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WD 2006/ 114506 PCT/ FR2006/ 000907 METHOD FOR PRODUCI NG
ACRYLI C ACI D FROM GLYCEROL The present invention

concerns a novel route for the synthesis of acrylic
acid, and nore particularly 5 relates to the
pWBpaD@ﬁVQB4GDGany||C acid from glycerebryprbb6s/000907
presence of nol ecul ar oxygen. The main process for the
conventlonal synthesis of acrylic acid uses a

catal ytic reaction of ylene 10 with a m xture

cont ai'fi TP r?RoﬂWsIWga“cQRWqﬁ PG FRAM (GLYCEROL
perfornmed in the vapor phase, and usually in two

SEEES t he fgrst ste g effects the substantiall¥

qudnt iIRERTE ok YEPF SR ofC P T end ' igute for the
asyokBeRiBi Clofm xdaryglidn mbﬁdh acmy i cnaed d pgrtmcularly

unt ., t he econd tep ef f.ects t sel ect

OXIgéF?gE % actsl ei r?%aacry ggld Cfégfﬁ% r%ﬁﬁ:l oﬁrom
c@hmpﬁr@hslﬂothehpsesemgesbépmplpeuﬂamnedygen t wo
reactors in series, are different and require

catal ysts that are suitable for the reaction. It is

noEe R e’ sdEPISS sdloft e thige SERBRBLACHABEI ngyRhhesis of

ta\©r§1§3© qriaresseslhg reacdl e dBY-lSa he Ber f9rdEdiene
but, 1n this case, It is

S|ngle 5 reactor ,
H%% Bsaty 15 %§5ﬁ%r§P§tadﬁFJ§hd°F§8§€Ie FBige BABGRLSN is
o@eaer@lbynparfbhmedo&mdaﬂuonvsﬁ@p phhsbas abelerukxm, in
fh ?ﬂ .time that acrolein may be 30 obtained from
gl ycero G ycerol (also known as glycerine) is
obt ai ned frohet héinethastepsi sfdeqgflsantthei Isuladtdmeially

same ti e est el iy|  estehSy 1y Chof" e npfwgﬁé!es used .

especi ally as fuels or conbustibles i
domestFer¢tRinofich |RixSune nator #higPogeety 135 rad higs in

an "enw1m@ww&maﬁﬁﬁy friendly" inmage, is available in
| ar ge uant an be stored and
g€ q g ecoaﬁ step effects the selective

oxidation of acrolein to acrylic acid.

The reaction conditions for these two steps, performed
in two reactors in series, are different and require

catalysts that are suitable for the reaction. It is not

- necessary to isoclate the acrolein during this two-step

process. The reaction may also be performed in a single
reactor, but, in this case, it is necessary to separate
‘out and recycle large amounts of acrolein at the

oxidation step.

It has been known for a long time that acrolein may be
obtained from glycerol. Glycerol {also known as
glycerine) is obtained from the methanolysis of plant
oils at the same time as methyl esters, which are
themselves used especially as fuels or combustibles in
diesel and domestic fuel oil. It is a natural product
that has an “environmentally friendly” image, is

available in large quantity and may be stored and
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- 2 transported wthout difficulty. Nunmerous studies
have been devoted to the financial upgradi ng of

"glycerol according to its degree of purity, and the

dehydration of glycerol to acrolein is one of the

routes 5 envisioned. The reaction involved for

obt ai ning acrolein from glycerol is: CH20OH CHOH CH2OH

H CH2=CH CHO + 2H20 10 As a general rule, the
hydeatpontedactiwmits Havdriedliay . |Mwneenper stiddss have
aBQeEthQ@Q%QJa%JOnthéacfiﬁgné§a1fQﬁﬂﬁﬁ%ﬁfﬂg hbgh glycerol

tenperatures. To obtain acraolein,

neEEssdipIt ousd s FRAFFL| eht Pﬁéﬁﬁéﬁr ata@lde t%dsﬂ%lﬁyqéatlon
D@Etl 1 MAGWIM t @oshiddrdite o eacki obnelheof eaatheon maytes

gerfornsd in the liquid phase or in the gas phase.
Tﬁp 18ypE=6f reaction is known to be catal yzed by

acids. Various processes for synthesizing acrolein

(0 SoHeRath IR ASAL) DOl L IR L Lk ER, o
readgceonlfee:t he dehydration of glycerol to acrol ein

i's genefaddycisieonpan ed diy-shdepbeachhons |eading to
the formation of by-products such as 25

hydr oxypr opanone, propanal dehyde, acetal dehyde,
aﬁgt @ngena@amcml@f 2¢O lr8idyam itdh g:iaea;efmn i yeeroted at

d ti duct I |_eth :
e e i et e
3baveanetli ah p&gduthmpe$wuuna;flﬂmndhﬁaqﬁﬁaqﬁn&&ﬁn, it is

enydr at 8@,55?90%0%% ga%%%ff‘i'cm%ts%r@fé&dc&& & and/or

ubsequent "gas-phase oxi dati on ste tain acrylic
apadtlarhu garworsttep qirﬂo@ésthesrﬁépf:épﬁed Tiiiet wafelon may

Oh¥ C Ll o@hefoNGENt f At Q;d;qaqae%s%olc% | OAS tERMYdSi PBase.

35 nore than 50% by wei ght of gl yceral Acryllc §C|d

This type of reaction is Kndwn to catalyzed by
acids. Various processes for synthesizing acrolein from
glycerol are described in the literature: FR 695 931;

Us 2 558 520; WO 99/05085; US 5 387 720.

The reaction for the dehydration of glycerol to
acrolein is generally accompanied by side reactions
leading to the formation o¢f by-products such - as
hydroxypropanone, propanaldehyde, acetaldehyde,
acetone, adducts of acrolein with glycerol, glycerol

polycondensation products, cyclic glycerol ethers.

In international patent application WO 2005/073160, the
reaction product resulting from the gas-phase
dehydration reaction of glycerol 1is subjected to a
subsequent gas-phase oxidation step toc obtain acrylic
acid. This +two-step process 1s performed with pure
glycerol or concentrated aqueous solutions comprising
more than 50% by weight of glycerol. Acrylic acid

yields of between 55% and 65% are obtained using an

. alumina-based catalyst impregnated with phosphoric acid
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yi el ds of between 55% and 65% are obtai ned using an

al um na- based catal yst inpregnated wi th phosphoric

acid 3 and silica for the first dehydration step, and

an al um na-supported M-V-WCu-O m xed oxide for the
second oxidation step. The process is perfornmed in two
reactors in series, the oxygen being able to be added

5 easily to the gaseous m xture feeding the second

r 8Ret of 11 TRa pfotessamyfidiso e fgied iste® si aghe an

r gaghohacenppbriBe eider-i-he; tyw stasked GatRl Ystsr  the
deflnlgg two, reaction zones, or the two catal ysts as a

nPREARE, PHICS TIORY iRt | DRS hRYPRGSEhe SdRaibatiiest 1n two
moeectB®reagindl ye ttoast | vhAki ]Eitggytl?m abeihg h)ﬁ?feca;fofﬂkye‘wtﬁdded
Lch,. makes i_nt enance of t. rocess difficult. The
zgégpégnt%%bnggﬁy gge|%§xnﬂﬁ%;§%%ur€ﬁ?éh$%lyghetha?cond
i FepstpossiThlee iy cststsainmace 50 cbacipeé rdioreetd yin 15 single

fremgbycesohva WheR,t he glygcengle d;t@éﬂf Qi»rheﬂeaea&&{%gfysts

IS gerforned In the presence of ox e presen
ofieL 6% Ben LRk e€ AL ipEs FWBIeS t o pekher Mo radddintdten as a

teikberefdebydeatioaripaaetion ran oy datd AL 8acdik OMf more
ormng acrylic acid from

offeri he possibility of d ,
GFSRbE APRGTIT i eoleert SUBI vty GRYGEN=CS t righioh
reakés onaimeedhanral s6 tias arbeseti didFiefiffect on

reducing the formation of coke on the catal yst used

and inhibiting its deactivation, and limting the
fDrerat Al bfaby - Gorurhicy s Bush dbs propesdl dehyderisingly,
acreipne fangdg %ﬁggyiqﬂ@(ygﬁ‘)p@lg?gf?r%c&r Ci%SSaE?EIi Sdirectly

produci ng acrylic acid direct om ycero

plaf T c GLYFRY Cddv dfteiyebhs syheeerel ndrbydiretipsssipretion

t0s pesfosrmédiei syohBepirsskRca SINYEJRACtHe B adKhe of
thus to reduce,.the ne eigary i nvest nents. The

SPFVETDIRR GTS 1 b BPBto0LCatPoPGIis Mo e 3AfUdHGrbEe the
i e Hoadesl oo t e atowd oagnsee utdeideihydr atbeniangd offering

the possibility of forming acrylic acid from glycerol
in a single step. Supplying oxygen to the reaction
medium also has a beneficial effect on reducing the
formation of coke on the catalyst used and inhibiting
its deactivation, and limiting the formation of by-
products  such as propanaldehyde, acetone and
hydroxypropanone.

A process for producing acrylic acid directly from
glycercl is particularly advantageous since it makes it
possible to perform the synthesis in a single reactor

and thus to reduce the necessary investments.

