10

15

20

25

30

PROCESS FOR DEHYDRATI NG GLYCEROL TO ACRCLEIN The
present invention relates to a process for
worosfoanisur i ng acrol ei n by gas-phase dehydr at i 8aT@P2006/000736

glycerol. Acrolein is the sinplest of the unsaturated

al dehydes. It is also known as 2-propenal,

acryl al dehyde or acrylic aldehyde. As a result of its

structure, acrolein has high reactive power by virtue

of the presegseFOR DESYDRATINEC GLYE EROAC tTIoo ARCROMI IEh

are capable of reacting individually or together. It

is for this reason that acrolein finds many

appl i gt i 0OpseseaPechalbhtasna $¥NERRLE C dot &f Negidé€ss  for

It isin particular a key internediate for the )

mayrmﬁ@stxlsrbm@; netatopieid  a kyynt BEE-PhEs6t ei Aehyegagdon  of

ani feed suppl enent, which has established

ﬁ%ﬁ#@SaSMmHtMeforHSMWm./mmﬂanisa

?gn-!ﬁgkalggnfyniﬁgtiﬁhénteﬁmﬁﬂkaﬁe ofofacr yhiec aundatnrated
e industria roduction of acryljc acid cat al yti

SkIEBYR8R- off tpr bpy PARE (IR G HIREPC sctyfaldenyde

6Pp955§?§§cofaﬁ9%hiﬁﬁq‘S@ky of admli€ agFd apd iksructure,

derivatives is known. Acrolein also | eads, via

aencledn hashhighhyleagitiyle atdwar fy |'oledugyof the presence

hydr o] ysi to_gl ut aral dehyde. ich ma us '

PLat hEb t EHR nﬁ,gaﬁglgebi g%ﬁaﬁwﬁ‘éém Wuﬂgégi kg | Eapable  of

debbting andiduduig heopr eegesheg .ofTculsi M@roitisis reason

and as a chemcal disinfectant /[and sterilizing a eft

tbathospie ke irqufiiffnt MaAYr ofBPALFALLSDEN | YoIR %P‘%Js B a5 a

LG I | at f derivatyves,th r;

SRR Y R B odant o Lo T A e e Y

inaaspedt ateorfoaf tos obghbhésbdm oife metrhfacing erat ynthetic

the client. The essential, rea

protein used as an anima S%ﬂ%&f supplement, which has
established itself as a substitute for fishmeal. Acrolein
is a non-isolated synthetic intermediate of acrylic acid
in the industrial production of acrylic acid by catalytic
oxidation of propylene in the gas phase. The importance of
the chemistry of acrylic acid and its derivatives is
known. Acrolein also leads, via reaction with methyl vinyl
ether followed by hydrolysis, to glutaraldehyde, which has
many uses in leather tanning, as a biocidal agent in oil
well drilling and during the processing of cﬁtﬁing oils,
and as a chemical disinfectant fand sterilizing agent for
hospital equipment.

Acrolein is usually used as a synthetic intermediate
of derivatives that are synthesized on the site of
production to minimize the transportation of acrolein from
the manufacturer to the client. The essential reason 1is
linked +to the toxicity of acrolein, which leads
industrials to avoid the storage and transportation of

this chemical product.
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linked to the toxicity of acrolein, which | eads
industrials to avoid the storage and transportation of

woOhom/ostosmi cal product. The npost commonly used PCOERS®G6/000736

for producing acrolein is based on the gas-phase

catal ytic oxidation reaction of propylene with

at nospheri c oxygen. The acrol ein thus obtai ned may

then be incorporated directly into an acrylic acid .

manuf OCurIARF FHIERALY \Weed aBFeFerA forupegdasing acrolein

skarddduh gk erhal a%r—gth%‘asesyﬂ%éi fo%&g{:gghn?egrction of

for fine chemstry reactions, a rification section

arbpwd eriee ey al atofiodhiser Bact bepgey s pr odact scrdiediny thus

rbon i_des, ,acrylic.acid, acetic acid and, )

SRk aenyte. R (DO PDAODT - atr BLEPREIE fRGe an acrylic

Btgal y mdepenrdent iog t Re-deiRy.! enmet akldridd JTB! il ysed as

obt ai ned by steam cracking or catalytic cracking of

péprSiagmiatREidhsforTHibe stvrtheglismpdr indthiginine or for
il [ g f r contribute owar ds

?%ggeagﬁégg%ﬁgygﬁ%%%ﬁ%ﬁgggbf ec?ggf%léﬁﬁéogpﬁ%%?%lon allows

hbeessanyvab hafe theai kabbeian asyopebAuSY8 hagdsnly carbon

grogess that _i,s not, dependent on proeglene as resource

Ad9CRat 2GL¥L 18nGCHEr SC&HCn G el énidaRCalfileiehivele .

pref erabl Yor SNEVRRLE. o FNi Y 10CESS; WOUld P 01y dependent

particularly advantageous for the synthesis of

fiet hitbAi neromliileheni gliertheg bmasairdaflo betadbed néy steam

.amass” . i ficall during its uyse.in animal .,
%ggg}&h& h?%ni %%Qiggyé%a%i d‘f%acf'r]‘éjt%%o% ed SAF@ AW cdrBGEkions .
Thoxri detexpehhedmanbeithe abEoSpBeke 1COBLHiGhkE €S furthermore
towar ds increasi ng the greenhouse effect. If acrolein
?%%E%EPF@& YIRS ehBREBRE L8FartheigInaeBRPEEe foffect. It

@K@§p|§pBQE§EUGQeEEEQBE anEOOibav%heaggﬁggkﬁgiogé NQcrolein

| onger enter into the pfocess balance, Sincethe
evnpbasase fuycadwe thebonigli optdedeseaidyt t ba hbosmesene as

resource and that uses another starting material, which is

preferably renewable. This process would be particularly
advantageous for the synthesis of methionine, which might
then be said to be "obtained from biomass". Specifically,
during its wuse in animal feed, methionine 1is rapidly
metabolized and the carbon dioxide expelled into the
atmosphere contributes towards increasing the greenhouse
effect. If acrolein is obtained from a renewable starting
material, for example obtained from plant oil, the CO,
emissions no longer enter into the process balance, since
they compensate for the carbon dioxide used by the biomass
for its growth; there is therefore no increase in the
greenhouse effect. Such a process thus satisfies the
criteria associated with the new concept of ‘"green .
chemistry" within a more global context of durable

development.
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for its growth; there is therefore no increase in the
greenhouse effect. Such a process thus satisfies the

wonrbiemsi4 associ ated with the new concept of " gCE&ER2006/000736

chem stry” within a nore global context of durable
devel opnent . It has been known for a long tine that
gl ycerol can lead to the production of acrolein.

d ycerol (alsp known as glycerine) is derived fromthe

et hard yli?% BPEBI dMOBH 1 50%t at HEPSanking nehas Ghgcerol can
TRbRY | £ &SE8ES oMU A58 L Renpel v nuse(glfégf?i al(laYL.sl%S known
fuel s or conbustibles in diesel an domss Ic tuel oil.

P iglyceainedl isr odecivedatfduas the” em/tllra)mm/rﬁiaid | pf plant
fri %ndcl,ﬁ\{ dmage, 1S avai | abl eﬁbn Iar%e amount and na

y
5& 18t 07 &d andgfegraglﬁspﬁ‘fl%da\ﬁit Gt REFRY buesSfFerfanywhich are

shedised vieaveubean deyetesi 1o the friwpanci gl U@&B}?@é{‘ﬂlﬁles in
of, gl )_(Lcerol according to its degree of purity, and the
GéRyElatdinch dmeftieriotel obkr ol ki hsi & omsusklt product that

t enyl Keactjion inyel v for .obtajni. ,
e Fromegimebia gt A e b 8 AL Mbte in
CeiZgEH Qriurt 2HAM Asiag gemerstlorad eantihet hyil§edi08d without

our ed %t [,ow t eratures, and the

A is f
rgg‘%)%‘lfg itlé’z rgg%?ﬁ'onsi YdigourttV et RPER t syEdireso  the
fonahtaan agelRiihg idf | Pl NCLESSAE YN0 YSE+a d%gree of

sufficient tenperature, and/or partial vacuumto shi t
PHE 1 &¥actingn tiphelghusdnd toomeyf belyeefol med earphein is one

bieayid Qg_g%gﬁo;enwsg;}%dgas phase. This type of

reaction is known to-be catal ysed by acids. According

to paTert FRa685083linaslvbéi Nfos AP Nethdy RITTLIG from
cerol vapours at a sufficiently high tenperature

g@éF%S:lt%séf aci ds containing at |east three

CH,O0H-CHOH-CH,;0H ? CH,=CH-CHO + 2H,0

As a general rule, the hydration reaction is favoured
at low temperatures, and the dehydration reaction is
favoured at high temperatures. To obtain acrolein, it is
thus necessary to use a sufficient temperature, and/or
partial vacuum to shift the reaction. The reaction may be
performed in the liquid phase or in the gas phase. This
type of reaction is known to be catalysed by acids.

