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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. Due to its structure,
aceieihbas Adygh rearivenRp Ryl Wilherf the pigsesce @i Hgdwation
reactive functional groups, whicgiarg ngglof reacting individually or
together. This is why acrolein has nanmierous applications, in particular as
synthetic 15 intermediate. It is in particular a key intermediate in the
symthesis-ekmethionine; racsSynthetie aamiae acid used asanimabbogrocess
sypplemant which ishecqming established as; replacement far fish meal., -

Acrolein is a nonisolated intermediate in the synthesis of acrylic 20 acid in
e hdGSEial proddttion oF BRRME & BY tatahric Gxiddtion’6Fpropylene

in the gas phase. The importance of the chemistry of acrylic acid and of its
dedvajivesis knowmAckaleimalse results, y regction withanethyldayles .

ether fallowed. b 25\? drolysis, in giutaraidehyde, which has numerous
ug]eEs inthe tgd%r%%g 0 ‘?{eoﬁﬁer, a8 bioﬂcji@erfjrﬁ% 8r](;ling %Bg%fiao%%}ﬁ &Je or

dafifg thetréatffdrit & cutiing oils, ahdsasschemictldisinfeetamt e has a
sterifjzing agent fos hespital equjpment: 3@ The mostcopyenlydiseds its
pagess.fot fhq produgiion g agroleip,is based op. s gas phase catalic ¢
oxidation reaction of propylene with atmospHeric oxygen. 5 The acrolein ,

trﬁfsa@&érh%d%mé%ﬁéwecﬂy iﬁé%ﬁﬁégﬁéd in‘& pfoceds forthacrolein
mmmfaGUMemmryﬁz@a¢iﬂg Whemthe a;trol_qina is;tiseﬁla&staﬁing gjaieréaaiic
for,the synthesis.of methianine, and/or actylig -acid and/oy acylonirile oL 5,

fqr fine cherplstg,reactlons, a purification section makes it possible to ,
remove THE TE4cton bfprodiicts! MahiFeartfon BXIIES 2acrylic HBid, Acetic @
asitkahd acetaldehyde. 5 The produgtioh ofiactoleintis thus highlybecoming

depengantanthepropyleag starting matetial optained by steats cracking - s
or c%[g#ytic &aaqckeiergg of ngeé&olglég JE%C“?_QS' T;I}E}és sstagiﬁg mgteriglg of fossq .
ofigin, Urthermore 10 CONTbULEs to increasinig theygree%ﬁoﬁse effect 1t~ ©
tHustappeésrs Wetessany to-Havel avallapled: proeesstforthis Byhthesis iof by
aceotein whieh isietdependent ontbgprepyene respyrceand vaish. The
u nother startin teri Ig lyar le starting erial. .
e pitess woL1d be pArcL Iy ach aniagoons for 106 ayhasi of *c=

NRRIbAIE ATF otheprodtG¥ AwhicK E6RIHHhEN bé safdl to BE®Fiafed PY
froaebiohtass"”. Thishs becaudeymethionime] wheatused in abirhabfoed, is by

rapjdly metabolized-andhthe carhon. digxide gas:which, 20 ends up in the, .
atmosphere contglbute%\]}o | crea?stln the t%re;genhfguse effect. If the acrolein
is ObtdifiEd o a tenewabte §th materi&i: for &samplie Sbtainéd from ™9

vepgetablel oifi the200R ehissions hd fongeredme withinthechdlance ofthé s,
pregess as theyweompensaie fardheant and sterilizing agent for

heospital eguipment.

The most commonly used process for the production of
acrolein 1s based on the gas-phase catalytic oxidation

reaction of propylene with atmospheric oxygen.

The acrolein thus obtained c¢an then be directly
incorporated 1in a process for the manufacture of
acrylic acid. When the acrolein 1is used as starting

material for the synthesis of methionine and/or acrylic
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25 carbon dioxide gas used by the biomass for its growth; there is
therefore no increase in the greenhouse effect. Such a process then

meets the criteria associated with the new concept of "green chemistry" in

a broader context of sustainable develépment. 30 It is also known to
synthesize aldehydes, such as acrolein, by dehydration of a polyalcohol,
sdeh as glyaernob. Glycerel (adso: knavwr as glycerinawhenst isdn therfeemof -y
a olutjo Sults, i articular from the methanolysi .
oo aablo i a1 Bt e Sae L 4 e Tty Sstare ek £

afETo tReirpsit erfiployédtin pariE@aras fueldin didsel 6iF ARG hedting e /
od CEliS issaanatural product, availablerin large teanountsiit can be stored -

3 - and transported without difficulty. It exhibits the advantage of being a
renewable starting material meeting the criteria associated with the new

cohEept bf “GreenThe st 15 Namlerdds rechiit sthdies had&earient on
delistedre the tevoverysiavdide of glyedret and in partistlaedo they steam

prepasation; ofacrelgin: Theiprocassayhich isthe subjech of these-studies, s .
eﬂpil%ys atraeggggn foI%t e 10 dfhydr tiop of glycerol according to th%

consecutslve reactlgns: féﬁ-@HB%-d%ffgﬁé éﬁégi—-ﬁCH -151—%# ﬁ%%re
<porH2-EH-eHOWO2HPNCreasing  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.
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
because methionine, when used in animal food, is
rapidly metabolized and the carbon dioxide gas which
ends up in the atmesphere contributes to ‘increasing the
greenhouse effect. If the acrelein is obtained from a
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
carbon dioxide gas used by the biomass for its growth;
there is therefore no increase 1in the greenhouse
effect. Such a process then meets the criteria
assoclated with the new concept of “green chemistry” 'in

a broader context of sustainable development.

