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WO 20061087084 PCTIEP2006J000736 PROCESS FOR
DEHYDRATING GLYCEROL TO ACROLEIN The present invention

Welpies g adarocess for manufacturing acrolein by gas-phaseiehysiaiint s
of 5 glycerol. Acrolein is the simplest of the unsaturated aldehydes. it is
also known as 2-propenal, acrylaldehyde or acrylic aldehyde. As a result

of its structure, acrolein has high reactive power by virtue of the presence

10 of its two reactive functi | ‘?%%F reacting gividually
or together.P FP5 F&%h?s%a%%%yﬁ]%q%%ﬁe% in § %ﬂanﬁgagp%%:g%%ﬁg
especially as a synthetic intermediate. It is in particular a key

intermedjigte fqr the sypthesis,afmethioning: asypthetic 15:profeiscesad  for

as an animal feed supplement, which has established itself as ) A
sTBSHERTBRfisAtheal > AERHIBIT is ﬁon-i%ﬁf@rﬁﬁﬁhetigﬁﬁgﬁﬁgai}ﬁg of °F
ag/yyeaeish jn the industrial production of acrylic acid by catalytic

oxidation of propylene jn the,gas phase, The importance Ot
; LN ! 18 1MP &0 e saturated
chemlstri\‘/cé:f%‘éeri“/ ic acidand | seden\s/sei‘tzl%gs knovc\}/%. Acrolein also leads.

via réattiaiewith Tiethy vinys cethardfohovasd - mpRRs to acrylaldehyde

g'geekfﬁlrggﬁy%ﬁvgh%m@%ﬁanyy;s,tﬁs in |9§é|§§flt€nfn@g, ai@eslbioﬁigﬁbcture,
I~ well drilling and during the processing of cutting gils, 25 and
a§‘§%‘ﬂéﬁﬁ8ahﬁ§in?éc‘?[qﬁnt“%ﬁfﬁtét‘éﬁIiﬁﬁg%e?&'fo\llﬁ&gﬁta?f g e &t Sehee

ef quipmen
Agolein is;usually used@siasynthetic tritenmediate iohdervativesapabase of

e A e (e o

linkdto thertoXiity oﬁée@”@ﬁeiﬂﬁmchmsicatibnsr especially as a
synthetic intermediate. It is in particular a key
intermediate for the synthesis of methionine, a synthetic
protein used as an animal feed supplement, which has
established itself as a substitute for fishmeal. Acrolein
is a non-isoclated synthetic intermediate of acrylié acid
in the industrial production of acrylic acid by catalytic
oxidation‘of propylene in the gas phase. The impbrtance of
the . chemistry of acrylic acid and its derivatives 1is
known. Acrolein also leads, via reaction with methyl vinyl
ether followed by hydrol?sis, to glutaraldehyde, which has
many uses in leather tanning, as a biocidal agent in oil
well drilling and during the processing of cﬁtEing 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 is
linked +to the toxicity of acrolein, which leads
industrials to avoid the storage and transportation of

this chemical product.



industrials to avoid the storage and transportation of this chemical
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product. WO 2006/087084 PCTIEP2006/000736 2 The most commonly
We§90ERsSss for producing acrolein is based on the gas-phaserralalydicoorse

oxidation reaction of propylene with atmgspheric oxygen. Th_e acrol_ein
thus obtained may then be incorporated directly into an acrylic 5 acid
manufacturing process. When acrolein is used as starting material for the

synthesi [Qni for fi Istry reactions, a purification lei
section ;Jiﬂg%vrsrﬁt egreﬁ?ggg %;{hré?rse(%gti ﬁ%)%/?g’r%dggff , ﬁ\%r%lflcc%ﬁ off CFO-en

oxites PadsAc, attid it efid ackhane acatidetiytie. 06 Tmtpaniuctesbion of

acgleipyisdhus highty dependinenihe psapdene stafling matedakin  thus
obtegneq bé/ team ckacking or,catf?lgtic crac |n%pf petroleum fractions.

ThiS SEHING Miterid” 5Ffo2Sil ORGRT IaRR&HIore L Ehtblted tRvaas acrylic
increasingrthewfeenhotse effecbdeds thusiappearsarecessary igshaveed as

ani{%QI@jﬁ{ba%gl@Q}i%}’ftg@%};s pc,rf?ges% .éssr:lt%t _dgp egmcel%rklztir%%ﬁnﬁ .or for
prg‘fylene as resource and that uses anotner starting material, which Is
pr

RS0l TRPRWRHBIY. THRASTEERSS woeld Perpbfiadadyradeantatsous 1lows
fordhe syihesisof methignine Jabichiight,g0 thenbesaid 9 be 1y carbon
"obtai,nded from bio&nass". Specifically, durlng its use in animal feed,

methioning i FapIaIyC nfStAB ol ARG 17S THrdidR RiceI5aL into
the atmdBphemrcahtrbiites towardshindreasing shecgreenhayse veffeebdhdent

aCBIHEIrltIﬁé) btéyggyfi%@ea r%]c%qlggs taﬁglt’gezéglategglﬁggr ee)é‘t%mg!y’e steam
obtained from plantoil, the CO2" emisSions noTonger enter into the '
préEEEHRInceT sirket ey demperrald R thefarbehthdriue udisthbyions.

therhimastarting material, of fossil origin, furthermore
contributes towards increasing the greenhouse effect. It
thus appears necessary <to have available an acrolein
synthesis process that is not dependent on propylene 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 is 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.



for its growth; there is therefore no increase in the greenhouse effect.
Such a process thus satisfies the 30 criteria associated with the new

“green chemistry" within a more global context of &9%06/000736
%@g@‘r’gbﬁ% WO 2006/087084 PCT/EP2006/000736 3 It has been

known for a long time that glycerol can lead to the production of aerolein.
Glycerol (also known as glycerine) is derived from the methanolysis of

plant oils.at t a ime as the methyl esters, which a Sthemselves
used espsé%ia 3% ?:s %%%ogfg% ué%gleé infa?e%e\;%a{‘rzfl& dé%%%tl@ﬁ?é‘f%ﬁ?ﬂt can
is & PRfUr&iprédect B hEs tan epdircrrnendly fricttiytdmaye (Blso  known

avaiable ipclargpeaamotint apd May besigred.aad transported withot e 14y
diﬁiqult?ll\%ny sttﬂ?es have been devoted to the 10 financtig(lj&ﬁpgradlng &"

glyREts! allordiRG toSf8egré®df ity endMRE Mehy RELSH BF glybd are
5 to abroteialisene widke resteseavisageds Thaapstioinvedashiofinies in

obtaining-acrolei m. .glycerol is: 15.CH20H:CHOH-CH20H ?