According to patent FR 695 931, acrolein is obtained
by passing glycerol vapours at a sufficiently high
temperature over salts of acids containing at least three
acid functions, for instance phosphoric acid salts. The
yields indicated are greater than 75% after fractional
distillation.

In patent US 2 558 520, the dehydration reaction is
performed in the gas/liquid phase in the presence of
diatomaceous earths impregnated with phosphoric acid
salts, suspended in an aromatic solvent. A degree of

conversion of the glycerol into acrolein of 72.3% is
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acid functions, for instance phosphoric acid salts.
The yields indicated are greater than 75% after

wonremtossal di stillation. In patent US 2 558 5POT/EPR®6/000736

dehydration reaction is perforgred in the gas/liquid
phase in the presence of diatomaceous earths _
i npregnated with phosphoric acid salts, suspended in
an aromatic solvent. A degree of conversion of the
d YRR radiheisd F TR § sobt ai ned under t hese

condi t{dQns. ocC chi b in t 13 ; WO
appligg??oﬁp%§§%%§OSgggcgggbaseg'on %Qg%ﬁ%|e%pp lcation
ROMOGEBSous. scababyesli spnundercanEl} 2 hdmmgﬂﬂ&ﬁuszﬂc&talysis,

ressure 0/ 40 bar, and in the presence of sol vent i
BRER e D AbuctaoIHE Gt f BGhF ORaneOT CROAD AT and in
Rakedr ¢&abeon, Qblyaddd S38nr @lsalhs LQuoPEOGBIStion of
for preparing 3-hydroxypropanal dehyde from glycerol.
PN £8dPdi%ei n produced as reaction internediate is

obt ai ' % I . RUr I I er
cat al Vor o DA L ABRT L B B YRSl Phefates o
pypeesthe rigact i oprypetrdsgar e 3ral dgowgbroBahendedsde from
§27 720 _descri bes a _pr.ocess for producing acrolein by

Hyarati-ontof  GIFoHOn profRee @f drpAEsEoBr dnfermediate
4a8s §heaenaverpL¢ %{ﬂé&sﬁr&}' & 2GRl Sgggte' nﬁgﬁéf%me'éver a

Hanmett acidity. e catal yst's nust have a
geitailyytofof epotemanus sndf gref eramagressism hanl£8te type.

ERSSEeQEEQB%S&ieﬁ%%f%,EP?E; far_exanple, to natural or
syn i '

thetic silirceous materi a §}VF%? i nst ance nordenite,

nont meeitkehanitise,5 &8 i T2 2 e@ddd £8be SURPBFbEes8UEBraSHroducing
.or siliceouys materials, for exanple al um na

oxi des . ) A
Fﬂt‘f?%?l}‘ by i fahvdrrbirae AETi P ycerebat 68 Wiha mbavid phase
8- 10N td dfddighase over acidic solid catalysts defined by

their Hammett acidity. The catalysts must have a Hammett
acidity of less than +2 and preferably less than -3. These
catalysts correspond, for example, to natural or synthetic
siliceous materials, for instance mordenite,
montmorillonite, acidic zeolites; supports, such as oxides
or siliceous materials, for example alumina (Al,03),
titanium oxide (Ti0;), coated with mono-, di- or triacidic
inorganic acids; oxides or mixed oxides such as gamma-
alumina, the mixed oxide 2n0-Al,0;, or alternatively
heteropolyacids. According to the said patent, an aqueous
solution comprising from 10% to 40% of glycerol is used,
and the process is performed at temperatures of between
180°C and 340°C in the liquid phase, and between 250°C and
340°C in the gas phase. According to the authors of the
said patent, the gas-phase reaction is preferable since it
enables a degree of conversion of the glycerol of close to
100% to be obtained, which leads to an aqueous acrolein

solution containing side products. A proportion of about
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I norgani c acids; oxides or m xed oxides such as
gammaal um na, the m xed oxi de ZnO Al 20, or

wabhowrosasi vel y het er opol yaci ds . Accordi ng to PO®ER2106/000736

pat ent, an aqueous sol ution conprising from10%to 40%
of glycerol is used, and the process is perforned at
tenperatures of between 180C and 340 OC in the liquid
phase, and between 250 0C and 340 OC in the gas phase.
Megoradi nghto dhecahords ofonhersad d ipdteenhydrpgypropanone,
as- phase reaction_is preferable since.it, enabl a ;
HB5rRe 167 RARRRISI B 4P M- 0T oBY 6P o UEF sl 1 51q 0gFE Lo
Lo1hei okt ai pad, whireh dieadsid 0 st REBIERUS a&cdol punified by
sol ution containing side products. A proportion of .
&bectionabf eprdghyebien |Qr cshvadridtigy For a liquid-
BYFLOXYBEARRAANG & NI eI BRI Sd NES IBE QN i desired,
y-product in the acrolein solution. The acrolein is
tecaveied atwkqmivd i @dsby offr axdianalvictgndensatthen aase of a

distillation. For a liquidphase.reaction,, conversion
ORRTPBASE 0T EBCE50RY s CAREIIGHS 1o By Gy AHEUSTI VB PosEetveen

@b SElECLBYhE Yand Npt-BeecaseyOfhdt sy Phaseai€acki.en, are the
catalysts with an acidity Fg of between +2 and -8.2

ands predst asldy ardiagea sy angeds. ewvhereape Wires g d-phase
adyant ageousl , i qui.g- ti
PEUBRLBHCOLP | Prl3RToplle S8Pcb Dok At PRAREIVERS] Pfkn an

s pre performe sts wt acidit
Hoiaf thetmyeeds - Be2wart - 20.2 Panent-25. 5P426n2490S 5 426 249

descri bes the sane gas- phase process for_the .
defgaiResoF it §PPEerTR= TREARG oPEPRSS Bt Fol TRRed Sy dFation
B&drﬂ;é&&f the acrplein apdea dydiRgenabyon tRydeadion of
to I,2Z- and 1, 3- propanedlol. The dehydration reaction
bheglageerielin mratral bydrpgenhtisogetior dldad dezokpani egd 1,3-
by side negctions | eading to the formation of

8%9BP888&P *such as hydroxypropanone, propanal dehyde,

acet alrdehydlehy et o6, radducba off aglotersl to acrolein is
thus generally accompanied by side reactions leading to
the formatioﬁ of by-products such as hydroxypropanone,
propanaldehyde, acetaldehyde, acetone, adducts of acrolein
with glycerol, glycerol polycondensation products, cyclic
glycerol ethers, etc., but also phenol and polyaromatic
compounds, which are the cause of the formation of coke on
the catalyst. This results, firstly, in a reduction in the
yield of and the selectivity towards acrolein, and
secondly in deactivation of the catalyst. The presence of
by-products in the acrolein, such as hydroxypropanone or
propanaldehyde, some of which are moreover difficult to
isolate, necessitates separation and purification steps,
which 1lead to high recovery costs for the purified
acrolein. Moreover, it 1is necessary to regenerate the
catalyst very regularly in order to regain satisfactory

catalytic activity.
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with glycerol, glycerol polycondensation products,
cyclic glycerol ethers, etc., but also phenol and

weoabossTsat i ¢ conpounds, which are the cause oPCTmE®2006/000736

formation of coke on the catalyst. This results,

firstly, in a reduction in the yield of and the

sel ectivity towards acrolein, and secondly in

deactiyvation of the catalyst. The presence of

by- pr ddGct RPPHIERRE aGBIRSNY, Baen feynddr sxypropangay, that

@%r&%ﬁ&a%@ﬂﬁﬂ@“&blf&gmhfihin%gmﬂé%tng&ggﬁgﬁréﬁuof between

difficult to isolate, necessitates separa
pdridndatildn Baeps higliarth keadlyaibi ghct BeDYEr ¥ qr0StBe gas-

r. the ri.fied acrolein. Mreover, it is necessary,
Ejglars éage%gllril%‘flléaFﬁ%ncd:teeﬂ%OWeP r%&ﬁ%q’% P ofgEPLesn than
tegai Bmoddldsst aot oryowart al 618186t I Ybk¥r TRBEqAPRK) an!gétent Us