It 1is also known to synthesize aldehydes, such as
acrolein, by dehydration of a polyalcohol, such as
glycerol. Glycerol (alsc known as glycerin when it is
in the form of an aqueocus solution) results in
particular from the methanolysis of vegetable and
animal oils at the same time as the methyl esters,
which are for their part employed in particular as
fuels in diesel o0il and heating oil. This is a natural

product, available in large amounts; 1t can be stored
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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 20 temperatures and the 'dehydration is favored at high temperatures.
In order to obtain the acrolein, it is thus recessary to employ a sufficient
temperature and/or a partial vacuum in order to displace the reaction. The
reactior:eam bpcatred oul rhthediquid 25iphaseor inthe gashphases Thishe

type gt reagtion isknowpn.tg be catalyzed.by. agids. According fo paitent R, 1
69.5931, acrolein is obtained by pass_ln%]%gLI cerin va%tors at a Sufficientl

HIGIT 56 Tempéfanira dver Saits of 6ide Having dtlteast thre@acipcert of
functional groepsssuch’as, for example, salts of phosphoric acid. The

yields shown are greater than 75% after fractional distillation. 35 In patent
U5 2558 520, the delyaration reaction s carried qut in the gasfliayld .
phase in the presence of diatomaceous earths impregnated wi
phoSpHEHE aciél salks; s sudpensicrrincan ardfhatic sBvEhE Adegrego- 4he
-of spaversionof the glycerelite:give acraleinof 72:3% is whiained upder 1o
(hese conditiops. The proces deseribed Jn application O 99/050B8 IS .
based on complex homogeneous catalysis under a coif? atmosphere
uhdier aprédsite SF20MON5E SN irffHedBiésBfce 6t a §6ert StRpasive
ansagrensisssulfolane solution. 10 Chinese patent application CN 1394839
relates to a process for the preparation of 3-hydroxypropanaldehyde from
glycerol. Acrolein, an intermediate reaction product, is optained by
SasHG pirvApoTbd Jyoarbr over Aicaiiyat of patasium el 6O+
naagfesium 15 sulfate type, and then the acrolein obtained is rehydrated

to give hydroxypropanaldehyde. The reaction yields are not given. Patent

452387120 descrbes 3 piocess for e 20 prodution of acrolin by

This reaction is an equilibrium reaction; as a general
rule, the  hydration reaction is favored at low
temperatures and the -dehydration i1s favored at high
temperatures. In order to obtain the acrolein, 1t is
thus necessary to employ a sufficient temperature
and/or a partial wvacuum in order to displace the
reaction. The reaction can be carried out in the ligquid
phase or in the gas phase. This type of reaction 1is

known to bhe catalyrzed by acids.

According to patent FR 69.5831, acrolein is obtained by
passing glycerin vapors at a sufficiently high
temperature over salts of acids having at least three
acid functional groups, such as, for example, salts of
phosphoric acid. The vyields shown are greater than 75%

after fractional distillation.

In patent US 2 558 520, the dehydration reaction 1is
carried out in the gas/liquid phase in the presence of
diatomaceous earths impregnated with phosphoric acid

salts, 1in suspension 1in an aromatic sclvent. A degree
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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
example, to natural or synthetic siliceoéis-materials, such as mordenite,
montmorillonite or acid zeolites; supports, such as oxides or siliceous

materialsyior @xampdﬁfalumn@ied@@@b@r titaniym,exide {Fi02) rcavered | 33
with mg@%? dorutggudlc i anlc 3% aglds oxides or mixed oxides,

13 0O COI
such as y- “alumina or éinO mlxe oxﬁ)e or heteropolyacids.

According to that patent, use is made of an aqueous solution comprising
frone10de 4086 of gleeral anetheioperation 1s-gartied ouwtcatoc /05085  is

temperatures 0&9&35’!%‘%@ 180200, 340G 35 E‘a@&ﬂ&%‘idsph@ﬁ%‘f‘d 3, CO/H,

between 250 and 340C in the gas phase. Accordi Orﬁ%to the authors of that

patelt SRR gs-phass ?ea@tloﬂ% prefefablefas t'MakeL posditie toThave e
ardegree of conVersiorsofitherglycerolch  as  an  agueous sulfcolane

solution,

Chinese patent application CN 1394839 relates to &
process for the preparation of 3-hydroxypropanaldehyde
from glycerocl. Acrclein, an intermediate reaction
product, 1s obtained by passing pure vaporized glycerol
over a catalyst of potassium sulfate or magnesium
sulfate type, and then the acrolein obtained is
rehydrated to give hydroxypropanaldehyde. The reaction

vields are not given.

Patent US 5 387 720 describes a process for the
production of acrolein by dehydration of glycerocl, in
the liguid phese or in the gas phase, over solid acid
catalysts defined Dby thelr Hammett acidity. The
catalysts must have a Hammett acidity of less than +2
and preferably of less than -3. These catalysts
corraspond, for example, to natural or synthetic
siliceous materials, such as mordenite, montmorilleonite
cr acid zeclites; supperts, such as oxides or siliceous
materials, for example alumina (Al:03) or titanium oxide
(Ti0s), covered with mono-, di- c¢r triacidic incrganic
acids; oxides or mixed oxides, such as y-alumina or
Zn0~nl,0; mixed oxide, or heteropolyacids. According to
that patent, wuse 1s made of an agueocus sclution
comprising from 10 toc 40% of glycercol and the operation
is carried out at temperatures of between 180 and 340°C
in the liguid phase and between 250 and 340°C in the
gas phase. According to the authors of that patent, the
gas-phase reaction 1s preferakle as it makes 1t
possible to have a degree of conversion of the glycerol

cf approximately 100%, which results in an agqueous
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of approximately 100%, which results in an aqueous - 5 - acrolein solution
containing byproducts. A proportion of approximately 10% of the glycerol

is converted to hydroxypropanone, which occurs as predominant

byproduct in the acrolein solution. Theaerolein is recovered and 5 purified
by fractional condensation or distillation. For a liquid-phase reaction, a
canversionlimitethie 15n25% istdgsired inoyderdeavoid amexga*%%iwyion

gg%at gé‘%% Sergg%vmg/ P%E?‘nt U§ 5%4}%6 : ]?ézaeﬁy&ratlon O Vertﬁo

escrl esamegas-p haseproces sforthe’ ycero
gVEEGBIEHT BEEfoORBFed By Hydration githe acidféid dher sy & Dyproduct

hydrogeaatian to. reisult ém 1,2= iand. 1, 8ypropanedieli 1 he seactiopforthe and
dsméqrﬂ'ea of.glycerpl fo.give 15 acrolein is.thus generally @fggmf’fgkeldm