CH%E(%E%C%%%%%%S f’é%a égﬁga‘fﬁ}lé, the Ayardtidifréddipnagoduct that
favbtfedat [P tEHparantes. ind fhd defijairatiomeegrctionds davdlredle in
at highglempreatHes ahe okiain acrolein Jiiss th&ﬁ&‘e%‘iﬁé"z‘é&é%éﬁ 8y7ithout

sugic' fnt tem%erature, and/or 20 partial vacuum to shift the reaction. The

re&cton Ay e peftBitfied L fduid PA¥Se offRtRe aSPFRseIThIEO  the
10 typelohreattibnipgredintg hef cathiysetdly acidsricerding opatgBLEBe of
69543 poralgln ispbtaiDed by PAssIng:olycerolyagours at a syfficiently.
hmﬁ% the routes envisaged.
The reaction involved for obtaining acrolein from
glycerol is:
15 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
20 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
25 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
30 performed in the gas/liquid phase in +he 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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25 temperature over salts of acids containing at least three acid functions,
for instance phosphoric acid salts. The yields indicated are greater than

wevsoaigs-factional distillation. In patent US 2 558 520, the gdefyantignoose
reaction is 30 performed in the gas/liquigl 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

acglein of 62 -3%ais-WQ 0064084084 PLJ/EP2006/000736 4 obtained

under these conditions. The process described in patent application WO

99/05085 RehasBHGPAtonifEL FbiRshendBus BRERRTs, @RREEET/PR WO
atmegpbessat agpressgeaiof 3/4Q basandied thedxeseneeof a salvanlsis,

such as an aqueous solution of sulfolane. Chinese patent lg ationCN . |
1 49 §§9are%l§)e/s to 3PS reksesrf%r %%ep%riﬁﬁ%s-ﬁygr‘gx? ro‘fﬂgﬁ ?d gdnd in
fromheglyomrok MR arfoleingsrodened avebdaction mtermgediates 1Gistution of
obtained pyRrassing vaporized pure glycerol over a catalyst of potassium

sulfate or magnesium sulfate type. The reaction yields are not given.

Patent U%@’38?5725%%béé%tlﬁfb%ééé"?orcﬁ}’od]uo?ﬁé actdlefitbgtes to a
debydeation of giyeerol, i éaliquig phasendd sy ieogas PhaseRuer  trom
gl gl el deled by el Lot a0ty The Sl ISt ..
Thiese eatdystetorrespond storexamplertozasturaboesythetiersiliceousr a
malgtialsy dr instance Bordenites 20Anentmoyilloniis, acidin 2eQli@gie type.
sugggrtgézlé%higrsl O;ideasds are not given.

Patent US 5 387 720 describes a process for producing
acrolein by dehydration of glycerol, in the liguid phase
or in the gas phase 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
giliceous 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 %Zn0-21,0;, or alternatively
heteropolyacids. According to the said patent, an agueous
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 liguid 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 glycercl of close to

100% to be obtained, which leads to an agueous acrolein

solution containing side products. A proportion of about
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or siliceous materials, for example alumina (A1203), titanium oxide (Ti02),
coated with mono-, di- or triacidic inorganic acids; oxides or mixed oxides

%Eb@éogmma- alumina, the mixed oxide ZnO-Al203, or a”?&’i?ﬁvﬁbé/gémﬁ

heteropolyacids. According to the said patent, an aqueous solution
comprising from 10% to 40% of egceroPis used, and the process is
performed at temperatures of between 180C and 340C in the liquid

phase, and between 250C and, 340C in the gas phase. According to the
adtRbrs¥f the’$o SHid Patertt, thé ggg-ﬁﬁﬁggggacﬁgﬁ?s ﬁr%%é:r%%&]s:i%%anone'

et
enafiles afegreesbnonvessichef theiglycergloitidseto 100%h crolein

ohtained, which jeads tg an agygous acrolein, salutian coptainipgside eq by
products. A proportion of about WO 2006/087084 PCT/EP2006/000736 5 |
1@%astihengycerepisieasssianin®hy fogFprbpandfB,; wheh ispresdfrid-
asinesmajrdaepmdudt intiseselein solktierd heacmleipis lecovesddted,
and purified by fractiopal condensatjon or. distillation. F0£g1 Iigg(iad SCQQgseof

rebRtGY A BorRATSOR IifGitetPB°1522508 94 Besirdd Yo avbid excessive
Iogg%pﬁﬁéivhtpaloﬁhercaseaﬁaal:)gatssphe&éwmtiaq;Ldatfaiyﬁs with katween
acidity Fo of hetyeen 4 %‘#é%ébaﬂﬂ nreferably begvegn 3 andeS.6.a1€ ¢he
the ones most advantageously used; whereas the liquid-phase 10

reQBsen iBprtferaBRAPEAERABE With BaRystIhRE 8RS acﬁr)éﬁﬁ/ Ho-gpid-phase

b%.twsfe:‘:&z angl -ngeEfsﬂgEL&S 5426 24 deseribes the-samers with an
gas-phase process for the dehydratign of glycerol to_acrolejn, hut
fofSwEd By aHydratioRor e ac’r% v andga ﬁ%(? Paaétfeonnjcto (gadstol;lz,g- 249

leTh an rogéna
andes3r 15eproparedicindheydehpiiasion peactmsof fiycetdieo deiysnad ion

of glycerol to acrolein, but followed by a hydration of
the acrolein and a hydrogenation to lead to 1,2~ and 1,3-
propanediol.