Company has found, surfr|5|ngly, that certain aci .
SoPRds il h Hha%s npetelagtei eyeHmonst detivenand almhctivate

h . b gher t gl ytLi tiyi for_.t he gasphase
éé%id?%f%%%gféag?ﬁéﬁlo%lgPsger%éﬁ " a&HSi'E Fﬁgn ghemaller
sebrctiorofollower. aci dity described in patent US 5 387

720. These cgtal sts aare nore active and deactivate

| ess qUFCkPYPIRATChOdl | SRS | BRGERTEy cHEyeafdOR sl | hus  a
peaekss volige . @ﬁuﬁaékeﬂngf _t%%xwl%%]%ﬁt '%em Q% _phase

is thus a process for manufacfuring acrolein
gabygrasécdepfdidticaradf igl yoee oprésente pfesemomgdfy acidic

i..di lLid catalysts with a Hain t
SO1TROLKCASKERE Slend LHANGLS dhidi & OL Pe theenead and -
1380aaddpréberAblyndecated inopahenti1€S 5 387 720,
which_refers to the article b Tanabe et al. in

" St udfBs 18 L el ISP ebRRt ai/JéKééﬁa?Wys?i?é)'r, whichsrefers to
4889 arahide 1pgnk 2 vahBBeHATRLY  aCi di LYl §ies in surface
determined by amine titration using

Science and Catalysis”, Vol. 51, 1989, chap. 1 and 2, the
Hammett acidity is determined by amine titration using
indicators or by adsorption of a base in the gas phase.
The catalysts satisfying the acidity criterion Hy; of
between -9 and -18 may be chosen from natural or synthetic
siliceous 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 catalysts are advantageously chosen from
zeolites, Nafion® composites (based on sulfonic acid of
fluorinated polymers), chlorinated aluminas, phospho-
tungstic and/or silicotungstic acids and acid salts, and
various solids of metal oxide type such as tantalum oxide
Taz05, niobium oxide Nb,0s, alumina Al,03;, titanium oxide
Ti0,, zirconia 2rO,, tin oxide Sn0;, silica Si0, or silico-
aluminate Si0,-Al1,0;, impregnated with acidic functions

such as borate BO;, sulfate S04, tungstate WO;, phosphate
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i ndicators or by adsorption of a base in the gas
phase. The catal ysts satisfying the acidity criterion

weol2aeoB7dset ween -9 and -18 nmay be chosen from rarmP006/000736

or synthetic siliceous materials or acidic zeolites;
m neral supports, such as oxides, coated with nono-,
di-, tri- or polyacidic inorganic acids; oxides or
m xed oxi des, or alternatively heteropolyacids . The
BQi algstcare Adwamragedyddatehdsén.from zeolites,

Naf i on, conposi t es ased.on_sul fonic acid o . ;

fl uor?ﬂgt edp %ﬁ&g) C@Ijﬁagﬁlisﬁgt ed®hfunifisate  zirconias,
phesphatungstiiecand/er, siligaidiwgsti czaetdsiang acisdliceous
salts, and various solids of netal oxide type such as
EAREAD LAP oxishe TREEOET 1 hRBEIMIMOSX| B N9*EgeSal Ui tha PAPSPhate

] nj L TiO, zirconia ZrQ2, tin oxide SnO
%ggPﬁbég gggbgg?ggfricoaluninate Si O2- Al 20a,
i mpr eghat edeadthomcintiyc fencpeofisrsadh as bdrat eBEEnce of

sulfate SO4, tungstate , osphat ePO4, silicate .
£ tp%HT Aol IR, NICS. TPEHLaFor PR Ot ARyt apgesent in
sHEf atorti LFONL 88, Jihogsphatite Zirbeani 86, o URNGStBRe of gases
zirconias, siliceous zirconias, sulfate titani um or ,
contaxndey, apdephdsphar&yakini ndbeor aBpupgas ofThexygen 1s

reactio be perfo ! I a
CBBSEHONTYG DFPE WIBHLAD LhE pasaast it AR ohe any
poratofinaitheorpliant.herdam 5 Dfue M xdfir eSopagases application

contzining nmol ecul ar oxygen. The anpbunt of oxygen is.

¢RB4ém>842as t Fltfe ouPRFHBYRhe PRYAfADI | i93 Fdhge at &P

awo_@e&ﬁyogm%m}pdm-ifr%ﬂ o¥s epd Pb1uReP@heBl-der to be
application 2004/15012, the maxi numoxygen content, in

antacedlei an0s 2462 what uf banmealabbity 7%angeol Jie i molecular
c‘?«%ggéglt gcé%ﬁggr%i rv%l.i/l Ougtesriledrealthre fbleangggisleht YsbaNE- not to
exceed 7% relative to the mixture of gases entering the
reaction (mixture of glycerol/H,0/oxygen/inert gases).
Preferably, the oxygen content is less than 7% relative to
the dry gas mixture leaving the reactor (mixture of
acrolein/oxygen/inert gases).

The reaction according to the invention is performed
in the gas phase. Various process technologies may be used
and are known to those skilled in the art, i.e. a fixed-
bed process, a fluidized-bed process or a circulating
fluidized-bed process.

The selection of the optimum process is made as a
function of various 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 of
being isothermic. The circulating £fluidized-bed process

has the advantage of optimizing the reaction selectivity
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oxygen content will generally be chosen so as not to
exceed 7%relative to the m xture of gases entering

woheoeroszosti on (m xture of glycerol/H 20/ oxygenPCnaEPL2006/000736

gases). Preferably, the oxygerg content is |ess than 7%
relative to the dry gas mixture |eaving the reactor
(m xture of acrolein/oxygen/inert gases). The reaction
ccording to the invention_is performed in the gas
R

R AN HuS pf Otessl RechhBr by es cAEPepetaSeFadird yst into
ane knodo, ! haseesldd |ade! Bahbe @iide LoffpeRsbtXRgPeS: the

process, a fluidized-bed process or a circulating
PRETEYz REPRAN PP obesyeeThet | sebictprofanichetbpt imrgrnerator.

ce j S function of various criteria; th ,
?Fg%edf’%g’gﬁg?%gggg L e a%l%té%i%ﬁ &%i ?Fﬁl i BPT ?r’Pﬁg with
blkyrigeinz e drijpsb 0 Ce8 SRS tABKR Nelr POSSdthént® such as washing
%gﬁ?ianu usly discharge the spent catalyst and to -

ROMVIE tfe CRSY Q& frrestrmeattamidh Wi2Phout st oppi ng
the p I Lt h p 1Pk L of ' h
i sot h%r%%!é?.dl%h%’e \(I:\‘ic%cu:bglt%i n?%%%llﬁzée% bgg’%ﬁ:}%énee.sn; ha(s)f the
Lheeadvant agehef popriesisziig) peefoeaetl ain sel estdatidiybyf the

rmanent |y returning freshly regenerated catal yst

BEFg%t E‘eear%éec”icok}a}n i 1R%- t%}él§aﬁ%a??ﬁ€ CORPeRsSt 9fg plates
tormtihg epetgyeexehange heweelrdhtat £86t Qhaai tdhethat can
regenerator. The regeneration of the catalyst nmay be

perteted Wattodigethify dregerobrani hasomhey advantages in
LeeakmeH %%%@%{,Lg%%%f?égévxSE%ﬁ ﬁ?%’{ho%eat exchange

treat ment w 0 one particul ar
embeditrynt Ghushe ithvent itgpe tbE preeessr s iger fe@EEularly
| at e heat exchanger type. This