éSIde reactions resulting in the formation of byproducts, such as

h{Groxypropshohd . BFb?)%ﬁal TECsthdRRyde? adetsie Hiidition proddEs of-©
the agroteiniwithdghycerebiknown asratetals) opolycondensation:predactse 1y

Zgﬁagéycer% gyclic glycerokethers, ;and the likepbutalso of phenokard 549
pgé/aromgtlc con@gunds which are the cause of the formation o% coke on

the cata]lys?sThls results onntlﬁe on%%an%h i a reddctionin the y eld andthe
irffHevsBle&thvity forfacmleinand! orf the 2576therdyame: Ima deactiVatidrrotd

the, catalyst: Therpresenae-ef the:byproducts ikthe acreleitcsuchas on  to
h%@y@rq&anf)ng or %gpaln% ?; me being f uithermore difficult to isolate,
t

requires separation and purifica tages which result in high costs for
the 30 recovery of the purified acrolein. Furthermore, it is necessary to
régenerate the catalystvenheftetis so @sdo regairnd safisfaetoryl catalyticive

agtivity; The Ap@@cantt%@paryeh?éraﬂq mpted (0-sajve these 35, SPCIEE

problems by pro os in the French patent published under No.

053345 C41A7 out el et 1P he- Gy ch I bf Giycerol nthe-ocucts,
peesence ebmolécularowgeny ittwasobservedmomthis occasiendhatehyde,
suruisingly, they itroduetion of @xyden seduges thene  acrolein  with
glycerol (known as acetals), polycondensation products
of glycerol, cyclic glycerol ethers, and the like, but
also of phenol and polyaromatic compounds, which are
the cause o©f the formation of coke on the catalyst.
This results, on the one hand, in a reduction in the
yield and in the selectivity for acrolein and, on the
other hand, 1n & deactivation of the catalyst. The
presence of the byproducts in the acrolein, such as
hydreoxypropancne o©or propanal, some being furthermore
difficult to isclate, requires separation and
purification stages which result in high costs for the
recovery of the purified acrolein. Furthermore, it is
necessary to regensrate the catalyst very often, so as

to regaln a satisfactory catalytic activity.

The Applicant Company has attempted to solve these
problems by propcsing, in the French patent published
under No. 2 882 052, to carry out the reaction for the
aehydration of glycerol in the presence of molecular
OXYgern. It was ©observed on this occasion that,

surprisingly, the introduction of oxygen reduces the
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- 6 - formation of aromatic compounds, such as phenol, and of byproducts
resulting from a hydrogenation of dehydrated products, such as propanal
and acetone, but also of hydroxypropanone. The formation of coke on the
catalyst 5 is found to be reduced. Thisdesults in inhibition of the

deactivation of the catalyst and in continuous regeneration of the catalyst.
Somenbyprodugts aredound to bepresent i) markadly loweramayntsnd of
whieh faclliates (he subseguent pyrificafion stages, 10 Advaptageoys as, . 4
th may%e,?hese results are not sufficient ec nomlczﬁff/ t6 Move to an
MR stale Sithefor® e implementhtici 6 theSprocess indhéc  ©f
pregenseyaf :oxygen irvolvEessopersaticnal piecatitions s 15 order taatalyst
preveRt it from rinning away yprogeading.as far.as Combusfion,. with its -
risks of explosion. This results, for example, in the use of an inert gas in

ofdit to%ﬁ%ﬁ%ﬁ*fs}rﬁélthé’ﬁam?ﬁé’oiliﬁﬁﬂ& The Mittdgen’in the air'darcu s
constitutera portionodf thise20cimert lgastbut Suitheftery bedniantasuffieieibund

amountwhich wilk gesult in the use.of agditional inert gases, sHel as which
rgc?yc!%f %s%s comprising, in acjdltlc%n to nlgrggen, which has not been able
to feact, the ‘combustion gases andrare gas f,%%%ﬁ%s%r%%ﬁ?but 25 also
gases deliberately added, such as the above-mentioned gases but also
meihane apddight alkanes. die use;of inert gases.vhiehs by definitien, dosc
not.cantribue todhe reaction, inyolues the use of alargeeaclorin oo
comparison with what'is ?lecesgary?or the 30 Teactants alone. THis résults -
i 4n BaaitnatexpehditrBPTRIETS i fcdsoP Why fife Appticaae in the

Qﬁmrmyclaawfontigy@@ﬂs smmamrdmdﬁam_pmth@ﬁemwwm in
agroleip of the reactign by focusing on,ihe; conditions %ﬁff%%tB’SQS%ﬁng as

and/or of 35 selectivity of the catalysts already known for being used for
thé* SynfiiesisBraErde M front' giyerol S 7 ithé Hefydratioirféatfion This
whichiaressolid thomegenedus or imultiphase:saterials arsolubterin thems  in
reacion megdiumayhich, althoughcacids;can alse.exhihit sorpe undesirable, o
s%e%}g(r}obeaé)ly.the %%useao,f the forgmatlon of the b%/products by reaction fhi
mechanisms which are sonietimes ng?ggé“ﬂ“ ouﬁredi%t. TRE aim’of the -5
PEESERE inVeRtidhis to'dvercerhbahedecdisadvantages by implepnéntipgount
tm@mesﬁmhilefaﬂﬂisg, 10 t@ﬁ"éﬁ %aéefiam @@@ﬂ@ﬂﬁi%ﬂium?‘ért gases,
c und cap of-being attache east temporatily, to_these sites
a%g]%g in%i itin%gtﬁ r%}“ uri%%t%]%sprogegs%sp trglpsrjé{/lgﬁt thé"%ormazﬂ%h%o J%He o

byprocRetd: 15 ARGGRct Mater BFthe fr8&ént ifrtion'is a préééds for the
the>synthesisrof agrekein byrdehydratoncefglyceratircthe presencesef,a but
sglid acid catalyst, gharagterized i thakitizimplemented,in a {eactiony, v -
medium comprising a gas phase comprising an acid_ 20 compound.

mentioned gasés put alsc methame and light alkanes. The
use of 1inert gases, which, by definition, do not
contribute to the reaction, involves the use of a large
reactor, in comparison with what 1s necessary for the
reactants alone. This results in an additional
expenditure. This 1is the reascn why the Applicant
Company has continued 1its studies in order to improve
the selectivity for acrolein of the reaction by
focusing on the conditions of effectiveness and/or of
selectivity of the catalysts already known for being

used for the synthesis of acrolein from glycerol.