The dehydration reaction of glycerol to acrolein is
thus generally accompanied by side reactions leading to
the formatioh of by-products such as hy&roxypropanone,
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
vield 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 lead to high recovery costs for the purified
acrolein. Moreover, it 4is necessary to regenerate the
catalyst very regularly in order to regain satisfactory

catalytic activity.



thus generally accompanied by side reactions leading to the formation of
by-products such as hydroxypropanone, propanaldehyde, acetaldehyde,
acetone, adducts of acrolein 20 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 25 secondly in deactivation of the catalyst. The

prosents ob By -brotcts 11 URE Rbrolth, sUEN'ES nydikyRropaRBE or =12t
qﬁopali_azldehyde,csmé bﬁwhmarear_nﬁe@m\@wifﬁguldwysd{at@f between
necesgitatesseparation angd purification steps, Jwhich dead toigh o 5a5-

recovery costs for the purified 30 acrolein. Moreover, it iS necessary to
REgETerafelther eataRist Véry TegMarlyin Sti¥rforregaihsafistagtory» than
catalyiclactivity.f6 Tihe-Applicant Companyhasdound, stuprsinglysthat 387

eafiain addic solds yith.a Hammett acidity of between -3.and+- Bhave, .
igher ca?eﬁytic actmt%ﬁor e gas- p%ase ehydraﬁon react=ion otr
@hicerolto ackdlein thhhotte dolitssf |ower asidity: descriiedllingpatemagsor
2384,/ 20. These catalysts are more active and deactivate 'less quickly,

which allows longer c%%es and a smaller reactor volume. Summary of the

InventiGRAELSrdifgly fherd i5provided a process for manufacturing

acroléin by:gasaptiase dehydration o glycerabinithedpresencecafcecess for
sUangly acidie solid catalyst with aHammett agidity Vic, of hetween -8, ¢
and -18. In one émbodiment, the preSent disclosure provides a

glycerol in the presence of a strongly acidic solid
catalyst with a Hammett acidity Hg of between -9 and -18.

In one embodiment, the present disclosure provides a
process for manufacturing acrolein by gas-phase
dehydration of glycerol in the presence of strongly acidic
solid catalysts with a Hammett acidity of between -9 and -18
and preferably between -10 and -16.

As indicated 1in patent US 5 387 720, which refers to
the article by K. Tanabe et al. in "Studies in Surface
Science and Catalysis", Vol. 51, 1989, chap. 1 and 2, the
Hammett acidity i1s 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 Tay0s, niobium

oxide Nb.0Os, alumina Al;03, titanium oxide Ti0;, =zirconia



process for manufacturing acrolein by gas-phase dehydration of glycerol
in the presence of strongly acidic solid catalysts with a Hammett acidity of
between -9 and -18 and preferably between -10 and -16. As indicated in
patent US 1 387 720, which refers to the article by K. Tanabe et al. in
Z'Bbudiesiin Suxfade Sciencesnd. Catélysis"oVols51,1988, lchaprdtands2, 02~

sthe, Hammett acidity s deferminecby; amine fitration using. Jadicators,of - 5.« o
b adsoyptlon of a base in the gas phase. The catalysts satisfying the
Béédit?%ﬁéﬁ@n%'oftb@@vqé@rg% Her - F81E B¢ Bhosen 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 heteropclyacids. The catalysts are
advantageously chosen from zeolites, Nation" composites ;based or.
s'difon’.c acid of fluorinated polymerschlorinated aluminas,
phospho-tungstic and/or silicotungstic acids anc acid salts, and various
solids of metal oxide type such as tantalum oxide 7a20=, niobium oxide
Nb205, alumina A.1203, titanium oxide TiO _, zircon:.a 6a vr02,, n
ox-de SlI02, Sit-ca ,.102 or s lica-al urinate Siv_- A-2'03, impregnated with
acidic _Functions such as borate BO;, sulfate 504, tungstate WO3,
phosphate ?Cy, silicate S10 or molybdate "io0,. The preferred catalysts
are sulfate zirconias, phosphate zirconias, tungsten zirconias, siliceous
zirconias, sulfate titanium or tin oxides, and phosphate aluminas or
silicas. The reaction may be performed in the presence of



molecular oxygen. The molecular oxygen may be present in the four: of
air or in the form of a mixture of gases containing molecular oxygen. The
amount of oxygen is chosen so as to be outside the flammability range at
any point in the plant. From Figure 4 of US pater-_ application
2004/15012, the maximum oxygen coritent, in an acrolein/'02/N2 m'ixtur'e
' s about 7% by volume in order be entirely outside the flammability
range. the molecular oxygen content wi" generally he chosen so as not to
rexceedli%aretathieto shermixpidee-ef gases entering the reaction

(mixtyre of gsl%%%@é/ 2Gloxyg %gﬁl"% ?g oages)., preferablycthe.oxygan ., ; .

content'is le an relative to t ry gas mixture leaving the reactor -
olmisklre s acralei?oxyigen/inert §ases): The redctioPraccdtding tdthet Ceous

diselgsureds performed in the.gasphase. Yarious;preeess teehnologieshate
ma% be uqsed and are known to those skilled in the art, i.e. a fixed-bed
%irdeds % filfidiZed-bet srocess or a circulating fluidized-bed process.