%g%gﬁéigggoré?g str‘ggogFﬁges DG riRADetVieedDt hethel vegse  of
ekoeHbakhiien chaiedns t hat €ap caRLALA Ny GALAl YSH - +TB Start-
t echnol ogy has many advantages in .

up phases of reactions or in the case of endothermic
reactions. More particularly, this reactor makes it
possible either to heat or to cool the catalyst. The heat
exchange is particularly efficient with the circulation of
a heat-exchange fluid in the system. The plates may be
assembled in modules, which gives greater 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 incorporated
by reference. These reactors are particularly suitable for
the catalytic conversion of reaction media, specifically
gaseous reaction media, such as those used in the present
invention. The plate heat exchanger wused for the
preparation of (meth)acrolein or (meth)acrylic acid via

catalytic oxidation of C3 or C4 precursors, described in

document US 2005/0020851, may also be suitable for the
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terms of heat exchange, associated with high heat
exchange capacity. Thus, this type of reactor is

weoandeiosuisar | y suitabl e for renoving heat easil| pCTmPRi6/000736

case of exothermc reactions, or for supplying heat in
the start up phases of reactions or in the case of
endotherm c reactions. Mre particularly, this reactor

makes it possible either to heat or to cool the
eeeauf@ﬁturﬁn@ﬁqe%@r%&%mn@éau dep¥frpElPar Of SHpC@E, which

Wit piche el a3 ot eAl ~ewehangs fluid in the

system T pl at es may e asse modul es, whi ch
givesﬂmaxnexpéﬂxmemnaltycomﬁmihemsasofegahés teactiize  are

of t ctor its i nten e.or th epl ace Qf

B araIge S o lpErALTa: Chnbesdest alD rend; Aot and a
@eaaga%éﬁoﬂfweﬁweeﬁn1oan@re phel exampke bdde observed that
reactors described in docunents EP 995 491 or EP 1 147

@0710W¢ﬂé cenpenretorentiedds ste neorjsstusttedprpyof the glycerol
fcor t%%%% Bff?fdre%%ttorsatar&ga%‘a&n%“'@{rhé( Slﬂh"eabéeelectivity

€ ca I ¢’ convérsion of reaction nedia
$p®aﬂagxﬂéqr@hsemuslseaQMGmeaﬁﬂﬂzi B@chaaelﬁho&&msecutive

used i.n the sent invention. The pl ate heat
SRehiTgue (aBY  fOIE « FBLBREbIR Ao BFap FER PR m 1t 15

%pwﬁtamt agbyl Lemaei dryd a yCatildHdes @i&n@at ian ©he Cdactor;

or C4 precursors, described in docunent
POUBCYGL085RY neycreadine Set abeeldencehetrmmf adtturgés also

%os%%&ﬁ]eln V'%a@%hVH§85e9” foﬁe¥%§r8| MP{Ch Is;égg%c1ally

ubj éct %f The present i nven e experlnen

derdirtaldrs wf iferégast toa ﬁbﬁt@éefeﬁﬁb|XD@51dence time) of
tenperature of between 250 0C and 350 0C and a
FEsstPRIBRt Betitbeh® #RF®DaPE IHhehaS2bRéRSEbddr vegder to

E@%pé%sd%@”f&ﬁWPeéééﬂeéééeﬁQStBQ aeE§QECBE°%dN§éf¥ion when

gl ycerol conversion yield, but, at the same tine

§emgmaﬂnnanﬁmﬂnwﬁemmﬁnﬁhyne|x§ iussydbased. To avoid
Conse%iﬂlcerol is available inexpensively in the form of
aqueous solutions. Advantageously, an aqueous glycerol
solution with a concentration of between 10% and 50% and
preferably between 15% and 30% by weight is used in the
reactor. The concentration should not be too high, so as
to avoid spurious reactions such as the formation of
glycerol ethers or reactions between the acrolein produced
and the glycerol. Moreover, the glycerol solution should
not be too dilute on account of the energy cost involved
in the evaporation of the aqueous glycerol solution. 1In
any case, the concentration of the glycerol solution may
be adjusted by recycling the water produced by the
reaction. In order to reduce the glycerol transportation
and storage costs, the reactor may be fed with
concentrated solution of 40% to 100% by weight of

glycerol, dilution to the optimum content being performed

by recycling some of the steam produced by the reaction
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reactions and the formation of unwanted products, it
is inportant to limt the residence tinme in the

WOoeemt087084 nor eover, by increasing the resi denceCriERre06/000736

it is also possible to have higher conversions. It is
especially desirable to increase the contact tine
(residence tine) of the reagents in the region of the

cat.al yst .in order,to conpensate.for._a decrease in the
G357 6 G TSI VRER n PolbHaTalel FOR FeRpBRAVLRE heat
ot ued.r AN But Be@Viahy abl §oi BEXBRNEHYEIM Y2 1€ solution
form of aqueous sol utions. Advantageously, "an aqueous

GPPEePal thel weiasrow tte decomeemizad-on of between 10%
and 59%( and Ar ef&rably P%I\Q’e%ﬂelﬁ/t%ndno?i?}%f b%u%% %gt{mt oils

is used i n the reactor. e concentration's
be thbasihtgmediomasmay avonthspurdentts ireadnbars tiveh @sch as

the . formatjon, of glycerol ethers or reactions between
Fﬁgl&aﬂr g&éjr%rb‘g%d%%ds%%aa?%e GOycEreIcenr eprgrnien@atter,
ghucenlempldit | onpghoulgd- i ke 19p d's'okﬂti%monnéﬁé’émt is in

of the energy cost involved in the evaporatio t he
Rgutogylgycedotrsoeéutadbn. o athecaseatahgtic dehydration

ti f I I | uti dj ust ed
CORREOLER La0 21 15,0 YELE! 50 V400 1B I AOLUSISH, cne

ecddict osiedsce Rhe pgleteentnehrans@or ttdld OR18érol by ion
st ogaﬁe costs, the reactor may be fed with
E5ALEREFalaY 961 6PVd5a8R%0% t o 100% by wei ght of

g'yceﬁehpaQEHﬂﬁfﬁhFQhéh%OQQE%%th%qnt céEgnggg gfeparing

perforned by recycling sonme of the steam produ
eRsoleast bynaed esftitvee a@iidatiom waf eprofiiehar | yhet kerolein

very of heat.at the reactor outl et al sp al | ow
%Eégﬁ )e/%:éer%ﬁ:c%]é‘%h??oﬁu} e%gfangpﬁ%cee?%a&fg%% petvention may
vapeninedimGhyceiof def i vad feremd haamatBanglysis @fifferent
plant oils in basic mediummy contain certain
PWBHPFtie§C§8€ﬁ1§§ to the envisaged wuse, synthesis of

acrylic acid, synthesis of methionine or fine chemistry
reactions, it may be envisaged to purify the acrolein
according to the techniques known to those skilled in the
art. More particularly, the by-products may be recovered
and incinerated, thus producing vapour or energy. The
energetic upgrading of the by-products of the glycerol
dehydration reaction furthermore makes it possible to
greatly —reduce the greenhouse-gas emissions of the
process, compared with the conventional process, for which
the CO; produced is derived from fossil carbon during the
incineration of the by-products.

The examples that follow illustrate the present

invention without, however, limiting its scope.