The Applicant Company has discovered with surprise that

the catalysts of acid type known for the catalysis of
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The term "acid compound" is understood to mean, within the meaning of

the present invention, a compound which, in addition to that which will be
specified below, will 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
seli¢: acidroptalystse sucheas those d@sgﬂbe@HéF@@gbcpamjmlﬂ%feaﬁzs or
052. The catalysts which are suitable are homogengous_or multiphase .
e h S IRSa bl 1 the T0 Feneth mebiam S uhich hhcs 5o

Hammett acidiyt dehsted H8Cofd8ss thaifi2. Agirticated i el patent ome
US B 887r-TR20:whith srakps seferdnce tadheqpapes by K. Tarabestal tinon

"Studies, in Sﬂggg%éf&e&ce and Catalysis/, Vol 21,1989, Chap, L and 2,

the Hammett - acidity is determined by amine titration using indicators
or By SlsBRstidHosr £Bade ifthe gisptiase. The catalysts meeting the

criterion of acidity Ho less than +2 can be chosen from natural or synthetic
5isilicequs, materials.or-acid; zeolites; inorganic supPArts, sueh-as0Xidese s
covere vgilt&inorgargc a(:!_,glslvvlggllté?1 gre mono-, dl-rtrl- or gol acids; o%%es

or mixed oXides  ifor phasphiates or neropolydeids: 10 Advantagebusly, 9
the> catily sty e enbsereierh Zeolites Nation @ comppsitesi(basedohe of
syﬁ?m@ _z;m_cziamﬂn_@tgpqume@»a;&;iori?aﬁq%gﬂama@s, pﬁﬁp%@iﬁ@gstigites
a r silicotungstic.acids and acid salts, and various solids of the type
iricah il PR g et e

NbBD5L akifdiha K308, Hifshilii R Tio?: zirconia Zro4, tin oxide 5n02,

silica Si02 or silicoaluminate Si02/Al203, impregnated with acid functional

gﬁousoébjgef& ag berate 303, sulfate S04 tungstate NO3, phosphate 504, .

silicate Si02 or 20 molybdate Mo03. According to the literature data, these

catdllysts aff have’ B Hdmnmett atidity 1o 61 REE thanvs2, FRRYsHERIme  ©f
catalysts ate siifated:zircomiasepligsphgtedazirconlas] tungstatedatalyst,

zikgoniasgilicd ed in that it is implemented in a2 reaction
medium comprising a gas phase comprising an acid

compournd.

The term “acid compound” is understood fTo mean, within
the meaning of the present invention, a compound which,
in addition to that which will be specified below, will
exhibit, in sclution with water, a pKa of less than
-

6.3. In particular, C0O; is not an acid within the

meaning of the present invention.

The dehydration reaction is carried out, for example,
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 insclublie in the
reaction medium and which have a Hammett acidity,
denoted Hy, of less than +2. Az indicated in the patent
Us 5 387 .720, which makes reference to the paper by
K. Tanabe et al. in "“Studies in S8Surface Science and

1

Catalysis”, Vol. 51, 1989, Chap. 1 and 2, the Hammett
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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 extént, down to values which can reach
-20 in the reference scale with Hammett indicators. The table given on
pagedilof the publicatian-an acid/base catalysis£0. Marcilly); Mah 1, msing

E%%%%%?H’%?%i%ﬁ@&%ﬁ% Q%‘”a%él@étr%‘?swﬁlﬂ%s Bhase.

solid catalysts within this acidity range. -9 - numerous ways_and the

Hatimet rethdd s m%%%f’fﬁ@n ROy E. %P&ﬁﬂéféﬂ?e&?&s
abiowe furtfermore 5 lists vartiousemethodsfor measurAg theraciditynahgtic

the basicity, of the,selids. Referenge wilkbe made to,theeublications byan: c
Aline Auroux, where various C§thods for mea urln%%he 10 aC|d|n}£scaIes

of sofids grse’descrl}‘?)eéil SuBR B3 A’ AGfouxand A’ ervasm| ©racids
Mitfodalcrinsetrie Study 8f thetAcidityoand Bagieiy &F Mé?élldﬁiae or mixed

Surfaces’, Rhysa Ghiesspk890) 94+ 68410: pbd da Biamjanovic and A.
Auroux, in "Handbook of Thermal Analysis and 15 Calorimetry”, Vol. 5,
Chapter 11, pages 387-485: Recent Advances, Techniques and
AEHTRBRHGHE WEEL Browh and - M- GHlRgeE LdrBRS@B08 El¥eVisiB ViR S/
Methods®iseddomeasiire this acidityare describedhin2tpatentsERI1  of

7%&%%%@99%%%‘9590391:%% ER.1714 933 [0045.and Q048 c}%’ﬁ@%ﬁbestlc

cases where the solid is white or not in color are distinguished. These

stidléS fluStratbSR parficiiiar thafa $51id 125 fardly onsosed ithe? bf ©1°
sefely deidic Sitestor oftsulely basip sites.rAcidsdlids have Arost of theh  as

time, bath acidic sites.whish are;predominant shutadso.some basiesites. 0.,
This dlchotomy IS, ggustrgte!;i in partlcular in thgﬁggper b A Aurou andSAO
éérvﬁ?ﬁuéb on pla e 6377 Whefé Jfrlgure I3 We that ohe and the same’’
oxidelean simGitanebushy-adserbairacid compeéind?isueh as CUZ a2

basic-campeund::such @saNH3 - Without wishing to be camunitied, toanyrate

ong theory, fLis beligved that t@'@é&gﬁ&%@m%ds cqiibytedo the 35, o,
forrﬁétlon o?ﬁwe ﬁyproductgs in cess
molybdate MoOs. Accordlng 7o the literature data, these

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

The preferred catalysts are asulfated zirceonias,
phosphated zirconias, tungstated zirconias, silica
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 Hg of less
than +2; the acidity Hp can then vary toc a large extent,
down to 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 FEditions Technip
(TSBN No. 2-7108-0841-2), illustrates examples of solid

catalysts within this acidity range.

