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1 ACRYLI C ACI D PREPARATI ON METHOD Techni cal field

The present invention relates to a process for the 5
preparation of acrylic acid from propyl ene conprising
a first stage of oxidation of the propylene to give
acrol ein and a second stage ot oxidation of the
acrolein to give acrylic acid, in which use is made
of a stage of Hehyfla! ey ObrAbXRREALN! liptiien Presence
of a 10 gas conprising propylene and nore
particularly in the presence of the reaction gas

resulting |f ramthe stage of oxidation of the
r acrolein. Prior art and technic

p . .
probt emres=The EDHIBALPBNAl®piotess T of t%%p%?ﬁihgéFs the
of s At diG RCiSk Usesy Bi €akalyt Eeomeaebpobend comprising a

propyl ene using m_xture.conprisi oxygen,, .Thi .
_ré%%?$%nsﬁ§g§en8%alP?lgﬁgFPEd Bat ?%etﬁégﬁggﬁggéﬁgge grve

angkt s rof tend | ma t woestagesst2e- the Pkidatspmgect the

carrijes .out_the.sub tial Ly. . jtati | dag i o
,ofacflho:lepzrnopty e%égoi'éj?%'lg r%)é%?"uda% Lati M @ dad 1 Qe of

, . 1 . re rich in acrolein,
i e whiade act ylékyaridios af nDABFESEBApSAEARE Presence of a

the se 5L 89 st st hemsekectd e axidati om the
22%? tﬁgﬂggrolegngﬁgxg?Ve acrylic acid. The reacgzon
canditdroits of Ehese” 13- Stlages? CEAMNEG " Gut A tweS  Stage
r eaet QriSidtn oseld e Sanargrsh ffefento antl ¢ eqrirgleein.

catal ysts suited to the reaction. It is not 30

necessary to isolate the acrolein during this

t wor isdrage-tpraockessechiheca kactembecan al so be carried

0 in_a single reactor t, .S [t | ;
ngﬁﬁ%sﬁ?§v?% %%%%?até%ﬁ? re%églggﬁar o aﬁ%%ﬁ%ségfa?ryllc
acr@iki nska tahe cedadatiion Sﬁagé.iOBS 9% &regvignp using a
nypoer,, of EQRES: shha ™y _advant ageQis it hei abhenkeally
increase the acrylic aci'd production capacities of |,
existiiaf upRisin the vapor phase and most often in two

stages:

- the first stage carries out the substantially
gquantitative oxidation of the propylene tTo give a
mixture rich in acrolein, in which. acrylic acid is a
minor component, v '

- the second stage carries out the selective oxidation

of the acrolein to give acrylic acid.

The reaction conditions of these two stages, carried
out in two reactors 1in series, are different and
require catalysts suited to the reaction. It is not
necessary to isolate the acrolein during this two-stage
process. The reaction can also be carried out in a
single reactor but, in this case, it is necessary to
separate and recycle large amounts of acreolein in the

oxidation stage.

In a certain number of cases, it may be advantageous to
be able to increase the acrylic acid production

capacitiss of existing units.
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2 The production of acrylic acid is highly dependent

on the propylene starting material. Propyl ene,

obt ai ned by steam cracking or catal ytic cracking of
petroleum 5 fractions, has the di sadvant age of
contributi-ng to increasing the2greenhouse effect due
toits fossil origin. Furthernore, propylene

resources may becone |imted. It thus appears
particularly advantageous to be able to 10 increase

t hellpr opluet i viel @ut pdt aofrvdcry| felacid Whidhe Yr ARG Nt on

t he e ChON 8 fO581 I mhespusLe. pléphBsndeetbrained by
known for long tine that'%£¥cerol can result_in_t

he
pr G orF IGICkactdl e?h. € yeelblSr ST 5% 19om PHerOeHm

methanalivsiss ohakegetabl eiciddamiagehecsanecht mebasing  to
the nethyl esters, which, are thenselves, enpl.ayed, in :
particiar"ds F5§|SQFH*BPSESF or I~ and ﬁ%ﬁtiﬁ% o?F? fossil
Thicriigsira natuttale qreottuct pwhirgh sevsj oyssautgeeenthay become
aur@, st .Jds available in large amount and can 20 be

stored and transported without difficulty. Nunerous

St Udi ed e @ o edod B BF Vi Al Bn2@caMeti oAl e 1D 20te to

gl yGenQl Accerdi ng-duddis,degneeuel qrurhtyyand thed while
dehydration of glycerol to %#ve crolein is one of

t h& SB6ti9 % its SFREN B Fh 7 dacti Tl aVEESin
produci ng acrolein fromglycerol is:

35 CHZOHgHZZCH_ o4 gk%? 30, Gen lyl Jy%ol can
ﬁ;%r%h‘%ﬁ PEACE i SROTS pfr%grl(rgo?e at> I%Wi e%glrcatgw){as”
and-eshe wehydriai prodeattioon 45§ owot et a@lim@fpl results
t ermer at ug Smeltrllzla quJsitso_ QEt a}ébeac%rbqlee'@ilé,t hS WS same
necessary to enploy a satisfactory tenperature
time as the methyl esters, which ars themselves
employed in particular as fuels in diesel 0il and
heating oil. This is a natural product which enjoys a
“green” aura, it is available in large amount and can
be stored and transported without difficulty. Numerous
studies are devoted to giving an economic wvalus to
glycerol according to 1its degree of purity and the
dehydration of glycercl to give acrolein is onse of the

roots envisaged.

The reaction invelved in producing acrolein from
glycerol is:
CH,OH-CHOH-CH,0H <«» CH;=CH~CHO + 2HC

Generally, the hydration reaction is promoted at low
temperatures and the dehydration reaction 1s promoted
at high temperatures. In order to obtain acrolein, it
is thus necessary to employ a satisfactory temperature
and/or a partial wvacuum in order to displace the
reaction. The reaction can be carried out in the liquid
phase or ths gas phase. This type of reaction 1is known
to be catalyzed by acids. Various processes for the

synthesis of acrolein from glycerol are described in



and/or a partial vatuumin order to displace the 35
reaction. The reaction can be carried out in the
l'iquid phase or the gas phase. This type of reaction
is known to be catal yzed by acids. Various processes
for the synthesis of acrolein fron1g|ycero| are
described in 3 the prior apt; nention nmay

tr%afé}fé%gl %\%b %% g LJJg BUTED Bt 55 Gﬁé 9&’1&de U2 the
C\?%mfé‘é@/ 07§f6 g rbes Y2 prd g%m tH§ 88%5‘8&{ and
Urepér/at/8n of acrylic acid from gl ycerol in two

stages, the first stage consisting in subjecting the

HY YGEEQLeA L FPasTRhRse 14ehy, &’%@éf%g eactipf-aid the ne

stage consi stin ect aseous
YA DN Vs L gAY Jﬁhige fuo stages,
thex i fdgtsitors e t §OFS 1 9 i th sl thow b et sund g hatyeHel to a
gadehydeat i aielneacitiiam of rghytcierol &ondgi v@eacrod@iml cantage
coblele@&m;ecin%uajbéﬂ%goraeeer@%mu@ a@esc@io&prp]_sémct thus

b@ %de@e andaS gagertl arl in the presence of
the reac |onggaspresul(t)| ng tfrom K st age of

OX|dat|on of the propylene to give acrolein. It is
Ttt hiugs advant ageousfdund ntheducegy| yebydtatnto teection of
gl@/@@\f@mt' ppal gprecessrof e gas-ghaseLatakytics O&tﬂat i@N the
pre ngy'gﬁe el t% St a%%ﬁlpws% er };Eroopgf ee%aefe more

acr Ic acrd bl*e t'0. use
PaFéﬁ@HéBFeystlﬁr t‘ﬁhr‘?g Rt 81 <A ‘?}ee i ﬁ%"f‘%tajs‘?“nggi‘?\eresultmg
frpmodtbei ontafe acryl |oeclaﬂe4tdon8ueﬁ atlpr ocepytleare to give
acGeleesponds ti@ thﬁueridcﬁrdr&a@%@wi ated Widvdhe ngwWcerol