The principle of the process according to the invention
is based on the two consecutive dehydration and
oxidation reactiocns:

CHz;OH-CHOH-CH;0H & CH;=CH-CHO + 2H,0

CHp=CH-CHO + % 0, -» CH>=CH-COOH
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oxi dation reactions: 35 CH20H CHOH CH2COH - CH2=CH CHO

+ 2H20 CH2=CH-CHO + 4 02 4 CH2=CH-COOH - 4 In this
reacti on schenme, known as oxydehydration, the
exothermcity of the oxidation reaction is conbi ned

with the endothermcity of the _dehydration reaction,

whi ch contributes towards better thermal equilibrium

of 5 the process. Another advantage of this process

| Les thiis heedacion hatheme, i skimoin deperndamtehoniratriava, the
TBLEERBLn L £OSSLE O Ryct I JNSLRAAEE 1BLOPYL ENEomb ineq

uses a re l e raw materi al’; such process
th§hsdﬂﬁ%fﬁ@@oﬁﬁ@r@ﬁpﬂéﬁ'aOfa§§b%!éﬁ@&dﬂﬁﬁhcﬁher%%ﬁﬁlonr
CRREent cehtraheerschepastsy betWdhitharmr @l Obdbrium of
framewor k of durabl e devel opnent. One subject of the
pFESeRFOFRvENtion is thus a process 15 for
manuf acturing acrylic acid in a single step by
oxyd drat.i on reactlon of cerql J.nth esenc
n§¥8§H¥ar gxyggn Tﬁe nDIeché? of l S lglﬁé er 5% that
i Att he ﬁotnﬁ@peadent20n0ﬁ|nawrmaﬁanakﬁ0ﬁaﬁn&ﬁx&eoninn,
gases EHEEQhEb”gerBg?i%Hlear prgenscthe amuie Plpie  raw

oxygen I's chosen be outside the flammbility
rangeraalanyPysdi ng igroaass plhie. sHel bdgentesnt@ptteria

| 954061 PE0CSA ACCOREI Ry { BohNEENVEN! PRk Ichenistry”
genera e chosen 0_.as no exc
e B Y BSr s oo e D e 25 ek o B pBrsRTS ARge10pment.

reaction (mxture of gl ycerol /H20/ oxygen/inert

gases The, de y ratlon Jeac cti lycerql
a@?%léPHJECt % geneﬁgFT per%%yﬁg l%% ggllﬁ?%;ﬁ jjgrocess

caoal y@mfaﬁmgemg:atamrwétlg magibe thosensfinghenastenl by
°6x§é{§llﬁ§‘&£é&o§' kbgegeénﬂ%tfer %}éef’cgl aghdltﬁeZ%%ste%e of

m ner orts, such as ox coated with nono-,
dpolegglar oxygen

The molecular oxygen may be present in the form of air
or in the form of a mixture of gases containing
molecular oxygen. The amount of oxygen is chosen so as
to be ocutside the flammability range at any peint in
the plant. The oxygen content in the process according

to the invention will generally be chosen so as not to

exceed 20% relative tc the mixture of gases entering
the reaction (mixture of glycerol/H,0/cxygen/inert
gases).

The dehydration reaction of glycerol to acrolein 1is
generally performed on acidic solid catalysts. These
catalysts may be chosen from natural or synthetic
-gsiliceous materials or acidic zeolites; mineral
supports, such as oxides, coated with mono-, di-, tri-
or polyacidic inorganic acids; oxides or mixed oxides,
or alternatively heteropolyacids. The preferred
catalysts are sulfate zirconias, pheosphate =zirconias,

tungsten zirconias, siliceous zlrconias, sulfate




or polyacidic inorganic acids; oxides or m xed oxides,

35 or alternatively heteropol yacids. The preferred

catal ysts are sulfate zirconias, phosphate zirconias,
tungsten zirconias, siliceous zirconias, sulfate 5-
titaniumor tin oxides, and. phosphate al um nas or

silicas. These acidic catalysts, which are suited to

the gl ycerol dehydration reaction, facilitate the
ded6ppiien ot thénacpyudeSaC|dngroﬁboeahabat alsmpoes5 or

optiftzed fofcoxi datiop reactipnss, t hg wire! Qref suited to
yiic_.acidis thus limted Wih this type
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Oﬁé&blﬁp@ﬁ!@d sl eati \ddyy Tionagds dagsndd it ) dbuf:oraﬂehenot

sQl d use 10 .be .al so capahl e of catal ng

SSPhETIEES, BB ek e B g Y Lekd Sehoseryiic
ehewénuschbsenlﬁmmnedh@1th|$hikbtyve WE Razalystih,

Fe, Co, Ni, Cu, Zn, Sn, Te, Sb, Bi, Pt, Pd, Ru and

Rh, present in netallic formor in the forn1of oxi de,
shbf dte GhephéspkatRrefeTabls, priaf epabey beo clwdger nasgood

ogéﬂ@&twﬁ@t @byr%‘i:dsl %lclr%’ll%o%%lka e AH ad sagei d Nesed to
se of a singl e catal yst ™ capable of catal yzing both

B deii\vdrad %P#?eﬁéuQﬁF%ﬁﬁFl%%etaﬁuﬁﬁ%Qﬁﬁk%hc¥$%ﬁtlon
bsmad:lsmbathamenqvaﬂ abd es@ oﬂbXtel_]l_l’eQLeﬂft @{o%e)tﬁtisrom the

eac |ng capabl e of ef fecti on WO
rg%% gRs i'h Eﬁ H@%he?g’TﬁPs HVXt %ﬁ sn, Te,
c%bal?stsPts Ehhn Rut&mm B, i ptesahe nnutmﬂualkﬁc form or
cat al S, I S, EN or er

Bt al ¥3L S, £9Fn f 5%??@ n%€ M?heg¥ éhg%% ate will

catal ysts stacked in 1 feac yer then
DT HEC EalphY| eodf eRPeeni ngst r@xmwcmat i ontatygtycefbl is

$oicEoled Nerdft die $96ONd Shei pg rTQres§H¢,isd dPralyst
%§®§o |da£|on of the acrolein thus produced into
a

i B2 BhEZOFIoPREP St m%ﬁ%%rﬁﬁ%ﬁfﬂs@n and
wihe beidaddphedrésceidunchilen ffsdhe o eagdOr available a

Irﬁvgﬂo#egg%%g;cedaal%psgsh,e éggﬁt Ib%r}.nagccgggégget %ft heffectlng
one of the two reactions in an optimum manner. This
mixture of catalysts is then either an intimate mixture
of catalysts, or 1is in the form of two layers of
catalysts stacked in the reactor, the first layer then
being capable of effecting the dehydration of glycerol
to acrolein, and the second being more suited to the
oxidation of the acrolein thus produced into acrylic
acid. One or other of these configurations will be

adapted as a function of the reactor technclogy used.

The reaction according to the invention may be
performed in the gas phase or in the liquid phase,
preferably 1in the gas phase. When the reaction is
performed in the gas phase, various process
technologies may be used, i.e. a fixed-bed process, a
fluidized-bed process or a circulating fluidized-bed
process. In the first two processes, in a fixed bed or

a fluidized bed, the regeneration of the catalyst may
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performed in the gas phase or in the |liquid phase,

preferably in the gas phase. Wen the reaction is

performed in the gas phase, various process

technol ogi es may be used, i.e. a fixed-bed process, a

35 fluidized-bed process or %50|rculat|ng

fluidized-bed process. In the first two processes, in

a fixed bed or a fluidized bed, the regeneration of

t he coded ystte mMayob. ﬁnesepabaﬁemrontthay%mmkéO@ldde ex

nEXthak c%!a%ia lesh% fé%fé%%ygﬁ o?yiﬁﬁ%régk s%f and
€ céta yst an stion Wi a gas

negnbretéont ainniaig el ‘ewhara @)(%ﬁ@éhls Il gt e c@@@tammg

thsitegpgrat g e@nd T Pregsure-ale Whigh thenperature and
regeneration is performed do not need to be the sane

aBIEAsdEat tntiteirh Heh9 eBRPFBATREIORerfompgdormed do not

Aseenditrg B tihe prReess afnddhe aﬂven%bnn,ths trd@ytion is
itu, at the

t ak I qnt |

R FBREfon Moo Fehet pr Beendi Bretib) BRular 101 7o Eion,

oxygmmuortekea;@&sxzonbatmnngu&ﬁ&ecuhaslmmygemtiMhEhesame
hj t

RN 1 Br > GEAER T VAo and  BRESepT8eS At he er

r eAEgE0N Crerpder at aRé mtpfrle@gmemh%cmharhéxygen in the

ciegutati ngof Il di zgdsbed {pl0CLSSFand PAE: Lt ah¥3tllkened to
Ci rcul at es in two cont al ners, a reactor and

reQenddtotiog ek k@ SHiyEE AN sdnt .t&#e\?ap%%%%%t eén the

apdatbeotebydpathboreeastii ppeaeerendot hermic, and the
oxi dation reaction and al so the regeneration of the 20

catal yst consisting of the conbustion of coke are
exot heema,rafle tiwy sikt bdbszednipedsatreceash dthleergatalyst

V‘ﬁlf@uf&’@ééi bggles Louar %r&%ﬁ%%ﬁ?r ”'5‘5 equilibriumaly

€ process The sel ecti on t'he opti num process
i sega@eraton. fUmSs ohhef Jlardist cﬁptléfﬂllﬁn THporization

faxgd+hed cmrg,&ﬁsastfa@ rkhetadnantagecRhoBh8Phi 81 t ind the
The fluidize

oxidation reaction and also the regeneration of the
catalyst consisting of the combustion of coke are
exothermic, the two systems compensate each other,
which contributes towards good thermal equilibrium of

the process.

