1 Method for producing acrolein by means of dehydration of glycerol The present invention relates to
an improved process 5 for the manufacture of acrolein by dehydration of glycerol in the presence of
acid gas additives. Acrolein is the simplest of the unsaturated aldehydes. It is also known as
2-propenal, acrylaldehyde or 10 acrylic aldehyde. Déeto its structure, acrolein has a high reactive
power by virtue of the presence of its two reactive functional groups, which are capable of reacting
individually or to¥etherdl Hieis whyderdlsm Fexnadmarousyapptisasorst ik phuidukt Bersynthetic 15
intermediate. It is in particular a key intermedigte dn thesgydthesis of methionine, a synthetic amino acid
used as animal food supplement which is becoming established as a replacement for fish meal.
Acrolein is a nonisolated intermediate in the synthesis of acrylic 20 acid in the industrial production of
acrylic acid by Thlylie esiRtioniotsopiene wethe s phaseaFhelimporieeée prpeademistry of
acrylic acid ang gt-its giedvatives.is kaewre Acraleinsalse resulls, by regetigpaniit mathylagnyl ether

followed by 25 I'idrol sis, in_glutaraldehyde, which. has humerqu es in the tanning of leather, as
biocide in oil dr |X§ %%giatﬁ)rr?s%}% glfrler%eﬁl]%etréje%m%%%éf g&tﬁn%%l é%ér}rc? §s' chemical disinfectant
and sterilizing agent for hospital equipment. 30 The most commonly used process for the production of

acrolein is basgd pnihegasphase catalytic exidatidn resctiomob propytend witldatnyaspheric oxygen.
35 The acroleiriywusi%btaigfg&an}mgqnli)e dirg_ct% i_rtg%%cggggp’in apPracess ggﬁpgga_rggacture of

acrylic acid. When the acrolein is used as starting material for the synthesis of méthionine and/or

acrylic -¥- acRFAHdIOF adyibHYiRCor fBFfne chehtiStny FEattbHE S paHcatiGA3elfich Makes it
possible to reniovegthe-esactibndyprodects omambtarbonodxidese agrylicsacidcacefic adid and

acetaldehyde. 5 Jhe praduciiop 0&@9{9@1&@@@@@&%@%@% opthe propyiene stggting material
obtained by steam cracklng,ordcatagtlc J(_:_rLacklnlg % CPetgccilleum f[r ctions. Thi startlng Taterlal, of fossil
OHQHQMHheWﬁﬁgcﬁlng individually or gether. 18 18 why acrolein

has numerous applications, in particular as synthetic
15 intermediate. It is in particular a key intermediate in
the synthesis of methionine, a synthetic amino acid
used as animal food supplement which dis becoming
established ag a replacement for fish meal. Acrolein is
a nonisclated intermediate in the synthesis of acrylic
20 acid in the industrial production of acryiic acid by
catalytic oxidation of propylene in the gas phase. The
importance of the chemistry of acrylic acid and of its
derivatives 1is known. Acrolein alsc results, by
reaction with  methyl vinyl ether followed by
25 hydrolysis, in glutaraldehyde, which has numerous uses
in the tanning of leather, as biocide in oil drilling
operations and during the treatment of cutting oils,
and ag chemical disinfectant and sterilizing agent for
hospital equipment.
30
The most commonly used process for the production of
acrolein ig based on the gas-phase catalytic oxidation

reaction of propylene with atmospheric oxygen.

35 The acrolein thus obtained can then be directly
incorporated in a process for the manufacture of
acrylic acid. When the acroclein 1s used as starting

material for the synthesis of methionine and/or acrylic



10 contributes to increasing the greenhouse effect. It thus appears necessary to have available a
process for the synthesis of acrolein which is not dependent on the propylene resource and which
uses another starting material, preferably a renewable starting material. 15 This process would be
particularly advantageous for the synthesis of methiériine and other products, which could then be said
to be "obtained from biomass". This is because methionine, when used in animal food, is rapidly
metabolized and il caplvsh dioxide gasiwmiéh 2Dlends @p in thematméspitere EhambateSYo increasing

thbe greznhOUS§ét@@&dh@? agrieinis obtainesh frerac renewakle-stading paaterial for example
obtained from vegetable ail, the CO2 emissjons_no.longer come within the balance of.the process as
they compensgt%gfg?r%e g%éqar Son " |%)>?|laeségg ﬁ%&b‘ %gsthe g%%n%is}é fo?aftggggrgwtﬁ%%%%eg is therefore
no increase in ATE HrehhdEse effREE Britheer prbcesE thdithete e iteria associated with the new
concept of "green chemistry" in a broader context of sustainable development. 30 It is also known to

synthesize ald%g%d?rg as &qr_oéﬁ]n S-dehydration og@ugolﬂg%qgj, %@Se%ﬁi@%{‘&e@h Glycerol

(also known as glycéerin when it is in the form of an aqueous_solution) results in 35 particular from the

methanolysis ¢fRgeRBRPEAGARImSTGEE e sARESIME Ls RS FetRASstdt¥, wifici3Pe for their
part employeddnr pakticutar as fuels il giesel oihanckhegting Dil pEhisdd aumatuf akprodact available in
large amountsiif, ¢an he stored. - 3iand-ranspogded wibautdifficulty; i exkibits the-adyantage of
belng.a regewablegt%rgn%gsl;ate{igl n}&eéilp ;Qgrgriteri%gsso%igéen vgié%éhe Qﬁ\é/e%oglpepigf "green
chemistry®. ~ contribu g g
thus appears necessary to have available a process for
the synthesis of acrolein which is not dependent on the
propylene resource and which uses another starting
material, preferably a renewable starting material.
15 This process would be particularly advantageous for the
synthesis of methionine and other products, which could
then be said to be “obtained from biomass”. This is
becaugse methionine, when used in animal food, is
rapidly metabolized and the carbon dioxide gas which
20 ends up in the atmosphere contributes to increasing the
greenhouse effect. If the acrolein is obtained from &
renewable starting material, for example obtained from
vegetable oil, the CO; emissions no longer come within
the balance of the process as they compensate for the
25 carbon dioxide gas used by the bicmass for its growth;
there 1s therefore mno increase 1in the greenhouse
effect. Such a ©process then meets the criteria
associated with the new concept of “green chémistry" in
a broader context of sustainable development.
30
It i1s &also known to synthesirze aldehydes, such as
acrolein, by dehydration of a peclyalcchol, such as
glycerol. Glycerol {(alsoc known as glycerin when 1t is
in the form of an aqueous solution) results in
35 particular from the methanclysis of vegetable and
animal oilg at the same time as the methyl esters,
which &are for their part employved in particular as
fuels in diesel o0il and heating oil. This is a natural

product, available in large amounts; it can be stored



5 Numerous recent studies have been devoted to the recovery in value of glycerol and in particular to
the preparation of acrolein. The process which is the subject of these studies employs a reaction for
the 10 dehydration of glycerol according to the consecutive reactions:
CH20H-CHOH-CH20HCH20H-0H2-CHO+ H20 '1: €H2=CH-CHO + 2H20 15 which make it possible
to obtain acrolein. This reaction is an equilibrium reaction; as a general rule, the hydration reaction is
favored at low 20denmpeapes aAd the dehgukatiohis fawretat high teppBiddies. I Bfder to obtain
the acrolein, itigithustieessay to eaplgy a guffiq'@metempgéatur@t&&dj@ﬁg patiiat ¥aGWIm in order to

type of reaction 1s.