Examples

In the examples, a tubular reactor consisting of a tube 85
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sodi um chl oride or sulfate, non-glycerol organic

matter, and nethanol. The presence of sodiumsalts is
wono@astiseul ar detrinmental to the catal yti c deRgumERR106/M00736

reaction since these salts arg capabl e of poisoning

the acidic sites. A pretreatnent of the glycerol by

i on exchange may be envi saged. Conpared with the

conventional process for preparin acrolfig b . d to
el EPPvETSk| YAEP R Of 1PFbPT | SHEMETRE RF oPeiff 1S US€

;Pé%mdtﬁ&Cg;gbggoiod%ggfqugﬁs R dthen nHentidngaByphase

contain inpurities of erent nature or in different
&0 Unitmo SAstomr i nprtes sthee envitsigged egsdorsydsheplgced in  a

acrylic acid, synthesis of, nethignine_or fin
rﬁﬁﬁﬁ?étréyqéhﬁﬁi ,ﬁﬁﬁlqﬁ%/ & e%@Fsaﬁgac%%ogurF??p?ﬁ%ture’
AeIoh el s apeoidi ngniesd hetheehnsguandirewed.o Theoseatalysts
skilled in the art. More particularléé t he hy-products

wegd bereecvaidl and/ Phcinfdr@tdd et ke pP&ade; mprticles of
%a@mgo oﬁ.ﬁnerprgy' 1he,gneg egaﬁtaliﬁ/%"tadhgg ofodd€d into the
S O e a

Y- product the glycero ydration reaction ‘
fesdber mioe frakesai tcqpedsitilce bed gBéatdny teddee Tile bed 1is

reenhouse-gas . eni ssi ons of the prqcess,. conpared. W b
%%%nE%hQ% thn§ epF@@€§§Pnf5Pmﬂ#%§%Wﬁﬁe%TFS?d%%cégnﬁgnutes
gerbyed ihrowdessld €@s beBadunicpy e | Aehoebat iien H8d with
the by-products. The exanples that followillustrate
zhe aguesEst $PventoDNCRPLASDLNIhARK ePY MeHH It glycerol
scope. Exampl e h anpl es, b
SEnE remhy T Hhne Bath Pana Al AT, PEERGES glycerol
doaaetien ofs 6 vapdsizesed im0 paef oneatéé gthyweret, and then

denydration feRct Lo ie 40 PURSs2lel SRRl Ceine 1
gBbhtabned Rlc t hend e@et b oot eBpehaldd®1yst test is about 7
hours, which corresponds tb about 80 ml of aqueous
glycerol solution passed over the <catalyst. 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 flow is interrupted and a
gentle flow of nitrogen is passed through the reactor to
purge it. The trap at the reactor outlet is then replaced,
the nitrogen flow is stopped and the reactor is returned
under a flow of reagent. The test 1is continued until

appreciable deactivation of the catalyst is noted.

For each experiment, the total mass of products entering
and leaving is measured, which allows a mass balance to be
determined. Similarly, the products formed are analysed by
chromatography. Two types of analysis are performed:

- an analysis by chromatography on a filled column
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which is 300 0OC, unless otherw se indicated. The
catal ysts used are ground and/or pelletized to obtain

woaondeiostoss of 0.5 to 1.0 nmm 10 nml of cat al yst PaT&EP2006/000736

| oaded into the reactor to fofyna catalytic bed 35 cm

long. This bed is maintained at the reaction

tenperature for 5 to 10 m nutes before introducing the
reagents. The reactor is fed with an aqueous sol ution

¢BREBI NFAURD% Dy Mkl 4BL) ofoRyl el AT &okgan chgogatograph

e 1 . €0 g ti LSig 4

PG T e e S Chanber Tand FRGR pedes “oaar>is I8

phefoamakdystithThe ealteuhatledteodizact (Li-tmtiagicaiggut 2. 9

sec. The duration of a catalyst test is_about 7.hours,

mhich"c@Pr@?ﬁ&ﬁ&&ﬁ(PXﬂéﬁﬁo t?ﬁr%ﬁh%qﬁ%oﬁscapﬁégﬁgﬁ column
$0kHbi 0OBopassedE ®Vel+d.ns cakgl yoh. it efrpd®ERrt ickhonradt®graph
products are condensed in a trap refrigerated wth

eaudppadi ¥ thsamp f cletertef fvikht har eawel pagpdgs stored
eriodiogal | y. For each sanple collection, the flowis
I'nterfupted and a gentle flow of nitrogen is passed

through the reactor to purge it. The trap at the

reactor, outlet i.s then repl aced, thf nitrogeg flowis .

IP6ppdd tatd tHENQhetv? i ReFEIGPhRHE UndériEaPLew fPF Trapid
£RagsRls THE (e IgrSAMiuedndnt bbpaBRhetablBe yield of

deactivation of the catalyst is noted. For each _

expedienont Thehsaostral medwodfiprosedt Soehadei agm@y¢ precise
I Lng_is as d, I C 0 a nas et

aE e ALsea S5 i o e Sioaii e PBTREHALERsT | NtRover,

anallysed byy clooomet ogramy . chwenbypesaphyanatfysts sarlgrlation
perfornmed: - an anal ysi,s by chromatography on a filled

WEFGMREFERBTES {Pn COTHILIB ONESR & SEX S ‘Er ba

chr omat ograph equi pped with a TCD detector. The

quantitative analysis is performed with an externa

ghendared@dHuthnenajugntified are the unreacted glycerol,

the acrolein formed and the by-products such as
hydroxypropanone, acetaldehyde, propanaldehyde, acetone

and phenol.

In the examples that follow, the glycerol conversion, the
acrolein selectivity and the yields of +the various
products are defined as follows:

glycerol conversion (%) = 100 - number of moles of
glycerol remaining/number of moles of glycerol introduced;

acrolein yield (%) = number of moles of acrolein
produced/number of moles of glycerol introduced;

acrolein selectivity (%) = 100 * number of moles of

acrolein produced/number of moles of glycerol reacted.

The acetone or hydroxypropanone yileld is calculated as for

the acrolein yield:
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- an anal ysis by chromatography on a capillary colum
(FFAP colum 50 n¥0.25 mm) on an HP6890 chr omat ogr aph

weqguiepsad4wi t h an FI D detector with the same sBAOPIEE2006/000736

stored at -15 0C . The first ¥§thod is particularly
suitable for rapid analysis of the products, and
especially the yield of acrolein. The second nethod is
used to have a nore precise analysis of all the

react PEAtBYApRIBAACtRte Nbr ddVers @al y§edWRPUC- RE droles of
Q¥e?Qiagﬁ garap ¥o??%8&4ﬁxhh\)§le§t i og ever goReE or ped g%lycerol

confirmthese resu e products thus quantifie
anerbbdecadreacted gl ycerol, the acrolein forned and

t he by-products ch_as hydyoxypropanone,

acet agagwge,yﬁi‘gaﬁa’ﬂ)deﬁy ,ﬁac’é\l@ﬁ%rar?df pR8AGF. §h phenol
bheagxaaphasbtbabef abhaw orhg1gkreenoli neebveceidan, the
acrolein selectivity and the yields of the various

products are defined as follows: glycerol conversion

g%. :t%%o “r SMPEL ofar els%ngp@;els%léﬁceré’g molar d’percentages

remai ni ng/ nunber “of Mo ycerol 1 ntroduce
aclateire ybekde( Ylyeenvibéntebdueleds of acrol ein
produced/ nunber of noles of glycerol introduced;
acrolein selectivity (%9 = 100 * nunber of noles of

ﬁﬁéﬁgﬁég QVQQHC@Q/?HGRg%r%Ei@%|%% ehedlb¥aeiolaritgact ed.
opanone Yyl e i S caicul ated as

for the acrolein yield:acetal dehyde yield (%9 = 2/3 *
mb f I | deh f
o8 b eEPgp) 2 B SA S EGYAS, PERUESALIBEL O | ranmets

r roduced.” phen
aurBekyofi, nok esebfiephenal apaodeceq/ puabetedfl agdldescafibed in
gla%gggzo'USintSr%%%c%%O, representing a mass of 10 g, were
loaded into the reactor. The catalyst was prepared in the
following manner: 15.9 g of alpha-alumina from Ceramtec
(Ref EO-19 -~ specific surface area 0.7 m2/g - mean pore
diameter 2.5 um - apparent porosity 65% - supplied in the
form of rings and ground so as to retain only the
particles of diameter 1-1.4 mm) were impregnated with 4 g
of a 20% by weight phosphoric acid solution (prepared by
addition of 16.25 ml of water and 5 g of 85% by weight
phosphoric acid). The solid is then dried on a rotavapor
at 80°C and used directly for Example 1. For Example lé,
the solid underwent an additional activation in air at

300°C for 3 hours in order to fix the phosphoric acid to

the support. The results are collated in Table 1 below:



Al |
relative to the

gl ycerol

the results are expressed as nol ar percentages

i ntroduced. Exanples 1 and |a

wocewsparmti ve of the prior art) 10 m of
H3PO4/ al pha- al umi na cat al yst

PCT/EP2006/000736

Wi th a Hanmett acidity HO

of between -3 and -5.6, prepared as described in

patent US 5 387

were | oaded into the reactor.