The selection of the optimum process 1is made as a
function of wvarious criteria. The fixed-bed process has
the advantage of simplicity. The fluidized-bed
processes make it possible to continuously discharge
the spent catalyst and to permanently recharge fresh
catalyst without stopping the production, with the
possibility o©of being isothermic. The circulating
fluidized-bed process has the advantage of optimizing
the reaction selectivity by permanently returning
freshly regenerated catalyst into the reacteor, while at
‘the same time compensating for the energy exchange

between the reactor and the regenerator.
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processes make it possible to continuously discharge
the spent catalyst and to permanently recharge fresh
30 catal yst without stopping the production, with the
possibility of being isothermc. The circul ating

fl ui di zed- bed process has the; advantage of optim zing
the reaction selectivity by permanently returning
freshly regenerated catal yst into the reactor, while

af-caSTERBIsankOt i N oNPETSEdIHEG T or reddmengy of  the
eXﬁh@ﬁﬁ@onbetﬁ@@n pird@ els@act or e dhed eggne& atQactbr of

di n 0 one particul enbodi nent of th
g%ﬁ 5% Pt otEEE i s %ﬁﬁféﬁﬁﬁ& r1%§ré@ﬂ%ﬁ“%¢ed of
phaEeexcﬁamgéhgt%@&weEhlQadﬁﬂﬁﬁﬂeﬂSctﬁ@@latﬁéﬁdcﬁﬁnnels

S or t el h ot r ci rcul ati,on
tgéﬁe §§ %gﬁﬁgﬁgygﬁon a ‘ca ysftec HP&Ogy has many
t 2dnaptagyshas mamps @dvmaetg@iql’rart%,nsaaﬁoctmtmd with a

eﬁfﬁﬁnﬂgat$%§9ﬁ ﬁb%dc %@l@g higgh, heat;, §x ?actor

capaC|ty hi s g reactor IS p |cu?ar
sh?té’é‘irélf%lrlarrelﬁbvﬁ%tﬁ af & | yerpvinge keat @raSlly in

exiod hes 8& Coreagbi-aBsmier eltSWpRl,Yidl heatsdiPing heat
reaction tartup hases or .in the case ,of e otherm c

r%%ctlgﬁ§ 1By e PEFETI aPFSSEhi s°F eadtfor thakesase of
paxscd fih ermibd: mebytuonheamknhytpatsmchmacmgl tHies reactor

t ul arl ff| i ent
LS DR b AR S M o TR
tHee syseémlysite plBres meptbe essembied is nudmi@scularly
aner e he $1agkede EEQ@uHaklbﬁ E&S%Iﬂéﬁg(% ﬁ%é fluid

into the sane reaction_volune a first sta

d]éhyalfl%t Sy tedact 1o Blageyceryl ko aspem |1ﬁd flcﬂ | reribigles
bsmca ﬁlagon@e stsage kker. theuoxi dati 08 Foaprwlei Ro Tmstall

g#gs %%&%bﬁfgfﬁé%%{h%s agcendlng stream or fhe

de¥éenditfig a a 'ﬁr@ of? t heTeht atyRI% E@Fn

(ﬂ&hyﬂranxﬁnthaacthencaﬂhhybycéfmu becaﬁﬁﬁldﬁantlﬁ@ﬁfﬁhed
fl:%/?‘tgr se%o[?llc?cggaag tf%pr hé h%xg Igi%rlotno £§Clalclrto§te§ni.t S‘The
modules may be fed with an ascending stream or a
descending stream, the stacking of the catalysts being
chosen such that the catalyst that becomes deactivated
faster is placed on top of the other to facilitate its
replacement. Furthermore, the modules may be
independently temperature-regulated for better
optimization of the reaction. This type of reactor thus
involves great flexibility, whether as regards the size
of the reactor, its maintenance, or the replacement of
the catalyst. Systems that may be suitable for the
process of the invention are, for example, the reactors
described in documents EP 995 491 or EP 1 147 807, the
content of which is dincorporated herein by reference.
These reactors are particularly suitable for the
catalytic inversion of reaction media, specifically
gaseous reaction media, such as those used 1in the
present invention. The plate exchanger used for the

preparation of (meth)acrolein or (meth)acrylic acid via
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repl acenent. Furthernore, the nodul es may be 25

i ndependently tenperature-regul ated for better

optim zation of the reaction. This type of reactor

thus involves great flexibility, whether as regards

the size of the reactor, i_ts8 nmai nt enance, or the
replacenent of the catalyst. Systens that may be
suitable for the 30 process of the invention are, for
exahpletithexiehctionrs odesSr i edCidn miosrumetss EPd8986ribed
4?91 QBCEFﬁeﬁélﬁé %Q)%S/Oh% Occérglent Aﬂ%, aY\fé&hbéSsultable for
i ncorporated herein by re erence hese reactors are
pahei Bahaipy taget s ol ithecichtaren | @1 Yoo si ofhbgh is
repet saRBedi ar spechikbeahky i3eaaseQuUs reaction

medi a, such as those used in the present invention.

The pl ate exchanger used for the preparation of
(m‘ﬁéh)m@i?&mz@,rpdmma@wﬂli etagisd Muat8 beatalayttied to
dation, of .C3 or.C4 GUrsors descr i bed :

BB e AU 00, 0 036 851" oy S5 Be S Patfle BHFRO 2

t heghanuf botliiesgof paényl i thaoi dwatem gkyderatrowhich The
Ié upl.e € t t_{ led
R A B Bar P LeSr T on et oot it he ikt 1o TTRLCle
pF@dG@tqr@r@S@f ’%iéﬁ!yb/ﬂ@lﬁél ®f ReYY}ECadcddhairpoyer, the

hi,g8e1 bl ENg igHodiians wat(eithard agkdh ei Ricrbh@in  and
acrol ein co- C{fo uced may be elther | ated o

r3ch¥ed REAY | Reved¥e TRECYFEFHs %‘F‘ga&Pﬂl“@ré‘&e@ thus

Moreduet ngt Be eamnset emtew@ybyTpeo@lmetr@;y(—@tp@eradﬂfr@n of the

rolei ad rylic aci{d) may be_r vere
?ﬁ | erg < t%%s L%?od%i %ero el Soie Sragloqh reaction
eﬁerglyenngradum@eﬁ tilte pbysmobductfs @fretatelygl yedngk the

YQ&E%{Q&@E' B sf ee?tﬁ.tésq e é)ﬁ%ﬂ@r o%e@%keswﬂén compared

SSI e to greatl reduce t enh ouse gas
ewﬁtaléuéh@ 6Pnﬁﬁ@tapaéés§rqm¢@r$ &ﬁ"rp%ﬁ‘]e%FtWQ P¥pgation of

C@Mﬁ?lé@@ﬁ' Rrocessciof tael enti yeroxidad | 08 Qferived from
p)gggg/ gne, for which.the C%Z pr.oduced is denv;d from

carbon during incineration by-
products.

The experimental conditions of the gas-phase reaction
are preferably a temperature of between 250°C and 350°C
and a pressure of between 1 and 5 bar. To avoid
consecutive reactions and the formation of unwanted
‘products, it is important to limit the residence time
in the reactor; moreover, by increasing the residence
time, it is aiso possible to have higher conversions.
It is especially desirable to increase the contact time
{residence time} of the reagents in the region of the
catalyst in order to compensate for a decrease in the
degree of conversion when a lower reaction temperature
is used. When a weakly oxidizing catalyst 1s used,
increasing the temperature allows the acrylic acid

yield to be improved.

Glycerol is available in concentrated form, but alsoc in
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fossil carbon during the incineration of the by- 20
products. The experinmental conditions of the gas-phase
reaction are preferably a tenperature of between 250C
and 350C and a pressure of between 1 and 5 bar. To
avoi d 25 consecutive reactions .and the formati on of
unwanted products, it is inportant to limt the
residence time_in the reactor; noreover, by

i he? easiHE t hefr esTRBRCe SGaNAEILIGAL | s281PEEUS0ssFRI B RS -

hmeaﬁtg@@@ugppyer§m onsquedds | g1 al kyideshableth a
to increase.the ¢

t
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tb@tm@@mnéé%edhﬂ W debyeasd ghn tie usdedr ée ¢me reactor.

V@’f‘é(erc% Wb ﬁacﬁ%@” tenESratH{c?h Sused- ¢,
en a wea OXI I ZI Ng cat a use d ncreaS|ng
twéox(érrpwwm@s al Toast i des acwq:hc aei dthgs fpehation of

b@lymf@ye@th@rxéceéel Heh AV AbLeBeFONGRN LaLBAein or
form but_also in 9 the formof nore econom ca

At 0BST¥ LGt s pAaéaﬁ?ag@&sfswheaﬁla&@é@&s Moreover,

otyeergllysotant | o Midivra seendent hati opeof £ bet V\@ﬁﬂuﬂ-@%on
and 50@6an9 ﬁéeferabl bet ween 15% and 3Q% by 9 ion

TEEY i ATt HES SIS, B The  RBACERT r & e%
bteftct(blehl gt;pesausasglpceavbl Gshuricus rIemcalngnscssleh the

ON=0 gl et r .
BB o0k SNSRIl T Bl RREC K Sy
the gegyedéng Meheovarter t nsoghyedr @Ys@lh@tléﬁaghéghd In

m¥dé¥35@orgdu@éet98 %Qy@%%@gnkr%5§ﬂg%ﬂ§%¥&ﬁ/éﬁ§tstorage
i nval ved he evaporation of the aqueous glycero

<SS on. t@% aRfaCa8E, HY dUhcehtfat Mdiklof Gdrentrated
golagriain selfut 109 nsay heoadj wteﬁélgm fe@i}iQ'uH:ﬁ@nt h@o the
vat.er roduc% g reactfon r'der t £
tte é‘h}%eFSP £F slﬁ)%JrIf%t P&h 86&‘3& o%gé%cgdé‘c‘?s S?’F}E ©

rdect oreamypbedbeddwbyh tdencesdatat@d and of the dilution
water. Similarly, the recovery of heat at the reactor
outlet may also allow the glycerol solution feeding the
reactor to be wvaporized.

Glycercl derived from the methanolysis of plant oils in
basic medium may contain certain impurities such as
sodium chloride or sulfate, non-glycerol organic
matter, and methanol. The presence of sodium salts is
in particular detrimental to the catalytic dehydration
reaction since these salts are capable of poisoning the
acidic sites. A pretreatment of the glycerol by ion
exchange may be envisiocned.