The catalysts selected for this reaction are acid

solids. The acidity of the solids can be measured 1in
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The process is implemented 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 the catalyst. This compound will

be chosen from hard and soft acids as®defined in the "Pearson”
classification illustrated in the following papers: R.G. Pearson, J. Am,
Chem.rSec:, 80: 3533:(L963) R.Gldearsan, Setence, 154 (1966), 192¢ of
R.(. 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; R.G. Parr and R.G. Pearson, J. Am. Chem. Soc., (1983),
10B6¢7542¢ 10 ityshoulddeeremphasized that sd tHeowerkdyeC. Martcillyrmore

referred 19 above sthescalgibased-on the;Rearsontheoryds 4$ed 0Bng the

p%a%es 34 et seq. 1% Thesia,c mpounds can be gases under standard
conditions but e%f can be either liquids or even solids if they are capable
of passing into the gas phase of the reaction medium under the operating

cenditions of the\pragess ;20 Preferably, dhe dethalrationis ¢amied-out in by

ths presengce of 2 gag,phase comprising aspinon radion of alleastone
aci compounélw'lthin he meaning of the Pearson classification. 25 1his

aith-ComPouriFMiFSe cRéserfin petficularfom IO SHTENO2 Sald thed s :
like. ltwotdd:natre departing frommthe scoperof the twentionduuseawerendy

made.qf a mixiure.af these compounds. Ageoyding to the Fearsan, 30, - o~

theory, hard acids prefer to combine with hard bases and soft acids with

sbftbaseS5 58 may be'hade bf a fixturd 8f céiMpodnusEBMBRmG- ¢ 2nd
differént-acidities inrordeYienaliibit the differerittizasie: Sitesforesers ion thend

catalyst: 32 The-conient of @Fid&%ﬂﬁ%@dﬁwi” ;9&8@_@ opthe pature of o ¢
the cataéyst chasen for, the dehydration ref\ctlon.elt will generally be
é% App M.E.’B
(

BETWESH T Hind 3006 pp1 of thé gas tcations, " M. L. "Brown and

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

Methods used to measure this acidity are described in
patents "EP 1 714 696 [0038 and 003%] and EP 1 714 955
{0045 and 0046] where the ¢ases where the solid is

whife or not in color are distinguished.

These studies illustrate in particular that a solid is
rarely composed either o©f solely acidic sites or of
solely basic sites. Acld solids have most of the time
both acidic sites, which are predominant, but alsc some
basic sites. This dichotomy is illustrated in
particular in the paper by A. Aurcux and A. Gervasini
on page 6377, where figure 13 shows that one and the
same oxlde can simultaneously adsorb an acid compound,
such as CO0z, and a kasic compound, such as NHs., Without
wishing to be committed tco any one theory, it is
believed .that the latter compounds contribute to the

formation of the byproducts in the process.

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

medium which exhibits an affinity with fthe undesirable
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-II- 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 that it is capable, under the
reaction conditions, of passing into thé liguid phase to achieve the above
contents or, in the case of a solid compound, of dissolving and then of
passing intd thesliquid-kO: phase, -as wasspesifiedl ghove. tsheuld:-bepound
%&%@Lthéép%ﬁ%tsgﬁ 1zagl3ag.descapes ?Qﬁceﬁéi%{sth%éy'&g%ﬁ'ﬁé’ in
acrylic acid by oxidation of alkanes or acrolein in the presence of a

r&diGcing T5°E0MRPEUNd cBhfposed ‘of dFdaliic acids-#intie o Oxalié acid)- ¢
of comnpoinds cemprising sulfur, BaehasrSOZ or Ei25, S@Xhbeifige., 85,

preferred: However, it may be.gmphasized thaf ILis nqtihe same geactign ; ;

with a different catalyst and that the activity of said compound js to 20

steillze” tha Catilyst 2hd Hot td-ihcredse it Sefethivity “Ficreaction’ 037
acebrdiftg tr therinvention Caebevakrieddutiatthegas phake drfin thélo.
liquickshases gaﬁfer@bg{fifvctme gas phase. a@xv@%t;tﬂﬁ,re@qgmn 'ﬁ.garri%m
out in the gas phase, different processing technolo n be :
naélrr}no{;,l)%/b fixG?éd %8 rpsrgéléss, fIu%%i%z’edﬁl}';a(-f?crln gr(%:%gs' brgé(lirétglg%iﬁg #l%’ize?dS 2
bed process. In the first 2 processes, in a fixed bed or in a fluidized bed,

the regenefation o0b30 thergatalyst-can betseparated fromihe reagtion. It by

can ke carried out ex-sit, for example by extragtion of the gatalystand ., .

combustion under air or with a gas mixture comprising molecular oxygen.
IR BiS 38 case thettefripetafiite ARdRRE presstiré at wWhith the

regeneration is carried out do not have to be the same

These compounds can be gases under standard conditicons
but they can be either liguids or even solids if they
are capable of passing 1into the gas phase of the
reaction medium under the operating conditions of the
process.

Preferably, 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.

This acid compound will be chosen in particular from
503, S0z, NO;, and the like. It would not be departing
from the scope of the invention 1f use were made of a
mixture of these compounds. According to the Pearson
theory, hard acids prefer to combine with hard bases
and soft acids with scoft 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.