1n%8nCQ@keOfcoﬁyéﬁ%l e§§1 QIFDrSagfﬁﬁﬁég catalytic

nt ext” of  sust ai evecfo nent . Summar

X ARG Ogs Rt DL PR %m?s B VIS S otBebrH6F fifo Prepare
acpvépar @dich ofhaeh ympEeacild fRom BriopyFenésgonpr Feiagrle
startingt shageiafl oxitdatd onirofrddya nor omHenept@dginien of

ac@%ﬁ@he'9c§@d as§§§0ng Sﬁf&@éég ‘%ﬂe%atb%@rggpbﬂgs to the
character| ze ﬁt ha

Crl eoI ei nat 0 % cryI 1.C aCJCh 2ri Z|
E%ﬁprl $ES é ge "of dehyd?atl oh of” nl gerol
Ch?ﬁésbifésenéé of? a THAE® coRPrEsthg %?%W%neOfN §‘65tamable
dede$opmsed.i s a process for the preparation of acrylic
acid from propyl ene conprising a first stage of

Su%ggitl on of the propyl ene to give acrolein and a

d stage of oxidation of the acrolein to
Inact yiit & sheitPPatar atteFFzed | RTPRAT STt aco%??%%% gor the
prspagetobnderydeatrivdncof aglycdrrom i propel resengprofiag &
figas ORI SINGprilenes thfrefarabing tdhegdas acrolein
ango@%%wﬂdpr&& e”c?f'%XEBSt_‘i?ﬁCt Ji£0 kQ@SaE%%Eh”% give

oxl gatlon o

a ene to
2 ERP R ol ERBLECERE ASh 1R o Bohbar B s & stage of
depganetied ¢6 ahycenele;@pl shat Poasenge pef | @vegsst parrrising
prbpelshage of dehydration of the glycerol nmakes it

Algesahehﬁog@dcegl t%a&a@mw FESI 2 NGy fcgpnacryllc
e g rl rst_stage oxXi atlon of tfgg Qrogyél ene to givye .
aér & &'n Foét él a(l;?lgﬁlﬁ Ot thets&cond“Sfage of
Ofoﬁk@atp%@i@ﬁel@%et&cr%’r‘éﬁ nat:éob‘l?%ﬂe éélijlé} csﬁ‘éP%Id stage of
oxidation of the acrolein to give acrylic acid,
characterized in that it comprises a stage of dehydration
of glycerol in the presence of a gas comprising propylene.

green



This is because, in the reaction for the oxidation of
propyl ene to give acrolein, the reaction gases exit
fromthe reaction region at a high tenperature, the
reaction for the oxidation of propylene being
exothermc. In a two-stage process for the
preparation of acrylic acid4from propylene, it is
necessary to cool the reaction gases resulting from
the first stage of oxidation of the propylene to give
Pradieoksilf  beffor egent erdumy itsherss epovply stragge 16f the reaction
ga@idatign Qf #he, acrol @kngho @ V& @HldiC &€1 grgsyidite to
reaction for the oxidation of acrolein to give
91YEr €18 Pd is carried out at a | ower tenperature
than the reaction for the oxidation of propylene to

.Qive_ acrol ein. F er t . ol.ei n.
Wl%ePPFidﬁ?%eA%?lﬁgéﬁpté%%%%gyuﬁg§aﬁieéﬁ%ﬁ%%%g?ntﬁogggg one
exippappéias, Thi Peoiotvery FRagehbralsitpdebtal ndehpyration of
th¥l Ifug0fo1a Aeats exehangatppbaced domnstineam 9t ihe gases

ca aLﬁtlc region of the first stage._The ggne.effec th
TESHA SR alfFoBr P, Ybt ai W& by Vi re¥etF The Use the
probyvannendot hgrnm aamwsictimon,besiicte asathel dehydr athonsecond

gl.y:c disc e i n, e - .00 .
St%é&c?%oﬁgg aB y%e%%l{§§H%E?$%§¥ﬂéx%3§g%t%§g§ggb Seid.
resulting in the same nmain reaction product
ThG&cr ok eighcasd, he iheaghbonrdpttitde exkdatin®n Bfidation of
progélenaj This thus results_.in an igfrgasesgg theit from
PIOPSHGREI vi@ ot Pt 26F CAEr8l ei H'C whiF 618" effErently
ther eeevernbngrebéoheatoft hégki datipenatureacthenreandion for

th%oB%@ﬂﬁ%@&hyoﬁngB§§§@%§ baihhecpRreduehive oMt pULtBEstage
acréllc aci d. her “characteristics and, advant ages as

Prareefosed hBRePH SRR tABRe Ol 85FIY1EnBFYE 6R°FeRAPRYLEE!
itt he deseddpidontahiceblf albleowssaoni itdh referencestioiime from
appended figures, .in_which: .
thFigﬁ%%% ,fﬁ%ﬁ%ﬁi85?aﬁ%%?%%%??yfgbrgggntpﬁﬁﬁx&ﬁ1% oﬁgl give
acgontigubattioors drdrening okliiedlaceonndf sperapyldnectivdafive of
thaChyhisg c@6i dJ Nyino stagese akiQuees thandftion for the

di agrammatically represent different configurations
Oxéé?gégboﬁéiﬁﬁ”?ﬁ‘@ﬁbdﬁ?nﬁhY% 8Frgﬁécp@6&gs jcarried out
atdiasdlcosaed therpeirtublet aillad @dorowd ctofort hEor nveat pehdation

I ce - e._| i on, of -
R e A TNl
caphgsd G grhé eprids ehié 8D oft SHPEERANYSE + atr o8 Ul rPer atlur €05ses
inrangiag.from 150C to 500C, preferably between 250C

and 350C, and a pressure of between 1 and 5 bar. The

stage of dehydration of glycerol is carried out
Thiupstoeamrgf the geactd bhy f obteheedatlal ywiictori dat i en heat
ex?ﬁaﬂ&QPybﬁQéeEQd%h%%té%%ﬁ'%ﬂ“ﬂﬂétéﬁ%é¥§%$3“¥% forl N8 the

feed” gas” conprising propylene, or downstream of the
firghctotPgor THRe éé@ﬁly?%%e%&idﬁF%onle Propytenkafh: be
obf@hVeeACHOl giittiue tde pneseree «f 4heegasting xhik ereaction,

resul ti fromthis, redction. It can_he jnc orated .
Sy 85t 194 rO TR BT HEE T 85 RLNErS Tor TRar DA Karr el reia
theutehndaat eawt veapracedof nmédirarel yeubsbteanibe advantage
ofdewast ream af thge r gagtonfior tde-oddatt & (acrolein)

propyl ene’to give acrolein.. As the dehydration .
asy et iT6R Gt o8 i gkt | YRendStAEr PR, 9Tt | erg‘te“r‘?ece@EaSr ytius
retolbhaveia nmuhti timodearsebedif ortidi spre@ottiiorr Thecput of

ti | _fixed bed and a configuration as nodul es
ac%@ﬁ%ggéiggégéns) may be suitable. The nodul es exhi bit

t he advantage of being able to be easily charged and

di scharged when the catal yst is deactivated. The

catal ysts which are suitabl e are honbgeneous or

mul ti phase materials which are insoluble in the

reacti on nedi um and whi ch have a Hammett acidity,

recorded as Ho, of less than +2. As indicated in

patent US 5 387 720, which refers to the article by



15 or synthetic) or acid zeolites; inorganic
supports, such as oxi des, covered wth nono-, di-,
tri- or polyacidic inorganic acids; oxides or m xed
oxi des or al so heteropol yaci ds. 20 Advant ageously,
the catal ysts are chosen from zeolites, Nafion(r)
conposites (based on sul fonbc acid of

.uar.opol yner s chl orin d m n : -

© p"%ﬂlocéfﬁ%?éfngs]f? co"'raenr nod; si%h%cgtg%ﬁgst?&cfaqi &geand %ll%at%on '

regaition, anthdarpbasdsentds @i t HeCksaRe coipriisi ngroductive

ol exides:isughi@s 25 tantal um oxi de Ta205,
ni obi um oxi de Nb205, alum na Al 203, titani um oxide
Ti 02, zirconia Zr02, tin oxide Sn02, silica Si02 or

Ot$ier colah tad that ies tSid32/ Ah0Jdvarpreggrat ed witdrlacied herein
f.ynct i.ona S e B S 1S4, :

Wltl&n éléck rge{‘ eJ: W h%@%ﬁ%} e %%O%fyag% Jﬁgc gtt?hee , SQF%“I’Z@% or which

fodBloytsdatié tWbOSE £ LReEs offal LR ctipendacc dr@ing St oiRhBhich:

- ligief.ature data, 2t heseg catal ystis@lalhmbaveaallamreepresent
aci it)é Ho of |ess %.ggn -l;CZ. Thep%efer rt%d cat %Ii&stt§a£e of
sTPPEEEEZPRE NI 835 Piiospiat ed 2T r coni as, Cungstated

- Zioropyiiasestbi gavei zconl Bs, suld diredwoi sgagam-or tin

_ OX; r hoaq_ﬁjﬁated ey i he
c)a%ltl%ﬁ?{ggs glll ave5 ad%ﬁ%{ﬂ?§g§%%ﬂ% Cll—%%gfésléggs tgﬁgﬁerent
+ZOonfRGUFALEPRY HEOEARSPRBAIVEr y "Po” £MPsg@eaktentot  the
dewn cbe svakugss whi €&d aferadn ] east -20 in the
reference scale with Hammett indicators. The table 5
gi ven on page 71 of the publication on acid/base

Decatideyispsco@t Maf ctihe yinveygiion], in Editions Technip

Tn( 19BN Moo 257 108- Q841 e nitlilrst rateess@xammbesaehydration
solid catalysts within this acidit range. .10 The

olgiygErsri $Susedrphfedt ith Phie PoPnPaRS i the presence

ofcancentalgtsedandial teeagueaussoluhiyong Advant ageousdy500°C,
pr%%%ré%lnadg @%e&yr%l ‘%96%95 o@SQﬁC?neﬁﬂPe%ys ressure of
glycer of sotution With a Concentration rangi ng From

beloypy weikght? preferably ranging from50% 15 to 100%

by

The stage of dehydration of glycerol 1s carried out

upstream of the reaction for the catalytic oxidation of
propylene to give acrclein in the presence of the feed gas
comprising propylene, or downstream of the reaction for the
catalytic oxidation of propylene to give acrolein iIn the
presence'of the gas mixture resulting from this reaction.
It can be incorporated directly in the oxidation reactor or
can be carried cut in a reactor placed immediately upstream
or downstream of the reactor for the oxidation of propylene
to give acrolein. As the dehydration reaction 1is slightly
endethermic, it is not necessary Lo have a ﬁultitubular bed
for this reaction. The conventional fixed bed and a
configuration as modules {(sheets or pans) may be suitable.

The modules exhibit the advantage of being



oxi dation of the propylene; the steampresent in the
reaction gas resulting fromthe stage of oxidation of

the propylene to give acrolein makes it possible to
dilute the glycerol solution and thus to prevent side

20 reactions, such as the fornation of glycero

et hers or reactions between the acrolein produced and

t he glycerol I n the enmbodi nent of the invention .
whéie & h&O- sPage®df i HehydtRiToh Nyl féeFsRrpsd when the
cargsited yeut iupstaeamwef<ldhe reaction for the

catal ytic oxidation of 25 the propyl ene, use may be

made of an aqueous gl ycerol solution, preferably with

a dorcenbtatyonsrangiey brem $0%60180%dsy wengheneous or
STPEEIRIChECU! arty. L om d5%4a 30 B wel ghh 3P, The

yceroF ¢an i njec inthe i quid Torm or Re

gageﬁgﬁﬁpnlnP@QﬂM®n ﬁﬁdth@hﬂpQU|éaﬁérnﬁnaﬁ%%ﬂﬁit ac1dltY!
possi-bl-acho henef i tof nemst ke datent featnBfcared in patent
vaporlzatlon of the gl'yceroi, thus making it possible

t 0 U608l 3BHe 'glses" HeSui FFIRTF r of the Gpstirddm t&heTanabe
of =35 :0xi dat i ogtefdithe ipr opytenee brithibs case,cdthdysis”,

de ration ¢ Iys can be eced by..a bed of .
n&%ﬂ‘n&%érlﬁfig Pch véﬁgi %atﬁ%ﬁao %tﬁlﬁgé?éFy S

i sdeaermededutby| tardane bemnqi‘emad wsnmghelncglasatfmsm or by

at als ogpﬁ:‘ircmer uge ﬂdaav@rlﬁh%@x Fh%hg g@%@s catalysts

exiting fromthe oxidation regiom
poSSirbEerrodingt hee |tﬁteer%¢lf‘§ﬁ¥h@ﬂ eﬁifedio ﬁc%ﬁﬁ ngf less

thesengases.apFwd herdmre ridie gl yeeLols Gatdeials (natural
i nj ected under 5 pressure, so that the reduction in

15 pressur enehethe) gast maes p&seéalmt@San ABAFERBhaEl SupPPOTtS:

sospthonaef BeatesThecgasratxt wiehwhinehofpedsithe tri- or
react or tgﬂ the first. stage of OXI%%}IOH of .the _ .ies or
prBB;We‘ﬁé L6 G HEIT Pt R’ 107d&Nar a1 y E8hipoSEde
of apsopikereppstigamican i nert gas, which can be
nitrogen or argon, and nol ecul ar oxygen or a gas
conprising nol ecul ar oxygen. The reaction gas

20 r eddieihgotpomitvhe theage tofl widatior et i zeolites,

propyhene toccgﬁg@sﬁ@égl eindssgenesal | yueenposed ofid  of
m xture of the unreacted gases (unconverted

pr-6pyPERBCLEREESe | ARG Al TSEPF eSSt hePhosphotungstic
pr QEMV@BGS1lllﬂ:©rtturgg%8:,lc5ta%dms e idQald¥?) ,amf various
acroh ei.n pr d%ggd g of various by- Q&oﬁrct%dégmhsggh as
acr§iies20’ acéPFc Al did ot Aer *mi not 2=
25conpouamSm Ehedmeaﬁbogn fovbibe dehgdrdbion efiumina Al;0;,
gl ¥E958£utnn bRgRr ofess, AGGYANG 19 bN2 WIMPNLEIBe  sno,,

consequentl
silica 5102 or silicecaluminate Si0,/A1,0;, impregnated

. with acid functional greoups, such as borats BOj,
sulfate 804, tungstate W05, phosphate POy, silicate 510

30 or molybdate MoQ; functional groups. According to the
literature data, these catalysts all havs a Hammett
acidity Hg of less than +2.

The preferred catalysts are sulfated zirconias,
35 phosphated =zirconias, tungstated =zirconias, silica
zirconias, sulfated titanium or tin oxides, or

phosphated aluminas or silicas.
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pl ace in the presence of nol ecul ar oxygen, which
occurs 25 either in the gas m xture which feeds the
reactor for the first stage of oxidation of the
propylene to give acrolein or in the gas mxture
resulting fromthe stage of oxidation of the
propylene to give acrolein. The nol ecul ar oxygen can

e% resent in the tormpof ain of,@3dh dheaformiofoa less

Yturg cORpri Sitng nol ecul ar Accor di ng tq
on@hﬁmbddLnemtaofa@héltﬁveﬁbldﬁﬂ1|t¥%§'pB@EYbI%Otdi arge

add, an, addytlgnal, appunt Ofwmkﬁcyf@ra@xma@tor o6 an the
gas conprising nmol ecul ar oxygen_for, Ee sta e of

detgfrieon ofcalfe giyider ofd™ Rkt a oxTyhgaen table

aﬁ%ﬁﬂ%ﬁ'e%ﬁot@%i Otjﬂe QU Siehe=t r@;}:ﬁlﬁm:a]bnd i tyn r angel/base
poi nts o e The presenc f. 0 en .

mﬂ@%@#¥°b%sstI¥QH§Hﬁiﬁt theqﬁegdtlvatﬁﬁ%%)éy o Technip
dehysipatiron zatab§sts by-2oki nd.lustrehesnsxamptlke of solid

catalysts within this acidity range.

The glycercl 1is used pure oOr in the form of a
concentrated or dilute agqueous solution.
Advantageously, use 1s made of pure glycerol or of an
aqueous glycerocl solutibn with & concentration ranging
from 10% to 100% by weight, preferably ranging from 5C%
to 100% by weight, when used downstreanm of the
oxidation of the propylene; the steam present in the
reaction gas resulting from the stage of oxidation of
the propylene to give acrolein makes it possible to
dilute the glycercl solution and thus to prevent side
reactions, such as the formation of glycercl ethers or
resctions between the acrolein produced and the
glycerol. In the embodiment of the invention where the
stage of dehydratien of glycerocl is carried out
upstream of the reacticn for the catalytic oxidation of
the propylene, use may be made of an agueous glycerol
sclution, preferably with 2 concentration ranging from
10% to 50% by weight, more particularly from 15% to 30%
by weight.