displace the reactlgn Th

no

n

eF eactlon can be carried ou;:lndth%:lngHm %5 phase or.in the 1gas[%)hase This

be ca%a?yzedaby acids. Acce ccording to patentrlj—'?? 69.5931 -acrolein is

obtained by pasSifRfglyEerifv&Pors at a sufficiently high 30 temperature over salts of acids having at
least three acid functional groups, such as, for example, salts of phosphoric acid. The yields shown

are greater th ﬁqjtﬂer frlagggglag dlgglgaggs% Wa%emblé&? 5533@5%@@@9 d@@ydr@tllgn reaction is

carried out in t e gas

iquid phase in the presence of diatomaceous earths impregnated with

phosphoric acSRESYsUSPeN@dHth T afbhiaRFSolvéetitoa HegRRr 4 cular “to the

preparation of acrolein. The process which is the

subject o©f these studies employs a reaction for the

10 dehydration of glycerol according to the consecutive

reactions:

CH,O0H-CHOH-CH,OH ~-» CH,OH-CH;-CHO+ H,0 ¢ CH,=CH-CHO +

2H0
15

which make it possible to obtain acrolein.

This reaction is an equilibrium reaction; as a general

rule,

the Thydration reaction is favored at low

20 temperatures and the dehydration is favored at high

temperatures. In order to obtain the acrolein, it is

thus

and/or

necessary to employ a sufficient temperature

a partial vacuum in order to displace the

reaction. The reaction can be carried out in the liguid

25 phase or in the gas phase. This type of reaction is

known to be catalyzed by acids.

According to patent FR 69.5931, acrolein is obtained by

passing

glycerin vapors at a sufficiently high

30 temperature over salts of acids having at least three

acid functional groups, s=uch as, for example, salts of

phosphoric acid. The yields shown are greater than 75%

after fractional distillation.

35 In patent US 2 558 520, the dehydration reaction is

carried out in the gas/liquid phase in the presence of

diatomaceous earths impregnated with phosphoric acid

salts,

in suspension in an aromatic solvent. A degree



of conversion of the glycerol to give acrolein of 72.3% is obtained under these conditions. The process
described in application WO 99/05085 is 5 based on complex homogeneous catalysis under a CO/H2
atmosphere under a pressure of 20/40 bar and in the presence of a solvent, such as an agueous
sulfolane solution. 10 Chinese patent application €M 1394839 relates to a process for the preparation
of 3-hydroxypropanaldehyde from glycerol. Acrolein, an intermediate reaction product, is obtained by
passing pure vaporzed gyeémt ovér & loatadystot polassiving suitate or iggnesivim 15 stifate type,

and then the agrolgjnabiaingad.is, rehydrateddo giveshydrgxyropanaldehyde. The reaction yields are
not given. Patent US 5 387 720 describes a process for the 20 production of acrolein by dehydration of

glycerol, in the liquid phase or in the gas phase, over solid acid catalysts defined by their Hammett
acidity. The catélgstsanasesae aefestacidity otrsbihaih ¥2randprefrabhP flessthan -3.
These catglysts25:eDIrespoREmiSTr £xamplectiRaltnd orsyrihetic: siliceaus materiats,/such as
mordenite, montmorillonite or acid zeolites; supports, such a i or siligeous materials, for
example alumi%%r?ﬁf%ﬁ%ro? titgrzﬁ%?nrox?deQ¥%%?Jc%%er%§ W?ﬂ??h%gnsobééf c%%ﬁjacﬁllc iﬁ(&?r%anic 30
acids; oxides GFfiXBREXidES, sdch BV &RiminsSch @s an agueous sulfolane

solution.

10 Chinese patent application CN 1394839 relates to a
process for the preparation of 3-hydroxypropanaldehyde
from glycercl. Acrolein, an intermediate reaction
product, is obtained by passing pure vaporized glycerol
over a catalyst of potassium sulfate or magnesium

15 sulfate type, and then the acrolein obtained 1is
rehydrated to give hydroxypropanaldehyde. The reaction

yields are not given.

Patent US 5 387 720 describes a process for the
20 production of acrolein by dehydration of glycerol, in
the liquid phase or in the gas phase, over solid acid
catalysts defined by their Hammett acidity. The
catalysts must have a Hammett acidity of less than +2
and preferably of less than ~-3. These catalysts
25 correspond, for exanmple, to mnatural or synthetic
giliceous materials, such ag mordenite, montmorillonite
or acid zeolites; supports, such as oxides or siliceous
materialg, for example alumina (Al,0;) or titanium oxide
(Ti0;), covered with mono-, di- or triacidic inorganic
30 acids; oxides or mixed oxides, such as vy-alumina or
ZnC-41,0; mixed oxide, or heteropolyacids. According to
that patent, use is made of an aqueous soclution
comprising from 10 to 40% of glycercl and the operation
ig carried out at temperaturegs of between 180 and 340°C
35 in the liguid phase and between 250 and 340°C in the
gas phase. According to the authors of that patent, the
gas-phase zreaction 1s preferable as it makes it
possible to have a degree of conversion of the glycerol

of approximately 100%, which results in an agueous



Zn0O-Al202 mixed oxide, or heteropolyacids. According to that patent, use is made of an aqueous
solution comprising from 10 to 40% of glycerol and the operation is carried out at temperatures of
between 180 and 340C 35 in the liquid phase and between 250 and 340C in the gas phase. According
to the authors of that patent, the gas-phase reactiorpis preferable as it makes it possible to have a
degree of conversion of the glycerol of approximately 100%, which results in an aqueous 5 acrolein
solution contaiaingciypiadustst Wepraportion o approxiniately ddde osthe lygeropisicoinverted to
hydroxypropangpe \uhich,0Ge4ES-3s,Pregemigant byproductin the acraleinsolution. Jhe gerolein is
recovered and 5 purified by fractional condensation or disti Iation.gor a liguid-phase reaction, a
conversion mFSHES TERE0E T4 QRS ed Tt GIIGP TS e Gicah KB SSNAR olEatI8se R seibotiviy.
Patent US 5 426:248 descrilselssthe samieijasphaSbereoess ferithe 19 datnyevatisrtofgldicerol to give
acrolein byt follqyyed:by. hiydration: of theiagiglein @nddankydrogenation te fesultingls2—and
1,3-propanedior1b T:heareaicitiolg lfgr_ tt}(;:- %%hyg:raéiog .og Ig}lyc%rol t% 1glj‘ifverlsS 8%0'2% ifttg S %eonerally
accompanied by'Side reactions re%uﬁ‘lng inthe ToLmation of %ypro%uctls, such’as hydroxypropanone,
propanal, acetdldeRyde, AetsHes Bedifion prodGE8TF thEACrdlEm Wity RFSISRAGWABS acetals),
polycondensatigraproductss of glimerol seyrlie glyeetrgl ethemsaaad the lik utadsp akghenol and
polyaromatic CS@Q@%PE%SWNC&%W th(? gggse ct)%t’g@e_ g\ggon Qégg & 9n the gatalyst, T his results, on
an r

I
the one hand, ina reduction in the yiel in the selectivity for acrolein and, on the
10 dehydration of "glycerel to give "acrolein but followed

by hydration of the acrolein and by hydrogenation to
result in 1,2- and 1,3-propanediol.