The content ¢f acid compounds will depend on the nature
of the catalyst chesen for the dehydration reaction. It

will generally be between 1 and 3000 ppm of the gas
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as those at which the reaction is carried out. Preferably, the addition of the
acid compounds within -12- the meaning of Pearson is carried out in the
reactor and not during the regeneration. According to the process of the
invention, it can be 5 carried out contihtiously in situ, at the same time as
the reaction, in view of the presence of a small amount of molecular

axyger or of a gasxgomprising nclecular oxygerdia the yeactor.umnghis from
casgpthe regeperation 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,
thé injbetioresfthé gasésusacid compounditappens 16 peisimulaseoust he

andipreferably upstream ofthe catalyti bed, sethat txthewsid in solid
compounds are Begect% mixedcin the reaction mixture. In the circylating .
1de ig ahl tné “Teactlon

FOLI OV at 1 e unde
fluidizeéd bed” process,% € Catalyst circUlates in two vesseﬁs, a reactor an

Freeheidtse 209E st that tHeCdERirdtioh reachon ReeridotRéiiiey
itﬂséh%ns@afe nesessary 30 provide enekgyda he first ae_ssﬂl,ivﬂher@_alsqh_@d,
regeneration; cansisting, of th&%‘%ﬂ‘bg%“o%gfs@%%j’kei A5 exothermic; JUs ;
therefore necessary to remove the 25 heat from the second vessel. In the

Jale B thé Eiréiftating fididizedhet? A€ two systems can cancel each

other out: according to the process of the invention, the regeneration of

the catalyst ynder a stream.of.oxygen bycombustion 1esujts IRSscrives a
reheating 30_of the catalyst and c,onseqcuentI% PE)é[cwldes th§ egner%/
c

HeCRESA forthe UaRydiafion Féaction when the Teheated catalySt retarmsC™
to thearesstot STheresidatcetime imedchevesset slepeAdsoon the FREwELiNg

deactivation of the-catalystand endhe amountiof coker formesd opthes3s 1ic
catalyst. S ecificagygog]rllgainimum amount of cokfgﬁgesirabl%in%de%% or

be ablé to rrin(g: the back tothe Fa{'v%?ablseutempératﬁ}lecand a

nlaimutR ariGUrit of BSk BIécessaRHf bider té prévent fife Solidfismzed
det%r’toraijﬂg byssintering _duéng stlam@onﬂm&tiemo?ﬁhew-ﬂﬁa infectionfof ¢hent
acid compoynd is.preferally garried out inthe reactor, Ihe 35 o

gé‘ﬁ%g‘ﬁ{_ .
dehydration reaction is carried out in thegas
stabilize the catalyst an not

to increase its
selectivity. The reaction according to the invention
can be carried out in the gas phase or in the liquid

phase, preferably in the gas phase.

When the reaction i1s carried out 1in the gas phase,
different processing technologles can be used, namely
fixed bed precess, fluidized bed process or circulating
filuidized bed process. In the first 2 processes, in a
fixed bed cor in a fluidized bed, the regeneration of

the catalyst can be separated from the reaction.

It can be carried out ex situ, for example Dby
extraction of the catalyst and combustion under air or
with a gas mixture comprising molecular cxygen. In this
case, the temperature and the pressure at which the
regensration is carried out do not have to be the same
as these at which the reaction 1s carried cout.

Preferably, the addition of the acid compounds within
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5 phase in the presence of a catalyst at a temperature ranging from 150C

to 500C, preferably of between 250C and 350C, and a pressure of

between 1 and 5 bar. The reaction is carried out in the liquid phase in the

10 presence of a catalyst at a temperatiire ranging from 150C to 500C,

preferably of between 250C and 350C, and a pressure of greater than 5

barandpreferably-of between-20 and 8bari 45 Thafollowingrexampies:cor

il%@g %@edgrlofgas Qgg]er%rgéggggy%plqn. During the dehydration of

glycerol in the presence of a conventional acid catalyst, acrolein is

obtained but 20 also byproducts, such as hydroxypropanone, propanal,

aketatdehyde, acetarie; phenatethe additionproductsof acrolein withan be

g%em'etﬁweoqpéycgeg%q%@@&rﬁd%s af glyceral, and,eyclic gr nengyclic, 5

glycerol ethers. 25 These examples illustrate the effect of the presence of

P STGEMPEH OG-Sl SHvity BT H RESCHGR it régarFb

vafiousKrrovwi. byproducisandbin pafticalakiyeroxypropanone, wisigkisiiar

the Mast evidenticompeund @nd isrthus representativeof¢her3Qeneration

e{fgctig&nﬁ S, gf thc% prg%ess.nLh%i\ggilIO%sogl st,[%te thg %fg‘: cts of the
e

hgmount

. 1 3 LOL. =) 1 ion and
présence of acid compounds on déactivation of the cata ys¥. xample

1535 Fhe Peactnaan beccarREd 8 GEGHdSr tRE follblingrestitioits. Dse g
made-of aPyrexeacter containing=aeatalyst begbheld byasintered-«  the

glass. First.efiall a gatalyst, such as he %EH%%%@%F rcopia dehydration, ¢

[
-14-"catalyst from Dailchi Kigenso KK, reference 11044, having a weight
I

of BBpreRnTAtER 657G andfItRicEl Yo & BRRRIEsiZeof B2-P18 mmaneous

dduted wvitht 2 milof gilicors carbide with & fine particlevsize (k25 mm), Sisat

Cbﬁ@gegc_%b%;%ﬁ%ym sgries ofheds of silicon carpide, with different: ; o,
ml O

particle sizes: 0.125 mm, 7 ml of 0.5 mm and, finally, 1.19 mm up
t8'tet6p°of the reactor, is charged. 10 The reactor is subsequently

placed in an oven connected to the test installation. The temperature of

the, catalystis temperatuee regulated ab305G; meastkedin thee catalyst
"g:ef}ycdr?gqne !Sayer". Jc'SC-Jr hgerg g%$£ is %drveg%}:hceoggpa%g] % r nerator
hef'lum‘liryp%onlsbalwg‘{er-gchero gas mixture at’a préssure of £.3 bar )

abSoluté SThe'HEhtm-kryptén gasmkturé eomains™.92% of Riptore™ 15
whiely aetsasiinternalstandard - hee watereglycerokmixdure containg 8306% de

bgnergy to the first wvessel, whereas the regeneration,
consisting of the combusticn of the coke, is
exothermic; it is therefore necessary to remove the
heat from the second vessel. In the case o0f the
circulating fluidized bed, the two systems can cancel
each other out: according to the process of the
invention, the regeneraticon of the catalyst under a
stream of oxygen by combustion results in a reheating
of the catalyst and consequently provides the energy
necessary 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
catalyst. Specifically, a mnminimum amount of coke 1is
desirable in order to be able to bring the solid back
to the favorable temperature and a maximum amcunt of
coke 1s necessary 1in order to prevent the solid from

deteriorating by sintering during the combustion. The
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20 weight of glycerol. The composition of the injected mixture is as

follows, expressed as molar percentage:
helium/krypton/02/502/water/glycerol: 2550/2.6/3.4/0.02/40.6/3.4. The flow
rate for introduction of the charging mixiure is such that the hourly space
velocity (HSV) will be 2000 h71. The hourly space velocity is equal to the
ratio) et-thedotabgas fiow ratesefdhe gas-mixturerexpressed én fapdardaniy