The glycerol can be injected in the liguid form or in
the gas form. injection in the ligquid form makes it
possible to benefit from  the latent heat of
vaporization of the glycerol, thus making it possible
to cool the gases resulting from the upstream stage of
oxidation of the propylene. In this case, the
dehydration catalyst can be preceded by a bed of inert
materials on which wvaporization of the glycerol 1is

carried out. It can be injected in the gas form at a



addi ti on of oxygen inproves the reaction yield for

numer ous catal ytic systens: The reaction for the

catal ytic oxidation of propylene 5 to give acrylic

acid in two stages in the process according to the

invention is carried out according to conditions

known to a person skilled in the art by passing a gas

m Xt ure, |ch an_conpri se pyleng. ean Fin ror

i ner ey’ cﬁo%éﬁ gglnltrﬁggngor grgéb' 1062%'1 g rrom

nnlemﬂlamxn&ygﬁntorr@ggagycoﬁp1¢@|ﬁgﬂﬁ%$echtarposbloie Lo

OXYBEL g €L Boial 2 ysind ok dieoxjdatbeniph these gases.
yTene in or 0 obtain a gas mxture fich

acr 8 R IR, tﬁb“reé&%HQﬁFka TR séﬁect%Q&?btad under

50Xi glad 4 Hn-of 4&1%@%0#@@ deQigitMenadryldre aaimk ief lfhe gas

1ocatal ystyy

25
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carried out over a cat st s tabI for t
oxi BT DIPBT e a?crhﬂ%ii - Fhie psroorebeésorbargﬁgaécarrl ed

out in just one reactor or in two reactors pl aced in

Srf:jlr h?%u%%hemig r%vh%_rﬁq} gf‘,‘gg&%l H{ﬂ )égg:tg§d for the first

reac ors OSSIb|e to use
pl ai@@e&xcifang@rda/\ﬂw acPothedokapy m%n@@nﬁhVEo@C¥%Jeeln is

li,)‘] odegcrddedy i I%,dogt'@zﬂtsaﬁp 98-+ gas,
4917 EP 1 or US 2005/0020851. Le§gfase

V\héffelcéht%rythec ok HREFONC BT SEHB prdpY |Iéﬂ §§ oxygen or

card iy omd stihey pieseneeaofoa ddier mal bal | ast,
such as described, for exanple, in the docunent EP

293 224 A naklng possi bl e the use of a higher
pr amd enea &1 o rake, riefselgdsign oo ereesutagagofronidation

1sthe reaction has het . .speci e
s LA LS PSR oAt oDy prpose
adv&ht&gemmynurah|@fca§éefopnﬁﬁééﬁ9¢glﬁgmﬁﬁe ék@@@%vertEd

hﬁggéS nspor ted, Dy, Lhe reachinon gases- APreferpedpylene,

nt of the 1 nvention consists in 35 usi g
pr ogEE asSihert S§asTas P IenertCin @1 or phrtacrolein

forythe;ddd rogen of bﬁ%l@'{lr" ghepfyopane, byucHi rddleacrylic
of |ts hlgher specific ge carries nore hcft to the
Or et naeﬂéé 31 JE)II%”}OO‘“ for e B4st3y 10

carry out the reaction for t he dehydration of the

gl er?%éﬁg g as rgsq§54ngnggggg£ gndgﬂydgggthol in the

rises, A% marnYconstituent s
pr c;pa:rresssaca@d:@rdlagd trestbealirowygénn W%SWQ% takes

mwﬁﬁgéélln the presence of molecular oxygen, which occurs
either in the gas mixture which feeds the reactor for
the first stage of oxidation of the propylene to give
acrolein or in the gas mixture resulting from the stage
of oxidation of <the propylene to give acrclein. The
molecular oxygen can be present in the form of air or
in the form of a gas mixture comprising molecular
oxygen. According to one embodiment of the inventiocn,
it is possible toc add an additional amount of molecular
oxygen or cf a gas comprising molecular oxygen for the
stage of dehydration of the glycercl. The amount of
oxygen is chosen so as to be ocutside the flammability
range and all points of the plant. The presence of
oxygen makes it possible to limit the deactivation of

the dehydration catalyst by coking. Furthermors, the
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5 feeds the stage of oxidation of the acrolein to
give acrylic acid. In this case, the propane is of
use in carrying away the heat fromthe oxidation
reaction, which is highly exothermc. After .
absorption of the acrylic aci d, the gases rich in
propane can be recycled 10 to the-dehydrati on stage.

Prefgrably, ckhe,gagehs subieoted thepurdddwciati oyield for
treatnments in qrder to renove inpurities which may be
hé%ﬁ?&@dﬁoﬁafﬁeﬁﬁ%nuﬁiﬁqrWPand oxi dation reacti ons,
such as CO and/or 002, and in order to limt the

concentratlon of thesq>| urh d4 reEYel@pyiane
dor. TFRIH Y c48E, F1° |28par§#§%léﬁf%ﬁ% Gghtgg %usp
thcogliffel sheytbocentiatiion dfvaar GoATIEA tHe | BEPCeSS

on account, qf, |{ﬁ=V§E¥ehgﬂk§Peﬁéf&&r?ﬁ@@ o@@nbb@ﬁrﬂayg to
bé&rede; "ds ‘Separation techni ques wh %éan be_used .~
aloomel i6r oins cén@Wﬁatt@néﬁopeﬂﬁ@“SePE%%} the art Doy

mg;@gﬁj%f % &R 181 9kve=002yheshiqg Webhpasaepropylene,
|ng pot assi umh dr oxi.de, adsor pti an

t SeRATqUEY) mERBFAne%2par &iTEhbr CFYo gnf”i;'ébara?Foﬁrgon'
25 W t honetanerceckgokinguoes i apds2,cdupmising molecular

conventional process for e oxl dat N&f the
t &G i ¢ °4&5d it SRo- Jt%tg;}:es E|(¢19a %%g%;Xl?%;bg%ééf a

gasofiyittee inconpdési ng podppienes staanfiiAlr t_llrggejﬁlch in
and ngJeCU|ar ﬁg%gen LgePassed-i N4 aﬁ@ﬂt|EMbU|@%lcctlvo
r §x¢t0r from ¢

€ 30 bottomupward over a catalyst 2
f erxitdae ioxi datfi ohef pegpyEere. CPhedhV %t AL ¥oETl tiFigt *

f&%@ﬂ%@§56§@06&89 20N 4 5 519 §ﬂ£ﬁéﬁlédfla8e&etdxadatlon
acrolein produced and by-products, ubse uent |

peds 6 oA Tl al 55 BIPERSENE Bx L5 out in just
agr@ eldzd 081 e aﬁﬁylﬂm) agkdctAr8s pi]axztelcﬁr eiriQseri The

Cq:rl\%rcltsc;rnsg atrhee §§£¥ aCI d dp%u%fsq'lultltubular reactors.
It is also posnlble to use a plate exchanger with a
modular arrangement of the catalyst, such as described
in  the documents EP 995 451, EP 1 147 807  or
Us 2005/0020851.

Tn the case where catalytic oxidation of the propylene
is carried out in the presence of a thermal bpallast,
such as described, for example, in thes document
Ep 203 224 A1, making possible the wuse of a higher
propylene flow rate, the gas mixture resulting from the
reaction has a higher specific heat Cp. The process
according to the invention is particularly advantageous
in this case for discharging the excess heat

transported by the reaction gases.