The s_@twtiope@fcthe*@ptimum. precessisimade@s arfunctien gfxagiense oI
mgitggﬁ’l@? f'é?&@/’@@rq.pr%%ssrpéﬁemﬁ%qva&%%e%f %%QQ"CE%; t'B?esent in

=..u-dined-bed processes make it possible to continuous' discharge the
tifent’ eataly8fandtd pSrmah@ntlyitechargd frésh catafst writieutor 9ases
HORRAG the PEQ aeizo= with:the passibil_tyhef keisgisothemmieskheen is

S feuian fuigizeg:-bed process has e adaniags ot opumizing he. .,
reaction selectivity 8 by permanen?ly returning freshly regénerate%@
reatalystinto-ise Faactor, whiletat The samedingd coinpensating fepfhe cation
RNEIgY exehange hefween ihe reagtor and, {heregengmioehe in  an
acrolein/0,/N, mixture is about 7% by volume in order to be
entirely outside the flammability range. The molecular
oxygen content will generally be chosen so as not to
exceed 7% relative to the mixture of gases entering the
reaction (mixture of glycerol/H,O0/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 disclosure 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 1s made as a
function of wvarious criteria; the fixed-bed process has
the advantage of simplicity; the fluidized-bed processes
make 1t possible to continuocusly 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



regeneration of the catalyst may be performed with oxygen, hydrogen or
with other treatments such as washing with solvents and/or treatment
with H202. According to one particular embodiment of the disclosure, the
process is performed in a reactor of the plate heat exchanger type. This
reactor consists of plates forming between themselves circulation
channels that can contain a catalyst. This technology has many
bYadvaen%% es 'n ferms fdhreatmegct}%n e, flssorcéategcvgigh Q%Qh anﬁ £ into
éx%angen‘(e:apagity.‘(f’ us,ntjﬁls“type of reactor 1s %aﬁlcu?ar y su%aab“lé/ for T
tremoving heat easily izthetcaseof exotherniiceeactions oreforsapphyirg the

eH@?@%‘_@ the starsunRhqses ofrgactions-onin the casgof endothermic r . The
reactions. More particularly, this reactor makes it possible either to heat

L BPTIES0! thE Ratalyst FheReat Lékchafigd i Farticalany efficidht with thé s
hoitewlation ofa heatiexchange fluidcnthesystersuthe platesimayibey with
S% %%@ngd%\l %q:ulg% e\g@iﬁg&veﬁiggga%r legxibility, whether as regards
the size of the reactor, its maintenance or'the replacement of the catalyst.
SystehfcWatimay bé suitablesfor thelproeess 8f thediebstré are, ¥or  the

dexample; the regetors deseriped -n dgeunenis-EP 995 A9ti &R 1 147 the
807, the content of which is incorpora}tlei% byeraeéezrgnce. These reactors

Pafe particaiarly SGltaRRYor e Catalytic Tohvarsion of TRALHST media, plates
fspedificallyogaseows rgaction edia, suchasthbse usdainthépreseat can

Jnvention. The plate heat %}hQHQ%M&@%@%@@@Q@O%@%Mages in

(meth)acrclein or (meth)acrylic acid via, catalyt-c oxidation of C3 or C4

CHratTiIrsors, tesErilset it ot umeRE 85 2665/002085 17 thay A156 be S*hange
csutable for thedis, this type of reactor is particularly

suitable for removing heat easily 1in the case of
exothermic reactions, or for supplying heat in the start-
up phases of reactions or in the case of endothermic
reactions. More particularly, this reactor makes 1t
possible either to heat or to cool the catalyst. The heat
exchange 1is 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 slze of the reactor, its
maintenance or the replacement of the catalyst. Systems
that may be suitable for the process of the disclosure 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 used 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



manufacture of acrolein via dehydration of glycerol, which is the subject
of the present disclosure. The experimental conditions of the reaction are
preferably a temperature of between 25QC and 350C and a pressure of
between 1 and 5 bar. It has been observed that a lower temperature
leads to a reduction of the glycerol conversion yield, but, at the same

“”?neaéﬁ%ésc?{gl‘i@’it%ﬁfto&@fgﬁé‘fﬁo'@ﬂisdﬁﬁm&gﬁ ypid,g Ve, hich
reactions an the ormation of unwante_d products, it is important to limit
thé PediENESHINFS T the reRBtcrL PiGreovet Shy itré&sing the residence

time, itisalgo pogsibledenave highaucenvarsionss it isgspeciairtion are
desirable to increase the contact time_(residence timegoof the reg%agts in
JecrBsse’

thPFEi5H TP tle BatbRRHT Brderto° CopERESE: for hg and a

degrensetieenversiantwhen a lawer tedotion tempeatubeisiusétierved that
G'%Ceit%aév "e%ggg';x%%n%v?e;w thg farm.gf aquegys selutigns. o1 ycaro1

Advantageously, an aqueous glycerol solution with a concentration of =
betweare1090aNd 5696 andWreferbblF R1FEES 150dHnd 0% byweght vity

is ysgebingthe reacter fhe concenyatian should nQt bedeg High, $onaedetive

avoid spurious reactions such as the formation of glycerol ethers or

+

red@RRE Kt e &R the Tt ol S BIDULRBI Und REGN &GS ol PRRTESS thét +8
glycrgasedition sbould niat beteo dilute danaecountnef thereneryy castactor;

involved  in the evaparation of the agueous glyceral solution, In- aay case, ;
' themgé:r?coevn%;dtioer?%f tﬁél%ﬁfcaésr%flgolt(}t?b% may)'(bee ad%steé’r%y"recycling 280
thepwatstipreduted hawre rbashesd. Irroriaudietsee thé glyceropspecially

trapsportaion. and staragscestsnhedsaciormayhe feditience time) of
concentrated solution of 40% to 100% by weight 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. '

