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WO 2006/114506 PCT/FR2006/000907 METHOD FOR PRODUCING
ACRYLIC ACID FROM GLYCEROL The present invention concerns a
novel route for the synthesis of acrylic acid, and more patrticularly 5

relate, r ation of acrylic acid from glycerol in_the presence of
n%%e%%grégiy%%e%o&%he main process for the conventioﬁgFf)#ﬁgﬁé gpoogov
acrylic acid uses a catalytic reaction of propylene 10 with a mixture
containing oxygen. This reaction is generally performed in the vapor

phase, MAdRFaHPHh TRORWEFSIhSAGRIBED Heths FROMIISIHIRRAPL

guantitative oxidation of propylene to an 15 acrolein-rich mixture, in which

acrylic acid is.in. minor amaunt, - the second step effects the selective
ogl%l%ti nroelfs actolein to %rgjrtyjli%éaciﬁ?38‘%%Sre£:ti§nog§r?ditigﬂg Sr tf%’s% the
Vi StepRspérforfited RtRlOFeACctorS i seriedréle different aperegaidarly
catalysts:that are suitable for-the=reattion. It is not neeessary taisolate £rom

the acrolein during this twa-step. brogess, The, reaction may also be

péerformed in a single 25 reactor, but, in this case, it is necessary to
separate out and recycle large amounts of acrolein at the oxidation step.
ItHas beent knowndorea fond: time thiat acraleinamayt be 230 obtained:from  of

glyeerol; Glycgral{alsg krown as .glygering) is phiaingd,fromte 1, oo ene

methanolysis of plant oils at the same time as methyl esters, which aré
T elvés JBet BépBcialiy A5 hBis S coHiBdtibles in"dfesef gAGELon 1
defiestic fuel oitelt iscanaturdlrprédiict 85hat hakase'envirohmentallyly in
friepsllys<mage, is available in large quantity and may be stored and

- the first step effects the substantially
guantitative oxidation of propylene to an
acrolein-rich mixture, in which acrylic acid is in
minor amount,

- the second step effects tha selective

oxidation of acrolein to acrylic acid.

The reaction conditions for these two steps, performed
in two reactors in series, are different and reguire
catalysts that are suitable for the reaction. It is not
necessary to isclate the acrolein during this two-step
process. The reaction may also be performed in a single
reactor, but, in this case, 1t is necessary to separate
out and recycle large amounts of acrolein at the

oxidation step.

It has been known for a long time that acrolein may be
obtained from (glycerol. Glycerol talso known as
glycerine) is obtained from the methanolysis of plant
oils at the same time as methyl esters, which are
themselves used especially as fuels or combustibles in
diesel and domestic fuel ¢il. It 1s a natural product
~that has an T“environmentally friendly” image, is

available in large guantity and may be stored and
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2 transported without difficulty. Numerous studies have been devoted to

-the financial upgrading of glycerol according to its degree of purity, and

the dehydration of glycerol to acrolein is one of the routes 5 envisioned.

The reaction involved for obtaining acraglein from glycerol is:
CH20H-CHOH-CH20H H CH2=CH-CHO™* 2H20 10 As a general rule,

the hydration reaction is favored at low temperatures, and the

demydratiorn reatktionlishfavored af highutemperafures rPo vbtainuacreleinphave

it ise dhus negessaty tedise-a sufficient-temperature,angior15partigh v cero1
vacuqug. shift%he reglcti%p. The reagionurga)é be per&orrgled il’(]jt e liguid .
pRaSE SFin tHe §as phdse: “FHiS fype of FeAction’is RRoWN t be’ catalyzad  ©"
by facidg§lvaregs proéésses for eyathesizing acrolen frérh glyéerol afeutes
describeddn ¢he literature: FR 695 931; 20 US 2 558 520; WO 99/05085;

US 5 387 720. The reaction for the dehydration of glycerol to acrolein is

generally accompanied by side reactions leading to the formation of
by-PRoductesick s 25 hyarok§propaféne Shrbpandighyde;rolein  from
aceigldehyde,i acetone, adducts of acrolein with glycerol, glycerol

polycondensation;pradugtsy gyclicglycerol ethers. Injnternational patent
application WO 2005/073%60, the 30 reaction produc% resulting from the

gas-phase dehydration reaction of glycerol is subjected to a subsequent

gdssphaseoxidatiorr step to Dhtaih gémAdit 1acid rHHs twostepsprogess sl at

perfarmeckwith pure; glycerol of gongenirated aguequs selutionsiction  is

cqmerising 33 Mpre than 2026, by welaht of glyceral Acvic ad i n, it is
thus necessary to use a sufficient temperature, and/or
partial vacuum to shift the reaction. The reaction may
pe performed in the liquid phase or in the gas phase.
This type of reaction 1s known to be catalyzed by
acids. Various processes for synthesizing acrolein from
glycercl are described in the literature: FR 6385 931;
Us 2 558 520; WO 99/05085; US 5 387 720.

