1 METHOD FOR PREPARI NG ACRYLI C ACI D FROM GLYCEROL
In one aspect, there is provided a nethod for
preparing acrylic acid froman aqueous gl ycerol
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10 energy cost associated with the evaporation of the

.aquecdus solution and the cost incurred by wastewater

treatment. However, if the glycerol concentration is
too high, nore undesirable reactions are liable to
occur, like the formation of glycerol ‘ethers, or
reacti ons between the acrol2in or acrylic acid
produced and the glycerol. 15Internationa
application WO 2006/ 092272 describes a method for
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According to the present invention, an inproved

nmet hod i s proposed for synthesizing acrylic acid from

gl ycerol, which overcones the drawbacks of the

abovenenti oned nethods, while allow ng the use of

di | ute aqueous sol utions of glycerol which enhance

t he dehydrati on reacti on wh$l e being economical. 70
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prevent the second stage catalyst from being deactivated too rapidly, on the

one hand, and to prevent the acrylic acid solution produced from being too

dilute, on the other.

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

15Q her features and advantages of the invention wll
appear nore clearly froma reading of the description
that follows and with reference to the appended
figure, which schematically shows one enbodi ment of
the invention. In the method of the invention,
use is made of an aqueous gtycerol solution having a
concentration of between 20% and 99% by weight in the

20 reactor, preferably between 30% and 80% The
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qpedied Hyrthasd biledebetibnst | Thislingedvéetheoseladivingf the oxidation
N Y I i
aci di etsat RENFES and advantages of the invention will appear more clearly
from a reading of the description that follows and with reference to the
appended figure, which schematically shows one embodiment of the invention.
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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The appropriate catal ysts are honbgeneous or

mul ti phase materials, insoluble in the reaction

medi um whi ch -have a Hamett acidity, denoted Ho, -

| oner than +2. As indicated in patent US 5 387 720,
which refers to the article by K Tanabe et al. in
"Studies in Surface ScienceSand Catal ysis", Vol 51,
1989, 10 chap 1 and 2, the Hamrmett acidity is
determ ned by amine titration using indicators or by
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o1 K deargpeteh @l et aludissi i @Wﬁ% %&ﬁegg&dt%ﬁpgﬁﬁm 5161989,
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ol yhdedie hrh%&;aiﬁmoamidangz&wtashenﬂata suppbHe, such as oxides,
literature, these 25catal sts al

SOVES yHaorggwgraq AR, : ti of polﬁgc\:{ erogqtg%rcgdmxed oXides, or

Gridbysiacias.e sul phate zirconi as, phosphate
zirconi as, tungstate zirconjas, silicate_zirconia

sul phﬁtdéafﬂiaﬁ@%‘% &he t patabyRisq @e ﬁ%@sﬁaﬁeﬂmﬁ?%s Nafion®
Q{ongidsktgfgb?ggbe%% SRlARRL %Gl@' bt hR¥EnAeHaSBBhkrs), chlorinated

ower +2, and the 30 acidity Ho may
\aawmlmae, acilp w@desa!anpf pbpsnmtws@wr&éorw@wtwsngoetcﬁdﬁs ron

iRshRLBE S0RE 9 Retid Be big SPARENIe-LAM RALAL FeplSW 0.
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oty G148 NERGpPLETER Ay TR JRFac; TOpHPEona 210y, t
afdidl BYWOL 2618 SiO, or alumino sificate Al,05-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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The gas stream | eaving the reactor (10) consists of a

m xture conprising acrolein, water, unconverted

gl ycerol and by-products, such as 5 hydroxypropanone,

pr opanal dehyde, acet al dehyde, acetone, phenol,

acrolein to glycerol addition products, glycerol

pol ycondensati on products, @yclic or non-cyclic

gl ycerol ethers. According to the inventive

method, this streamis sent to a condensation unit
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_ 1 .
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1 ¥ ' ti : lein t
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20r eact or. 0 t b [;m_z aer ;
Rl ofebtgl S BN AL Bl 6 o, End. on
fihé lotigdr, b geadiéingichhetreano (4) catsinfrigcthki fight by-products, such as
stripping colum to recover the light, fraction i
Aseiaal dap SEPBBAC SR I PLSlor & PR, B a8kl & 02
treat mpRt s3tiRl | @hdehbatitRy WHis @1 Pe m@Nthd @na dblserpiidh column
oxi di zer, or part of this streamcan be recycl ed

