig_ht in the
reactor, preferably between 30% and 80%.

The glycero! solution can be used in liguid form or in gas form, preferably
in gas form.

With reference to Figure 1, the glycerol is introduced (1), into a first
dehydration reactor {10). Molecular oxygen (2) can also be introduced, for
example in the form of air or in the form of air enriched with or depleted of
molecular oxygen. Preferably, the quantity of oxygen selected should be
outside the inflammability range at any point of the installation. The presence of
oxygen serves to limit the deactivation of the dehydration catalyst by coking.
Moreover, the addition of oxygen improves the yield of the reaction for
numerous catalyst systems.

The dehydration reaction is carried out in the gas phase in the reactor
(10} in the presence of a catalyst at a temperature of between 150°C and
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75 exanple in the formof air or in the formof air
enriched with or depleted of nol ecul ar oxygen.
Preferably, the quantity of oxygen sel ected shoul d.- be
outside the inflamuability range at any point of the
installation. The presence of oxygen serves to limt
t he deactivation of the deh§dration catalyst by

coki ng. Moreover, the addition of oxygen inproves the
yield of the reaction for 30 numerous catalyst
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and various solids of the metal oxide type such as tantalum oxide TaCs,
niobium oxide Nb;Os, alumina ALQs, titanium dioxide TiO;, zirconia ZrQy, fin
oxide SnO,, silica SiO; or alumino silicate Al,03-Si0,, impregnated with acidic
functions such as borate BQOs, sulphate SQs, tungstate WOs, phosphate POy,
silicate SiO., or molybdate MoQ;. According to the data in the literature, these
catalysts all have a Hammett acidity Hy lower than +2.

The preferred catalysts are sulphate zirconias, phosphate zirconias,
tungstate zirconias, silicate zirconias, sulphate titanium or tin oxides, phosphate
aluminas or silicas.

These catalysts all have a Hammett acidify Hy lower than +2, and the
acidity Hy may vary to a wide extent, up to values as high as ~20 in the
reference scale with the Hammett indicators. The iable given on page 71 of the

publication on acid-base catalysis (C. Marcilly) Vol 1 published by Editions
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20 and various solids of the netal oxide type such as
tant al um oxi de Ta205, ni obi um oxi de Nb205, al um na

Al 203, titanium dioxide h02, zirconia Zr02, tin oxide
Sn02, silica 5102 or alumno silicate Al 203-8102,

I mpregnated with acidic functions such as borate B03,

sul phate SO4, tungstate W36 phosphate PO4, silicate

Si 02, or nol ybdate Mb03. According to the data in the
literature, these 25catalysts all have a Hammett
aelcHhibYidion INvner fosams4t22) illustrates Ek@mplesiogsoRtlcatalysts in this
catal ysts are sul phate zirconi as, phosphate

ﬂC:ddiﬁrﬁ&ﬂw tungstate zirconias, silicate zirconias,
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aci d-base catalysis (C. Marcilly) Vol 1 published by
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il USWC%@%QB%QHE&%&% mdthed Ciateadibesing id serit b & condensation

aC|d|t%/ range. gas streamleawn
rusddil wmei) S%Rﬁfgi%t%wéfeféfcﬁl Rpie (éb%ﬁh%gﬁ@ hand, containing
grﬁé g‘r o{% bygﬁéeg%g yhﬁgsxsggggcgﬁgﬁgﬁ&ne and the acrolein to

@mwiaécﬁthﬁwdlerodac’iet(ab@elw,d@?yc%f@ép@‘tﬁém%ﬁ?éﬁmﬂ products, cyclic
35 Sk S P A0 I YRR iR e, and. on
Ghy egtied| aptdeedisin-rich stream (4) cc}malmng the lght by products, such as
acetaldehyde, propanaldehyde, acetone and possibly inert gases, CO and CO,.

The partial condensation unit {11) may be an absorption column
optionally coupled to an evaporator, a heat exchanger, a condenser, a
dephlegmator, and any apparatus wall known to a person skilled in the art,
serving to carry out a partial condensation of an aqueous stream. The unit (1 1)
may furthermore be used to heat the agueous glycerol solution (1) fed o the
reactor (10), thereby optimizing the energy cost of the instailation.

The stream (3) is sent in full or in part either to a rectification or stripping
column to recover the light fraction which could be absorbed in this stream, or to
3 wastewater freatment station. It may also be sent fo a thermal oxidizer, or
part of this stream can be recycled to dilute the glycerol to the desired
concentration.

The acrolein-rich stream (4), stripped of the heavy by-products and most
of the water, is sent to the oxidation reactor (12) where the acrolein can then be
oxidized to acrylic acid with a controlied and higher acrolein parlial pressure.
The productivity of the reacior is theraby improved.