The reaction for the dehydration of glycerol to give
15 acrolein is thus generally accompanied by side

reactions resulting in the formation of byproducts,

such as  hydroxypropanone, propanal, acetaldehyde,
acetone, addition products of the acrolein with
glycerol {(known as acetals), polycondensation products

20 of glycerol, cyclic glycerxrol ethers, ané the like, but
alsc of phenol and polyaromatic compounds, which are
the cause of the formation of coke on the catalyst.
This results, on the one hand, in a reduction in the
yvield and in the selectivity for acrolein and, on the

25 other hand, in a deactivation of the catalyst. The
presence of the byproducts in the acrolein, such as
hydroxypropanone or propanal, some being furthermore
difficult to isclate, reguires separation and
purification stages which result in high costs for the

30 vrecovery of the purified acrolein. Fufthermore, it is
necessary to regenerate the catalyst very often, so as

to regain a satisfactory catalytic activity.

The Applicant Company has attempted to sclve these
35 problems by proposing, in the French patent published
under No. 2 882 052, to carry out the reaction for the
dehydration of glycerol in the presence cof molecular
oxXygen. It was observed on this occasion that,

surprisingly, the introduction of oxygen reduces the



25 other hand, in a deactivation of the catalyst. The presence of the byproducts in the acrolein, such
as hydroxypropanone or propanal, some being furthermore difficult to isolate, requires separation and
purification stages which result in high costs for the 30 recovery of the purified acrolein. Furthermore, it
is necessary to regenerate the catalyst very often: $oas to regain a satisfactory catalytic activity. The
Applicant Company has attempted to solve these 35 problems by proposing, in the French patent
published undérkina2:882 @82, areusry but theneetids forthe Rlehgdplionot glyeefbl ¢ the presence

of molecular oxygen,dt,was observed:enthis-eacasion hab serprisingly Jhe datraduetionf oxygen
reduces the - 6 - fgrmation of argmatic comgogrqg : sg%}aasa%hecrg)l,eand of gypﬁd%ctsorgsulting from
a hydrogenati@rﬁi Hgtrrfdratg& %rodﬁgts,%ﬁcﬁ as propanal and acel%oﬁe, E’u also of :
hydroxypropariarx Treforpation®f cBkeeorf gienedianist 51s fRiRd tobefBEucEt:-aHi$ Fesults in
inhibition ef the deagcivation 6f the catalystaad imeortinueps regenerationiof the catalyst Some

byproducts aretipeund to b% P\r{escefégln mé keg&;{ejowgggﬁi?ﬁs, \%Iﬂl&h fgﬁilitg}&im%ag%%equent
ese re |

purification stages. 18%§van ggeous as they may be, t sults are not sufficient economically to
move to an indiRSAISEale Furtherhofe, Bi-mplementaibn RE protest iftife prddehce of oxygen
involves operagionalpsecaptiess it 15 drder tasprexentit frdrowaeninguaway hy, proegeting as far as

combusiion, Wil 15,15k o £Xplasian, This (eSS o EXamplG, I U Use of an inert gas in order 10
: for exay _

remain outside the flammability zone. The nitrogen’in the air can constitute a portion of this 20 inert
gas but wil often be in an insufficient amount which will result in the use of additional inert gases, such
as recycle gasescaompristag,sn additicimey nitregen whichtiesseot been:able tosreact the combustion

gases and rare,gases, SUch as-agoR. buhas,alsg gases deliperately,added, sych assthe
above-mentioned gases but also ?Pwethane nd light alkanes. The_ use of inert gsasgg, V\{:@%h, by

definition, do MOLEGREHDTRE fy th&PEactiBR RVSNEE e Tse df atargeHBa&tor, in &dmpatfson with what

is necessary fgrtheence of oxygen involves operational precautions in
15 order to prevent it from running away by proceeding as
far as combustion, with its risgks of explosion. This
results, for example, in the use of an inert gas in
order to remain outside the flammability =zone. The
nitrogen in the air can constitute a portion of this

20 inert gas but will often be in an insufficient amount
which will result in the use of additional inert gases,
such as recycle gases comprising, in addition to
nitrogen, which has not been able to react, the
combustion gasesg and rare gases, such as argon, but

25 alsc gases deliberately added, such as the above-
mentioned gases but also methane and light alkanes. The

use of inert gases, which, by definition, do not
contribute to the reaction, involves the use of a large
reactor, in comparison with what is necessary for the

30 reactants = alone. This results din an additional
expenditure. This is the reason why the Applicant
Company has continued its studies in order to improve

the selectivity for acrolein of the reaction by
focusing on the conditionsg of effectiveness and/or of

35  selectivity of the catalysts already known for being

used for the synthesis of acrolein from glycerol.



30 reactants alone. This results in an additional expenditure. This is the reason why the Applicant
Company has continued its studies in order to improve the selectivity for acrolein of the reaction by
focusing on the conditions of effectiveness and/ar=0f 35 selectivity of the catalysts already known for
being used for the synthesis of acrolein from glycerol. 6a Summary In one aspect, there is provided a
process for the synthesis of acrolein by dehydration of glycerol in the presence of a solid acid catalyst,
charactegzethéxthat it is implemented in a reaction medium comprising a gas phase comprising an
acid compound; characterized in that the catalyst has a Hammett acidity of less h%n +%' %nd
charactergl)?ed iR that tﬁgpoee%%/drat%%ﬁgecarrﬁasd ot iy ¥ﬁeld_l| Srg;seﬁce of g}é%lgsphaég comp%sing a minor
fraction of phigast bse adid compdunichwittin thie mearing ofithe Peagdomelasdificationt Detailed
Description of Invention. The Applicant Company-has,discgvered with.surprise that the catalysts of
acid type&rn%\slv%%? tf?g cgtaﬁ/gl%"éf e gé%y& tion reac?e”l}én whicI;f are solid homogeneous or
multiphasesmatgrisdsnizrsokbleiin the resmtion eredivgd witiclsaitholigheids, isalsdagkibit some
undesirallg,sites prapabiihe ayge ol e [amationas, gl Miedupradects By reaglion maghanisms
which are sometimesnot easy to predict. The aim of the present invention is to overcome these
disadvantaeslysimplémentifg theprscess vailedidding, D toltheyaseBas reaction médium, a
compoung, Capable.ofibeig Atfaghed, atieaskigmpgrarily, fo these sites aad fydnhipitipgdhem during
the process to prevent the formation of the byproducts. 15 A subject matter of the present invention is
a proces® kFIRASFNtRESIS ofdtoBRAREdHYHRIHOHLE e ot P the fésérceof afsofil acid
catalyst, ghayacterized inthat itis, enfad i a reacionmediung copprisiag 243 phase
comprising an acid 20 compound. The term "acid compound” is understood to mean, within the
meaning &1 &fSgEseALRIBAtion, a compound which, in addition to that which will be specified below,
will