Compared with the conventional process for preparing
acrylic acid by selective oxidation of propylene, the
acrylic acid produced according to the process of the
invention may contain impurities of different nature or
in different amount. According to the envisaged use, it

may be envisaged to purify the acrylic acid according
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solution of 40%to 100% by weight, dilution to the
opti mum content bei ng perforned by recycling sone of

t he steam produced by the reaction and of the dilution
water. Simlarly, the recovery of heat at the reactor
20 outlet may also allow theqglycerol solution feeding
the reactor to be vaporized. dycerol derived from
the net hanolysis of plant oils in basic nedi um nay
cont 8ha terbhaiiquesplnirinesosishsas ska5 leddilnmtelsl exitde
or sulfate, non-glycerol organic natter and met hano

The presence of sodiumsalts is artlcular
débri meHteIP 1S t hBhaht a|%ftl11@vaehw%aﬂt6ﬂter eddt§ onPresent

siReenthesewsahbstar aceapakl e 10fnipeingonitag sthee.aci dic
sites. A pretreatnent of the glycerol by ion 30
exchange may be envisioned. Conpared with the
cBruepfieenal process for preparing acrylic acid by

sel ective oxidation of propylene, the acrylic acid
produced according to the process of the 35 invention

may EbAt aRAMPAEEr | B dslefladi ffeadmr manfkstong gl a tube

defsf %Fneﬂ‘bn%m&m! wf@&%ﬂmsi@etagaﬁe%&a@@ s 14 used
be envisa puri e acrylic acid accordin

1@0 PBTERE™ égﬁm@&d@?n@&o\ﬁﬁh&@ 5 SR 1§39 P nt ] ht'el'1 gas
aphaseThe a%aﬂﬁéﬁﬁefh@tp&@beWEI|kmsiéateatherphﬁseplaced

e o0 Y MR ROVt LT 0 L8 380 renction
coaspstahgref aThabecaaalgwtbon@sadd\mnd1zgwmmmmdeand/or
d%ﬁ[’gé@izé?& ‘éo”‘@ﬂt%lﬁsﬁ%t%&él%éo% op Myt hg gl yc 10 ml

ration reaction | ase at atm)sp erlc
p@@ss@ﬁt'ealmts Freactlopdes! plLaE@d th% FrEted deanberm 2

n8h i, ped EEdt he @-ﬁoq%&gr eagliisOhed BN Lindd€at the
catal%sts used are ground. and/ or peIIetlzed to obtalgbre

paFEFectes oFeﬁ‘FJ@rta&ufeo mAF 10° m O 10 minutes

introducing the reagents. The reactor 1s fed with an
aquecus solution containing 20% by weight of glycerol.
at a mean feed flow rate of 12 ml/h, and with a flow
rate of 0.8 1/h (13.7 ml/minute) of molecular oxygen
for the examples according to the invention, unless
otherwise indicated. In this case, the Op/vaporized
glycerol/steam relative proportion is 6/4.5/89.5. The
aqueous glycerol solution is vaporized in the heated
chamber, and then passes over the catalyst. The
calculated contact time is about 2.9 sec. After
reaction, the products are condensed in a trap

refrigerated with crushed ice.

Samples of the effluents are collected periodically.
For each sample collection, the stream is interrupted
and a gentle stream of nitrogen is passed through the
reactor to purge it. The trap at the reactor outlet is
then replaced, the nitrogen stream is stopped and the

reactor is returned under a stream of reagent.
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15 of catalyst are |loaded into the reactor to forma
catalytic bed 35 cmlong. This bed is maintained at

the reaction tenperature for 5 to 10 m nutes before

i ntroduci ng the reagents. The reactor is fed with an
aqueous sol ution contai ni ng g?@@by wei ght of glycero

20 at a nean feed flowrate of 12 m/h, and wwth a

flow rate of 0.8 1/h (13.7 m/m nute) of nol ecul ar
ok9gen eafdr tHr@daltes aklor diragato rhes nvehtipnoducts

U8h€§§1n8t@ﬁ&ME%%¢ cateGheddhddy,s #@S8n LR8cws a mass
O%axaporlzed [ycerol /steamrel ati've proportlon IS

8189, 5LOThE<25 gFdaHs &5l -y c et Bt It it i onthe  products

Vﬁpﬁmeaedﬂkﬂ e 1jeaicedbychabetfat ait then passesyRwer of

tbg atalyst. The_. calculated contact time is about
%lSAfF%rpnggﬁw? the products are condensed

in a trapn aeﬁﬂygesab&dohﬂﬂmaﬂagﬁaghy(un B0f Shhgdl esolumn

o?FF? Lﬂﬁpt§ QFQK%Odlegﬁe%.Qggf |%§15y chf@%a@ggpaph

sanpeco ecti on streamis In
gRALiBPed r saRlof ACDr sigdedte padiwl quﬁwﬁth@ analysis

f§§0%@ffé§m@éﬂr\9§thtanTéﬁtéfcﬁQlaEtIaH@aE@aQEQEuQHBBﬁE ) ;S
35 then replaced, the nitrogen streamis stopped and’

the rea& apéﬁﬁéﬁﬁrngﬂ UL QIFARIN 0Ty edgepdpiiiary

1do 1 fen eaehAexpebum&mt {he ot ab s mass) Ofomr0ductSHP689o
and IeaV|n red |1 ows_a

b‘%%]g‘%%%@?%r%%h %pneéjd WEER 153 ﬁ%t (e %‘b%%t YIEn° the

fs&m&xﬁ%m&i@ma$wqe@dbqtchlﬁﬁﬁtography Two types of 5

anal ysis are perforned: - an anal ysis by

chromat ography on a filled colum (FFAP colum 2

e 8 izt aneahPe Ekda rettormtlogrlaph sudgaivgsedfairt heapid
TR et eet gF. Hee M&&E@t"é%da@@’édlsallaﬁ Eﬁéf YiAY of

W th an external standard ( but anone

darf%ﬁ?/]s?%n by L& ofiBEBRHaghs -t a 3*(,sapPLﬁPQr yto have a more

precise analysis of <certain reaction by-products.
Moreover, analyses by GC-MS or by chromatography after

silylation were performed to confirm these results.

The products thus quantified are the unreacted

glycercl, the acrylic acid formed and the acrolein.

In the examples that follow, the glycerocl conversion
and the yields are defined as follows:

Glycerol conversion (%) = (1 -~ number of moles of
glycerol remaining/number of moles of glycerol
introduced) x 100;

Acrylic acid vyield (%) = number of moles of
acrylic acid produced/number of moles of glycerol
introduced;

Acrolein yield (%) = number of moles of acrolein

produced/number of moles of glycerol introduced.

All the results are expressed as molar percentages

relative to the glycerol introduced.




col um (FFAP colum 50 n*¥0.25 nm on an HP6890
chr omat ograph equi pped with an FID detector with the

- sanme sanples stored at -15C. 15 The first method is
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particularly suitable for rapid analysis of the
products, and especially tbelgigld of acrolein. The
second nethod is used to havé a nore precise analysis
of certain reaction by-products. Mreover, analyses
by GC-MS or by chromat ography after 20 silylation were
p dito confirmthese results. The products thus
qu{gﬁ)l are the unreacted glycerol, the acrylic
acid fornmed and the acrolein. 25 In the exanpl es that

f@hboﬁblﬁBﬁlﬁbyﬁﬁéohséanégr%b@ﬁly@@d bemxlelds are
defi ned as follo d ycer ol conver3|onné1 n§e§ o%
nol es of) g?yé%*%ﬂ q@ﬁn&?ﬁ?ﬁ@?ﬁﬁnb@¥36%° FQ% of Os)
gl ycerol |ﬂt@mdu@%bldhﬂOOKlgénéoryImmpymxémwekdfé%@nce
= nunber of gg# o gyllc aci d produced/ nunber of

4 |n fo

nol es of gly Ucéd; Acrol ein yield (%9 =
nunber (8f m@leglébumnzﬂmﬂqnbmrOa@%eakﬁunberlQﬁ ﬁ@&)sfrom

of 9'yCGro'DéDi?Hﬁ“Qﬁﬂgeﬁ%&’“'sdﬂﬁql%ﬁsukb%e%%%ce H1416),

expressed as no gercentages relative to th
gl ycerol intrdduéd? 9-12 - Exanple 1 The foll owi ng

are used, aSaC @lsmtat(elozmaenﬁ(1%1a5%ums:tzer>r 8.5% POy
zirconia (9g % Zr O2 % WD3 am Dali i 024 qﬁﬂgenso
(supplier r F%Teﬁ@élcﬂf4l gens Greﬁﬁf uiFat e*

zirconia (90%ZrgR2 - 10% SO4) fron1 Dai i chi Ki genso
(supplier reference H1416), 10 i.e. 16.5 g,

The reaction is performed in the absence of oxygen or
in the presence of oxygen. The reaction temperature is
300°C or 350°C. The results are given in the table

below.

Catalyst (1) (1) (1) ] (2) (2§ {(3) (3) {3) (3)
Ooxygen 0 13.713.7| 0 13.7( 0 5.6 13.7 13.7
(ml/minute)

Reaction tem- | 300 300 350300 300|300 300 300 350
perature (°C)
|Cumulative 32 32 42 | 25 25 25 25 42 50
mass of gly-

cerol intro-
duced {g)

Glycerol con- | 100 100 100 | 97 100 100 100 100 100
version (%)
Acrylic acid 0 4.5 7.6 - 0.9(0.3* 0.7 1.1 0.7
yield (%)
Acrolein yield|72.1 53 19.2(40.6 52.5(46.7 43 38 14.4
(%)
-: undetermined/*: uncertain attribution (presence of

‘numerous close peaks)
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(3) a phosphate zirconia (91.5% ZrQ2 - 8.5% 204) from
Daii chi Kigenso (reference H1418), i.e. 12.7 g. 15
The reaction is performed in the absence of oxygen or
in the presence of oxygen. The reaction tenperature is
300C or 350C. The results are-,given in the table

bel ow. Catalyst (1) (1) (1) ?%) (2) (3) (3) (3) (3
Oxygen 0 13.7 13.7 0 13.7 0 5.6 13.7 13.7 (nil/m nute)
REderPéA £em 300 300 350 300 300 300 300 300 350
perature (C) Cumul ative 32 32 42 25 25 25 25 42 50
mass of gly cerol intro- duced (g) dycerol con- 100,
166- 308 FD qubaorioea‘ieéysger@i)orfO(%echd%m fgdition
agfdgOydebol. 8s-bOn8eH. 3+eOuded.1 0.7 yield (9N
Acrolein yield 72.1 53 19.2 40.6 52.5 46.7 43 38 14.4
(9% 20 undeterm ned/*: uncertain attribution (presence
of nuReepasatliosecpeaks) cdBadyExangle 2 11.8 g of an

-oxidation catalyst (4) fornmed by addition of glycero

as binder are used. 5 Preparation of the catalyst (4)
Thee ppapapagitepnofok htbisyparsf <¢ht ahyslyes descie¢peribed

| bn Pk €8kt Uss 6633002400 . 10

The precursor is prepared from solutions A and B:

For solution A

Cold demineralized water : 70 kg
Ammonium paratungstate, APT : 3.400 kg
Ammonium metavanadate, BAMV : 2.810 kg
Ammonium heptamoclybdate, AHM ' : 11.590 kg

For soluticn B '
Cold demineralized water ; : 15 kg
Strontium nitrate, Sr : : 0.590 kg
Copper nitrate, Cu : 2.810 kg

Cnce a clear solution A has been obtained,
precipitation is commenced by introducing solution B
into solution A wusing a cannula, at a flow rate of
30 1/hour: (30 minutes). Solution B is added using a
metering pump. The precipitate forms immediately and

the solution changes color.