t
diptignallyt Ireuglefic & AN teyaPRBtgeshr BERL 5XE r &t icaﬂgeﬂsefv a
T I . )

bc{/éepgrﬁeydnﬁ%ﬁg naaf{r(# dgﬁézﬂﬁﬁag_@ﬁtj%@a!i RiSUPRE G Eérsbheslétﬂgﬁ@ ¥ the art,

e water, Is sent to e )
csardag tonameact @ paiEd pondrisation of ag arerys stgarthdhepwit (11)

oxidi.zed to ryli Ci. ' thQl i h
TErbIGierars pay gsrBshi b aoieBls el sofliin 1RE o the
rreacton (10)sthicheyedplimizipg dhvedner@@ Tost ofdhe instailatien.

carri out in the presence of | ecul.ar. oxygen (6 I
i ch iy S ()0 SBPER NPT 0 pAp P iR oh ok stipping
adiuBR it FhReMinehigat fregtRinateigh ebukiticestdorsedixytbesiream, or to
having a content of between 3 and 20% by vol unme, w tcln

7a wasiewater treatment 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 reactor is thereby improved.

The reaction is carried 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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regard to the incomng stream and optionally in the
presence of inert gases (5), such as N2, 002,

net 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 célum (13). 5The oxi dation
reaction takes place at a tenperature of between 200C
and 350C, preferably from 250C to 320C, and under a
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oxi de, sul phat e or hate form In particular, use
ifisiictizete befl. f brisndlsm mas' leotn 4F8iMgravivrmeat exchangeswith a

%cﬂ.g/:? { agﬁpé‘%}%& : gfn ?r?]‘ég/ %’ateggsttasaém'd@s&monﬁ{‘t documents

oXi ion step, rich
@Fr995@”@@93!1147$omemmoommase1d in a separ ation

o' okt o GRBUALS Vil gt e, PR MBS T the otPlan be

apehadshygfon analenfor (9 @adicEO2in gaesrl, dssbuglmme of solids
gases and unconverted acrolein, and, on the ot

FONYAINIDY 4t legst g)e Almeant AaIPCEd Tam M4, %?!a%*éé’?rbf‘:e Co. Ni
heavyy, by; pradugt ﬁoﬁ‘epaemf)dw%é&htn& Fﬂ%tatl rf@rm or in oxide,

i AVent on, even’ ugh it requires an 2 di ti onal
nithais swc phoshalé tfnrmh e Innpettigelar.aties sis eﬁ’*adﬁ agf tprenulations

adv nﬁ;ﬁgey\éo dz(%)t Ig' ngyg%[gf %“0931] dua?h%F & th/%PC#eOfas main

reaction stag
Sﬁumfcﬁﬂeﬁtsy This increases the acrylic acid

produ I Vi I Vit The net hqod.renmai

denons hﬁaﬁf@‘e g@oﬁ?‘@a%he Pﬁ}éég%aﬁi?%oﬁ& i3 Oy i%acid, is then
qmavsatm eNadpaiBddrognit @'rs)mbemramg tasnngha @aatiord pydudts (8) on
catal ytic oxidation of yl ene,

dbe or@i fﬁr@pd SUEm@s; m@ﬁw@% %C?r @@@’fam?ﬁyﬁ%r%%@@wq HeO and COx,
3ﬁéf¥ e é;%egr do\‘héb(ed whidiéin r@rﬂ#‘iﬂnﬂﬁebﬂ%r acrylic acid (9)

epen e on ossi| resource such as propyl ene.
Sutibh mayeitﬂﬂ(wnmtracaw hgavy dwiodedaci ated with

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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8 the new concept of "green chem stry” in a nore
conpr ehensi ve franmework of sustainabl e devel opnent.
EXAMPLES 5A sinul ation using the ASPEN sof tware was
used to illustrate the nethod according to the

i nvention. The percentages are expressed as mass %
Species present in a conter8 |lower than 1% are
ignored. Exanple 1 (with reference to Figure 2) A gas
stream at 331C under 2.0 bar (50.3 t/h, 34.5%