Detailed Description of Invention

The Applicant Company has discovered with surprise that the

catalysts of acid type known for the catalysis of



25 exhibit, in solution with water, a pKa of less than 6.3. In particular, CO2 is not an acid within the
meaning of the present invention. The dehydration reaction is carried out, for example, 30 over solid
acid catalysts, such as those described in French patent FR 2 882 052. The catalysts which are
suitable are homogeneous or multiphase materials Which are insoluble in the 35 reaction medium and
which have a Hammett acidity, denoted Ho, of less than +2. As indicated in the patent US 5 387 720,
which makes refesesshitodhe tpaprer byac thaprabelei ol iR rstudiekid SipfaegSbense avd Catalysis”,
Vol. 51, 1989, ghap; ranee?, fhecHammelt i 8sacigityds defernypedrly aminmlititignusing
indicators or b%ﬁldg%rptlonaoi{ gh%%sepm thS 9as #'halse. ghe cagallg%ts meg&n}%ﬁg crlterl%nec.)f ac:ldlty Ho
less than +2 can be choseR fron natural 6f synthetic 5 &iliceolis materials or acid zeo":fl?es; inorganic
supports, such-asiegdEscsve bR RERRIRL dcid FhiERafe mefo-LiE trif SFPoRERRIS; oxides or
mixed oxides, #6n phigsphaigs-erdirieropalyacideat: Adviantagendsalystie catalysts aterehosen from

zeolites, Natiog%gﬁﬁg%it%o@aégg nt§yl£gp'écd§ id of fluoropolymers), chlorinated aluminas,
or sili '

phosphotungstic an cotungstic acids and acid salts, and various solids of the type comprising
metal oxides, such as 15 tantalum oxide Ta205, niobium oxide Nb205, alumina Al203, titanium oxide
Ti02, zirconia Z102, #nioxidE ShB2, siicassifg o siiegaltminate SiH2/AIRES; dmpeegriatstkwith acid

functional groups -such, as horate BO3; sulfala H0d; tiihostate WOR, lhosphateP Q4 siligate Si02 or 20
molybdate Mo03. According to the literature data, these cataé)‘r/]sts all have a Hamrgi[t amglty Ho of

less thart $2. TH2 p%’f%rrg %S%Wstsrglaecglﬂ%?eﬁ Onias, o%ﬁﬂgf%%nﬂrcgﬁi% %gﬁ ted

zirconias, silicdbeing attached, at least temporarily, toc these sites
and by inhibiting them during the process to prevent

the formation of the byproducts.

15 A subject matter of the present invention is a process
for the synthesis of acrolein by dehydration of
glycercol in the presence of a solid acid catalyst,
characterized in that it is implemented in a reaction
medium comprising a gas phase comprising an acid

20 compound.

The term “acid compecund” is understood tTo mean, within
the meaning of the present invention, a compound which,
in addition tc that which will be specified below, will
25 exhibit, in solution with watexr, a pKa of legg than
6.3. In particular, CO; is mnot an acid within the

meaning of the present invention.

The dehydration reaction is carried out, for example,
30 over solid acid catalysts, such as those described in
French patent FR 2 882 052.

The catalysts which are suitable are homogeneous or
multiphase materials which are insoluble in the
35 reaction medium and which have a Hammett acidity,
denoted H,, of less than +2. As indicated in the patent
Us 5 387 720, which makes reference to the paper by
K. Tanabe et al. in “Studies in Surface Science and
Catalysis”, Vol. 51, 1989, Chap. 1 and 2, the Hammett



25 zirconias, sulfated titanium or tin oxides, phosphated aluminas or silicas, doped iron phosphates, or
phosphor- or silicotungstic acid salts. These catalysts all have a Hammett acidity Ho of less 30 than
+2; the acidity Ho can then vary to a large extent, down to values which can reach -20 in the reference
scale with Hammett indicators. The table given on-pge 71 of the publication on acid/base catalysis
(C. Marcilly), Vol. 1, in Editions Technip 35(ISBN No. 2-7108-0841-2), illustrates examples of solid
catalysts withimthisiacidity range. ¢e® e nuimesdus iays aatireeHammetterhethnd isenlpgne of them.

The work by C; Mareilly referrgd t%ﬁbga%aﬁg@w% ligtsyasious methads for @@%&iﬂg the acidity
and the basicity of the solids. Reference, will be made tq the publications by Aline Auroux, where
various methoé[%lﬁ)r ﬁ?eta%hﬁﬁﬁsthéﬂfﬁ %%:Wty E}Sgleg o 581t Ate %%s@ﬁbled% SYchlas A Ruroux and A.
Gervasini, "J. MiteocalorimetigrStubly of tHeoAeidity andBasieity of Metal@xide Suieess Phys.

Chem., (1990) £ 63£41/9, anghleamjanovieand AdAuouxg kb Hanbook afthesaiad Analysis and
15 Calorimetry”, Vol. 5 Cha%[er 1, apagesB 7-485: Recent dv%z]atrié:es TechniqLuCes ef‘é‘:‘.j Spplications,
tho

M.E. Brown ansdtulg.}f’f?3(’3tasil<‘slgerl,l Bdit5rs (5 Efsévi%?‘é?\??. éthods ﬁ%gg T meastre this acidity are

described in 20'BafAtSEP 1210 69690038 Hhd 00Z9PAHEP 1714 955 J6645°and 6826] where the
cases where thexsaligkis vihiterortrispeator are distinguisbpd 1 Theseistudies illustrate in particular
that a solid is 25 rarely composed either of solely acidic sites or of solely basic sites. Acid solids have
most of the time both acidic sites, which are predominant, but also some basic sites. This dichotomy is

illustrated fn pHHEARFRARS HaPEr by e RAGELYAGA. Befvadinsen from zeolites,

Nafion® compogites (based omn sulfonic acid of
fluoropolymers), chlorinated aluminas, phosphotungstic
and/or silicotungstic acids and acid salts, and various
golids of the type comprising metal oxides, such as
15 tantalum oxide Ta,0s, niobium oxide Nb,0s, alumina A1,0:,
titanium oxide TiO,, zirconia Zr0,, tin oxide 8Snos,
silica 8i0, or silicoaluminate 8i0,/A1,0;, impregnated
with acid functional groups, such as borate BO;, sulfate
S0,, tungstate WO;, phosphate PO,, silicate 8i0O, or
20 wolybdate MoQ;. According to the literature data, these

catalysts all have a Hammett acidity H, of less than +2.

The preferred catalysts are sulfated zlirconias,
phosphated zirconias, tungstated =zirconias, silica
25 zirconias, sulfated titanium or tin oxides, phosphated
aluminas or silicas, doped diron phosphates, or

phosphor- or silicotungstic acid salts.