”E%K%Pfé@o%ﬁo he bulk c,_aé%lggo@lume, expressed in liters. The
eff

uents are trapped in water at the outlet of the reactor with a trap cooled
to 0C, making it possible to separate the liquid effluents from the
ndheondehgabte efffuents=Ehe acroleinsand dhe hydroxy=tpropanories asgas

medel compoynd.forthe bypradugts other tham acrylicacid, arg.ne rature
guantitatively determlrgeéiab chrom%to{ggg#)hlc analysis. 5 The effluents
agf % ’

af& 48t uidtedn th of § pe 60 HifUteS > The ©F Petween
ndhBoRdensablé gasSes arecanalyzedsthroaghidutithe daratioh efitle 5 bar.
balance. The yield of acrolein produced is 70 mol%, of acrylic acid 2 mol%

d of hydroxyacetone 0.5 mol%. 10 Example 2 (Comparative) Example,
ol e NG but 1 tHE ADSBACC S S8 15 Fhe oMt g o Th the
aeEGFRNEed mithetrapifor apetiod bf 60 MU, THeHonéGidensablé rom

gases are-analyzeu throughout the: guration-ef thecdalaree: The yieldeh °c,
a&ﬁ%elg pﬁ%%%qﬁngé 6§fn%¥%ﬂggrygﬁﬁgld52 E%%a%’{‘c? Q&referabl of

hydroxyacetone 2 mol%. 20 Example 3 Use is made of the’'same Pyre
rE54BFES irf examPle’t, IPRstcharged with a tungstated zirconia

dehydration 25 catalyst from Daiichi Kigenso Kagaku Kogyo, reference

54044 ring. 1greund and:sieved to a particlesize of.0,32 10,030 mm, with.g,,
volume of 7 ml and a weight of 9.18 g. The undiluted catalyst is placed

BRIGESH 2 |ayers b sfifcon carbide. 30

During the dehydration of glycerol in the presence of a
conventional acid catalyst, acrclein 1s obtained but
alsc byproducts, such as hydroxypropanone, propanal,
acetaldehyde, acetone, phenol, the addition products of
acrolein with glycerol, the polyvcondensation products

of glycercl, and cyclic or noncyclic glycerol ethers.

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

deactivation of the catalyst.

Examgle 1

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

catalyst, such as the tungstated zirconia dehydration
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The reactor is placed in an oven which is regulated at a temperature of
275C. The reactor is fed with a gas mixture at 275C of
N2/02/S02/water/glycerol at a pressure of 1.3 bar absolute. This gas
mixture is 35 obtained by injecting, intb4an electric evaporator, on the one
hand, a stream of nitrogen and a stream of oxygen which are controlled in
flowtratesby massstiow begulators andgen the ottter handf a tiguickstream44,

of a.mixture of glycgrol {Pr ;%%nggt%ﬁ e@\@atfra@g ﬂéaé“!tﬂf%'é a

acid comprising 7.4% of SO ma-Aldrich), via a volumetric pump of

HBLC typeS thé 1B rate of Whic |stc%rﬁltwp1ledddyla{5§%nc‘él%hrhe ml of
compbsition of thel ijected-iixturefisras follows, expressed ad holarc mm) ,
percentages: N2/02/302waterfglyceral: 13.4/3.9/0.905//496.2. Ehe ;i con

ﬂow rate for |ntro ctlo Eé?e ch%rgln% m%turr-:\L 10is such that thf?] h(iurly -
space vef%mty ( ) is After inje tlng the g: gas mixtare over o

catalyst f8¥3 hourd]a matefiaPbalEncernd carfidd bt for 15 9bmitiytestin to
the.samepvayr as e examptert., Thesresudtsase given in table 1.

The reactor is subsequently placed in an oven connected
to the test installation. The temperature of the
catalyst is temperature regulated at 305°C, measured in

the “dehydraticon layer”

The reactor i1s fed wvia the top with &a helium-
krypton/S0;/water~glycerol 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

welght of glycerocl.

The composition of the injected mixture 1is as follows,
expressed ags molar percentage:
helium/krypton/0,/30,/water/glycerol:
50/2.6/3.4/0.02/40.6/3.4.

The flow rate for introduction of the charging mixture
is such that the hourly space vwvelocity (HSV) will be
2000 n7t.

The hecurly space velocity 1s equal to the ratio ¢f the
total gas flow rate of the gas mixture, expressed in
standard 1liters per hour, To the bulk catalyst volume,

expressed in liters.

The effluents are trapped in water at the cutlet of the
reactor with a trap cooled to 0°C, making it possible
to separate the liguid effluents from the

noncondensable effluents. The acrolein and the hydroxy-
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Example 4 20 The conditions of example 3 are repeated with a gas

mixture with the molar composition: N2/02/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 conditions of example 3 are

reproduceda gas:mixturéanithdheumolaricofiepositiva: byproducts other

Né{%%{s%wﬁﬁﬂcglwa%%,15é/§e9/%t7u%%/+_6i%£éi_% lance iscared Quty, .,
after 3 hours and 24 hours. The results are given in table 1. Table 1 -17-

EXARTpiE 5% 5385mpbaratiey fjéction time (h)

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 vyield of
acrolein produced is 70 mol%, of acrylic acid 2 mol%

and of hydroxyacetone 0.5 mol%.

Example 2 {Comparative)

Example 1 will be repeated but in the absence of S0,.

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 of
acrolein produced is 68 mol%®, of acrylic acid 2 mol%

and of hydroxyacetone 2 mol3s.

Examgle 3

Use 1s made of the same Pyrex reactor as in example 1,
It is charged with a tfungstated =zirconia dehydration
catalyst Zfrom Daiichi Kigenso Kagaku Kogyo, reference
21044 ring, ground and sieved to a particle size of
0.32 to 0.20 mm, with a volume of 7 ml and a weight of
9.18 g. The undiluted catalyst is placed between 2

layers of silicon carbide.