The reaction is cartied out in the presence of molecular oxygen (8} which
may be in the form of air or in the form of air enriched with or depleted of
molecular oxygen, having a content of between 3 and 20% by volume, with
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According to the inventive nmethod, this streamis
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tHEagm Bt at47@07 driigrag0ahsaidid.sent to a thermal
oxi di zer of this stre?m can be

i1 ut & eSgicS Selie's SR NEE R @b Isa0RE0RY BTt Can be

Thedasd eLightior L&Biyst feamis(rhctis. r trpgeceraf, usbes eadey of solids
by- products and nost of the water, I1s sent to
Mz fepgo. Ni

SOIERIRING 5T eastens clemEnt aRlscted TR Me. of AV nRe
7e8nt §eaafydiC prchyg, ‘Nut rF{h?‘ ﬁr%@éﬁtoﬂn| ﬁl@ta@rfgrrﬁ”cghtﬁroxmfe

acro%zel n bartlal pressure. productivity of th
rseipdtabe ors phbsphetty formr odedpaﬁgﬁﬂﬁé peacei srdesof formulations

AR AT HBETST oo RAUEE S48 GF o
hehed with or depleted of nolecul ar oxygen,

gaw ngfhe g Eﬂter?tm(?}ogrobe h\l\ée%?ngatign dstagpg),%?sc in %loury ic ac1d !% then

purified in a separation unit (13) to separate the light reaction products (8) on

the one hand, such as propana[dehycfé, acetaldehyde, acetone, CO and CO,,

inert diluting gases and unconverted acrolein, and, on the other, acrylic acid (9)

which may still contain traces of heavy by-products.

The method according to the invention, even though it requires an
additional unit associated with the intermediate step, has the advantage of
using an economical raw material and of being able to optimize the two reaction
stages separately. This increases the acrylic acid productivity and selectivity,
The method remains demonstrably economical.

In comparison with a conventional method for preparing acrylic acid by
catalytic oxidation of propylene, the method according fo the invention serves to
increase the acrylic acid productivity, while reducing the dependence on a fossil

resource such as propylene. Such a method meets the criteria associated with
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regard to the incomng stream and optionally in the
presence of inert gases (5), such as N2, 002,

nmet hane, ethane, propane or other |ight al kanes. The

i nert gases necessary for the nmethod nmay optionally
consist in full or in part of gases (8) obtained at
the top of the absorption c¢®l um (13). 5The oxi dation
reaction takes place at a tenperature of between 200C
and 350C, preferably from 250C to 320C, and under a

?{@ﬁéwrc%n%ptb(@ﬁ Weesh dhanitry” Baa more compgieReR€as Fr@mework of

can operaté in a fixed bed, fluidized bed or
ﬁusiﬂrﬁ@bfeidﬂ\f@f%@@ﬁ%ed It is also possible to use a
tray-type heat exchanger with a 10 nodul ar
arrangenment of the catalyst as described in docunents
EXAPOPURS, EP 1147807 or US 2005/ 0020851.

e 8 8 LSRR ST

aedstingnto e gev@itish, U$e percantigesf ambxp&essed as mass %.
containing at | east one el.e ﬂ’} selected from M, V,

WRperies Pegsenf i a pgntephlowgy thapst @le igereds,  Te, Spb,
: in netal formor in
?)zclampﬁg e 1 E’\glth %fereﬁbe tPERBRND)

hate or_phosp hate form In particular,

i's rm&egaﬁf Sﬁ%ﬁfﬁmfa'ﬁ'foﬁsu%ﬁtza@ eI t&h%%\ﬁiﬂ?ﬁwb r34 5%
d/ Pr [ t

A8 AR 8, SRR S SR R IR e

s@w )dontaisiog &, hatsrogbemtisodemfdrathnemta ystzospledrwith amolten salt

gﬁ{q hé\l%#et 0 SGQ?&%‘% ! hﬁB %% of %taﬁéd g”u;ﬁ’ée‘%df‘?tb%r (8d.3 vm,
ageal @@g&ﬂe 2ALBt ofigog&0) aﬁld"/mxygemrﬁﬁdi%utadr@em 1.6%
S an nconverte a nt t
AePIieveie; B} Cuth T Gy ST SOBGH BHORRABE TG n a heat
RS BYAhdRY- @B)OQHsts%nt KB%@BM@% ¥ GOF wagﬁcsh chEamn (11 which

|nvent|on even thou it requires an di ti onal
Ganpriaes Mrah@@rem 3 @g@ i Wﬁ%ﬂﬁ%@l’ffﬁﬁé‘ @ﬁé,!ﬁa%tf@hf@p of this