WY REK Honcdh &gk @histrgSin/ dorRbie! QgRBrehénd¥e framework of

oxygen) is sent to a nultitube fixed bed reactor (10)

cusiemiahladevalapsientogeneous dehydrati on cat al yst

coupled with a nolten salt bath. A gas stream (14)

| eaves this reactor at 320C under 1.7 bar (50.3 t/h,
MBSer, 23.7% nitrogen, 5.0% oxygen, 16.4%

% 6% acet al 0 | |
stre a% sirgu %8‘8” ?éa'ng 6['%1 g%%ﬁ‘iﬁsgﬁ%aiﬁ%u sée g (J:t éa %,)gr%te( % riethod

absbrarat td ehé hevdricho Mok pém&b’&@bpt hen egmrewse (alsl)nass %.

whi ch conprises four theoretl st age The gas
Wé‘ﬁﬁ]p@wt INeAGPRigt Iewet 8j#o %?ﬂ'i ”gb%r ption col um

@txa]&l‘a?eq '(\ﬁrt@?é?érehee% Paftd 8 condenser (17) whi ch

coors i C, and then to a flash pot (

separ ét@;@ 5%@@ &G aundzn )2.§ bam(®hé th, i @p% H‘E@’O‘ 34.5%
t
EEl crertink i A i,

tdﬂa\mbnta‘nﬁm@ rmdraieingebatdusotehytiration mwtmpupbdomthﬁmoﬁen salt
t,103C (20 4 t/h,. 94 3% water 49 t] j
Potive povan dremh 412 BV WS Pl atda T bider ey 0.3
wea% Opyaer,a \Azﬁ; Tqrfipgmfrgg@ml w}gm%( 263<yg§emnpr1'va_s4°,ag £:rcalein‘, 1.6%
tra |nto GIC or__.4al . 1S JeCt at
BRe am@% ht706€ un?fér E% 2)7 DHf St"}%\ﬂ”? e 1rsg afnin a heat
%%E:’aadgé n(ggp‘éﬁ& eéianft rt@f%hé%ﬂ@% wrarpﬁbédrpﬁonsfcblm o) which
u t/h, 94.5% wat er 3% ace

aomgrisas Mrftbwreacaicat@ges Thee gas séﬁea@aéﬁﬁe $egyving fhe top of this
PR i REL0PP A SRR i s

rom ously
dgescy Jaﬂueme(nzeca flah Pott(1B) wBEhasphgte? thepgasphasesi2y) from the

334% %e@;? ) e h%%ﬂig@)ﬁcpg}aggn&g is %‘gﬂ) t%etm»édt% ¢ 'tﬁg’absorp’don

%bgmm(ﬁ) A B3ui8 pth/absg 3pis7d7ra'3/g(odff frowgs, bo&oﬁ%bmmprpmn
% wat er 4% on_di ox| de o% car o
o ity 10518 2 lor & P Wl 4 SEBBTECHnd (o pfmic acid)

'T'lee&?tﬁ&‘ rﬁ)‘hﬁ%@ (B BN M idpth&sfr%?mgOéoi&ria) 20) comprtsmg 8

conpr an oxi dation cat al the outlet

ﬁﬂ%@- infeewichr 4.4y ak aks {2 tak Ipmptquafo%@am@m at 9@4?5@;10581 1.7
%% SN cé' Blis gﬁ‘g%r@\ ?22 /sf?gcc}vé’réﬂ putihats bé?tor%%f‘"@ﬁse%tr:ppmg

I C acl o oxygen, 4.2% carbon di oxi d ,
&o&%meﬁfﬂdﬁnimm%ﬁ%lwﬁt% atatd acediciatjd, 1T€Bﬁ65fosmr:@a:¢ﬁ) The