"At the end of precipitation (i.e. 2 hours after the
start of precipitaticon), the water is evaporated off
and a dry precursor 1s obtained, which 1s then

precalcined under air at a temperature of 225°C.

A polysilicic acid soluticn is prepared:
615 g of sodium silicate solution at 28.48 wt% of
Nap;S3i0; are added to 2885 g of deiocnized water to make a

sclution containing 5% Si. This solution is stirred for




15

20

25

30

35

The precursor is prepared fromsolutions A and B: For
solution A Cold dem neralized water : 70 kg Ammoni um

par at ungstate, APT : 3.400 kg Ammoni um net avanadat e,
AW : 2.810 kg Anmoni um hept anol ybdate, AHM : 11.590

kg For solution B Cold dem neralized water : 15 kg
Strontiumnitrate, Sr : 0.590°kg Copper nitrate, Cu :
2.810 kg 15 Once a clear solution A has been obtai ned,
pieci pihateen &t cebmencedzby i npmoduBCREWEH! ubbwaxB ion-

a%%%&%%ﬁ%@lﬁ‘ 43 %%d%ﬁﬁh%‘la HE d;l%"‘éﬂé‘t §oPutl§rQ is

nut es) 1 on I s ad usi n

‘neEENERY pAMTp. alile Predhpi taterivr s |fmie@¢=a@@| ﬁ@wgh a

29uEHﬁe§0|Ehh%%lCth%%é&0|Q£thAtfﬁﬁ%e%ndp%per for 10
precipitation (i ours after the start of

pRéBHpEEat i O, f{%%d'{eer (P328vapor &P GHHed add aCBHRYIS~
Pheewhs ok icsleht.ai rErk g\hbﬁhge%g%@ad aélt@rxe@a&eplazwbd to
u er _.a a a tenperatur 0] 0 ySI Cl C. acCl o
oDREl Enbra sl bR i L o i B el 188 8 e
sofupiodrysat 128 c4& amtdo (ﬁbONaZ'HJ Blapd #dded dwl R28BE- gacid
0 ' ya 0 | [ i ni.n

oo LRt onT et it ftad O R ERR oAb Y | 051 GERLA Bolths to
al cupBUt-hE2001 rped OWCR-M2H Thsneo ohlcex Ehangeiasined 1s

'§t§99§duﬂﬂék| cbhe pbhafittibgssolution is between 2.5
and 3. The slurry is filtered through a Buchner

funnel fitted with filter paper, for 10 5 mnutes. The
fTher adleoyS832F o@a Ircde@eer ed 1iisl otangleLcﬂajrowedln ol @6. to
3k9§ g of_ dei ol iezed 1¥vat er.ar addef . the f|| B%Ee mean
s8°58 o BLPAIRA s tJ1 on c tagl n %gn}slcg‘%

potysitiei diameétder Abeufrdd il tof lBBQ%subharl c acid

A élurry containing 34.5 wt% by mass of solid is
-prepared. The solid contains 60% catalyst, 30%

colloidal silica and 10% ex-polysilicic acid silica.

Resin is added to the Nalco colloidal silica solution
(50 wt% Nalco 1060), whose starting pH is 8.25, until
the pH of the solution 1s less than 3. Stirring is
continued at 400 rpm, and the final pH is 2.0. The
slurry is filtered through a Blichner funnel fitted with
filter paper. 200 g of the sclution thus filtered,
200 g of ©precalcined solid and 557.3 g of 5%
polysilicic acid solution are placed in a flask
maintained in ice, and the slurry is stirred at 800 rpm

for 15 minutes.

The drying of this slurry 1is performed in a Bowen
atomizer in fountain mode with the following
parameters:

inlet air temperature: 370°C,

air service pressure in the nozzle: about 0.5 bar,

feed rate of the suspension {maintained at 5-10°C and
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solution are added to the preceding solution so as to

10 lower the pH below 2.5. The solution thus prepared

is stored under cold conditions. The above

precalcined solid is mcronized so as to obtain a

powder of |ess than 10 mcropg whose nean 15 particle
dianmeter is froml1l to 1.8 mcrons. A slurry containing
34.5 wt% by mass of solid is prepared. The solid

c8ht aiths BO% ol al ysEs 30%awrol Moildal shétesemand 200% and
exspoLygihi;ek¢ acid silica. 20 Resin is added to the

Nal co col | oidal silica solutlon QSO wt % Nal co 1060),
th%@tsFéFtPﬁ@SEPF?s 8025mmyAEi Fateke pH of the

solution is |ess than 3. Stlrrlng is continued at 400

r .and the fin 5 slurr .
(PTEAREG (ugR tamBaciier 1 AHBr=Firhed Wit Fiter 2if
papeperaf0rg bHfliketsol@bron thus filtered, 200 g of
precal cined solid and 557.3 g of 5% polysilicic acid
solution are placed in a flask nmintained in ice, and
tPees| gplydi s obttiained atiBOOiRpnthg0 fferms aff nuselerical

Therdiyiag Qfithhis abHERY %ﬂoebé%eeﬁ in @ Bewen 1 g/ml
atom zer in fountain npode wth_the follow ng

Pt GnatBFeY d53FRtet of ra?e%emtm@roe%c air

serV|ce pressure in the nozzle: about 0.5 bar, feed
e Sus sion intai ned at Z}%%§§ and 15 t
T Srat blet RO 8 0Pt Rk 580 2 ARE, 150
il @toms r pﬁessqiéeciéd nbyofsmmeanld@ Duﬁaﬂpiﬂ&tlon is
OPEZALL (RO NG L8 ant SPEEALRT 84431 9

?% 170C. #he eqlolebtj obt%%nedq?% i F11e E(TL'H Bk and
§§ﬁ@rp@yﬁer obtalned is sprlnkled onto a bed of inert
Norton support beads to obtain a ratio of 500 g of
powder per 2 kg of Norton support. After calcination,
the powder is recovered by screening. The catalyst is

formed by adding glycercl as binder.

Results

Feed of 20% glycerol sol (g/hour) 7.3 8.9 8.8 6.6
Oxygen {ml/minute) 20 20 14 20
Reaction temperature (°C) 300 300 300 280
Glycerol conversion (%} 100 100 95 160
Acrylic acid yield (%) 6.2 7.2 2.7 7.4
Acrolein yield (%) 2 4 14 3
Example 3

The reactor 1is charged with two successive catalytic
beds, the gas stream passing successively through the
first bed and then the second.

The first catalytic bed is constituted of 4 ml of

catalyst (1) representing a mass of 6.2 g, the second
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particles with a density of between 1.0 and 1.1 g/ni

10 and a nean di aneter of about 70 m crons. The
fraction with a particle size of between 45 and 150
mcrons is collected by screening. Calcination is
performed at 400C for 4 hour; in a brick oven, and 15
t he powder obtained is sprin Ped onto a bed of inert
Norton support beads to obtain a ratio of 500 g of

poddec per 2f kgaohliett o )supponed b&taﬁd&a@dgﬁgdarul as
t e % e t I 'S
BEngg Dy bt hE el TEr s ta T e T o5 R dar B Y Feed

of 20% gl ycerol sot (g/hour) 7.3 8.9 8.8 6.6 Oxygen

(h/ phaut e)-20120 %ﬁezgxy%%%ﬁﬂsorlﬁt‘%}&ﬁ!@d”@ps{@ea?@oat a
300 300 280 yCerol conversion (% 100 100165
AERYEI cdci dYyi M Pputes 2 Flong 7with Koy gt %HEﬁd of
(Mdt204edd 3 Exanple 3 25 The reactor is charged with
two successive catalytic beds, the gas stream passing
successively through the first bed and then the
secondRe301The first catalytic bed is constituted of 4

m of catalyst (1) representing a mass of 6.2 g, the

na 10 £ 10 A £ + | ot { A £ ol o ol
cCLlyuUIrmagd 10 Ul LU 111 Ul cat ar yst | rorTted Uy auur 1ty

gFssciepHl208sqlsenderselt ehahol e representi nd 2a nels$ of 6.4

_1&)%e9/nltgo§JH mf}%ﬁﬁ@ie‘% the oxygen jsginypoduced s 149

psttrEdlir at rateof 14 III I nTutedl Ornmg witilr o

%ﬂin@tée@WﬂHnPIng@h Results Feedé®bf 2408% gl ydéraol 220

S@lytaihoyr)e8:idn 422 4.8 6.4 100 100 100 100

| Berylic acid yield (%) 34.6 31.3 43.% 1
Acrolein yield (%) < 0.5 < 0.5 < 0.5 > 1
Example 4

The first catalytic bed is constituted of 10 ml of
catalyst (1) representing a mass of 12.7 g, the second
of 5 ml of catalyst (4) formed by adding acetic acid as
binder, the whole representing a mass of 5.25 g. The
'gas stream passes successively through the first bed
and then the second bed.