%g?ﬁ%& 8% %o&i‘nryg{ 1 2o G ﬂf‘ %\Ag%hé@ AW AEHL} gﬁg S\@ﬂ@h ghols it to

I'mze t reaction st
§®rxar anthen @ ﬁasmmte(aé)ewhmese@arqm ﬁwfmﬂadphase (24) from the

SR 205 SR B ! e absortr
@@W(mnai lifsit st 4B8) sravpani offifracy kitotian df g absorption
column, at 103°C (20.4 th, 94.3% water, 1.4% acetic acid, 1.0% formic acid).
This liquid phase (3) is sent to the top of a stripping column (20) comprising 8
trays, info which 4.4 t/h of air (21) is injected at the bottom at 90°C under 1.7
bar. An aqueous stream (22} is recovered from the boftom of this stripping
column (55°C, 18.6 t/h, 94.5% water, 1.3% acetic acid, 1.0% formic acid). The '
gas stream (23) recovered at the top of the stripping column is mixed with the
gas phase (24) from the flash pot previously described (78°C, 29.9 th, 39.9%
N,, 27.2% acrolein, 8.4% oxygen, 16.2% water, 2.7% acetaldehyde, 2.4%
carbon monoxide, 1.8% carbon dioxide) and with a gas stream (8) (33.5 t/h,
77.2% nitrogen, 3.6% oxygen, 7.2% water, 5.4% carben dioxide, 4.5% carbon
monoxide}. The mixture is heated to 160°C, and then injected into a second
multitube reactor (12) comprising an oxidation catalyst. Af the outlet of this
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30 catalytic oxidation of propylene, the nethod
according to the invention serves to increase the
acrylic acid productivity, while reducing the

dependence on a fossil resource such as propyl ene.

Such a nmethod neets the criteria associated with 8

t he new concept of "green chenistry" in a nore

conpr ehensi ve framework of sustainabl e devel opnent.
EXAMPLES 5A simul ation using the ASPEN sof t ware was
Lr‘éz?(qor: o %éé LpdarRl(®) lsheniamEhed wgmhd@ﬂ 1t béh€69 6 t/h, 59.1%
inventio

percentages are expressed as %
Sitegens 11186 emteﬁ A4 d% @ﬁl[yétﬁﬁcﬁo % (RAGET % %,éecarbon dioxide,

12 AT L P ERING L gy one o

ghare anadied 34 i/bbBowatfethe mOM| tt:crlw'gérﬁ 3y. Adgthe top of this

Tt |
oS 5ok S ST R PR et 19,
GPESH tWiat Seprraret b@ﬂzs;il/mtdhqirbdué!esgaﬁq it rpehama (28))and a gas
| eaves this reactor t

phase@hted-6 U8 Finit %{je‘i‘ftm@e'ﬁ)o/@ é)(ﬂ/é’émerlgp%% wa?ér 5.4%
%%F&Hn%i@xndé Q%"/@Q:%?&irfjﬁf&)\‘\g%de}l %qggjldlpﬂe%&@beturﬁﬁtisto the

streamis cooled to 151C in a heat exchau(%nt
m@mms t oThawga@@bawsOparaﬁHYamﬂstﬂ|ttpﬁtf@@m he yggctor (12)

Jia g% rﬁ%%%% G tl‘?éJB m%‘%é %Bé%r? Eé!umﬁrt%ﬂésstream (9) of

eavi ng sor ptl on col um
abni&2Gies asyiit atid ;aopramada(ﬂ 5 &dftu &rsEl a(cnym; agildi 8H.4% water).

COOL S ) b Op e B RO R0, B ) Ol puris

(pt8Aucelinirs the MErgdriidserdat®r ()sknthd @qmaeus qhasé (22): for
the absorption 20 colu ui d

e NS Py e ST S s i cih Oove T DR s S leaving
?ﬁ% g;@ﬁg;%@@q g%afcgeg} (1 ?_ﬁar%%e@@é&fvely@ﬁ%aﬂ@@ﬂd&gﬂﬂ qihey are 82.2

tahﬁd £9p kofh an gbe igspieays cﬁﬂ;@g% (%ﬁbiafgglo I§Sq>ﬂj @‘ tﬁe stripping
rﬁ%?b@ qsa%%ggkéfh datttflél] r@é’rbdg'rtﬁe %ﬁaétidurgxgggﬂoiﬁ d at

(22) is recovered fromthe bottom of thls strlppl ng
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25 colum (55C, 18.6 t/h, 94.5% water, 1.3% acetic
acid, 1.0%formc acid). The gas stream (23)
recovered at the top of the stripping columm is m xed
with the gas phase (24) fromthe flash pot previously
described (79C, 29.9 t/h, 39.9% N2, 27.2% acrolein,