Glycerol is available inexpensively in the form of
agqueous solutions. Advantageously, an agqueous 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 aveoid 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 évaporation’ of the aqueous glycerol solution. In
‘any case, the concentration of the glycerol solution may
be adjusted by recycling the water produced by the
react;‘.on. 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



glycerol, dilution to the optimum content being performed by recycling

- some of the steam produced by the reaction 10 and of the dilution water.
Similarly, the recovery of heat at the reagtor outlet may also allow the
glycerol solution feeding the reactor to be vaporized. Glycerol derived
from the methanolysis of plant oils in basic medium may contain.certain

impurtiesysye ag ; sedivehchigrde or sulfate Rop-glyeerol-arganic mafter, o o+
and methanol. The presence of sodium salts is in particular detriméntal to

the*CataRicCHRANRAGN TaEtigi BirtetResd Sals Bhe capamgrsl solution
possatiththe: lacidissiesrAqy eteatmpoi-akte. glycerol by ion exchange
may be envisaged, Compared with the conventional process for, preparing
acrolein bgyy glélf:?%/e gﬁﬁ%ﬁgg 0 ﬁ%npy%\r?e, e&%@ﬁ)% Sprodt eé’epant oils
acéordihgsochenpdivess ofdtie perntion magrtentain impuritits@f such as

diffesentpatuie Qr-ingdifferent ampunt. Acgording Jathe envisaged Use ..+ o

synthesis of acrylic acid, synthesis of methionineor fine chemistry , '
redttions MIERTAFBE enviShfed RFFEARIRe ffoleFradedrdingrbihe s  in
techaiiies:kaewn tethesaskiled in the ahMoreparicyarly, th@ehydration
by-products may, be recavered and.incinerated, thus_producing vapour or
enéﬁ%%/?%']h%n er%%%?ic %Sﬁa%inaagfttﬁe Bilr?prc?oal}%%(l)fathg §|y§8rloﬁ% ning the
delydidiion reattien fuithenprerenerkmsittpossiblettbegrestlyaedote thg ion

grmgéggg?nggsig;l@g ggﬁadqrocess, compared with the

conventional process, for which™ the COz produced is derived from fossil
carbon d&ARP BFE dndfiétatidhef FRAFRD 3. BHCERARDIESthax eparing

follewridustiatedpeqyesentive oxidation of propylene, the acrolein
produced according to the process of +the invention may
contain impurities of different nature or in different
amount. According 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—prbducts may be recovered
and incinerated, thus producing vapour or energy. The
energetic upgrading of the by~p£oducts 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; preoduced i1s derived from fossil éarbon during the
incineration of the by-products.
The examples that follow illustrate the present

disclosure without, however, limiting its scope.

Examples

In the examples, a tubular reactor consisting of a tube 85
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disclosure without, however, limiting its scone. Examples In the
examples, a tubular reactor consisting of a tube 85 WO 20061087084

%ngg%qwmm% 11 cm long and with an inside diametqﬁﬁm&%&n p
at

used to perform the glycerol dehydratiﬁ reaction in the gas phase
atmospheric pressure. This reactor is placed in a heated chamber
maintained at the reaction temperature, 5 which is 300C, unless otherwise

indicated. The catalysts used are ground. r.pelletized tg obtain d t
pé:rlﬂclt'aﬁg of 078'%o .f)tr%mé&o ﬁ”lrisogdc%ta%'stqg%g?gadgg into the reac?c;sreto °
fopmf catalytivebarl 35 ene lordgIMitls welds manftaiHed dithéheadtich phase

temperaiyefor 21910 punudtes 10 befgredntrodyeingtheireageriscthein  a
reactor is fed with an aqueous solution containing 20% by wei

S ht of
gie&rEE it & hiddtfeed AGR A 8F 1281 e 55[%30%061yc?é?0 perature,
saolutiemis Mapezed n thellkeated chambere arichthers passe§owerctiealysts
catalyst. The calculated contact time.i . ut 2.9 Tl i
ca asly§t t&5fis %ﬁ%ﬁ?g haonlfqrz?\fvhrpcﬁlcioé:}%g&%dg ?o Zﬁb%l?tlg% %}IHSF?@ £ ot
aduedusglytefl svtutiohhagsedBverchibadatalyst 2ARer R2&H08n, tR&C the

prodyetsare cgndenseddn adrap yefrigerated with grusheddce.@lis bed is
Samples of the effluents are collected periodically. For. ea sam I m

coBCtc: B is HLrASAER it & STBEATON of Hitfogen & pacsbd ™"
thigsighribe teaetod te ipuyge ite The argpratsthe Téactoreautiatis then fed with

replaced, 25 the nitregen flow n reactar i urned
under 3%%36)8? reggg%t%.lr%% tgéﬁéggglr?f?}l%e%%ﬁilg9 e BB g1ycerol

at a mean feed flow rate of 12 ml/h. 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. The duration of a catalyst test is about 7
hours, which corresponds to 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 is 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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appreciable deactivation of the catalyst is noted. For each experiment, the
total mass of products entering 30 and leaving is measured, which allows

3yH3s5:Raasce to be determined. Similarly, the products forgeg8560s/000736
analysed by chromatography. Two types,of analysis are performed: - an

analysis by chromatography on a filled column WO 2006/087084
PCT/EP2006/000736 12 (FFAP column 2 m*1/8") on a Carlo Erba

chr graph equipped with 8, TCD, detectoy, The quantitativ J
is Qrgflo?me%gv%ﬁﬁ%npgxté?nyga;da?g (2- utgﬁcl)rr%); -Eagr%) ?na@%%&%l‘éseggraph

chesaRBrapyi6h aacdsiPargorahars (EEAPTHNNRRSE AV, 23 mpis 1is
ongHEBREE chremalngeaphe sauippacdwithan il detegienwith the

same samples stored at -15C. Ti;le first method is particularly sSJri able for 1
rapid 10 anaRsA Sr e 5ot cR RRUEEP LAY AN Yidld GFRicroffy, cotumn
Therespndomitivod S Oised*0 .[2dve mamporepreeise BPaBSIs of altdhetograph

reae(:%gag] éer%ugés'aMO%%e&e@Q@Qggsvpytgc‘éﬂ§ _amé samples stored

chro Eaphy er silylation were performed to confirm these results.
15Fheproducts thus quantified are the unreacted glycerol, the acrolein
formed and the by-products such as hydroxypropanone, acetaldehyde,

propanaldehyde, acetone _and phenol. 20 In the_examples that follow, the (q
glytBfol coh él%ioﬁt}etﬁgogcro% SBRICHVRY BhH tRe yidlds 3P tife vafidus T2PL
praghueisy aties dedifiedcas followstugiyeerol modvessiopr{Ye) 13 ¢ 00theumbierlof  of