prepared in the

720,

fol | owi ng 115.9

representing a nass of 10 g ,
The catal yst was

g of

al pha-alum na from Cerantec (Ref EO- 19 - specific

surface area 0.7

n2/ g -

mean pore dianeter 2.5 mm -

(mass
collected/mass
introduced)
Quantified
product balance
(products
assayed/glycerol

introduced)

77.6 72.6 84.9 89.4

appar ent porosek¥mpb&o 1 supplied in the for miofamdlregsia

and ground so as to retain only the particles of

Cdmralri:atteNel 1.4 ) 8rere liépredhatedith & g of6a 26% 32

ﬁ% ht p osphoric acid solution (prepared by

! &Qﬁ 25 mM of water and 5 g of 85% by wei ght

d@h@gph@nlc aci d) The solid is then dfied on a

rot avapor at 80 PC and used directly for Exanple 1 -

Glgicemednpl e 1a, {h8lsoli®® unddPwentlhn|additiohal 2 8

?54J fgfo inair at 300 OC for 3 hour$ in order to

F'he phosphoric acid to the support| The results

rMreledld atiedid n Table 13D O\M)Tabl 8.8 :ﬂamil elg.2 4.6 3.1

Exanple la Cunul ative 8 16 25 2 2 gl ycerol :

ARG S iduced (g) @ §ferol®® 1 é Zb] ] g %& 50 41

Lonvarssian, Acrol ein yield 54.5 32 .2 2).6 3 .8 42 .1

18.2 4.6 3.1 Acrolein 60 46 49 23 60 50 50 41

Hyelmotyipdapaigml oxgpBopadndne 4253 ¢.13160532 41810 030 0.0

4.%19.0 0.0

yie

Acetaldehyde 0.1 0.0 0.0 0.0] 0.0 0.0 0.0 0.0
lyield

Propanaldehyde 0.3 0.2 0.1 0.0 0.0 0.0 0.0 0.0

yield

Acetone yield 0.0 0.0 0.0 0.0 | 0.0 0.0 0.0 0.1

Phenol yield 1.0 0.1 0.1 0.0 0.8 0.0 0.0 0.0

Material balance |98.6 98.7 nd 98.9(98.5 98.9 98.0 99.0

83.2 86.2 95.5 95.6

Rapid deactivation of the catalyst is observed.

Example 2
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yield Ace tal dehyde 0.1 0 .0 0.0 0 .00 .0 0.0 0.0 0.0
yi el d Propanal dehyde 0.3 0 .2 0.1 0 .00 .0 0.0 0.0
w0 2006y08%18dl Acetone yield 0.0 0 .0 0.0 0 .0 O . BCUER2®6/000736
0.1 Phenol yield 1.0 0 .10.1:.0 .00 .80.00.00.0
Mat eri al bal ance 98.6 98 .7 na 98 .9 98 .5 98.9 98.0
99.0 (mass col |l ected/ mass introduced) Quantified 77.6
72 .6 84.9 89 .4 83 .2 86.2 95.5 95.6 product bal ance

A psuddetts agsayedi/agl @8kol ZERtr odudd Rés)d from Daiichi

eactivation of. the i eryed. l.e
S S F PR s ohRor Tt IR YT A Bo Cdeatyst.
ﬂﬁigseréatéiypal itefs r &f Qoerceotdl4gh) tionused 2600°C of 8.81%
catalyst. This catalyst has a loss,on igniti at .1000,
TC o’ SPELHARI PR | PESSuTaca’ af e 0F SH/miy Bine) .

T i,Nty) . < Th i di i : 6
aPPLNE). 1§ dity e ssepdid® td6the table on
qgggo?%%ng #o Phé'tg%?%ion page 71 of the %ublication,

wyaci7d- base theal yebbi¢: iovr it | Pcidolbase | catalysis (C.

GUBLLELSP B TeCI B L ROy 24308 004 Bl 0. Th-100-
gedesh i ni @ hmeoEe@%tt@rl.&?{he degiddeh gy gl wexss nof 16.5 g,

Table 2 bel ow. Table 2 mul ati ve glycerol 9 17 27 36
welrs3loaded into the reactor.

The results are given in Table 2 below.

Table 2
Cumulative glycerol 9 17 27 36 44 53
introduced (g)
Glycerol conversion 100 99 96 91 89 84
Acrolein yield 34,0 43.3 40.6 36.0 33.8 35.4
Acrolein selectivity 34 44 42 39 38 42

Hydroxypropanone yield 8.5 13.8 13.7 14.6 15.1 14.3

Acetaldehyde yield 5.6 4.2 3.4 2.9 2.9 3.4
Propanaldehyde yield 12.4 9.7 7.2 6.5 6.7 7.8
Acetone yield 0.0 0.0 0.3 0.0 0.0 0.0
Phenol yield 1.9 0.4 0.4 0.3 0.3 0.3
Material balance 96.5 99.0 98.4 99.3 98.6 99.5
(mass collected/mass

introduced)

Quantified product | 62.5 72.8 70.0 69.0 69.6 77.2
balance

(products assayed/gly-

cerol introduced)

This type of catalyst deactivates less quickly than that
of Example 1.
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i ntroduced (g) G ycerol conversion 100 99 96 91 89 84
Acrolein yield 34.0 43.3 40.6 36.0 33.8 35.4 Acrolein

weoeebwmsiosity 34 44 42 39 38 42 Hydr oxypr opanoneCYiEekae6/000736

8.5 13.8 13.7 14.6 15.1 14. 3, Acet al dehyde yield 5.6

4.2 3.4 2.9 2.9 3.4 Propanal dehyde yield 12.4 9.7 7.2

6.5 6.7 7.8 Acetone yield 0.0 0.0 0.3 0.0 0.0 0.0

Phenol yield 1.9 0.4 0.4 0.3 0.3 0.3 Material balance

Berpley @ gnd 3.3 98.6 99.5 (mass col | ect ed/ nass

i ntroduced) Quantified product 62.5 72.8 70.0 69.0

69.6 77.2 bal ance (products assayed/ gl ycero

JJmtml:()dtdxfed40%’hlb&ﬂlquﬁ’SofOzcaioalp}zStlt@apteparéé |a@§§rdlng to

ui ckly than th

ﬁ% e oPrREFEINEE o ?%frhée oHﬁbs%P rﬁhﬁﬁcé};accor i nQ %derlCh

4 pPrRGedur e dQ§§&hpeddh@nh@Qrgub|Q@@Dlon by H pp 7-14,

I'deri ch and Harmer, Green Cheni stry 2000,

reprEseEpiRS et | MpSs mSs ¢ /4. 799 We%érelPégﬁéd iRtg the
r eact T e I S d -

st T Gkls 4 ns Tt tIbE AL QA% peRaRRyCHbpE Boout

IEsatdSradeg gtyea comﬂébteaB hetowe. Tabl e 3 Cunul ative

gl ycerol 8 16 24 33 4 1 50 58 67 introduced (Q)

-d ycerol conversion 100 100 100 97 92 87 80 73

The results are given in Table 3 below.