2e LR g ARG BAd WIS B 6 e SR A8 s
gas phase (24) from the flash pot previously described (79°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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5 colum, the gas streamis partially condensed in

t he heat exchanger (24), and then sent to a separator
pot (25) which produces a |liquid phase (26) and a gas
phase (8) (55.6 t/h, 53C, 77.2%nitrogen, 3.6%
oxygen, 7.2%water, 5.4% carbon dioxide, 4.5% carbon
nonoxi de). The liquid phaseSis returned to the col umm
(13). The gas phase is partially recycled upstream of
the reactor (12) 10 via the stream (6). At the bottom

Qbaditye ét@éérﬁrm? R suRined Bt 24@°@tdr@@m1(£b39569 6 th, 52.1%
concentrated acrylic acid is obtai ned (15.6

mm_gzaﬂadwl% wm d4.7%4 aanfinvacies R.8% oxygen.i4.g%ycashon dioxide,
&N s o

LA PBholiE TR SEASAT, % SN eskag o7 G

ithert tr@ecaemaome bbts®a chZt?_sp ai:fsorpt@naa:qiwen {flBp At the top of this

Shigiibe 395 HRas" Brha i raEhed POUR Akt pREAERL 24, and
rtl@éﬂ@éﬁt'ttd @l sepdatér Qﬁtd(?_zﬁémi@n/ drodikbeya Higed §Rage al?ﬁj #Bi7a gas

@%@h in the aqueous siream Z%mfgggy t he bot_{zg 5 4%
sat(B} ppR-Ad/boblifm “Arelo 1NEOg % G WRfeL; o470
Qhay %d?ﬁd@%fd@ah@/@ @t ﬁfon()%la)e) THS i Mrase is returhed to the

preparing acrylic acid froman aqueo
g:loy.a‘m 613)solha gan phassrisr Patialy @WP’ﬁgtuF%ff@@mo‘?f the reactor (12)
dehydr r.ol
L
wodesnieated esiyiic acidfis betowedr{15. Sdfm 68. Yamcrylindcid, 3é4dnyater).

step of oxidation of,t acr |nto C

whi (:h?tam‘a?r H?e?%&fe&]tt@ag rrsﬁﬁné?ﬁsﬁ} F%é’ CONSI 2’{ :ﬁ\ﬁunties
'ﬂ?o@icédeﬁfﬁtth@aiéHy}dra‘i@ﬂd@hi:tdig(’tﬂ)einmmesraqaeduﬂﬁqmage (22) for
by- products present in the streamigsuing. fromt

(oveBiP 2l By BeRBHOBERETS 2t SoSC SoToNR Ti5E GocHRaTsaving
bQe geﬁ\é&hﬁ?/ n RERTH 9}' é%er@sgé‘cttv@@t 833 anti25aBEM OfThépare 82.2

agueo cerol solution havi % a concentration

f
weadmé@ﬁ Kgdvoimrite gBiebys \adlegt (29 frae fheabetépm of the stripping
0 di
ST B ot St T6 Re et gt ting Bdualir KgeRe Ry
nDIecuIar oxygen is added in the glycerol dehydration
st ep.
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METHOD FOR PREPARI NG ACRYLI C ACI D FROM GLYCEROL
ABSTRACT The invention relates to a nethod for
preparing acrylic acid froman aqueous gl ycero
solution, conprising a first step of dehydration of
the glycerol to acrolein, carried out in the gas
phase in the presence of at1batal yst and under a
pressure of between 1 and 5 bar, and a second step of
oxi dation of the acrolein to acrylic acid, in which
an internediate step is inplgeg@ented, consisting in at
| east partly condensing the water and heavy
by-products present in the streamissuing fromthe

o AR e R a0l P Y Ryt otion
comprising a first step of dehydration of the glycerol to acrolein, carried out in
the gas phase in the presence of a catalyst and under a pressure of between 1
and 5 bar, and a second step of oxidation of the acrolein fo acrylic acid, in which
an intermediate step is implemented, consisting in at least parily co'ndensing the

water and heavy by-products present in the stream issuing from the first

dehydration siep.

2. Method according to Claim 1, characterized in that use is made of an

aqueous glycerol solution having a concentration of between 20% and 99% by

weight in the reactor, preferably between 30% and 80%.

3. Method according to either of Claims 1 and 2, characterized in that

molecular oxygen is added in the glycerol dehydration step.