'nqggigﬁein. The second method is used to have a more precise
analysis of all +the 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 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 yield is calculated as for

the acrolein yield:
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25

25 glycerol remaining/number of moles of glycerol introduced; acrolein

yield (%) = number of moles of acrolein produced/number of moles of

W&?ﬁ&& /Hgt?r(gguced; acrolein selectivity (%) = 100 * number 0£%§09§/000736
acrolein produced/number of moles of glycerol reacted. 30 The acetone or
hydroxypropanone yield is calculated as for the acrolein yield: WO
2006/087084 PCT/EP2006/000736 13 acetaldehyde yield (%) = 2/3 *

number of moles of acetaldehyde produced ber of moles of glycerol
introduce?f% %ﬁ%ﬁ%% (%/)l:e %g* an?ﬂbef o%}gresgofnp%?n;%%]f 509 Hfes o
predusdeildeiipée of regled wiedycarobatrodueéd. AleHe sesulisfare glycerol
expiessgd.as.golar percentages relative to the glycerol introduced. 10
Examples 1 and la (comparative of the prior art)._ 10 m| of
H3P04/aRRelatmifiedstaly$owith aHamnTeiiagHiny Elo BPhERveBA -Phenol
angrbd qrapaiethas described én qrmteny &b B8Tnfad depersenting a

mass of 10 g, were 15 loaded into the reactor. The catalyst was prepared

in the following manner: 15.9 g of alpha-alumina from Ceramtec (Ref

E0ALS - spdicific sefadd areaa@g merprarsedporésdianmter?2 syrncentages
apparent RRLosity BR6 5 pypRHeA injthe-ferme of rings and ground so as to
retain only the 20 partic?es of diameter 1-1.4 mm) were impregnated with

4 g of a 20% by weight phosphoric acid solution (prepared by addition of
1625ambbéwaternandd Bag of 8bfa by wisight phasphpric acid)r The solid is

then dried on a rotavapor at 80C and used directly for Example 1. For

Example la,
10 ml of H3PO4/alpha-alumina catalyst with a Hammett

acidity Hg of between -3 and -5.6, prepared as described in
patent US 5 387 720, 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 E0-19 - specific surface area 0.7 m?’/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:



25 the solid underwent an additional activation in air at 300C for 3 hours

in order to fix the phosphoric acid to the support. The results are collated

iR d ahlgot-hglow: WO 2006/4)87084 PCT/EP2006/000736 14-Taliedk hso7se
le | Example la Cumulative P 8 16 25 Sﬁ 8 16 24 32 glycerol intro duced
(g) Glycerol 91 69 42 17 70 37 9 8 conversion Acrolein yield 54.5 32.2

20.6 3.8 42.1 18.2 4.6 3.1 Acrolein 60 46 49 23 60 50 50 41 selectivity
Hydroxypropanone 12.3 9.3 6.5 2.1 Qb§e4§ 0.0 0.0 yield Acetaldehyde
0.10.00.00.00.00.00.00.0 yield%aldehyde 0.30.20.10.00.0

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

O e D OO O oA ALXAAN A A D

yietd 1:6-01r0- T 00 P8 {,18-0,0-0Materiat batance 9876 98,7, g 889 5
D8.5 98.9 98.0 99.0 (mass collected/mass _introduded) Quantified 77.6

7216184 9:894 83.2 86,2 95.5 9516 prodiict baRAce (pfoducts 6 24 32
glycerol intro-

duced (9g)

Glycerol 91 69 42 17 70 37 9 8
conversion
Acrolein yield 54.5 32.2 20.6 3.8 |42.1 18.2 4.6 3.1
Acrolein 60 46 49 23 60 50 50 41

selectivity

Hydroxypropanone | 12.3 9.3 6.5 2.1 |10.3 4.8 0.0 0.0
yield
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

(mass
collected/mass
introduced)
Quantified 77.6 72.6 84.9 89.483.2 86.2 95.5 95.6
product balance |
(products
assayed/glycerol

introduced)

Rapid deactivation of the catalyst is observed.

Example 2
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TéchAip'SBR NG 5°PToe: 08492). 16%I of ca

assayed/glycerol introduced) Rapid deactivation of the catalyst is

observed. 5 Example 2 WO 2006/087084 PCT/EP2006/000736 15 A

W %g&dgg&gia (90% Zr02 - 10% SOy) from Daiichi Kigens ier

reference H1416) is used as catalyst. This catalyst has a Io(;lg@ctj/r? i|}g§|(r$|’t6|/(())(r)10736

at 1000C of 8.81% and a specific surfade area of 54.3 m2/g (BET, 1

point). 5 The qcidity Ho_is equal to -16 according to the table on page 71

of the publication gn acid-base catalysis (C. Magcquy) \égl.gl, %@%heﬁlaQKchi
alyst, Fépresenting a

masg@afkh.5(g,umerd daaded inteetheereHitoL610 Tie resdlts a6 givehadyst.

T ?éﬁsz helow,  L3blg, g Cumujative lece{glrx%ﬂ&? 36:44,93 oirtrodycedl. 1%

(g) Glycerol cor{versmn 100 99 96 91 89 84 Acrolein,yjeld 34.0 43.3 40.6

3@@@338 Ipec pEicleifsefesRityRr44 2 36 38 4% MydrBRyproparkshd™®) -

yiglgk8.5 4348 3. 7514 651511413 Asetaldehydeoyialiht 642 8ik2.8ah%e on

34 P dehyde yield 12.4 9.7 7.2 6.5 6.7 7, ' .
OB6 0000.0° Pheibl B L6 6.8 650 £6 5 MAlSHal BAheb 085 ("

9MAA8.4 )3 9816.9915 (mﬁs‘sk&ﬁle@te)dﬁmé@hnip (ISBN No. 2-7108-
0841-2). 10 ml of catalyst, representing a mass of 16.5 g,

were loaded 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 O,C
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 gquickly than that
of Example 1.
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15

introduced) Quantified product 62.5 72.8 70.0 69.0 69.6 77.2 balance
(products assayed/gly cerol introduced) 15 This type of catalyst
deastaresdgss quickly than that of Example 1. WO 2006/08£984,006/000736
PCT/EP20067000736 16 Examples 3 and 3a' 10 ml of 40% Nafion/Si02
composite prepared according to the procedure described in the

publication by Holderich 5 and Harmer, Green Chemistry 2000, 2, pp.