Table 3

Cumulative glycerol 8 16 24 33 41 50 58 67
introduced (g)

Glycerol conversion 100 100 100 97 92 87 80 73

Acrolein yield 63.6 76.0 72.5 68.3 64.0 58.6 52.6 47.2
Acrolein selectivity 64 76 73 70 69 68 66 65
Hydroxypropanone 5.0 9.5 9.3 9.4 9.0 8.0 7.0 6.4
yield

Acetaldehyde yield 1.3 0.5 0.4 0.3 0.2 0.2 0.2 0.1
Propanaldehyde yield 5.1 2.1 1.4 1.1 0.9 0.7 0.6 0.5
Acetone yield 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0
Phenol yield 2.5 1.5 1.6 0.0 1.2 1.1 1.0 0.9
Material balance 97.5 98.8 98.8 99.5 99.0 99.5 99.0 99.0
{mass collected/mass

introduced)

Quantified product 77.5 89.7 85.5 81.7 83.3 82.1 8l.6 82.0
balance(products

assayed/glycerol

introduced)

This same catalyst was tested, this time with a reaction
temperature of 280°C instead of 300°C. The results are

given in Table 3a below.
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Acrolein yield 63.6 76.0 72.5 68.3 64.0 58.6 52.6 47.2
Acrolein selectivity 64 76 73 70 69 68 66 65

weolzdremsygss opanone 5.0 9.5 9.3 9.4 9.0 8.0 7.0 8CH/EpPe®b/doo736
Acet al dehyde yield 1.3 0.5 Oli 0.30.20.20.20.1
Propanal dehyde yield 5.1 2.171.4 1.1 0.9 0.7 0.6 0.5
Acetone yield 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 Pheno
yield 2.5 1.5 1.6 0.0 1.2 1.1 1.0 0.9 Material bal ance
97.5 98.8 98.8 99.5 99.0 ¥8b%e98a0 99.0 (nmss
col l ected/ mass introduced) Quantified product 77.5
89.7 85.5 81.7 83.3 82.1 81.6 82.0 bal ance (products

tested, this ti with a reaction tenperature of 280

g@QCEnQﬂeadnatOS 0 OC. The results are given in Table
gelow/Table 3a Cunul ative 8 16 24 32 40 56 72 80
e#g intro duced (g) dycerol 100 100 100 100 97

capaayeqi gl ycer Olﬂel it rodyged) Jhi s sanme capal y$te was72 80

G9§085030 conver s amoAcr od @i n 1picel d16@ . 3973 . 2372 .85 80
70 .8 67.3 62.1 |55.0 50.4 Acrolein 62 73 72 71 69 67
CgHveBZsS3ehectivitly Hydroxypropanone 4 .48 .8 9 .59 .5

.2 9.1:8 3 kel tal gehydegl g 060,34 2.8 65.8 50.4
LT HO
Acrolein 62 73 72 71 69 67 65 63

selectivity

Hydroxypropanone | 4.4 8.8 9.5 9.5 9.5 9.2 9.1 8.3

yield
Acetaldehyde 1.0 0.4 0.3 0.3 0.2 0.2 0.1 0.1
yield
Propanaldehyde 4.9 2.2 1.7 1.4 1.00 0.9 0.6 0.6
yield
Acetone yield 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Phenol yield 2.5 1.7 1.4 1.2 1.0 1.0 1.0 0.9

Material balance {97.2 98.5 98.7 98.6 99.0 98.5 98.5 99.2
(mass
collected/mass
introduced)
Quantified 75.2 86.4 85.4 83.1 81.6 80.3 80.8 80.0
product balance
(products
assayed/glycerol

introduced)

This +type of catalyst is active and selective and

deactivates less quickly than that of Example 1.

Example 4
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w0 200608M8Phenol

yield Propanaldehyde 4 .9 2 .21 .71 .41.00.90.6
0.6 yield Acetone yield 0O .00 .00 .00 .00.00.0

0.9 Materi al

98.5 99.2 (mass collected/ ma

yield 2 .51 .71 .41 .2 1.0 RPCOU/EP2®6/000736
bal ance 97 .2 9£§

.5 98 .7 98 .6 99.0 98.5
i ntroduced) Quantified

75 .2 8 .4 85 .4 83 .1 81.6 80.3 80.8 80.0 product

bal ance (products assayed/ glycero

i ntroduced) This

At yeoafh£Bs akystohsaaqiluésarkkGel-ecti ye &0d) from Daiichi
deactivates less quickly than t

Kegamsice BRirhodphht e 2Pr E8fCa (

f QPR
at al yst

at of

le 1

S kHIrEt ghds; potpse o

ii?“ld@dﬁﬁm@f(B?fB%Fgﬂésh E%e@&@dc Ehirface area of
as a loss on ignition at

000 OC of 4.23%

1280 7a ¥peci flidc rurdficehds eaabplY9B, 7rpRr§SCDG iRy G mass of

DS T SRR 0 oS

65 gl ycerol

pf 12. 79, were

e results are given in
Tiable kel e Tablen 40urapiad ivedLdb. 24 32 41 49 57

intro duced (g) dycerol

100 100 100 100

99 97 96 95 conversion Acrolein yield 16.6 40.4 46.7

45.2 46.2 46.5 45.3 46.9 pgple 4

Acrolein yield

Cumulative 8 16 24 32 41 49 57 65
glycerol intro-

duced (9)

Glycerol 100 100 100 100 99 97 96 95
conversion

16.6 40.4 46.7

45.2 46.2 46.5 45.3 46.9

(products

introduced)

product balance

assayed/glycerol

Acrolein 17 40 47 45 46 48 47 49

selectivity

Hydroxypropanone | 0.0 9.4 13.0 13.5 14.7 15.0 15.2 16.7
yield

Acetaldehyde 6.9 6.3 5.0 4.7 4.3 4.0 3.5 3.7
yield

Propanaldehyde 15.0 14.2 11.7 11i.1 9.8 9.0 8.0 8.2
yield

Acetone yield 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Phenol yield 4,2 4.4 2.9 2.5 1.8 2.2 1.7 1.8
Material balance | 95.0 98.2 95.2 97.7 97.6 98.4 97.9 97.9
(mass

collected/mass

introduced)

Quantified 42.7 74.6 79.3 77.0 77.4 79.4 77.3 82.3
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Acrolein 17 40 47 45 46 48 47 49 selectivity
Hydr oxypr opanone 0.0 9.4 13.0 13.5 14.7 15.0 15.2 16.7

weoizadethsAset al dehyde 6.9 6.3 5.0 4.7 4.3 4.0 3. BCB/EP2006/000736

yi el d Propanal dehyde 15.0 14.2,11.7 11.1 9.8 9.0 8.0
8.2 yield Acetone yield 0.0 &IO 0.0 0.0 0.00.00.0

0.0 Phenol yield 4.2 4.4 2.9 2.51.82.21.7 1.8

Mat eri al bal ance 95.0 98.2 95.2 97.7 97.6 98.4 97.9

Bramplen8s col | ect ed/ mass introduced) Quantified 42.7

74.6 79.3 77.0 77.4 79.4 77.3 82.3 product bal ance
(products assayed/ glycerol introduced)Exanple 5 A

Aungstganen redncan{90.(B%.Z2rs02200. 3Y¥PW38) W 0m DadmcMiaiichi
Ki,genso (suppl.i.er reference Hl4 is used.. This.

KAPan5S, RAERT R SO TG | BAThY) 10600 ed 1 FasE anaEalyst

RasPecifdss sypfacaianed oft 4vodon@/ 8£(BETsel 4 nh) specific
The acidity HO i$ equag to -14.5 according to the ,

sabfacenapageofl 4df- 4t e/ puttBEGat lopod@taei Fhgageidity Ho 18
at alysi s rcilly). Vol,. 1 puhkkished b chpi

SRRBNNS S0 G rropY it n el TR e "abEONT1 Por the

peplesentibAg oh MA8sdobadé Fatalersid opded Marad ity Vol. 1,
reactor. The results are _given in Ta%le 5 b%How

published by Technip (ISBN No. 2-7108-0841-
10 ml of catalyst, representing a mass of 17 g, were
loaded into the reactor.

The results are given in Table 5 below.