The reaction for the dehydration of glycercl to
acrolein is generally accompanied by side reactions
leading to the formaticon of by-products such as
hydroxypropanone, propanaldehvde, acetaldehyde,
acetone, adducts of acrolein with glycerol, glycerol

polyvcondensation products, cyclic glycerol ethers.

In international patent applicaticn WC 2005/073160, the
reaction product resulting from the gas-phase
dehydration reaction of glycerol is subjected to a
subseguent gas-phase oxidation step to obtain acrylic
acid. This two-step process 1s performed with pure
glycercl or ceoncentrated aguecus solutions comprising
more than 50% by weight of glycercl. Acrylic acid
yvields of between 55% and 6€5% are obtained using an

alumina-based catalyst impregnated with phosphoric acid



10

15

20

25

30

35

yields of between 55% and 65% are obtained using an alumina-based
catalyst impregnated with phosphoric acid 3 and silica for the first
dehydration step, and an alumina-supported Mo-V-W-Cu-O mixed oxide

for the second oxidation step. The process is performed in two reactors

in series, the oxygen being able to be added 5 easily to the gaseous

mixture feeding the second reactor. The process may also be performed
inea gingle ireagtorcontaining eitherdhe tw&@%ﬁ@ﬂi@amﬁ@egeﬁniﬁﬁd an
twQq reaction zones, or the tyyo catalysts as a mixture, this configuration
G T8 AR B oL G o dEactvau e onS B e i Ehe
catafists! whidklahakes mafitenahicd oPHEHdtessSdiffictiit Orfed 1n two
Applieard Sompanyas=discovreedpsuyrpeisingly . that ius possiblesto added

obtain agrylic acid,s '&ectl 212 59D glycerol, whendhe glycerol dehydration,, 4
reactionis performe

in the presence of oxygen. The presénce of oxygen

miEk@S fosslE tpEFeHT, ifaddifidiito the dafydrafitifredttich, anndle
oxicatior reaction; offeiing thei possibilityref formimg adryliccadd fremalysts
gli’&%c}lj?@%” &single step. SUPPling:oxygen {o theggaction: medivm ¢ 5

alsp has a en%ficial effect on redycing the formation of cok?}ont e

{ h
cAralit ti8ed andiinfibiting Jitd dsactivatlen "ai limtfting the fotmatisr: of = ©
byaproduets dgel bspropanaldehyde; Acetdise digo 25-atalysts, which

hydnexyprepaneagaAdroeass:ios prodiicingsaerylic: aeid directly from

glycerol is particularly advantageous since it makes it possible to perform

the synthesis in a single reactor 30 and thus to reduce the necessary
inVestméRts! TRaprncipheBfine prodéss aecsrairytddne ireniisn Sisnaly,
based onithe two censecutive debydeationiandacrylic acid directly
from glycerol, when the glycerol dehydration reaction
is performed in the presence of oxygen. The presence of
oxygen makes it possible to perform, in addition to the
dehydration reaction, an oxidaticon reaction, offering
the possibility of forming acrylic acid from glycerocl
in a single step. Supplying oxygen to the reaction
medium alsc has a beneficial effect on reducing the
formation of coke on the catalyst used and inhibiting
its deactivation, and limiting the formation of by-
products such as propanaldehyde, acetone and

hydroxypropanone..

A process for producing acrylic acid directly from
glycercl is particularly advantageous since it makes it
possible to perform the synthesis in a single reactor

and thus to reduce the necessary investments.

The principle of the process according to the invention
is based on the two consecutive dehydraticon and
oxidation reactions:

CH2OH~CHOH-CH20H « CHp=CH-CHO + ZH,0

CHy=CH~CHO + * 0, —» CHy=CH-COCH



oxidation reactions: 35 CH20H-CHOH-CH20H H CH2=CH-CHO + 2H20
CH2=CH-CHO + 4 02 -3 CH2=CH-COOH 4 In this reaction scheme,
known as oxydehydration, the exothermicity of the oxidation reaction is
combined with the endothermicity of the dehydration reaction, which
contributes towards better thermal equilibrium of the process. Another
advantage of this process lies in the fact that it is not dependent on a raw

pwatgglql of fgssil ori%in, for instance propylene, but uses a renewable raw
Hhat&fial®suchH proces SHE SiseR IHE critSriao 28508 RRAAN#HPIe The
RO BEACEpt bf Ygreeh chdristn iiaiin enmore globabframeworkefib i ned
sfiupable-developmeante Sumamaty Aceordingly, thareds provided anrocess,
J%ri n}?ngfa&uriﬂ&l gggyllg C%:ld In.a %nglg step b)é gxyq!ehyd(atlon reaction
of glycerol in the presence of MolecUtar 0xygen SThemofedtifar bryge ©F
thay BEPPESENt in the form of air or in the form of a mixture of gases
containing molecular oxygen. The amount of oxygen is chosen so as to

Qutside.t IQU!{E bility ran any point in, the plant. The oxygen.
%%%r%‘in ?haegérolée % a%gorkd?ngg% % %%%c‘%gaos*ulfé ‘?Niljrrdeﬁgr‘allﬁp Bég that
ichos8n 38 asTR G ERecti2 o, FalktiVeetertae 2hixRife 6Pgases amedng: .
#he redctonamixtureobglycerst/ H20xygenliest gaseS}efbBerable raw
«fiphyration reaction of dlycerallo aciplein is gerepglly.perfprmed.on. ., .
acidic solid catalysts. These catalysts may be cﬁoé‘en’ﬁom natural or -
APt Sficedtismatdifald GraciiRi sedhites Thinerar RePpIFREBHET a8~
woXides; coatenkwitly hedrig-, diramwork of durable development.