7-E’L}ffa,L reRreSsegtinggl mass of 4.77 g, were loaded into the reactor. This

t cidity H6 of about - 12 according to a commercial
notice. 10 The results are given in Table 3 below. Table 3 Cumulative
glygergh8 16 24 33 4150 58 6% dptreduges ()G yseioh eoaveision: il to
100 100 97 92 87 80 73 Acrolein yield 63.6 76.0 ZZ.S 8.3 64b0 58H6‘ EéG ich
452 ABBRSGR LBRIRSEF 7R3 78 69768 66 BB MM bropandne 5T
9.5r%3 9.4a%AH0 7.06G4eyield Aloetdldehyde ye1d 1,3 0.3 0.4 0p® 0.2 07214,
0.2 0.1 Propanaldehyde yield 5.1 2. 1.1 0.9 .6 et
yié%"(?.%‘”’&ﬁ%olﬁ%.1%.0%%%640.0%’1‘.‘0 bt éi’em i 'ip.,s %E? Sy e
1,039t Matefaivalavee 075 985988095058 R°d bty 98 Ofmakevt -
collecled/Biagsng to a commercial notice.

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 2.5 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 8l1.6 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.



5

introduced) Quantified product 77.5 89.7 85.5 81.7 83.3 82.1 81.6 82.0
balance (products assayed/glycerol introduced) 15 This same catalyst
%J&%&&Mﬁ“s time with a reaction temperature of 280C ins%%o%%ﬁms
e results are given in Table 3a below. WO 2006/087084
PCT/EP2006/000736 17 Table 3a cunidlative $ 16 24 32 40 56 72 80
glycerol intro duced (g) Glycerol 100 100 100 100 97 93 85 80 conversion
Acrolein yield 62.3 73.2 72.5 70.8 67.3 62.1 55.0 50.4 Acrolein 62 73 72
7169 67 65 63 selectivity Hydroxyf#8s&ndde 4.4 8.89.59.59.59.29.1
8.3 yield Acetaldehyde 1.0 0.4 0.30.30.20.20.1 0.1 vyield

ronanaldahvde. 4.0.2.2.4.7 1.4
LA A A K4

ropanaldehyde 2-2-4-A-4+-A44-0-0-9-0:6-0-6ytetd /—‘A{d—;tunu__-)gieid NG 80
PG BD 8059 0.0 0.0 p.0°PhendPyield 25 1.7°7.4 1.2 1.0 1.0 1.0 0.9
Meltgraldodlance 9762 98.5 98.7 98.6 99.0 98.5 98.5 99.2 (mass
cgllg%(ggd/{ge)lss introduced)

Glycerol 100 100 100 100 97 93 85 80
conversion
Acrolein yield 62.3 73.2 72.5 70.8 67.3 62.1 55.0 50.4
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 1.0- 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



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
lective and 5 deactivates less quickly than that of Exa

xgr%%ise%}{i%‘o 2006/087084 PCT/EP2006/000736 18 A ph?s&:ﬁ%téow 000736
zirconia (91.5% Zr02 - 8.59 PO4) from¥Baiichi Kigenso (Ref. H1418) is
used. This catalyst has a loss on ignition at 1000C of 4.23% and a
specific surface area of 128.7 m2/g. 10 ml of this catalyst, representinga, . .
MAasSbPhatRy, Weredaded(ihlo B Edtor: The 8si+dre™dioBn i ticht

Tahle belopreFablgi comulative 46 24132 41-40H% 65 glyseral intros on
duced (g) Glycerol 100,100

0 ,99 97 96 95 con ersi lei
yiefPi6:6%0 2467 4% 5 48% 261.42945%“56.3 RBSTE 5 %E 516%?554%5198& of
4729 . Selettiyity Hydrixypfoparionee il vist3.0upsagep by 15,2067 of

5 {igIﬁju'%%et%wdleogge@:%i%god“ZhdésJ%gcokélg-j yield Propanaldehyde

10

071472 11.711.19.89.08.0 8.2 yield
The results are given in Table 4 below.

Table 4

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
17

40.4
40

46.7
47

Acrolein yield 45.2 46.2 46.5 45.3 46.9

Acrolein 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
yvield
0.0
4.2

95.0

Acetone yield
Phenol yield

0.0
4.4
98.2

0.0
2.9
95.2

¢.0 0.0 0.0 0.0 0.0
2.5 1.8 2.2 1.7 1.8
97.7 97.6 98.4 97.9 97.9

Material balance
(mass
collected/mass
introduced)
Quantified 42.7 74.6 79.3 77.0 77.4 79.4 77.3 82.3
product balance
(products

assayed/glycerol

introduced)




Acetone yield 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Phenolyield 4.24.42.92.5
1.82.2 1.7 1.8 Material balance 95.0 98.2 95.2 97.7 97.6 98.4 97.9 97.9

WEsssallegied/mass introduced) Quantified 42.7 74.6 79.3, 44,808 d0B000736
79.4 77.3 82.3 product balance (products assayed/glycerol introduced)

10 WO 2006/087084 PCT/EP2006/000736 19 Example 5 A tungsten
zirconia (90.7% ZrO2 - 9.3% WO3) from Daiichi Kigenso (supplier

referenc<iélz-|é4l7) is used. This catalyst 5 has a loss on ignition at 1000C
of= a specific surface area of 47.4 m2/g (BET, 1 point). The
acidity Ho is equal to -14.5 according to the table on page 71 of the

publication.en acigd:nasecatalysis (&5 Marsilly) Val. 35 pyblishegkby paiichi
Technip (ISBN No. 2-7108-0841-2). 10 10 ml of catalyst, representing a
m&dIEPE9 g B baled i TREFEactor THe reRultS&fk givBhth ’?’QB%USJC

5 belewa Takde 545 Gumultative glycerolo® 16 253213948 6408 a specific
Inroduced. (), Glycgtol gomyersion 108100 109400:.500 409 398109 &, is
equal to -14.5 according to the table on page 71 of the
publication on acid-base catalysis (C. Marcilly) Vol. 1,

published by Technip (ISBN No. 2-7108-0841-2).