Table 5
Cumulative glycerol 8 16 25 32 39 48 61 78
introduced (g)
Glycerol conversion 100 100 100 100 100 100 100 100
Acrolein yield 46.9 69.2 71l.6 72.1 71.4 72,7 73.5 73.1
Acrolein selectiwity . 47 69 72 72 71 73 74 73
Hydroxypropanone yield 0.3 4.5 7.4 8.6 6.7 9.7 10.8 12.9
Acetaldehyde yield 4.7 4.4 4.0 3.8 3.7 3.4 2.7 1.7
Propanaldehyde yield 8.7 7.4 7.0 6.7 6.6 5.4 5.6 3.6
Acetone yield 2.3 3.0 2.5 2.4 2.4 2.3 1.7 1.1
Phenol yield 2.1 1.5 1.3 1.2 0.1 1.0 0.2 0.0
Material balance 96.8 98.2 98.4 99.0 97.0 99.0 99.0 98.6
(mass collected/mass
introduced)
Quantified product 65.0 89.9 93.9 94.7 90.9 94.5 94.6 92.3
balance(products
assayed/glycerol
introduced)

This catalyst maintains a high yield largely superior to

the performance of the catalyst of Example 1.
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Table 5 Cunul ative glycerol 8 16 25 32 39 4 8 61 78
i ntroduced (g) dycerol conversion 100 100 100 100 100

waQe8M8100 Acrolein yield 46.9 69.2 71.6 72. BCT/EPZ006/000736

72.7 73.5 73.1 Acrolein sele§g|V|ty 47 69 72 72 71 73
74 73 Hydr oxypropanone yield 34.57.4866.7 9.7

10.8 12.9 Acetal dehyde yield 4.7 4.4 4.0 3.8 3.7 3.4
2 7 1.7 Propanal dehyde yield 8.7 7.4 7. O 6.7 6.6 5.4

agpd.e6 GAcetone yield 2.3 3.0 2.5 2.4 2.4 2.31.7 1.1
Phenol yield 2.1 1.51.3 1.2 0.1 1.0 0. 2 0.0 Materi al
bal ance 96.8 98.2 98.4 99.0 97.0 99.0 99.0 98.6 (nmss

100l |n€lCt&dfﬁaéﬁlfﬂtéOduo:ed)mQaantEirbmedqmmm @sicganso, as
89.9 93.9 94.7 90.9.94.5 94, g bal ance %a s of
AeseAiReY| yBerB¥aRE? oducéH) 1A e cﬁ?%%? ]il%t al ns°§

i el PenitQy tRet hedrerd.or manee ebatBeon is
]gg?gl§gt g?kéxgﬁ%%g§y 2 Exanpl Fe 6 10 m of sulfate
peiarfcomiend f £hirs Deiiimehi 11Ki §B8s MY <BLTRE cP f bha® las WRadhpPEy gen,

Fint FhET EREROPT T Peb | DAC | EeRaFEa REE Lo e ToPe

d bdws presence of nol ecul ar oxygen, at a flow rate of
0.8 1/h. The results are given in Table 6 bel ow. Table
6 Cunul ative glycerol introduced (g) 9 18 27 dycero
conversion 100 100 100 Table 6

Cumulative glycerol introduced (g) 9 18 27

Glycerol conversion 100 100 100
Acrolein yield 42.3 53.8 52.5
Acrolein selectivity 42 54 52

Hydroxypropanone yield 0.0 0.0 0.0
Acetaldehyde yield 10.3 9.1 8.2
Propanaldehyde yield 4.9 3.7 4.0
Acetone yield 0.0 0.4 0.0
Phenol yield 0.0 0.0 0.3
Material balance 96.5 98.0 98.0
(mass collected/mass introduced)

Quantified product balance t 57.5 66.9 65.0
(products assayed/glycerol introduced)

The addition of molecular oxygen makes it possible to
achieve higher yields by limiting the formation of by-

products.
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25

30

Acrolein yield 42.3 53.8 52.5 Acrolein selectivity 42
54 52 Hydroxypropanone yield 0.0 0.0 0.0 Acetal dehyde

weizaleths1843 9.1 8.2 Propanal dehyde yield 4.9 3PZTAPR06/000736

Acetone yield 0.0 0.4 0.0 Phenol yield 0.0 0.0 0.3

Mat erial bal ance 96.5 98.0 98.0 (mass col | ect ed/ nass

i ntroduced) Quantified product bal ance 57.5 66.9 65.0
(products assayed/ gl ycerol introduced) The addition of

nol ecul ar oxygen nakes it 3d5i®i e to achi eve higher

yields by limting the formation of by products. CLAl M5

1 . Process for manufacturing acrol ein by gas-phase
UehydPatc¢ess of fglrycenahufactielinpy eseccelefina sty ongbg-phase

cidic_solid c talyst Wi -t tt_acidity
% ?%ﬂﬁﬁg Tenardt - (1Y ItﬂPr&E%;%H§§C%¥%?%ﬁc?o(%Faln1ftr°ngly
sbanast epii28d ciaft sttt thiecal ahydheh@Sadillagpett of between
acidity Ho of between -10 and - 16. 3 . Process

a?cdhdingSto Caim1 or 2, characterized in that the

catal yst is chosen from natural or synthetic siliceous
materials or acidic zeolites; mneral supports, such

2s oxbdesessoatcebmiitty nbooCladim , 11 richamacpelrygeiddi tn that

LB CRARR VBl Thet & GTOTA dRo LY B GhackeSHERp arhg 2nd -

fg.one of Cainms 1 to 3, characterized-in that the
catal yst is chosen from

3. Process according to Claim 1 or‘2, characterized in
that the catalyst is chosen from natural or synthetic
siliceous 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.

4, Process according to one of Claims 1 to 3,
characterized in that the catalyst is <chosen from
zeolites, Nafion® composites (based on sulfonic acid of
fluorinated ©polymers), éhlorinated aluminas, phospho-
tungstic and/or silicotungstic acids and acid salts, and
various solids of metal oxide type such as tantalum oxide
Ta;05, niobium oxide Nb;0s, alumina Al,03, titanium oxide
TiQ,, zirconia 2r0,, tin oxide Sn0O;, silica Si0; or silico-
aluminate Si0,-Al,03, impregnated with acidic functions
such as borate BO;, sulfate S04, tungstate WO3;, phosphate
PQ,4, silicate Si0O, or molybdate MoOj;.

5. Process according to one of Claims 1 to 4,
characterized in that the catalyst is chosen from sulfate

zirconias, phosphate zirconias, tungsten zirconias,



10

15

20

zeolites, Nafion conposites (based on sulfonic acid of
fluorinated polyners), chlorinated al um nas,

wohoesplnisungsti ¢ and/ or silicotungstic aci ds ardTAE2@6/000736

salts, and various solids ofypetal oxide type such as

tant al um oxi de Ta 06, ni obi um oxi de Nb20O , al um na

Al 20, titaniumoxide TiO, zirconia ZrO, tin oxide

SnQ2, silica SiOor S|I|coalumnate Si O2- Al 2

silicegust &d TRICTH 3o dNd FEE 6n < IGRH W Bordte Bosles

sul fate SO4, tungstate W03, phosphate PO, silicate

Si 2 or nolybdate MoG3. 5 . Process accordl ng to one

6af Clraiotesk toaécprdhagact’@rl zedei n athat ClRémEat dl ysto >
i.s chosen fromsulfate zirconias hasphat e c S
CORFGSET AT ohT ad G | TRouE ¥|Cre38§| asSD jzl'l}rlrd té’lu P&Iﬁl of an
EP&QﬂkynégiuiiBnOXhﬁﬂﬁ a6con8éﬁ@@aslaﬁcaﬁﬂlhgtW@emnéO° and

Claine 1 to 5, characterized in that t he % }‘/cg{ol h
508 i and heredemadfl vanPakviedls 1861 (AT1bn3Qft p¥a Welght in the

conqcenxtratr on of between 10% and 50% and preferably
et ween 15% and 30% by weight in the reactor. 7 .
Process according to one of Clains 1 to 6 ,
characterized in that the reaction is perfor dinpt
pr es RIS rrolaé?é’f?lrgrlngxyg%‘?r PRan Afouft a&ltﬁ“osen{]so@%3 6/

cgc OS] % tbeat! apEbirkiaky ibanges atpeaaom@dit in  the
I n the plant Process according to Claim?7 ,

Mm&rm@mﬁemométlhar PHEIRDL edBl &0 GBAYEYT (9FeR P as to
form u o asssi
nté‘l lﬁ% ngflequFiQﬁmélQ{m {/ %ATH%( L€ £n $int in  the

ar oxygen. ocess accordrng to
wnen®f Clains 1 to 8 , characterized in that the
reaction is perforned in a fixed-bed reactor, a
fluidi zed-bed reactor, a circulating fluidized-bed

§ eaCt L, QL& N 2 JYRAideds eXxehangef . characterized in that
the molecular oxygen is in the form of air or in the form

of a mixture of gases containing molecular oxygen.

9. Process according to one of Claims 1 to 8,
characterized in +that the reaction is performed in a
fixed-bed reactor, a fluidized-bed reactor, a circulating

fluidized-bed reactor or in a plate heat exchanger.