Results

Feed of 20% glycerol sol | 9.0 8.6 9.7 9.3 9.7 9.8 9.4
{g/hour)

Oxygen {(ml/minute) 14 14 14 14 14 14 14

Reaction temperature (°C) 280 280 280 280 280 280 280

Glycerol conversion (%) 100 100 100 100 100 100 100

Acrylic acid yield (%) 41.0 74.9 63.7 66.2 6%.9 TL.7 73.7

Acrolein yield (%) < 0.5 < 0.5 < 0.5<0.5<0,5<«<10.5<0.5
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Oxygen/nitrogen (m/mnute) 14/8 14/ 8 14/ 8 14/ 8
Reaction tenperature (C) 260 260 240 220 dd ycerol
conversion (% 100 100 100 100 Acrylic acid yield (%
34.6 31.3 43.6 1 Acroleinyield (% <0.5<0.5<0.5
>1 10 Exanple 4 The first ¢atalytic bed is
constituted of 10 m of <catalyst (1) representing a
mass of 12.7 g, the second 15 of 5 m of catalyst (4)
f BramdlbySaddi ng acetic acid as binder, the whole
representing a mass of 5.25 g. The gas stream passes
successively through the first bed and then the
sE¥dfBlBed? 2DS RN~ Fhedidth 20%Iglapder oif Lol gapes of
8o8yfer Ond 8i¥rf¢8n9.4 (g/hour) Oxygen (nl/m nute)
14 14 14 14 14 14 14 Reaction tenperature (C) 280 280
280 280 280 280 280 dycerol conversion (% 100 100
100 108<%0@+%00 100 Acrylic acid yield (%9 41.0 74.9
63.7 66.2 69.9 71.7 73.7 Acroleln y|eId (%9 < 0.5 <

c f\E
5 5 05 nr: ﬂL‘. l:vnnrplaf\

Es(@nipbe A% @moepeatsed v\y/lhhumarl abbe fI owor ates of

OXYQER, ¢ l@&ioge'ifogﬁn o Resul ty o beed of ﬁ%_g"/a 9'5y?§g<z' 6.8/6
Ul \gIIU ) \JI\_ngIIIIIIlIUgCII \I

SR8 dh 8e®1>€6faz¢u5e 3/"9) 4 6.8/6| Reacti on Asenper atdfre 280

(&),ce80 200,280,280, d ycerol Coﬁle{(?rs rlg%‘i/i ,1,0&;9100 100

TOU 100 /-\(,IllbdbluyIUIUK 437

rofl ¢ poyfelidlfohdic 0.5 32.5 117174< 0.587. 3 57 3 70.6
Acrolein yield (%) < 0.5 32.5 11.7 < 0.5
Example 6

The reactor 1is charged with a first catalytic bed
constituted by 10 ml of catalyst (1) representing a
mass of 17 g and a second catalytic bed constituted of

5 ml of an oxidation catalyst (5), i.e. a mass of 6 g.

Preparation of catalyst {5):

MoVog,33Nbo. 11 {0xalates) 0,30 (NHy) 1.15510.930x

Preparation of solution A (Mo, V):

The following are introduced into a beaker:

- 265 g of demineralized water

- 13.3 g of ammonium metavanadate (NHsVO: - AMV - from
GFE, batch 9811694)

- 61.0 g of ammonium heptamolybdate (Mo7024(NHg)g® 4H0 —
AHM - from Starck, batch 064/001).

The mixture is heated to 80°C with stirring until a
clear orange-yellow solution is obtained, i.e. about 30
minutes. The beaker is covered with a watch glass to

limit the evaporation.
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Exanple 6 10 The reactor is charged with a first
catalytic bed constituted by 10 m of catalyst (1)
representing a mass of 17 g and a second catalytic
bed constituted of 5 nml of an oxidation catalyst (5),
i.e. amss of 6 g. 15 Prgpgéagion of catalyst (5)
MoVoO. 33Nbo. 11 (oxal ates) O. (NH4) 1.15Si 0.930 X
Preparation of solution A (M, V): 20 The foll ow ng
araisntgcduciedh | b otacheakeidwed 265cgodf, with stirring,
dem neral i z 13.3 g of anmmoni um net avanadat e
(%ﬂ46§§%-tﬁﬁﬁera%Péﬁ1 GFE, batch 9811694) - 61.0 g of
amoni um hept anol ybdate (Mb7024 (NH4) 6. 4H20 - 25 AHM
X fronb%g%e%u@ﬁt el R4/ ﬁ%)n h%x@l)éttlér%o'lﬁtri%ﬁt ed
to stirring unti ear orange-yel
sahatﬁ@ﬁlpylaatarﬁeantrOQHCaﬁoaptgoa RERKFEES . The

beak@rglgfcaém&gdrwuﬁaea watelh glass to 30 limt the

evapqgr ati on. ThIS ol then a

cBoh2 & b U5 1A K BTy b ek T Brebarar  BRteh
oG2Bae n|ob|un1oxalate sol ution B 5 The foll ow ng

are trod d er. of ¢ I| o
vvateérrll §2%8§ niEBgQaﬁgg'ac %b(%? 4 ﬂfgﬁp}egﬁﬁ 7 wes
Paétabo;Obateh igndgion)e. 4 g of ni obi ¢ acid

(NbZOSXFQO fromCBMM 79 wt% 10 after | oss on

: %nltlon The whitish nixture is heated at a
t

%er“’é@b?és%f mppeten sochasderocaki t B stPFPPRETIER  ©f
t MOLROYAS.60RC and 70°C with stirring for two hours. A

watch glass is placed on the beaker to limit the
evaporation. A clearer solution is obtained, which is
centrifuged for 12 minutes at 6200 rpm. After
centrifugaticn, the solution 1s at room temperature and
a light deposit (less than 5 wt%) of undissolved solid

remains, which is discarded.

Formation of the gel
49.2 g of colloidal silica (Ludox 40 wt% of silica) are
added to solution A (Mo, V). The niocbium oxalate
solution B is then added and a thick bright vyellow gel
is immediately obtained (the stirrer setting needs to
be adiusted in order to be able to stir). The mixture

is stirred at room temperature for 30 minutes.

Drying of the gel
The gel obtained is removed and poured intoc a plate
covered with Teflon, and then stoved at 130°C
overnight. Bbout 927.6 g of dry glossy black homogeneous

precursor are obtained.

Precalcination
This is performed under a stream of air at 50 ml/min.g

for four hours at 300°C after a temperature gradient of
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watch glass is placed on the beaker to limt the 15
evaporation. A clearer solution is obtained, which is
centrifuged for 12 mnutes at 6200 rpm After
centrifugation, the solution is at roomtenperature

and a light deposit (Iess“tmgn_S wt % of undissol ved
solid remains, which is discarded. 20 Formati on of

the gel 49.2 g of colloidal silica (Ludox 40 wt % of
stffémjnute. addedst @Bolnutemmr sy MareV) usthe aeobi ubime,
ogeLate isoluithop Bl SoLhen %%%%%langrr?etgk%lbw@ﬂel is
yel | ow gel I's_imredi ate obt ai ne the stirrer
SePYFRY n@éaé ﬁollﬁeb@@jruﬂge@ inPlerdeand ot pecabipred with

?&l rt%lerm-ﬁ?r%t@rﬂddél?l it Sﬁlbﬁiﬁgr?ttshgeo_?_ﬂéﬂlﬁ@]ﬁgfgtkér %fd the
or ut es e e gel obtaine

SO} o VtE gg?ﬁt o-EEPIERRE - cover edeiPERature is
T@éhbnolh@d thenjstowed athek3dCouwner ni ghicatAdout 187. 6the

S | ack honbgeneous precursor are
gé;ﬁg%eggg %%gaIC|nat|on This is performed under a
strean1of air at 50 mM/mn.g for four hours at 300C
after agiemperptyre gradient of 19 2C/ minute. 30 g of
precursor are used each tinme, placed in a 120 n
steb? YesBerfoTREdstdEle exsefrean ebveisd ali t3P an}min. g

hear i t@ge%uﬂ(é{o&,, ?hnﬂors eqdl pﬂ@&uﬂ\%t?ﬁta t@@(})ﬂcgngbe:rter a
0 nonitor e r re, o e sol i urin
ﬁ%“%%%? Lﬁ%a?ﬁ@ﬂ%ensfh?f e%@/r%% eS| sTgeoﬁteffmr@otu e is
vd:@ﬁtmllminomuﬂie lsoc at-ee rivo cohe 1 et heeriarEtedr wehl . the
s é?ﬁ%%&%# &Qlfhlfh%sng%&% E%e%su erﬁ]régug {mlnate

precursor, for
600C affee @f oxygen and moisture, on gas purification

cartridges.

Results

Feed of 20% glycerol sol 9 4.5 4.8 S 9

{g/hour)

Oxygen/nitrogen {ml/minute) [6.5/7 6.5/7 6.5/7 6.5/7 6.5/7

Reaction temperature (°C) 280 280 280 325 350
Glycerol conversion (%) 100 100 100 100 100
Acrylic acid yield (%) 25.1 29.7 35 31.4 7.3
Acrolein yield (%) 20 not det. 4.4 24 not det.
Example 7

Two separate reactors are used, thus making it possible
to adjust the temperature of each reaction and also, if
necessary, the composition of the gas streams by means

of a side input of gas between the two reactors.

10 ml of catalyst (1) representing a mass of 17 g are
placed in the first reactor. 7.5 ml of an oxidation

catalyst {6), i.e. a mass of 9.2 g, preceded by 2-3 ml
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tenperature gradient of 2C/ mnute. The tenperature is
controlled with a thernocouple |ocated in the

thernoneter well. The nitrogen is filtered to

elimnate 15 any trace of oxygen and noi sture, on gas
purification cartridges. Results Feed of 20%

gl ycerol sol 9 4.5 4.8 9 9 ?glﬁour) Oxygen/ ni trogen
(mM/mnute) 6.5/7 6.5/7 6.5/7 6.5/7 6.5/7 Reaction

t efperaker ®<@ds 2828 2801 225] 3bco Alysesdtond reactor.

conversion (% 10 0 100 100 1 Acryl i cid yiehd . o
(EoaRE Pzt 100, ARl Ve SR o ofisty Mo o
deff. gdyse24lnotisdeet a20 BlawgheuZ.Two separate
reactors are used, thus making it possible to adjust
the tenperature of each reaction and_ also, if 25
nBEE9sEr Y5 tIHE LHRd t tohtbeap helgadesteansedyt Heansthe
Ofre@cBida it@ﬁ%br@ftugé% bet wegknt Aeet wetr eactansc.10 m
of catalyst (1) representing a nmass of 17 g are
placed in the first reactor. 7.5 m of an oxidation
30 cat @rypure@)Yon of. catedystof(6d.2 g, preceded by 2-3
m 20 of glass beads, are introduced into the second
reactor. The feed rate of the aqueous glycero
sBhasi oAs( 2@ womtadivsd yaerapdras dut ato@igg howp. bnert
C§M9?8r£$ i ntroduced upstream of the two reactors, the
reaction tenperatures of which are set at 280C
Preparation of catalyst (6) 10 This is a catalyst
pregaeedsbBy Geatiohgtad iHiemearsROrdn Jdhecerat efiotSr and
rotahed bé geans of an elﬁctric notor and is heated

?BB n8Y ame.

bySa"p f FapgopPane f
The following starting materials are then prepared:
Norton support SA5218 as 5 mm beads 36 kg
For solution A
Ccld demineralized water : 70 liters
Ammeonium paratungstate, APT : 1.700 kg
Ammonium metavanadate, AMV : 2.810 kg
Ammonium heptamolybdate, AHM : 11.590 kg
For solution B
Cold demineralized water : 15 liters
Strontium nitrate, Sr : 0.590 kg
Copper nitrate, Cu : 2.810 kg

Sclution A 1is prepared in the coater. Cold water is
first introduced, and the cocater is then switched on.
The coater speed is controlled so as to avold any
overspilling. The tungsten salt (APT), the wvanadium
salt (AMV) and the molybdenum salt (AHM) are then

successively introduced.