The reactor is placed in an oven which 1s regulated at
a temperature of 275°C. The reactor is fed with a gas
mixture at 275°C of N,/0./80;/water/glycerol at a
pressure of 1.3 bar absolute. This gas mixture is
obtained by injecting, into an electric evaporator, on
the one hand, a stream of nitrogen and a stream of
oxygen which are controlled in flow rate by mass flow
regulators and, on the other hand, a liguid stream of a

mixture of glycerol (Prolabce), demineralized water and
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3324 324 SO2(mol%) 0.005 0.025 0.02500  Glycerol conversion(%)
100 100 87 100 69

~16-

sulfurous acid comprising 7.4% of S50, (Sigma~Aldrich),
via a volumetric pump of HPLC type, the flow rate of

which is controlied by a balance.

The composition of the injected mixture is as fellows,
expressed as molar percentages:
N2/ 02/80,/water/glycerol: 15.4/3.9/0.005/74.5/6.2.

The flow rate for introduction of the charging mixture
is such that the hourly space veloccity {(HSV) is
4200 ht,

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

are given in table 1.

Examgla 4

The conditions of example 3 are repeated with a gas
mixture with the molar composition:
Ny /0./80,/water/glycerol: 15.4/3.8/0.025/74.5/6.2.

2 balance is carried ocut after injecting the mixture

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

Example 5 (Comparative)

The conditions of example 3 are reproduced with a gas
mixture with the molar composition:
N./02/8C:/water/glycerol: 15.4/3.9/0/74.5/6.2.

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

The results are given in table 1.

Table 1



Acrolein yield (%) 73 73 60 72 49 Hydroxypropanone yield(%) 0.4 0.2 5.9

2459

It is found that the addition of SO2 not only brings about an

improvement in the yield but also limits the 5 deactivation of the catalyst.

-18- -17-
5
Example 3
(comparative)
Injection time
3 3 24 3 24
(h)
30, (mol%) 0.005 0.025 0.025 0 0
Glycerol -
‘ 100 100 87 100 69
conversion (%)
Acrolein yield
73 73 60 72 49
(%)
Hydroxypropanone
Y yprob 0.4 0.2 5.9 2.4 5.9

yvield (%)

It is found

about an

that

the addition of 805

deactivation of the catalyst.

improvement 1n the vyield but

net

also

only brings

limits the
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WHAT IS CLAIMED IS: 1. A process for the synthesis of acrolein by
dehydration of glycerol in the presence of a solid acid 5 catalyst,
characterized in that it is implemented in a reaction medium comprising a
gas phase comprising an acid compoufd. 2. The process as claimed in
claim 1, characterized 10 in that the catalyst has a Hammett acidity of less
than +2. 3. The process agclaimed iniglaine 2, ditaracterized in that the
catalyst is chosen from zeolites, Nafione 15 composites, chlorinated
aluminas, phosphotungstic and/or silicotungstic acids and acid salts, and
solids of'the Ry ESmpridiRg mqu‘leoxiose%?%ﬁa? a$ tarftalum?6Xi8e $5205,°Y
nibBiymexide Nb205 salurra Al203, titaniumr oxidecFi02 fzircomal ZD 23 ¢ 1d
tiB&%@%@@W&UE@a@@@@I ZQssilicoaluymipate SiQ2/AIZ03; impregnated,
with acid functional groups, such as borate 303, sulfate 504, tungstate

W3, p lo%%hé‘%%%d?f sr%%%rs‘iﬁé“o‘% molyBdate Mo03T 25 4 e procdss >
aslainfedipcelaim: 3, characterized in that the catalyst is chosen from
sulfated zirconias, phosphated zirconias, tungstated zirconias, silica
Zconias, sulfgled taniumor fin oxjdes. phosphated alumings orsllicas. .4
doped iron phosphates, or 30 phosphor- or silicotungsti¢ acid salts. “The
ptocessids Aanethinconessf dldis™l (P ANEHdradteriddd in that tiess than
dehydration is carried out in the presence of a gas phase comprising a
minor fraction 35 of at least one acid compound within the meaning of the

Pearson classification. -19- 6.The process as claimed in claim 5, .
Cﬁanuxgﬁfédprocess as claimed in claim 2, characterized

in that the catalyst i1s chosen from zeclites, Nafion®
composites, chlorinated aluminas, phosphotungstic
and/or silicotungstic acids and acid salts, and solids
of the type comprising metal oxides, such as tantalum
oxide Ta»0s, niobium oxids NbyOs, alumina Al,0s, titanium
oxide Ti0;, zirconia Zr0., tin oxide 5n0;, =silica 5i0; or
silicoaluminate 85105/81503, impregnated with acid
functional groups, =such as borate BOs;, sulfate 804,
tungstate W03, phosphate P04, silicate 5i0; or molybdate
MoOs.

4. The process as claimed in claim 2, characterized
in that the catalyst is chosen from sulfated zirconias,
phosphated zirconias, tungstated zircenias, silica
zirconias, sulfated titanium or tin oxides, phosphated
aluminas or silicas, doped irorn phosphates, or

phosphor- or silicotungstic acid salts.

5. The process as claimed in one of claims 1 to 4,
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.
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in that the acid compound is chosen from SO3, SO2 or NO2,5 7.The
process as claimed in one of claims 1 to 6, characterized in that the

content of acid compound in the gas phase is between 1 and 3000 ppm.
8.The process as claimed in one of claits 1 to 7, 10 characterized in that
the dehydration reaction is carried out in the gas phase at a temperature

of betwedre150€and 50QG, prefeiatly of betwéen 2500 and:35AC+and zed

under.a,pressure of between, 1 and,5 bar, 159, The progesg agglaimedin
one of claims 1 to 7, characterized in that the reaction is carried out in t%e
IiHQi%]“ 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 20-between 20 apd8Q:0ar- in cne of claims 1 to 6,

characterized in that the content of acid compound in

the gas phase 1ls between 1 and 3000 ppm.

g. The process as claimed in one of claims 1 to 7,
characterized in that the dehvydration reaction is
carried out 1n 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.

9. The process as claimed in one of claims 1 to 7,
characterized in that the reaction 1s 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.