These catalysts all have a Hammett acidity Hy, of less
30 than +2; the acidity Hy can then vary tc a large extent,
down tc wvalues which can reach -20 in the reference
scale with Hammett indicators. The table given on
page 71 of the publication on acid/base catalysis
(C. Marcilly), vol. 1, in Editions Technip
35 (ISBN No. 2-7108-0841-2), illustrates examples of solid

catalysts within this acidity range.

The catalysts selected for this reaction are acid

golidg. The acidity of the solids can be measured in



30 on page 6377, where figure 13 shows that one and the same oxide can simultaneously adsorb an
acid compound, such as CO2, and a basic compound, such as NH3. Without wishing to be committed
to any one theory, it is believed that the latter compounds contribute to the 35 formation of the
byproducts in the process. The process is implem"ersfte‘d in the presence of an acid compound present
in the gas phase of the reaction medium which exhibits an affinity with the undesirable -10- basic sites
constituting th&eaRIELST i pohd WEbeteHBER hrofeidiachnd SofPRdids £&828efiféd in the
"Pearson"” classifigation illustrated in the following papers: R.G. Pearson, J. Am. Chem. Soc., 85, 5
3533 (1963); R.G. Pearson, Science, 151 (1966), 172; R.G. Pearson, Chemistry in Britain, March
1967, 103; R.G. Pearson, J. Chemical Education, Vol. 45, No. 9 (1968), 581, and Vol. 45, No. 10
(1968), 643; RIGEPAIPERd RYG. Pedfsdit il 1am. Xsmrsoc. {a 98310165, 781 5 e M fould be
emphasized thai,dagherapilohy Gndtarcidly réterraddasabovegthelscatecbadsed omtite Rbarson theory

is used on pagggs%gt@goog%yéesgogq@gqunds can be gases under standard conditions but they
can be either liquids or éven solids if they are capable of passing into the gas phase of the reaction

medium under the operating conditions of the process. 20 Preferably, the dehydration is carried out in
the presence dfefgaspkase cemgrisingea mmarfaction of dttieast préd dtivedompsundiithin the

meaning of theyPearson glassification 25 This-asid-copmpernd yillg-chasgr in-pagicyae from SO3,
S02, NQ2, and the, like. It Woulf not befdepartir:\L from_the sc @%8” e invention if use were made of
e

a mixturé of thggé%ﬁ%oursﬁg ,Ecscoré)lng 18 the PBarsoh

r [= L sUC 53 . .
e F earson%O,t €0ry, har acids prefer f6’¢ombine with
hard bases an& softaciasiwitindoft baSes 3sd iay belmatié of adnikutre st edhtpotihds Combining

different aciditigs in-@relentoiinhibit the.different basi¢ sites present amthecatalystaces”,
Phys. Chem., (1990) 94, 6371-79, and L. Damjanovic and
A. Auroux, in “Handbook of Thermal Analysis and
15 Calorimetry”, Vol. 5, Chapter 11, pages 387-485: Recent
Advances, Techniques and Applications, M.E. Brown and

P.K. Gallager, editors (2008 Elsevier B.V.).

Methods used to measure this acidity are described in
20 patents EP 1 714 696 [0038 and 003%] and EP 1 714 955
[0045 and 0046! where the cases where the solid is

white or not in color are distinguished.

These studies illustrate in particular that a solid is
25 rarely composed either of solely acidic sites or of
solely basic sites. Acid solids have most of the time
both acidic sites, which are predominant, but also some
basic sites. This  dichotomy is illustrated in
particular in the paper by A. Auroux and A. Gervasini
30 on page 6377, where figure 13 shows that one and the
same oxide can simultaneously adsorb an acid compound,
such as CO,, and a basic compound, such as NH;. Without
wishing to be committed to any one thecry, 1t 1is
believed that the latter compcunds contribute to the

35  formation of the byproducts in the process.

The process is implemented in the presence of an acid
compound present in the gas phase of the reaction

medium which exhibite an affinity with the undesirable



35 The content of acid compounds will depend on the nature of the catalyst chosen for the dehydration
reaction. It will generally be between 1 and 3000 ppm of the gas phase or, expressed as percentage
by volume, from 0.0001 to 0.3%. If the reaction is carried out in the liquid phase, the 5 acid compound
can be in liquid form or even in solid form, provided-firat it is capable, under the reaction conditions, of
passing into the liquid phase to achieve the above contents or, in the case of a solid compound, of
dissolving andithen of passg) intotlsd iduit Itophabe, asakslgpritifiedhabsve chmhouidde noted that

patent EP 1 233,132 descrhes aprecess fanthe syathesissaf agevtig aciddy pxidation of alkanes or
acrolein in the presencg.of a redygcing ]i? com oun%composegﬂggggranjc acids.@ormig or oxalic acid)

or compounds Crtl)?nprisinaaéﬁ'ﬁ‘aﬁ1 such'as SO2 6ri2$°802 bLemg pref%ﬁee%. Holvv'ever, R?nay be
emphasized th&@itlevibnthersipeg feachof wilfea dffeRent Catalyst afdheiat tHC&ctivitd of said
compound is tag 29=stabilizethe catalyst ard peble, incredsmitsSelectivity.(The sggctianzageording to
the invention c&nebe %aeréigg qut in e gas phase.or iné@gggg'&q ph%er&rlef%%b}y in irbesgas phase. 25
When the reaction is carried olt in the gas phase, different proc'essm%,technologibs can be used,

namely fixed bRdDrof&SE SRRlized bed PreEES Y ciftdifftmiRidized Bed ptécess n the first 2
processes, in & fized bed B¢ in a dwitlizedlbed,2he Fegeneratiareefs30 thedcatalpstcarrbe separated

from the reactign;It gag bepearried,out gx sify, fomex@mRlelY, (1983), 105, 7512.
10

It should be emphasized that, in the work by

C. Marcilly referred to above, the scale based on the

Pearson theory is used on pages 34 et sed.

15  Thege compounds can be gases under standard conditions
but they can be either liguids or even solids if they
are <capable of passing into the gas phase of the

reaction medium under the operating conditions of the

process.

20
preferably, the dehydration 1is carried out in the
presence of a gas phase comprising a minor fraction of
at least one acid compound within the meaning of the
Pearson classification.