8. 4% oxygen, 16.2% water, 23D7% acetal dehyde, 2.4%

car bon nonoxi de, 1.8% carbon di oxide) and with a gas
stream (6) (33.5 t/h, 30 77.2% nitrogen, 3.6% oxygen,
7.2% water, 5.4% carbon digxiiges 4. 5% carbon

nmonoxi de). The m xture is heated to 160C, and then
injected into a second nmultitube reactor (12)

o S\ TR st B S gl soton,

@ad@hsﬂagéh firat s(eﬁﬂoﬁdémm,rataﬁ &%eug{y@g@rtp dcBolelh watried, out in

7% ac ic acid 8% 0Xx 2% car bon _di o
Froigpe Arein b GHrsrioe Pl goh e o @ s e aifiveen 1
290 @xdreghd 9 séedited 812@ dfbeBatith eCthehoRiieinlte deafit @mdofn which
the absorption colum (13). At the tog of this

eolintgrmediple Hem ismRriemenied pernsisingyn ebisastraty PR agsing the
|}?é51§ e &mS RRana! #bmPee first
?%r wﬁgch odg% adu ﬁ)qr%%égﬁpﬁagﬂg %g%) and a@gas :
debgdra(i) si(eES 6 t/h, 530 77.2% ni trogen, 3.6%
oxygen, 7.2%water, 5.4% carbon dioxide, 4.5% carbon
nonoxi de). The liquid phase is returned to the col umm
(13) . 2Thetigrisa@hagdiagits (haint it atHaractedzed edthapsse Eamadé of an
the reactor (12) . via the strea ot t,am,
Sriophe QHSTbETUIOR SRR 7 F3jent ety 8%9?@@)9“% 0 $8% by
%@?@ﬁﬁﬁ frial lRecRe rﬁi’bf&a@?'b@twéenoiﬁ%lam@%d,45 t/h,

Yoacrylic acid, 34.4% water). It may be
observed that the nethod serves to renove certain :
| pur ist hRShaH %gHﬁr@%ed Eb %@%rd&r@lgfrﬁé 110gnd @agh&factelBd in that
in the aqueous as for exanple, the
mydlecxgprygan amed@@rﬁ!rdbetgd&@eaﬁ dehydretien Fiept he gas
stream | eaving 15 the dehydration reactor (10) are
respectively 83.7 and 254 kg/h. They are 82.2 and 237
kg/h in the aqueous stream (22) fromthe bottom of
the stripping colum and 1.5 and 18 kg/h at the inlet
of the oxidation reactor (12). 10 CLAI M 1.

Met hod for preparing acrylic acid froman aqueous

gl ycerol solution, conprising a first step of
dehydration of the glycerol to acrolein, carried out
in
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5 the gas phase in the presence of a catal yst and
under a pressure of between 1 and 5 bar, and a second
step of oxidation of the acrolein to acrylic acid, in
which an internmediate step is inplenented, consisting
in at least partly condensing the water and heavy
by-products present in thetdtreamissuing fromthe
first dehydration step. 10 2. Met hod according
to daim1, characterized in that use is nmade of an
aqueous gl ycerol solution having a concentration of
bet ween 20% and_99% by wei ght | e.r \

or cf or aBISTHIDEGR PRARARIVG AR YLA AT R qlorerRg-

to either of Cains 1 and 2, characterized in that

~ nol ecul ar oxygen is added in the glycerol dehydration

st ep. METHOD FOR PREPARIDNGEAGRYLI C ACI D FROM
GLYCEROL ABSTRACT e invention relates to a
met hod for preparing acrylic acid from an aqueous

I | .sol yti i Si ' ; . \
denyar e iafPden: oty et S19fed L piahE adis agefiom ar
aButhle gigcerBhasigtion) dohgprisingsefice stfp af dettyalafion afrtde glycerol
under a pressure of between 1_3Fd 5 bar, ?ndagls cor{]jdumeF
49 aprolsin. s PN dhe ORR PARTDINGTR HFSSRICPATBCARY Y, 2Mon

Wb CRsGR bbERERA AtgheSbebar aniMPlseEBid @tbp 6PRSIAStIDNGT the
i'n"at Teast partly condensing the water and heav

lmgrqieio duotiylip peidetnt whinh endnistrpediale seR, ﬁ%iaipﬁ@faﬁﬁ‘tﬁﬁemsfsﬁﬂg
e ' T h 6odliOsORreaER in th

R
stream issuing from the first dehydration step. This method serves io obtain

high acrylic acid productivity and selectivity.