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 71.6 72.1 71.4 72.7 73.5 173.1
Acrolein selectivity . 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.




10

15

Acrolein yield 46.9 69.2 71.6 72.1 71.4 72.7 73.5 73.1 Acrolein selectivity
47 69727271 73 74 73 Hydroxypropanone yield 0.34.57.4 8.6 6.7 9.7
0B IR fgetaldehyde yield 4.7 4.4 4.0 3.8 3.7 3.4 2.7 1.7PCT/ P2006/000736
Propanaldehyde yield 8.7 7.4 7.0 6.7 6.6 5.4 5.6 3.6 Acetone yield 2.3 3.0
252.42.4231.71.1 Phenol yield 23%95131.2011.0020.0

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

OB ER NP 3 balance(products assayed/glycerol introduced) This
catalyst maintains a high yield largely superior to the performance of the

Caltgllys Qf Eé%mpé%%fx\@, 2093.6149%?&%4 PQJEPZQQ§1QQQ73@<i%%nSO, as

Example 6 10 ml of sulfate zirconia from Daiichi Kigenso, as described in
EL8fpIE P 1416) Faphsdenting o Fdskoor 5 T6BG R Rad& ifdSS ©f
thegreqctgr, The reaction ieperfoimed His tirnedie the presaecemfaction is
molecular oxygen, at a flow rate of 0.8 1/h. The results are given_in T
BRI IO A6 CAMUTAtB oheerc TSR et S 1D Chcst oo
carvessidnld@0rN0:=1@E AcrBlelr fieldhe. 383.81855 aserottiiselcdtivifipble
4% Sée%vﬁydroxypropanone yield 0.0 0.0 0.0

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 _ 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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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

Wo Qofsedognass collected/mass introduced) Quantified produet/ Badasiidor3e
57.566.9 65.0 (products assayed/glyceyol introduced) The addition of
molecular oxygen makes it possible to achieve higher yields by limiting

the formation of by- 15 products. WO 2006/087084 PCTIEP2006/000736

21 CLAIMS 1. Process for manufacigringacrolein by gas-phase

dehydration of glycerol in the presence of a strongly 5 acidic solid catalyst
with a Hammett acidity Ho of between -9 and -18. 2. Process according to
Ciaim 1peharacterizedin thasribeeatalyshbas atissneatt acidity Hmef-phase
between -10 and - 10 16. 3. Process according to Claim 1 or 2,

ci%é;%a% errf‘i{:eldp i tﬁ%?tr%lggt%ﬁ/osit isjé%os%{ﬁefro rr?ast%rrlﬁeor fc?)%nthaeticstrorlgly
sificécis nrrdrdals or breidic zeuliter; mirntaarsipporsidbtsudivas dxprEween
coatedyith ;mono-, di-, tri- or polyacidic inorganic acids; oxides or mixed
oxides, or alternatively heteropolyacids. 4. Process according to one of
Claims 1 to 3, 20 characterized in that the catalyst is chosen from
zeqlites,H¥aftien sorapesites. (hased og kuwifnnic acidioirvarndtedd in that

p@Xg“%Stg gg@aﬁgéa@nﬁg%%bQQog%Eﬁity Hy of between -10 and -

16.

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
Tap05, niobium oxide WNb,0s, alumina Al,0;, titanium oxide
Ti0y, zirconia 2r0;, tin oxide Sn0;, silica S$i0; or silico-
aluminate Si0,-Al;0;, impregnated with acidic functions
such as borate BO;, sulfate 804, tungstate W0;, phosphate
POy, silicate Si0; 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,
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tungstic and/or silicotungstic acids and acid salts, and various solids of
metal oxide type such as tantalum oxide 25 Ta205, niobium oxide
NooR/amhidpaina A1203v titanium oxide Ti02, zirconia Zr02, tignoxidens/000736
Sn02, Silica Si02-or silico- aluminate $i92-A1203, impregnated with acidic
functions such as borate 503, sulfate SO4, tungstate W03, phosphate

P04, silicate Si02 or molybdate MoO3. 30 5. Process according to one of
Claims.1 19 4. ,harggterizedindha the.catalyst ismehasest from sulidiges .

zirconias, phosphate zirconias, tungsten zirconias, WO 2006/087084
PCT/EP2006/000736 22 siliceous zirconias, and sulfate titanium or tin

ogides. 6:-BEeeess agsordingig oneof Claimas 14¢ 5, Chasasterized irk-that =/

the glycerol is in the form of an .5 aqy lytion with) a ceuceptration of
bgﬁ‘/ge%!eaﬁJ 169 &3R4 50% él:rkféi gre%’rgabl et\?v%%e% 1£s% and 30% by weight =

iretiee ceacten Vv ProbessiddtorlitPRAGHE bR Cidims A oke tygen  10% and
characterized, inthat 1he yeactiopds perfeunachin the preseneeiafnt in the

molecular oxygen; in an amount chosen so as to be outside the
fl&ARATARRY range at any point in the plant. 15 8. Process according to
Claim 7, characterized in that the molecular oxygen is in the form of air or

in_the form _of a mixture of gases cantainigg molegularoxygen. 9.4Progess ¢
ac7c’ordinPgrt%cg'r?eS of Claims ll%g& 20 characterized in that the reaction is '

perfermeett ir azfidedived thattor; BEIUBRAREBE® rehSoR S EPEHging™ ™ the
fl%giéggf@ [eAGHY Qcima Plateheah exehanger amount chosen so as to

be outside the flammability range at any point in the

plant.

8. Process according to Claim 7, 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.