25

This acid compound will be chosen in particular from
S0;, S0,, NC., and the like. It would not be departing
from the scope of the invention if use were made of =&
mixture of these compounds. According to the Pearson
30 theory, hard acids prefer to combine with hard bases
and soft acids with soft bases. Use may be made of a
mixture of compounds combining different acidities in
order to inhibit the different basic sites present on
the catalyst.
35
The content of acid compounds will depend on the nature
of the catalyst chosen for the dehydration reaction. It

will generally be between 1 and 3000 ppm of the gas



extraction of the catalyst and combustion under air or with a gas mixture comprising molecular oxygen.
In this 35 case, the temperature and the pressure at which the regeneration is carried out do not have
to be the same as those at which the reaction is carried out. Preferably, the addition of the acid
compounds within -12- the meaning of Pearson is €arried out in the reactor and not during the
regeneration. According to the process of the invention, it can be 5 carried out continuously in situ, at
the same timewsahe reaction, expicnsoktiie presepesrobasaal arhguntwf moleculal gygen or of a
gas comprising, mplegularoxygeq in the reactor. In this case, the regeneration is similar to an inhibition
of the deactivation and 10 takes place at the temperature and the pressure of the reaction. Due to
these specific conditions where the regeneration takes place continuously, the injection of the gaseous
acid compound happens erioé sipaultaheoas andPprefefably upStedrm i e pagBic btk so that 15

the acid cempaunds areRssiesty mixed i thefeactign MAixtarg-in the cirerlating.fluidized bed

process, the c%tal Tgt cwculatea érat_wt \éecssglg, a rseactor alggea reg%geeratO{h%O It Is kr{o.wn that the

dehydration read iorf is%%%%%hermlc; its therefore n(é%gédsary to prowdlé energyﬁoafﬁe; first vessel,
whereas the regferéiatici: Lonsistimp6Ftheohbiustibhof Helddke, RagstheéfmieCi iSiferefore

necessary to remevahe 25 heat karsthe:second vrsselakithe £ase sbtheicitevtating-fuidized bed,
the two systemosfcar&ggg%ell‘pﬂgg otgg&ougﬁgﬁor%@g tg g;nsesgg%es%gﬁf_ 5h‘_3 mygntiggqmedregeneration

of the catalyst under a stream of oxygen by combustion'results in a reheating 30 of the catalyst and
consequefitly FBofRs tRE efery S REESEARFfH MY Behydration reaction when the reheated catalyst

returns to the reactor. The residence time in each vessel depends on the rate of deactivation of the
catalyst and onytheamynt @fLoks{eumed QR th rent Ep 1 253 132 describes a
process for the synthesis of acrylic acid by oxidation
of alkanes or acrolein in the presence of a reducing
15 compound composed of organic acids (formic or oxalic
- acid) or compounds comprising sulfur, such as S0; or
H,8, 80, being preferred.”However, it may be emphasized
that it dis not the same reaction with a different
catalyst and that the activity of said compound is to
20 stabilize the catalyst and not to increase its
selectivity. The reaction according to the invention
can be carried out in the gas phase or in the liguid

phase, preferably in the gas phase.

25 When the reaction 1s carried out in the gas phase,
different processing technologies can be used, namely
fixed bed process, fluidized bed process or circulating
fluidized bed process. In the first 2 processes, in a
fixed bed or in a fluidized bed, the regeneration of

30 the catalyst can be separated from the reactiom.

It can be carried out ex situ, for example by
extraction of the catalyst and combustion under air or
with a gas mixture comprising molecular oxygen. In this
35  case, the temperature and the pressure at which the
regeneration is carried out do not have to be the same
as thogse at which the reaction i1s carried out.

preferably, the addition of the acid compounds within



35 catalyst. Specifically, a minimum amount of coke is desirable in order to be able to bring the solid
back to the favorable temperature and a maximum amount of coke is necessary in order to prevent the
solid from deteriorating by sintering during the combustion. The -13- injection of the gaseous acid
compound is preferably carried out in the reactor. “Th&-dehydration reaction is carried out in the gas 5
phase in the presence of a catalyst at a temperature ranging from 150C to 500C, preferably of
between 250Ctare 383 ianmgl aoffreSeme obhetweernrd mniddsibaruthelreacton iseariedrout in the

liquid phase intheg %rotreéﬁ%%ﬁf agatalystab atemperature ranging from 150C to 500C, preferably

of between 250C and 350C, and a pressure of greater than 5 bar and preferably of between 20 and 80
bar. 15 The following examples illustrate the process of the present invention. During the dehydration
of glycerol in the:preséhug ota cdiventicretasil catalysheacroeiais obrainedtbutc2@ albé byproducts,

su%h falls hssdlrowge@a)n@u@rw@ﬂ@h@ﬁs@&g}quﬁ, agetane, phenghdhe agditien peodygts of acrolein
with glycerol, t olycondensation products of glyceroal, and cyclic or noncyclic.glycerol ethers. 25
These example["]'s‘El i%ugtefgtce the &ffect of tﬁ%wprgéengé%eoﬁﬁﬁg %%%gorﬁéofnds ﬁlr? Iﬁ%e é&ggﬁl\%ty of the

reaction with réfar@ @l erRNEOUSKHERA byproRictsPandd® pAREHER ByddxyPPeFanbrs which is the
most evident cemppeind and ius eepresentative of e 3QefectivehessaidaeprenessnThey will

also illustrate th efgei%g' ot the presgnce glflkquictoirgplou ds %@e gggcét{:vﬂjgg Jpé_lilheé@&alyst.

Example 1 35 TRe reaction can be carried out Under the ollowing conditions. Use is made of a Pyrex
reactor cohtairifd§tabifsthettheldy STMMERTYIESs. Bt 681 RERERISTSuth akfRe tungstated

zirconia dehydeationt ion. Due to these specific conditions where the
regeneration takes place continuously, the injectioh of

the gaseous acid compound happens to be simultaneous

and preferably upstream of the catalytic bed, so that

15  the acid compounds are perfectly mixed in the reaction

mixture.

In the circulating fluidized bed process, the catalyst
circulates in two vessels, a reactor and a regenerator.
20 It is known that the dehydration reaction 1is
endothermic; 41t 1s therefore necessary to provide
energy to the first vessel, whereas the regeneration,
consisting of the combustion of the coke, is
exorthermic; 1t 18 therefore necessary to remove the
25 heat from the second vessel. In the case of the
circulating fluidized bed, the two systems can cancel
each other out: according to the process of the
invention, the regeneration of the catalyst under a
stream of oxygen by combustion results in a reheating
3¢ of the catalyst and conseguently provides the energy
neceggary for the dehydration reaction when the
reheated catalyst returns to the reactor. The residence
time in each vessel depends on the rate of deactivation
of the catalyst and on the amount of coke formed on the
35 catalyst. Specifically, a minimum amount of cocke is
desirable in order to be able to bring the solid back
to the favorable femperature and a maximum amount of
coke is neceggary 1in order to prevent the solid from

deteriorating by sgintering during the combustion. The



-14- catalyst from Dailchi Kigenso KK, reference 21044, having a weight of approximately 6.6 g and
reduced to a particle size of 0.1-0.15 mm, diluted with 7 ml of silicon carbide with a fine particle size
(0.125 mm), is charged. Subsequently, a series of beds of silicon carbide with different particle sizes: 2
ml of 0.125 mm, 7 ml of 0.5 mm and, finally, 1.19 P up to the top of the reactor, is charged. 10 The
reactor is subsequently placed in an oven connected to the test installation. The temperature of the
catalyst is tempegsareiegulated ab805 Freasuretkihdheceehgddion Ry & B TH® tactor is fed

via the top with. g-helidmkrytonisSO2iwatesalvceral gas mixture at a pressure of 1.3 bar absolute. The
helium-krypton gas mixture contains 4.92% of krypton, which acts as internal standard. The