A preferred embodiment of the invention consists in
using propana as inert gas as replacement in all or
part for the nitrogen of the air. The propans, by
virtue of its higher specific heat, carries more heat

to the reactor, which makes it possible To more easily



resi dual acrolein, unreacted gases, water and by-
products is obtained. Liquid coolants circulate in 6
and 7, so as to naintain a reaction tenperature which
11 can be between 300C and 380C for the reaction for
the oxi dation of propylene toldive acrolein and a
"tenperature which can be between 260C and 320C for

t he. gxidatjan of .acroleip,to ghve acL yld-6,a¢kdicA of tha
heat Sﬁgx%hange% 8 %cﬁ akes it pOSSIb|g@fg égol o

t hay lnewcrdilon Hesesaps "pPae&d " doviistT atft ot Stied Fhin stage

oXidadd OBO§5§9§§S, a%.:;l Mdi gueenkt ipnehesablyteihe propane,
heat exchan er ng%ﬁee 1is do trean1o% t he el
r e @& Sy ﬁB?'l??§ aREBPShi oh§ a8ffi tdfeds Theectly

schargidyg 49= anrd adjsschar gkhgaefiohheo f eabt orcrAlsecond give
heat exchan 8 can ke Ia d betwe

cat®&lyric b%‘d%d ag reglresgen g‘d |ﬁ:thf gfp“ge&%‘ |85 pge o
possawbdyertg) agely theei meertnedirare gas mx%ld@teonlsfeactlonr

WEh - c%f eﬁgncﬁl%“ﬂ{/' %lﬂiro%h%’rrﬂlrb a @eRueNtil N PrHcess the
for the oxidatl l ene to give acrylic acid

i naowy Stagestdm i %?%%c@%?@el%@é?ﬂ?%n @y recyctled

10M r ek COoaH S M ¢ O £He, speemrﬂmlypgeafheanobas is
nol ecul ar oxxgen is passed into a first multi

T oSGEOE o 30 e LT TR BLbUBr S LA gAY £ Temove

f orinche ﬂb@dﬁHWHﬂthﬁmaycmw1mmemfwhefnrxtheedahydration and
: result from_this react C rd-Si t co, d
unroé(d'glt gé*Lasgga S he %881} 20p dC?‘ %%d/GE , an in

the acrol ern produced
by -cprieductcs, 1 freistst e sewurRiEeAELOR eﬁn’phee@ ngm@urltlﬂs in

5catt lyst. 4 g% “ﬂ@o xi dafiemiof askalein tasgi¥erdbeularly
acry i cTacrd. The s cond reactor is optlonally fed at

9 GOgeTasealy . LA FoRtare 1T oRBPFSIRGAEhe abfyldt@on 1in

produced s reshguah aerelpinoed mtynwﬁsetmﬂg@@e@flc heat.
wat er and by- produeyi i's obtained, Liquid coo

O MEET e Mk a0 & S e Be RAEATAI He e et oinigh can
t emper akkre whoek can bﬁnbeﬂmﬂﬁﬂngﬂﬁﬁhandﬁ38®ﬁkf0$mlece1vm

the re tion f de on qg%l -
acfﬁﬂ S 53{ E%@rg ur gf bg feen gg%Seng g @mines,
f orvatstre roxi datviidrh of @ortelssiinn o gihwelrgeigdki c ac@@soﬁpth“

he e g‘?&tt@&gr 8 %nﬁﬁ:a‘f{l@kes 'ste};PaQL%Sﬂlene t o,¢00l &P90genlc

35 re ases resulting fromthe first stage is
pl &cadbat e bottom of the first reactor. A second
heat exchanger 8 is placed downstream of the two

oxi dati on stages The ? changers 8 gag be out3|de the.
25¢ edttdy srefgpence to lgure conventional

process for the ox1datlon of propylens to acrylic acid
in twc stages in a single reactor, a gas mixture 1
comprising propylene,' steam, nitrogen and molecular
oxygen is passed intc a multltubular reactor from thes
3¢ bottom upward over a catalyst 2 for the oxidation of
propylens. The mixture resulting from this reaction,
comprising unreacted gases, the acrolein produced and
by-products, subsequently passes over a catalyst 4 for
the oxidation of acrolein to give acrylic acid. A
35 mixture 10 comprising the crylic acid produced,
residual acrolsin, unrsacted gases, water and by-
products 1is obtained. Liquid coolants circulate in ©

and 7, S0 as to maintain a reaction temperature which
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In accordance with a first enbodi nent of the process
accordi ngtot hei nvention,illustrated diagrammatically

in figure 4, the heat exchanger 8 in 5 the

conventional configuration of figure 2, which is

pl aced between the two catal yt}c beds and which makes

it possible to cool the gas m xture resulting from

the reactjon for the-exkdatizenc of rpropykeneataighvéor the
actolein, is replaced wth a stage of deh ydrati.en of .4
1oglgeerol . TRi s REAYE-BOAsi 1% i A passing a mxture
1~1aer{-?g9:£@9§1l§& o{,hgbylgefgg)dl i3 lt}jlsmtu‘zefﬁmn 8BCaCvapuot i 2¢d C ror
aqueous sol ution and opt.i ona of _ox .at _Lhe aat
sa‘?ﬁetﬁ’ﬁéd%*él?%eoéagcrﬁ%% te%iglljﬁ@ %(?ggwi%ﬁea”% AN ,
0xd gt 4 @ £ g8 onwieDapr i siaig st he tcatalspdbl2 &P (FEOL  the
oxi dation of 15 propylen giv Ql.el, over ane two
cat @t yst®% f8F°the dleﬁwydﬁé%lfgég o?icgﬁ/?ér%ol. ﬁ mxture, .
of oacdot edm, stegabt i BG b?'of@hf#%ﬁ?t%é PESEEEBRF or F‘ﬁe =8
0&%9§ﬁ£8$99f8PQ9FYE%@%z%“@_f[Q”Hb@%s&Q@@hjOﬂffoheth@actor
dehydr at

on of glycerol, and al so_the. by-products :
resudit PAG fROMIENEERADDOF no " PE5EL if(‘?ﬁé,ll%é?%dﬁt T Eagharoing

%E&gu&kg&hgigiﬂg@ 6@9&@1@ oAyt NG tsheaoat aﬂs)ﬁlsft exchanger
|'S m xture subsequent asses o t alysteds,
over SAHt chet R 3Tl %ﬁq%ip%xi%gﬁ”ze%ﬁ%o %let\?gﬁét?r yl re %°
ack gy rds S XEAIr En 101 gompr i2si mg tie dor yiqse iddieg to cool the
produced, .residual a iLn, the 25 unreacted gases,
vval‘%Feﬁ%ﬂdb%%r%%ac?gg?léggbt ained. In accordance with

a second enbodi nent of the process of the invention,
illustrat l,aqr anati; ca i,n figuredvdhgdredt process
ex&ghgkﬁg%re%%r%hg%ed do&ﬁ?t%rﬂee)aflr% of{the 3Q first neactor 4 ip
i nfar coheenrileaaliopr ctesBrPBY LBRE 6Xi ddtCor g~~~ °
propy! ene-to ghveacirsedaet thd nrdaer stages gas tmoxture 1
consecuti ve reactors, as represent edtlrn L}lguggd&mwecular
r epPREBHSWREh RISPRYENGF dEhyEr4t i offi “6f9gl'ycerol .
Thi§,§LA0€sCPASESHS it passf hgsa miktireodllar 3geactor from

ggE %aggpogoghxgggo%Gé}tgmkgggf}gé B YapofhZedxidation of

propylene. The mixture 3 resulting from this reaction,

1

comprising the unreacted gases, the acrolein produced
and by-products, feeds a second reactor comprising a
catalyst 4 for the oxidation of acroclein to give
acrylic acid. The second reactor is optionally fed at 9
with oxygen or ailr. A mixture 10 comprising the acrylic
acid produced, residual acrolein, the unreacted gJases,
water and by-products 1is cbtained. Liguid coclants
circulate in 6 and 7, s0 as to maintain a reaction
temperature which can be betwsen 300°C and 380°C for
the reaction for the oxidation of propylens te give

acrolein and a temperature of beatween 260°C and 320°C
for the oxidation of acrolein to glve acrylic acid. A
heét exchanger 8 which makes it possible to cocl the
reaction gases resulting from the first stage is placed
in tnhe bottom of the first reactor. A second heat
exchanger 8 1is placed downstreanm of the two oxidation

stages. The exchangers 8 can be ocutside the reactors.