The gas (propane) flow rate is then set at 2500 1l/hour

and heating of the coater is started.
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15 The follow ng starting materials are then prepared:
Norton support SA5218 as 5 nm beads 36 kg For sol ution
A Cold dem neralized water : 70 liters Ammoni um
par atungstate, APT : 1.700 kg Ammoni um net avanadat e,
AW : 2.810 kg Ammoni um heptanpl ybdate, AHM : 11.590
kg For solution B Cold dem néralized water 15 liters
Strontiumnitrate, Sr 0.590 kg Copper nitrate, Cu
20810nkgth2e Sdmet i ewlAtiionpmegar qurdpratdrd. COat esalts are
ter, i f) Lot ed, oater,_ |
fﬁ%%cggﬁgb éﬁ“%n#Eé%hggégggg%’sﬁée iégggﬁtﬁ%Hggﬁ%§9 i
aBe@blagoi of arfihe oendpi LFi ngtamThedt gt diesaptirrer is
(é\lﬁ’_;ﬂ'i«(:iaﬁeoiﬂan@flﬁu@l%% salk _(04_EIVM)| h@"%oiﬁ&?id’?ﬁ'é’%@w this
S e then  successive i nt roduced. e gas
( ?Iaban%*)“gwf%wbr%t SridoffienaBe Gf 2800 L{FRGir (aRE  tank
helabubg bt tviod deciatier disowst gBDeﬁLinafﬂlegl. Du&ddt%kﬁihiij@ pump
t] lution B i repared. The salts ar ed in
t%gegF%%ig%a tan ?%cohﬁ'ma ?r?slﬁod?eaoPﬁganﬁegﬁfﬁb rate
ofurhegt ok presipitatiandphheestirrer is swtched
on. The flowrate of the solution exiting this 5 tank
shoul d be uniformand of 30 1/hour (the tank should .
HEhSi geduithoabdut P8Dime nliceHoila hEtablag tsmmerateire in
usiel kegepsube tate d)herind spRosanst @byl lraWer at reduced
duri égfﬁgre0|p|tat|on phase. 10 When solution A
b%@i%@o YT (stable temperature in the region of
100C), the propane flowrate is reduced

10 1 of cold demineralized water are added once the

solution 1is at 100°C, while avoiding overspilling of

. the coater. It takes about one hour to obtain a clear

orange-colored solution.

When a clear solution A has been obtained,
precipitation is began by pouring solution B into
solution A using a cannula, at a flow rate of 30 1/h
{in 30 minutes). Solution B is added using a metering
pump. The gas (propane) flow rate 1s then set at
1500 1/hour. The precipitate forms immediately and the

solutien changes color.

At the end of precipitation (i.e. two hours after the
start of the preparation), confirmation is made that
there 1is enough space in the coater, and the entire
support is added quickly. The propane flow rate 1is then
reduced to 1000 1/hour. Addition of the support causes
a slight cooling of the solution. A few minutes later,
the solution 1is again at the boiling point. The
solution 1is maintained at the boiling point and is
allowed to evaporate. This step takes about 1 hour 30

minutes.
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to 2000 1/hour. 10 1 of cold dem neralized water are

added once the 15 solution is at 100C, whil e avoidi ng

overspilling of the coater. It takes about one hour

to obtain a clear orange-colored solution. Wen a

clear solution A has been nggiged, 20 precipitation

i s began by pouring solution Into solution A using

a cannula, at a flowrate of 30 1/h (in 30 mnutes).

Sﬂtuth@neadi®fadd%¢um§ NG lee nedngrd Mg upings  die @@5ter is
r.opan flom1rat S the S 00 1/ hour

DBEeRBRThye RO et et bl y ShRECPRET Vo5 tedt uiisans  are

chanhgésedol ér ba&dtiﬁmEWMBbmrgreélﬁwﬁaclons(mo% etm@eded

heULs afdfle hehe§£§ﬁ%h0flst he; pI €PALAL I BRY, pefore this

confirmation i s nade at there i's enough space in
t ReMegaRERrcand CRECBALre 30 support is added
qui ckly. The propane flowrate is then reduced to

1000 1/ hour. Addition of_the s rt .causes,
283, Fe e o e R e PERAG: a8 MiF ot oing
smbutnen i BrBgaiim fatartee Heslicegtpei.nta 'Bampr$oluﬁloabout

 JouBl W gedagt e Bel | AP Y A0Tihe 32 AL OYEator.
t 0 evapor at e hi's es it
nfhatds51zzatmrtﬂ&emwmgxﬁmm@éttﬁgl6ﬂhé,t@Wm@tmqmwﬁaﬁ to

the £OaL&Ls | Sd&%{é%@ﬁ' by rPc&é@‘jofunﬂhéEst %d?éiggh ¥39rY The

beads are obtai A bead tenperature of 108C is not

eXeebdrd. 1TheStomet REWN nc}hies d@isEched offspefdieadies

tbfés_weént ENPEr tyr eah8 reacheds The, 8pi SJurpigoRtentafter
t he, beagé ig nnnit&red using a Mettler LJ16

|ﬁF?8PéHgd Pce8tbr9A  sanpl e of about 10 g of beads

is taken and placed in the desiccator. 10 The

desi CR8! Ohel SaRLOLAEd o 1006 dWAALPC! $0ed are
occasionally obtained on dlscharglng In the present

case, 0.734 kg of fines is recovered.

"The calcination is performed in a brick oven, in
aluminum trays equipped with a lid. Six plates of six
trays are prepared, six times about 2 kg of precursor
are poured into each plate, and ~the height 1is
equalized. All of the precursor, apart from 1.5 kg

collected for sampling, is thus calcined.
‘The 1lids are placed on each tray.

The plates are introduced intc the oven (which 1is
already at 400°C), the maximum temperature reached
during the calcination is 401°C, and the residence time

in the oven is four hours.

After four hours, the plates are removed from the oven
while they are still at 400°C. The plates are then left

to cocol.
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coating is stopped when the | oss of nass steadies
between 2.0 wt% and 2.5 wt% (i.e. 30 mnutes after
stopping the heating). 15 54 kg of dry precursor are
recovered. Fines are occasionally obtained on

di scharging. In the present gase, 0.734 kg of fines
is recovered. 20 The calcinaglon is perforned in a
brick oven, in alumnumtrays equipped with a lid.
SR .pEatles offséx starampsiiage prEpgred;-bibxkt iawesa apout (6
wEQeOEhHEeBBEQ?Eedare poured into each plate, and the
height I's  equalized. Al of the precursor, apart from
1.5 kg 25 collected for sanpling, is thus calcined.

Thﬁe' | bt pbﬁc%tﬁﬂr@aﬁﬁté5§¥i e akgs @ support,
gtroduced into the oven (which is 30 already at
4

@E?rmf‘ﬂ@ Y mfR et atUret Bidhed lSdu12|7ng§a t W&*. The
cakmpaat | chkinéOlG,enaﬁ(iyt he sr eSdedﬁﬁﬁ;%d i gn 1504 heml of
0 s_four, hour r_.four the Jates

ERb LRt o Pnd =ven 38 SR & Hey? B A 71 F 5 e mean
400gretThe pFatbs gwelnhenaeﬁtU7Umlcmman oQSlO@Sgﬁalns

Kehe abheh b n r lhack S

th u% %btalﬁgg eggo%%gﬁ?ﬂ%¥P |$%§%g%ér&§%Q% ﬂ%?ﬁ%)ls
thel 88ppBE{g- 5 detern1ned by chen1ca| stripping, is
27.9 wt% The tanped packing density is neasured on

500 of catalyst. The value obtained is 1.37
i . The nmean dianeter of the grains is 5.07 nmm

(mean on 100 grains). The pore volune is neasured by

orosinetry Is 10 0. 1682 ni/ Results Feed
oF=5 /¥g Ve&réresor 591 | 2121 28121 24 P 2 2121

(g/hour)

Cxygen (ml/minute) 10 19 32 42 65 88

Reactiqn temperature (°C) 280 280 280 280 280 280

Glycerol conversion (%) 100 100 100 100 100 100
Acrylic acid yield (%) 45.2 63.7 68.4 9.7 68,4 65.7
Acrolein yield (%) 31.1 14.2 7.7 5.4 4.0 3.9
Example 8

Example 7 1is repeated, but wvarying the oxidation
temperature, the dehydration reactor temperature being
set at 280°C and the flow rate of oxygen introduced

upstream of the two reactors being constant.