water-glycerol mixture contains 30% by 20 weight of glycerol. The composition of the injected mixture
is as follows, eXpfesstahas FrldOpercentaget PRliuAfTkniieo2S 0 Wateglyceh§: 9as
2550/2.6/3.4/032{4Q.6/34. The flpwaatenfos ingoductiem etithesthargingemixieirg ésrsuhrthat the hourly

space velocity (HSY) il b 2900 ely 30 The haygly spaceeladitys equatio theefiad the total gas

flow rate of the gas mixture, expressed in standard liters pet hour, to the bulk catalyst volume,
expressed in [i%t8.°85 FhE SiSits FEHaPpBd FF TS £ hEBLNEES the 785t0r KRR a trap cooled

to OC, making it possible to separate the liquid effluents from the noncondensable effluents. The

acrolein and thg ydraxys« 315 PrPanope; agmogdel q%ﬂ@@i@dzf%ﬁlﬁabg&a@@cta@th@aéhan acrylic
e efnu

acid, areﬁ%ruantitatively determined by chromatographic a%:nzzvléﬁis. 5t ents are %%cumulated in
the trap fdt a PRFiGETFED niifiutés. TRETFORENdeRsable JASRE Ats Hnaly 2 SdtArdLghatt the duration of

the balance. Thé §ield 6f> 500°C, preferably of between 250°C and 350°(C,
and a pressure of greater than 5 bar and preferably of
between 20 and 80 bar.:

15 The following examples illustrate the process of the

present invention.

During the dehydration of glycerol in the presence of a
conventional acid catalyst, acrolein is obtained but
20 also byproducts, such as hydroxypropanone, propanal,
acetaldehyde, acetone, phenol, the addition products of
acrolein with glycercl, the polycondensation products

of glycercl, and cyclic or noncyclic glycerol ethers.

25 These examples illustrate the effect of the presence of
the acid compound on the selectivity of the reaction
with regard to the wvarious known byproducts and in
particular hydroxypropanone, which is the most evident
compound and is thus representative of the

30 effectiveness of the process. They will alsc illustrate
the effects of the presence of acid compounds on the

deactivation of the catalyst.

Examgle 1
35

The reaction can be carried out under the following
conditions. Use i1s made of a Pyrex reactor containing a
catalyst bed held by a sintered glass. First of all a

catalyst, such as the tungstated zirconia dehydration



acrolein produced is 70 mol%, of acrylic acid 2 mol% and of hydroxyacetone 0.5 mol%. 10 Example 2
(Comparative) Example 1 will be repeated but in the absence of 302. 15 The effluents are
accumulated in the trap for a period of 60 minutes. The noncondensable gases are analyzed
throughout the duration of the balance. The yield ofl&crolein produced is 68 mol%, of acrylic acid 2
mol% and of hydroxyacetone 2 mol%. 20 Example 3 Use is made of the same Pyrex reactor as in
example 1, It is-eltarhedwith aeangRatebicziiconial detmedratidii 25 catdlgstefrom Da&ithEKigenso
Kagaku Kogyop teference 110441ing, graipishand sigvedo g particle sizef 93280 8504mm, with a
volume of 7 ml anc{ca V\ieéght aof 9.18C§;|E kae Q(?])iluil%d {%%talysfijiégtaecﬁd keve%\élﬁen,/z layers gf silicon
carbide. 30 ThBFEACIOF IS p%%é& in an oven which’is redulateéd at a tempeéerature o 58 The reactor
is fed with a ga&imb@ge at2¥BCasT NRIGHISENfaRe gearbl alg prebatre of 112 bafEbsolute. This
gas mixture is 35 obtaineskly inmatipgdintm Han electricavaporaiar, pathe e hand; @ostream of
nitrogen and a stregmaf oxygen,whigh age controlled in flow fate by mass flow, 1 o

0.125 mm, 7 ml of 0.5 mm and, finmaily, 1.19 mm up to

the top of the reactor, is charged.

10 The reactor is subseguently placed in an oven connected
to the test installation. The <temperature of ¢the
catalyst i1s temperature regulated at 305°C, measured in

the “dehydration layer”.

15 The reactor ig fed wvia the top with a helium-
krypton/s80,/water-glycerol gas mixture at a pressure of
1.3 bar absolute. The  helium-krypton gas mixture
contains 4.92% of krypton, which actes as internal
gtandard. The water-glycerol mixture contains 30% by

20 weight of glycerol.

The compogition of the injected mixture is asg follows,
expressed as molar percentage:
helium/krypton/0,/80,/water/glycerol:

25 50/2.6/3.4/0.02/40.6/3.4.

The flow rate for introduction of the charging mixture
ig such that the hourly space velocity (HSV) will be

2000 h't.

30
The hourly space velocity is equal to the ratio of the
total gas flow rate of the gas mixture, expressed in
standard liters per hour, tc the bulk catalyst volume,
expressed in liters.

35

The effluents are trapped in water at the outlet of the
reactor with a trap cocled te 0°C, making it possgible
to separate the liguid effluents from the

noncondensable effluents. The acrclein and the hydroxy-



regulators and, on the other hand, a liquid stream of a mixture of glycerol (Prolabo), demineralized
water and -16- sulfurous acid comprising 7.4% of SO2 (Sigma-Aldrich), via a volumetric pump of
HPLC type, the flow rate of which is controlled by a balance. 5 The composition of the injected mixture
is as follows, expressed as molar percentages: N2/0 /S02/water/glycerol: 15.4/3.9/0.005/74.5/6.2.
The flow rate for introduction of the charging mixture 10 is such that the hourly space velocity (HSV) is
4200 h71. After TBEfTY fire gas miiktife ovét thEe CafalySPfor 3 hdurky s fhatefiaFbataritetis carried out
for 15 90 minutésain thesanme waynas i example dniEhe tesultSware giver instablen2dExample 4 20 The
conditions of example. 3 are 1epeated.with,a gas mixture with the molar composition:
N2/09/S02/water/glycerol: 15.4/3.9/0.025/74.5/6.2. A balance is carried out after injecting the
mixture 25 for 3 hours and for 24 hours. The results are given in table 1. Example 5 (Comparative) 30
The conditionsldfexahiple Srdare reprodacediwithza-gals mixtureavithrtive niclar eompasitian:
N2/02/S02/watef/glgeerolk5:4/3.9/0¢74.5/6 2n 38-Ahalance is cawriedout after 3-hours and 24 hours.

The results. argkg}\é%ngg]otgplet]he duration of the balance. The yield of
acrolein produced is 70 mol%, of acrylic acid 2 mol%
and of hydroxyacetone 0.5 mol%.

10

Example 2 (Comparative)

Example 1 will be repeated but in the absence of 30,.

15 The eiffluents are accumulated in the trap for a period
of 60 minutes. The noncondensable gases are analyzed
throughbut the duration of the balance. The vyield of
acrolein produced is 68 mol%, of acrylic acid 2 mol%
and of hydroxyacetone 2 mol%.

20

Example 3

Use is made of the same Pyrex reactor as in example 1,
It is charged with a tungstated zirconia dehydration

25 catalyst from Dailichi Kigensoc Kagaku Kogyc, reference
21044 ring, ground and sieved to a particle size of
0.32 to 0.50 mm, with a volume of 7 ml and a weight of
9.18 g. The undiluted catalyst 1is placed between 2
layérs of silicon carbide.