solution and optionally of oxygen, at the sanme tine
as the gas mxture exiting fromthe oxidation region
conprising the catalyst 2 for the oxidation of 13
propyl ene to give acrolein, over a catalyst 5 for the
dehydration of glycerol. A mixXtaure 3 of acrolein,
resulting both fromthe reaction for the oxidation of
propyl ene and fromthe reaction-for the dehydration
of 5 glycerol, and also the by-products resulti ng .
fr ohR t RESBT RN T edtion?, Hid Obt BPPREBR" T heLodtiFetProcess
of ddhefEGion comyri singciike cat ahysitbon This mMXtuwseraced
3 feeds the secqnd reactor conmgrising the catalyst 4 :
v AT A6 Aol Sin TG B2l Y R Of e Skephipet © in
Sacitthe Acoiixtut eod81 10cooipyisd ntheadr yfigact &, which is
broguced, nesi dual agrolgln, agLed daseSynich makes
vva?ggr and '%S/é-pr odug§§ it?‘%b%%?%%g?{icg%gdi %‘?@to the M°¢°
pr oceszowfililte inveapiofhel Wass MBPESsitRE i wbtfiar the
an jddierease i Progyst i vejaukpuh ofcracryldgi1agied oo give
the order, of 50 to 200% in conpari son Wlt? ,
corAreTTticomal Jp?oggg ased with a stage of dehydration of
101t icgpessidil.etegny i sageenpbayi Bganahherz s20 nendotohieroie: 11,
reaction than that of the dehydration.of glycerol,in
or &7 HG “gf ) ir%c iZent eyrorle cov eélrah%{h%eO he a?f 0 V?ae%%‘ﬁ Zg‘ﬁd for s ows
t hescdxitdan emdofopr opydhe 06 gikvesacr alteitimel rpame time as
panticular, fhe.gxydehydratibn eeactign Ofy;idax; ;
propane- ,_3-§?ol or the oTeﬁ1 drat i on o? pro}éénﬂ&%ﬁl ‘oyfeglon
25 gorEasizdol e aF3baaddvant ageobdr froResomxlidation  of
15ang@%y 1Rke RArdie4l acipiiefint heshed of cdehydsat soror the
catalyst is placed upit reamof the reactor for_the )
oxiCEALIOGH LR pr dpY | eAe YEGGilve der olfefhUr§hi £ ¢ acrolein,
becausa ttihg defydr atban toke prepanesd, 8sdi @hecarkidation of
result in allyl, 30 al cohol which, inits turn, can be
ox P Pad Y5 ee e Kt arJ% TFAFTTRE Gora D gt tion of
pr epyiceme 1t 0 agidv e lecr olted rby Rropdnsts oteprlting from these
20 Pr RaN-2:.0). ;can be dehydrated Lo give propyl ene and region
can subsequently be oxidized to give acrolein over
t heoswirdatinen Q@@akyﬁﬁalyﬁi 5. his mixture subseguently
passes over the catalyst 4, over which the acrolein is
oxidized to give acrylic acid. A mixture 10 comprising
the acrylic acid produced, residual acrolein, the

25 unreacted gases, water and by-products is cobtained.

In accordance with a second embodiment of the process
cof the invention, illustrated diagrammatically in

figure 5, the heat exchanger 8 placed downstream of thes

30 first reactor 1in &a conventional process for the

oxidaticon of propylene to give acrylic acid in two
stages in two consecutive reactors, as represented in
figure 3, 1is replaced with a stags of dehydration of

glycercl. This stage consists in passing a mixture 11,

35 composad of glycerol in the form of a vaporized aquzous

soluticon and optionally of oxygen, at the same time as
the gas mixture exiting from ths oxidaticon region

comprising the catalyst 2 for the oxidation of
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14 In the exanples, the products fornmed, acrolein and
acrylic acid, are anal yzed by chronmat ography on an
EC- 1000capi | | arycol umfi ttedt oanHP6980

chromat ogr aphequi ppedw t hanFl Ddetector. 5
Quantitative analysis is carri‘ed out with an externa
standard. Exanple 1: Use is made of a reactor

confiQuratd on, i givhi Qah“ﬂch%&ﬂ, gbyeer el casadghéd dwi igr the

the das mxture co |Hsa|wn th praopyl romet hg Lgpelp,
dolaiward Sd wiich thr & “beds o?’ catal ys

The Ryrexy esstior ﬂmneqmqopeelawtumafgurntbéﬂeeoo@ %l“ of
in order to retain _th ygat I Se A Weh ghtioRfdPafion of
of P TRYARE FGF R8T oitl dat’i %oayncﬂo Or%crdglf ein to {/\B[ o

acyyldercdci chrvd thlshethef ByeRcecACSE CRFBAT W%p pom these

S kubal%\otloergéjceq ;tonad @gw@eraﬂ ntk@g p@ﬁl@al ecsi zeeofegion
m crons anéJ 3

| ut ed of sili 0

camimghaamHQ1 shparepeRéevefze of T 6Solﬁﬁﬁ¥%ﬁﬁ ; f Jh% the
%?Jn&*?géﬁﬁbrSﬁbﬁﬁﬁggﬁﬁ@ytha ﬁhteﬂystlﬂconecawbnéé the
article size mm ar.e ture 10

SGb@%ﬁM%H%I%S %X£§8Z°g bP @at'al yst¥ 3 %Ee oxidairon ®
of c g ietie t acigh ve acn‘ﬂlzeln vt i t hercsiieesnce Aepadual
(from N ppon_ Shokubai 225 3 hdmy ducts 1is

S|ﬁq§ﬁﬁr rbiide WER? étﬁgr%?%gg 2&%2 5t -0 .12%0Eﬁﬁ are
chiagigeicthecdSubsequent |y, different beds of silicon
carbi de are charged, so as to separate the catal yst

for the oxidation of propylene fromthe deh atlon is
caatysiiand to | HoeperEetRTy coOht r'ofe th]é}

tﬁﬂ? %ﬂ%yleto O%Eaggipgfé9§f§t§éf shzeretlufi2s wmﬁput of

oI PRSI G ChS OBRE o Oon e nANCE ALY [y TR TLson

Mo, Wit hm@npaktichelspzecebs8s062 mm Subsequently

1.537 g of dehydration catalyst with the reference

71044 35(tungstated zirconia from Dailchi Kigenso

Kt diisit edoydshodenm b si¢ncbmagarbi PRy NG another

partdg‘lcl?\,rr%%eroefactlon than that of the dehydration of
glycerol in order to efficiently recover the heat of
reaction for the oxidation of propylene to give
acrolein. In particular, the oxydehydration reaction of
propane-1,3-dicl or the dehydration of propan l1-cl or
propan—-2-ol are also advantageous from some angles,
more particularly if the ped of dehydration catalyst is
placed upstream of the reactor for the oxidation of
propylene to give acrolein. This is Dbecause the
dehydration of propane-1,3-diol can result in allyl
alcohol which, in its turn, can be oxidized over the
catalyst for the oxidation of preopylens to (give
acrolein. Propan-l-ol or propan-2-ol can be dehydrated
to give propylene and can subseguently be oxidized to

give acrolein over the oxidation catalyst.

The following examples illustrate the present inventlon

without, however, limiting the scope thereof.



0.062 mm are charged. Finally, the reactor is nmade
up 15 to height with silicon carbide with a particle
size of 0.125 M (2 m) and 0.5 nm then 1.19 mm The
reactor is subsequently connected to the test part. 5
The tenperatures of the three | ayers of catal yst are

i ndepepdent | y_regul ated at 305C for the two upper, .

Iaggrsg?br T%%mﬂg%V@ré??OnE3¥Xb?§fbroPrgha’tH%gr01“ln and
oxkdayiion ohcpdppydene sand wte@80Q f ohrvhetbowephy on an
| aYeL pep 1 e 0xh dation ok, aghol ekf 104 0l v, ACTH T € ypsgso

acl Thereact ori sf edw t hagasm .xtureo
pr 6pyhbeaELEXFEEN/ heldumaady pt onl wat er agl yc&ddl widsiector.

5 hodrnbycmehan vhl owanataes (expressedqas, i cfompl @8 Refternal
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hour) of 30 089/55 584/288 393/ water: 53 489 15
gl yEEPBRT94509. The hel i umkrypton gas nixture
conprises 4.92% of krypton, which acts as interna

stgndar . The water-glycerol mxture conprises 30% by
we P I'ycerol. These conditions represent a

totak nmod amafleow ff ate wfa@3 compodfidsrapiopylignewrich the
gl al-).;2Q of . 34, 59§, picr I - £l ane
co??ggfeélagifﬁg§§ﬂflg%ggft?ﬁg é%%c%ggtgﬁa g%@%?é%l g,the
t r BBCRERPPESI AEPT c&EndtPRe AeYoYeFrh amd ttelakr {qgprises
actdrpeogiiced &f ecquanyktat invel ypdddeterstpediby equipped
chroggtogra hi c nah¥5|s“ The effluents are e

ac¥timll &t SdTFATEReYL AP £Br 4 HEirmECof 8B Hi hiEeS2TFhE3T-

noncondensabl e gases are anal yzed
A weight of 5 g of catalyst for the oxidaticn of
acrolein to give acrylic acid with the reference ACS4
(from Nippon Shokubai), reduced to a powder 1in a
particle size of 100 to 160 microns and diluted with
5 ml of silicon carbide with a particle size of
0.125 mm, is first of all chargsed. Subseguently, 9 ml
of silicen carbide with a particle size of 0.5 mm are
charged. Subsequently, 6.498 g of catalyst £for the
oxidation of ©propylene %to give acrolein with the
reference ACF4 (from Nippon Shokubai), diluted with
7 ml of silicon carbide with a particle size of
0.125'mm, are charged. Subssguently, different beds of
silicon carbide are charged, so as to separate the
catalyst for the oxidation of propylene from the
dehydration catalyst and to independsntly contrel their
temperature: 2 ml with a particle size of 0.125 mm,
then 7 ml with a particle size of 0.5 mm and again 2 ml
with a particle size of 0.125 mm, and finally 1 ml with
a particle size of 0.062 mm. Subsequently, 1.537 g of
dehydration catalyst with ths reference #1044
(tungstated zirconia from Dailchi Kigsnso KK), diluted
with 4 ml of silicon carbide with a particle size of