Results

Feed of 20% glycerol sol (g/hour) 21 21 21 21
Oxygen (ml/minute) 42 42 42 42
Oxidation reactor temperature (°C) 260 280 300 320
Glycerol conversion (%) 100 100 100 100
Acrylic acid yvield (%) 63.2 69.7 65.7 £5.3
Acrolein yield (%) 9.5 5.4 3.9 1.7
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(g/ hour) Oxygen (m/mnute) 10 19 32 42 65 88
Reaction tenperature (C) 280 280 280 280 280 280
d ycerol conversion (% 100 100 100 100 100 100
Acrylic acid yield (% 45.2 63.7 68.4 69.7 68.4 65.7
Acrolein yield (%9 31.1 14.2 é 7544039 15
Exanple 8 Exanple 7 is repea? d, but varying the
oxi dation tenperature, the dehydrati on reactor
tenperature being set at 280C and the flow rate of
0 en.introduced 20 upstreamof the two reactors
bé%%@ﬁégﬂétant. Results Feed of 20% gl ycerol sol
(g/hour) 21 21 21 21 Oxygen (mM/mnute) 42 42 42 42

' hon~reac r 0 2
%&g@%ﬂ% go%\%etrr%r on :0%' %%}(J)Lr 10%1910%;62%%@ ?A%j? ?09%1%‘? rate
yiidl e tee. e tors. 7585tE3 omcft@leemewér@d(%xy@esl is

S5ift30fuded 2phstrBramplre t%eEWH”l%a?cﬁ&ré epsaf@sh DUl the

varyi ng the oxygen flaqw rate the two reactors
Profm

PSFPPOFMERE 1 équi PEPPOXYGen e 1T ok u%%*f%an%?ced
t betiveenr eaet awd (@dygerrsl)(oxdyren Uppl Brentemserature is
suggli?d hac the side entry placed between the two

S E{oxygen 2). The tenperature is set at 280C
10 Results Oxygen 1 (m/mnute) 42 9 20.2 20.2 88 42
O}é}égﬁﬂtg (rﬂ/m nute) 0 32 21 21 0 45 Reaction
tenperature (C) 280 280 280 280 280 280 d ycerol
conversion (% 100 100 100.100 100 100 Acrylic acid

Vel An (P9 ®P2nih) 2 69.3 67.3 65.7 68.4 20.2 83 42

Oxygen 2 (ml/minute) 0 32 21 21 0 45

Reaction temperature (°C) 280 280 280 280 280 280

Glycerol conversion (%) 100 100 100 100 100 100
Acrylic acid yield (%) 69.7 62.2 69.3 67.3 65.7 68.4
Acrolein yield (%) 5.4 2.8 2.8 3.3 3.9 1.9
Example 10

Example 7 is repeated, but the oxygen is replaced with
air. The required oxygen, pure or as a mixture, 1is
introduced either in total upstream of the two reactors
(gas 1), or a supplement is supplied via the side entry

placed between the two reactors (gas 2).

Results

Gas 1 (ml/minute) 42-05 88-0, 40.8-air 217-air
Gas 2 (ml/minute) 0 0 32=0, 0
Temperature, “C 280 280 280 280
Glycerol conversion (%) 100 100 100 100
Acrylic acid yield (%) 69.7 65.7 66.1 64,1
Acrolein yield (%) _ 5.4 3.9 2.9 1.7
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Acrolein yield (%9 5.4 2.8 2.8 3.3 3.9 1.9 Exanple 10
15 Exanple 7 is repeated, but the oxygen is replaced
with air. The required oxygen, pure or as a m xture,
is introduced either in total upstream of the two
reactors (gas 1), or a suppbenment is supplied via the
side entry 20 placed between the two reactors (gas

2). Results Gas 1 (m/mnute) 42-02 88-02 40.8-air
2Refgirenceasexampedde/ m nute) 0 0 32-02 0 Tenperature, C
280 280 280 280 dycerol conversion (% 100 100 100
100 Acrylic acid yield (% 69.7 65.7 66.1 64.1
ABKBRBLESYilelt® (Oh patery Ampliqapion Hef@péhéd 160 are

exappbaub¥anpies hat@dd SErpatsBt applngrdd on W, 5. The
05/ 7& 160 are r%ﬁ!oduced and naned reference ,

e%gg‘ﬁ 48'% 1 676 FHEPH SCat ASRLHSE prRpabley described
apcordinget 0o whehdeshei bedcppadceduref wihb tbeéze of the
e L.on e Siz f.the, su rt erial . which

iéﬁg%kﬁerﬁt&%ﬁf@ ﬁ%’??ht he® rsglp@ﬁie nngél“f’@fpgr &t reqte
i AepehePdr s fingal perfodinadet em (6remrinsseadDf 2Baller
8] ame UBNS( AT finUSEL A% 4 10¢Neat | ag) SYYRIR Relenanee as

Ref erence Reference Reference Reference exanple 1
eRaApFBI2SEREMBPe 3 exanpl e 4 exanple 5 Number of
reactors 2 2 2 1 1 Tenperature, 0OC | step: 295 1"

tep:

290 T~

P70 2"d step: 27
agueous sol

stép

Feed

ORFEIsRocg|
1 E‘.XL.Q!]_Q/16

2927 295 294 Zn

Istep. <27

yBgrisheos 1 tBher8s: 9
7é<allﬁé Z/ ( / ZaQam;]rJQ/ ﬂ'/ Ge.lx%le 4

D—2na—S
|Re@xeGg

ep:
@Ierence

example 5

10/ 1/ 6/ 63 10/ 5/ 6/ 79

Number of reactors

2

2

2

1

1

Temperature, °C

1°* step: 295

2™ step: 270

1°° step: 290

2™ step: 270

1°% step: 292

2™ step: 270

295

294

% of glycerol in the

aqueous sol

85

91

92

98

91

Feed, 10/9/6/75 14/7/0/79 10/4/6/80 10/1/6/83 1 10/5/6/79
% glyc./water/0./N.

Duration in hours 5.5 5.5 5.7 5.5 5
Glycerol conversion, % 100 99.5 99 99.6 99.5
Acrylic acid yield, % 3.89 0.39 0 3.74 4.10
Acrolein yield, % 23.863 9.51 35.47 12.84 20.76

The

acrolein

results

indicates

oxidation

in

poor

reaction.

activity of the

Moreover,

obtained demonstrate the

the acrylic

catalyst

formation of

larger amount than acrylic acid,
for the

which

acid and

acrolein yields obtained are markedly lower than those
indicated in patent application WO 05/073 160.
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% gl yc./water/ 02/ N2 Duration in hours 5.5 5.5 5.7 5.5
5 dycerol conversion, %100 99.5 99 99.6 99.5
Acrylic acid yield, %3.69 0.39 0 3.74 4.10 Acrolein
yield, $ 23.63 9.51 35.47 12.84 20.76 The results

ORbRuBBgguRERL 2t e the, ormLion of "eges) ekaobgaoosor

poor activity of the catalyst for the oxidation

reaction. Moreover, the acrylic acid and acrolein

yi el ds obtai ned are mar kedtyalrmger than those

i ndicated in patent application WO 05/073 160. WO

2006/ 114506 - 26 - PCT/ FR2006/ 000907 CLAIMS 1. A
piocesa fprocaasf atbur imgatagtucingi ddayldic siaeglde in a
s y rat.i is ol £l :
relant BT L BRI SaEIo) Re b EatCor e in
ckhﬁn@éeﬁﬁn§ﬁapﬁ1mOl@ﬁaﬁa§t@%N9§6 in that the

nol ecul ar oxygen is in the formof air or in the form

of a mxture of gases cqntainjng noiecul OXYOEN: . 4
32 TheTRPodFRCSS cPai fred il Bt TPASER o, RafAYOERi s
Chﬂrwﬁdﬂlimﬁ holétalat hexghypeerial irs thethermomﬁ(ﬁlr or
an s solution.with a concentra

109 Tat o bt BB EP g0y B rion A S Epeutar
mekgb6n|n the reactor. 4. The process as clalned in
claim3, characterized in that the dilution of the

- glycerol solution in the 20 reactor is perforned by
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réecycl Thg patiowstsa heast eshadmtfucediby Glifd ™ eadti G 2»

aaﬂaeéctegl%huah%h\é@t ehe & cdrRACtiey heidige fﬁdrm @ﬂ an
concentrated sol utions. of from 40%tq 100% b%ﬁé &% 10%

of IYPyLEr GOl W5 ¥hEN YR EEECRE LY EPELA8d S
chatns 0% badd preChanadtelkdezacdrn titatartche3 tedoy i walgt in

pefLoraed, L the

4. The process as claimed in claim 3, characterized
in that the dilution of the glycerol solution in the
reactor 1is performed by recycling part of the steam
produced by the reaction and of the dilution water, the

reactor being fed with concentrated sclutions of from

- 40% to 100% by weight of glycerol.

5. The process as claimed in one of claims 1 to 4,
characterized in that the reaction is performed in the
presence of a single catalyst capable of catalyzing
both the dehydration reaction and the oxidation
" reaction, or in the presence of a mixture of catalysts,
each being capable of effecting one of these two

reactions.,.

G. The process as claimed in claim 5, characterized
in that the single catalyst or the oxidation catalyst

is a solid containing at least one element chosen from




10

15

20

presence of a single catal yst capable of catal yzing

both the dehydration reaction and the oxidation

reaction, or in the presence of a m xture of

catal ysts, 30 each being capable of effecting one of
these two reactions. 6. The Brocess as clainmed in
claimb5, characterized in tﬁat the single catal yst or
the oxidation catalyst 35 is a solid containing at

| éast lord dieneit €hoBen CremMn,2Fe,t il itst, My, VZnW Sn,

R@e Cfs,b MBl Feat CCPd N'Ru %dzﬁh Isgr?sgr‘?t istk? m@ca%ﬂc form

Pd, Ru and , resent I n netall orm or

f OFmidr toe é@rﬂsmff &&d g sHddplhiat ©r Bhpspiladepr ocess

as clainmed in one of clains 1 to 6, characterlzed in
that t reaction is perfarned jn the s phase.

Tﬂe prg‘ggs?%%cecslsal Fd SRS i, OE‘ﬁar‘%@t%f‘?‘%leﬁ l10t° o
i phelmattele zedadin orhdts peef eeaedibn dsf ipeatEdettd in the
r@ggg? g fluidized-bed reactor or a circulating

flFul ed reactor. 9. The process as clained in
claim?7 or 8, 15 characterized in that the reaction

i 3. per fREMRL-Gt LAt ery 2506 '
350C. E?%%eégnggagﬁgﬁﬁegglEE%%E 2@ c? gggﬁerlzed

7n EéﬁECtEP?zeBe?ﬁt%ﬂat tfe P@EEPF@ﬁdlsl@er@orﬁe&e@nbed
aredbtpkat eaexghangezed-bed reactor or a circulating

fluidized-bed reacter.

9. The process as claimed in c¢laim 7 or 8,
characterized in that the reaction is performed at a
temperature of between 250°C and 350°C.

10. The process as claimed in one of claims 1 to 7,
characterized in that the reaction is performed in a

plate exchanger.