30
The reactor iz placed in an oven which is regulated at
a temperature of 275°C. The reactor is fed with a gas
mixture at 273°C of N2/0;/80./water/glycerol at a
pressure of 1.3 bar absolute. This gas mixture is

35 obtained by injecting, into 'an electric evaporator, on
the one hand, a stream of nitrogen and a sStream of
oxygen which are controlled in flow rate by mass flow
regulators and, on the other hand, a liguid stream of a

mixture of glycercl (Prolabo), demineralized water and



Table 17- Example 3 4 5 (comparative) Injection time (n) 3 3 24 3 24 SO2(mol%) 0.005

£

14

20

25

30

35

~16-

suifurocus acid comprising 7.4% of S50, {(Sigma-Aldrichj,
via a volumetric pump of HPLC type, the flow rate of

which is controlled by a balance.

The composition of the injected mixture is as follows,
expressed as molar percentages:
No/0s/ 80,/ water/glycerol: 15.4/3.8/0.005/74.5/6.2.

The flow rate Tfor introduction of the charging mixturs
is  such that the hourly space velocity ({HSV) 1is
4200 h7t.

ERfter injecting the gas mixture over the catalyst for
3 hours, a material balance is caerried out for
90 minutes in the same way as in example 1. The results

are given in table 1.

Examgle 4

The conditions of example 3 are repeated with a gas
mixture with the molar composition:

N»/0»/80,/water/glycerol: 15.4/3.9/0.025/74.5/6.2.

A balance 1s carried cut after injecting the mixture

for 3 hours and for 24 hours.
The results are given in table 1.

Example 5 (Comparative)

The conditicons of example 3 are reprcduced with a gas
mixture with the molar compesition:

N2 /0:/S0;/water/giycerol: 15.4/3.8/0/74.5/6.2.

A balance is carried out after 3 hours and 24 hours.

The results are given in table 1.

Table 1



0.0250.02500 Glycerol conversion(%) 100 100 87 100 69 Acrolein yield (96) 73 73 60 72

] T
5
Exanple 3 4 ,
{comparative)
Injection time
o 3 3 24 3 24
{h} _
S0, {mol%) 0.00% 0.025 0.025 C 0
Glycerol -
. 100 160 87 100 69
conversion (%)
Acrolein vyield
73 73 60 72 495
(%)
Hydroxypropanones
Y 'yp " 0.4 0.2 5.9 2.4 5.9
vield (%) .

It is found that the addition of S50, noct only brings
about an improvement in the yield but alsc limits the

5 deactivaticn of the catalyst.



49 Hydroxypropanone yield(%) 0.4 0.2 5.9 2.4 5.91 Itis found that the addition of SO, not only brings
about an improvement in the yield but also limits the 5 deactivation of the catalyst. -18- WHAT IS
CLAIMED IS: 1. A process for the synthesis of acrolein by dehydration of glycerol in the presence of a
solid acid catalyst, characterized in that it is implemented in a reaction medium comprising a gas
phase comprising an acid compound; characterized;in that the catalyst has a Hammett acidity of less
than +2; and characterized in that the dehydration is carried out in the presence of a gas phase
comprising a minor fraction of at least one acid compound within the meaning of the Pearson

classification. 2. The process as claimB84a _claim-i:Adh#tHctbFized in that the catalyst is chosen from
zeolites, Nafiong composites, chlorinated aluminas, phosphotungstic and/or silicotungstic acids and

acid salts, and soligls, of the.type compyising metal axides, such.as fanialum exide, Ta205, piobium
oxide Nb205, alumina Al203, titanium oxide Ti02, zirconia Zr02, tin oxide Sn02, silica 5102 or

silicoaluminate Ei62IAI2D3 RpFegRAtat with abid functichalgrotips. éich a8 Borate B3 Sulfate SO4,
tungstate WO, phosphiatelPO4rsilizate '$i02 o molybefaié Moggdiun comprising a gas

phase comprising an acid compound; characterized in that the

catalyst has a Hammett acidity of less than +2; and characterized

in that the dehydration is carried out in the presence of a gas

phase comprising a minor fraction of at least one acid compound

within the meaning of the Pearson classificaticon.

2. The process as claimed in claim 'l, characterized in that
the catalyst is chosen from zeolites, Nafion® composites,
chlorinated aluminas, phosphotungstic and/or silicotungstic acilds
and acid salits, and solids of the type comprising metal oxides,
such as tantalum oxide Ta,0s;, niobium oxide Nb,0s, alumina AL,0s,
titanium oxide Ti0,, zirconia 2r0;, tin oxide Sn0,, silica Si0, or
silicoaluminate Si0,/Al,;04, impregnated with acid functicnal
groups, such as borate BO;, sulfate 30;, tungstate WO;, phosphate
PO,, silicate 3i0, or molybdate MoO;.

3. The process as cilaimed in claim 2, characterized in that
the c¢atalyst 1s chosen from sulfated zlrceonias, phosphated
zirconias, tungstated zirconias, silica zlrconias, sulfated
titanium or tin oxides, phosphated aluminas or silicas, doped

iron phosphates, or phosphor- or silicotungstic acid salts.



3. The process as claimed in claim 2, characterized in that the catalyst is chosen from sulfated
zirconias, phosphated zirconias, tungstated zirconias,silica zirconias, sulfated titanium or tin oxides,
phosphated aluminas or silicas, doped iron phosphates, or phosphor- or silicotungstic acid salts. -19-
4. The process as claimed in any one of claims 1 to 3, characterized in that the acid compound is
chosen from SO3, SO2 or NO2. 5. The process agglaimed in one of claims 1 to 4, characterized in
that the content of acid compound in the gas phase is between 1 and 3000 ppm. 6. The process as
claimed in one of claims 1 to 5, characterized in that the dehydration reaction is carried out in the gas
phase at a ttmper&iire Bf betweertt50C aHiS00E! préferalsiyof BétweenaZ50CTand%356¢€, and under
a pressure ef-hetweenlzand:m baia:7. fHhe pradess@soclaimed inenreof Claimsd:to 8)characterized in
that the reagtion is carried out in the liquid phase at a temperature of between 150C and 500C,
preferably of between 250C and 350C, and under a pressure of greater than 5 bar and preferably of

between 20 and 80 bar.
5. The process as claimed in one of «c¢laims 1 to 4,

characterized in that the content of acid compound in the gas

phase is between 1 and 3000 ppm.

6. The ©process .as claimed in one of «claims 1 to 5,
characterized in that the dehydration reaction 1is carried out in
the gas phase at a temperature of between 150°C and 500°C,
preferably of between 250°C and 350°C, and under a pressure of

between 1 and 5 bar.

7. The process as claimed in one of «claims 1 to &,
characterized in that the reaction is carried out in the liguid
phase at a temperature of between 150°C and 500°C, preferably of
between 250°C and 350°C, and under a pressure of greater than

5 bar and preferably of between 20 and 80 bar.