0.062 mm, are charged. Finally, the reactor 1s made up
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t hroughout the duration of the assessnent. The anount

30 of acrolein produced is 503 mcronol/h and the

anount of acrylic acid is 26 103 micronol/h. Exanple

2 (comparative): Exanple L g s repeated but the
aq?eousT%che{ol ??Iution 35 is replaced with pure

wat er. The nolar flow rates of. L i la i e
tﬁé%éﬁ%%ﬁﬁis%%%ﬁhéh?bf88yﬁ§ﬁé¢6§?d@ﬁ”hé?i%%¢tl“l“ stze of
kry.pteeniwat(er =glyy eerdolC 30089/ 55,5841 288 893/ water: 76

666 - glycerol: O (mcronol/h). 16 The effluents are
accunul ated in the trap for a tinme of 78 mnutes. The
nditcondersaty 6 yausss arecnanhyygedneRistghsut "EnéSst Part.

d%%“@gmgésr%@@r%swn@ﬁg- the ampuner5 off acaoheiat are

produce 57 mcraonmol/h and theognognt of acrylic

acindiepeEE I8y niredoneIya Bfanple 3 (E8Rpartive)? “PPST
Eﬁﬁmgéx%tz f§rrelﬁiﬁét edibufdwhtienr eplfaciqigyddreo 10 and  the
ehydrat,ion catal yst. with_silicopg,carbide. e .

f &at “GoTdt iopﬁ?‘a R =S oo e Ppfany L0, SHUS 198 Laye
acismyrat edkida e toapadorlainibe ofvdsaaet nbiesiCihe
noncondensabl e gases are anal yzed 15 t hroughout the

duration of the assessnment. The ampunt of acrol.ein
pridduced dest821 miicr onoigh arithlihe ahoud®f &XA4RE  ©f

acl,dhds 43 B03 JULNnUD] Ah-krypton/water-glycerol with
hourly molar flow rates (expressed as micromoles per
hour) of 30 089/55 584/288 333/water: 53 489 -
glycerol: 4509. The helium-krypton gas mixture
comprises 4.92% of krypton, which acts as internal
standard. The water-glycercl mixture comprises 30% by
weight of glycerol. These conditions represent a total
molar flow rate of C; compounds (propylene + glycerol)
of 34 598 micromol/h.

The effluents are collected at the outlet of the
reactor via a cold trap comprising ice and the acrolein
and the acrylic acid produced are gquantitatively

determined by chromatographic analysis.

The effluents are accumulated in the trap for a time of
80 minutes. The noncondensable gasss are analyzed
throughout the duration of the assessment. The amount
of acrolein produced is 503 micromol/h and the amount

of acrylic acid is 26 103 micromol/h.

Example 2 (comparative):

Example 1 is repeated but the agueous glycerol solution
is replaced with pure water. The molar flow rates of
the reactants are then: propylene/oxygen/helium-
krypton/water-glycerol: 30  08%/55 584/288 393/water:

76 666 - glycerol: O (micromol/h).
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Exanple 4: 20 Use is nmade of a reactor configuration
conprising three beds of catalyst with a feed of the

gas m xture conprising propylene fromthe top

downward and an internedi ate ffeed for the glycero
-solution. The Pyrex reactor is equipped with a

sintered glass for retaining 25the catal yst. A weight

of 5 g of catalyst for the oxidation of acrolein to

gi Thee aefrfyiluscitaciakav 4hcttel s eder encehACS4afpf Foma time of
Ni ppon, ;Shakubai )4, L edyced ~Aa.powder _in.a 30 . -
péﬁ?ic‘é Si7e of 100 #%gl%%gﬁgéggﬁg aﬁaadflugéd witRTYEee
5 fHrofahsidt core carriade owi thi atpar td clss Sisrg of TIgs 12\8ount
M ¢ i §cfb18in Obraldychar gedqssupseguenily, Sdn e amount
silicon carbi h a particle size of 0.5 nmare

d
cr%?gaﬁylg@o%wﬁ:ffﬁ3 & WeiHHtr B4/ 578 g of

catal yst 35 for the dehydration of glycerol with the

ref erence %%44 (Hy g}qped zirconia from Di al chi
Ki¢fe CCdMREd With 4 i of silicone carbide
wiRdrep par t2cl € s5i zeepka0e062 iy | ghdhar geckplatZing  the
Subsequently, duibanent heds of;sllLbcon.carblde ahg sane
charged, so as to separate the de ydration catal yst
f riciAd Kercattalopst F% 43R oxi dation of propyl ene and
to 5 independently control their tenperature, and to
make possi ble the injection of an aqueous solution_of
gl °rﬁﬁ% Tof3 Hyﬂﬁa%%EP%H§%£ﬁ%l1%eFREeEfFHef?RoabEB@e of
of7catmalrystss .4 mMhav t hoAcpadehshiel si zga0ks0. 4256 manalyzed
then 7 with a particle size,of 0.5 mmand again 2
A B At P teiTe O bR Togi A e | grount
6.878agrofeat pkpsituckor 1Hhe>@%i vaticomodf hpraopy | Bme eoount
gi V. l;ei n, it referer (from Ni ppon
Sho é@%ﬁ?ﬁ%ggfﬁte :%P$% 7 m of si Té%n carbide with
a particle size of 0.125 nm are charged. Finally,
ttg%?%%y@e@qtor is made up to height with silicon
carbide with a particle size of,0.125‘nn1é2 n1% and hree
0.5 5m° (H&IF LA nhfaThel r egeforF e ttbsEqiient Fynd hres
cannict ed t @eathe test 2G| ant .feBae tehpemat uges ofhixture
the | ayers of catalyst are jndependently yegul ated_at
2668 T e Fome 1ayer S 701 (RE donyar S gno0f 200
gl ycermleddrd of oretheloxi dasi onlwoferack ofelntton gi Vee Pyrex
anyckﬁwaQ§jé#ﬂ%égeéoégiﬁoé Lhg uppar chaxer ¢hor (Lhgining
oxi dat1on of propyl ene to give 25acrol éin.

the catalyst.

all

A weight of 5 g of catalyst for the oxidation of
acrolein to give acrylic acid with the reference ACS4
(from Nippon Shokubail), reduced to a powder 1in a
particle size of 100 to 160 microns and diluted with
5 ml of silicon carbide with a particle size of
.0.125 mm, is first of all chargsd. Subseguently, 9 ml
of silicon carpkbide with a particle size of.O.5 mm are
chargad. Subsegquently, a weight of 1.578 g of catalyst
for the dehydration of glycerol with the reference
21044 (tungstated zirconia £from DialIchli Kigenso KK),
diluted with 4 ml of silicone carbide with a particle

size of 0.062 mm, is charged.
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Ther eact ori sf edw t hagasm xt ur eof

propyl ene/ oxygen/ hel i um krypton/water at its top part
with hourly nolar flow rates (expressed in nmicronoles

30 per hour) of 30 089/55 584/7288 393/ 76 666. The '

hel i um krypton gas m xture conprises 4.92% of

krypton, which acts as internal standard. A

wat er - gl ycerol mi xture conprising 80% by wei ght of
gbyicerqlens lyed Befdeeantheotayerodf Tatalyst chepifiRe 272
oxXl L.qn of prapylene t he. de At talvst
ca g?é‘s‘?’ V\%?ha?gltsce?%ﬁgag?grhﬁ%w@églt@ﬂg?qon catalys
4530M5794 Caiterlordl /G9L thfese<cdnei Pions Pepretent and o

t@h@%o@ﬂﬁ@ﬁtﬁgombéﬁﬁ§g@f‘6ﬁ§£¥nn% yakprepyl ene to make
I'ycefol ) of 34 619 micromol/h. 18 The effluents_are -
QePrectel atthe UL the reAct oHrA a BoIAr oL ©f

t@agc@@gmr i ngri eecand cthey agrotel nbandesacr yihisc taci dbeds
prqduced are quantitatively. determ ned 5.

ch on%?%@f%‘ﬁﬁi c%a% y%"i%s ﬁe%eaff lucgﬁei sgé% of 0.12> mm,
actenulated wWirtht ke paapidlor aizenefof - 84mwi AGEedJaFhe? Wl
nonegnae ' SES, ar aj yzegyt h bgutnthe, 5.578
T o R g e ey e e e o
pedducedi ¥5889EMF criditol PK1ARE tHe AroudfoRfleet ylbic 917

agi-dohei26 30Qral croppl / hee Abecresi duatrpropyirene i Eippon
2613 mcronol /h. Exanpl e

5., 1 nple 4 is_repeated.
DTSRG o, G99 53 Wt Pt gfycer ol bl G ar oL as vich
(hydrated ghbygeraf).C.125 mm, are charged. Finally, the
reactor is made up to height with silicon carbide with
a particle size of 0.125 mm (2 mi) and 0.5 mm, then

1.19 mm.

The reactor 1is subsegquently connected to the test
plant. The temperatures of the layers of catalyst are
independently regulated at 260°C for the lower layers
for the dehydration of glycerol and for theé oxidatiocn
of acrolein to give acrylid acid and at 305°C for the
upper layer for the oxidation of propylene tO give

acrolein.

The reactor is fed with a gas mixture of
propylene/oxygen/helium-krypton/water at 1its top part
with hourly molar flow rates (expressed in micromoles
per hour) of 30 08%/55 584/288 393/76 666. The helium—-
krypton gas mixturs comprises 4.%2% of krypton, which
acts as internal standard. 2 water~glycerol mnixture
comprising 80% by weight of glycercl is fed between the
layer of catalyst for the oxidation of propylene and
the dehydration catalyst, with a glycerol/water flow
rate of 4530/5794 (micromol/h). These conditions
repraesent a total molar flow rate of C3; compounds

p

(propylens + glycerol) of 34 619 micromol/h.
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The hourly nolar flow rates (in mcronoles per hour)

of the constituents of the m xture are as follows: 20
propyl ene/ oxygen/ hel i um krypt on/ water 30 089/ 55 584/

288 393/ 76 666 for the top feed and gl ycerol / wat er i
8220/ 2205 for. the internedi ate feed. These

conditions represent a total nolar flowrate of 03
conmpounds (propyl ene + glycerol) of 38 309

m Eronot I HludE The ef f luentsceed aocurmileat edtilett het the
trfwé §5rav£én§ Qélél guE%%p“Ehgn ogggngﬁasaqLeaﬂrolﬂln
gases are anal yzed f hr oughou ration of
as%ré%s%mllqh@ca%laﬁ@déﬁﬂacﬁéPemaﬁﬁéaaeéaﬂﬂg ési%ermmd
m gy qmmdﬁh 55ﬁa@ngﬁg¢ §pgof acrylic acid is 29

898 m crono The reS| " propylene is 2803

m cr onol / h. Exanple 6: Exanple 4 is repeated but

uST g @fﬁD@émWSw&i@hﬁcﬁﬁmglyteﬁohnSﬁhﬂttﬁap f&9 a time of

yl ene/ oxygenfhel i um krypt on/ waf er 89L,
584£ 8@ rg“é?,‘? @% foro?ﬁex@ ngee ﬁ%geg analyzed
(ﬂ@ﬁ%ﬂ%ﬁﬁ@%ﬁethGSE@mﬂiﬁmg ofh@@@(ﬁﬂﬂﬁaamﬂﬁi The amount

rQPfeééEBl@lEO%%bdﬂééﬁ {l0W8©a&9c95m93/ﬁ0@999n9§3 amount
propyl ene + ycerol) of 36 439 m crono

efH ue‘f}ﬁ@/lalrfe a?&élﬂm%t ed 4 r theiaragoier -a tTlhﬁe gpsidual
& Mmgtase The aoncendensable. gases are anal yzed

Example 5:

oe

Example 4 is repeated but wusing a. 95 by weight

glycerol solution (hydrated glycerol).

The hourly molar flow rates (in micromcles per hour} ot
the constituents of the mixture are as follows:
propylene/oxygen/helium-krypton/water 30 089/55 584/

288 383/76 666 for the top fzed and glycercl/water
8220/2205 for. the intermediate feed. These conditions
represent a total molar flow rate cf C3; compounds

(propylene + glycercl) of 38 309 micromcl/h.

The effluents are accumulated in the trap for a time of
81 minutes. The noncondensable gases are analyzed
throughout the duration of the assessment. The amount
of acrolein produced is 633 microemol/h and the amount
of acrylic acid is 29 898 micromol/h. The residual -

propylene is 2803 micromol/h.

Example &:
Example 4 1is repeated bkut using & 70% Dby weight

glycerol solution.

The hourly molar flow rates (in micromcles per hour) of

the constitu=ants cof tThe mixture are as follows:
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t hroughout the duration of the assessnent. The anount

10 of acrolein produced is 612 mcronol/h and the

anmount of acrylic acid is 28 212 mcronol/h. The

resi dual propylene is 2702 mggonol/h. 20 WHAT IS

CLAIMED IS: 1. A process for the preparation of

acrylic, aci froqugqf | en ry3| ng_a first stage

of P 0% et 5P o8 %ﬁ% F%ﬂ t6“grve acrol ein and

aIﬁbmeY1ﬂzﬁﬁﬂkﬁSmx3ﬁarV©noﬁﬁ t feracrdleei ntt gEwed and

ac Gha ihZ in - es e
R A T

ga?s coRpii siodg mpr bpytenmtd00£2 CsTheomroreks dsropylens +

clpi pred-dn QJfalsm lyseharactesized in that the gas

conprising propylene is the reaction gas resulting

fromthe stage of oxidation of the propylene to give

aqrmi ed g1 bt 3. aﬂ@ea@t@ﬁaiataa chaiped tirapclfairmal tdme of

iharacterlze i n that th - gﬁﬂratlon reaction %al ed

carti dd-btittin t %VgaQOBHSQ *PRPhE préS&fce Gf a®e Y

cdttatstho20 tHe Thegiricmessfasie ainegsimerany Ghe efmount

t p l, haracteri t hat I | ar
Q%%e%gggggpg g % “fﬁg 9 age%bgégqh }g?ioﬁﬂgfﬁgg Hrmount

gldfcerwiny 125 samei prﬂ@tes%ﬁ a?sl?cll”al}@i%@ﬂqlrﬂany Bife gfesidual

the-gyecedi ng claims,: chahackgerized in that the

gl'ycerol is injected in the liquid formor in the gas

form 6. The process as clained in any one of the

preceding 30 clains, characterized in that use is

made of pure glycerol or glycerol in the formof a

concentrated or dilute agueous sol ution.
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7. The process as clainmed in any one of the preceding
35 clains, characterized in that the oxidation of the
propylene is carried out in the presence of a thernal
bal | ast .

20

WHAT IS CLAIMED IS:

1, A process for the preparation of acrylic acid from
cropylene comprising a first stage of oxidation of the
propylene fo give acrolein and a second stage of
oxidation of the acrolein to give acrylic acid,
characterized in  that it comprises a stage of
dehydration of glycerol in the pressnce of a gas

comprising propylene.

2. The process as claimed in claim 1, characterizea
in that the gas comprising propylene is the reaction
gas resulting from the stage of oxidation of the

propylene to give acrolein.

3. The process as claimed in claim 1 or -2,
characterized in that the dehydration reaction is
carried out in the gas phass in the presence of a

catalyst.

4. The process as claimed in any one of the preceding
claims, characterized in that mclecular oxygen is added

for the stage of dehydration of the glycerol.

5. The process as claimed in any one of the preceding
claims, characterized in that the glycerol 1is injected

in the liguid form or in the gas form.

6. The process as claimed in any one of the preceding
claims, <characterized in that wuse is made of pure
glycerol or glycerol in the form of a concentrated cor

dilute agueous solution.

7. The procass as clalmed in any one of the preceding
claims, characterized in that the oxidation of the
propylens is carried out in the presence of a thermal

ballast.