Summary

Accordingly, there is provided az process for manufacturing

acrylic acid in asingle step DY oxydehydration reaction
of glycercl in the presence of molecular oxygen

The molecular c¢xygen may be present in the form of air
cr in the feorm o©f a mixture of gases contalining
molecular oxygen. The amount of oxygen 1s chosen so as
to be outside the fiammability range at any point in

the plant. The oxygen content in tThe proces

(6]

according
to the disclosure will generally be chosen 30 &35 not
excesed 20% relative to the mixture of gases entering
the reaction (mixture o©f glycercl/H,0/oxygen/inert
gases) .

The dehydration reaction of glycerol to acrolein is
generally performed on acidic solid catalysts. These
catalysts may be chesen from natural or synthetic
siliceous materials or acidic zeolites; mineral
supports, such as oxides, coated with mono-, di-, tri-
or polyacidic inorganic acids; oxides or mixed oxides,
or alternatively hetercpolvacids. The preferred
catalysts are sulfate zirconias, phosphate zirconias,

tungsten zirconias, siliceous zirconlias, sulfate



or polyacidic inorganic acids; oxides or mixed oxides, or alternatively
heteropolyacids. The preferred catalysts are sulfate zirconias, phosphate
zirconias, tungsten zirconias, siliceous zirconias, sulfate - 5 titanium or
tin oxides, and phosphate aluminas or silicas. These acidic catalysts,
which are suited to the glycerol dehydration reaction, facilitate the
desorption of the acrylic acid produced, but are not optimized for
exidatianyeactions;the yield: rylic., agid i limited with this type of _
cat]e_tLyst. it is ereforgﬁpre?é%é%{%c?g oracljﬁé%toio> taﬁ%%oﬁﬁ seﬁiiclff\r}l“tf/”y &5 O"‘“_
fowaras Acrylic’&88, 16 the’Solif 8560-1° be alsb RaphblesFcatiyAimg  to
fHecoxidativassadtiond Salidsscontaining akleastone element chesen <he
treuthprlistiMos ¥, WaRea Cr Mn-Fe, £y Ni Pé‘déﬂe%[" 16,150, BL PL .

gﬁtaﬁiazngdmﬁo@:resgqtin,ﬁmetallicjorru or in the form of oxide, su ateor -
phosphate, wi prefera%ﬁ/“&eo Ehors”e%cagé’ﬂ&atiohrt?atd{ifrﬁ%ﬁ i Podsibie-Lc
frrefvisaye-thesusel 8E& sihghe eatalyst capuble of Catadyzing both the
dehydration reaction and the oxidation reaction, but also to have available
gd.m%gjre.q{é:@éalgs; , each being capable of effe Lt;igg one of the two
réactiogs_ Fn_ an obtirﬁ%mgr\r'?gﬁﬁéﬁ%ﬁ% mﬁ’({lureool? Atalyss ihed ditherood
AR ifmateimiktireY sF EtaR/REY b fs IRGRE fordraf tivbdayers bl catayists o
stackedsin thesredrler, the ficsidayerihen being capable-of sffecting the
gehydration,gf glycero tgacrloﬁlze&jgi_aggntge Secand being more suited to_
the %oxigiation of the ac&roleli'n thus produced Ir%g%%?yﬂc ’glccf&.e@né oFBth&fe
ot tHest LonfiguritionEwilBe ddRpteditas &Rinclion ofike réaotorSn, Te,
$schnBlogy Rrsed 2T heReaetioh d&icording:toethe disclasytemaybercrm or
in the form of oxide, sulfate or phesphate, will
preferably be chosen as oxidation catalyst. It is
possible to envisage the use of 2 single catalyst
capable.of catalyzing both the dehydration reaction and
the oxidation reaction, but alsec to have available &

mixture oI catalysts, each being capable o¢of effecting

1y

cne of the two reactions in an optimum manner. This

mixture of catalysts is then either an intimate mixture

[t}

h

of catalysts, or is in the for

=

L of two lavers of

T

catalysts stacked in the reactor, the firs+ layer then
being capable of effecting the dehydration of glycerocl
to acrolein, and the second being more suited to the
oxidation of the acrolein thus produced into acrylic
acid. One or other of <hese configurations will be

acapted as a function of the reactor technology used.

The reaction according to the disclosure may be

performed in the gas phase or in the liguid phass,
preferably in the gas phase. When the reaction is
performed in the gas phase, various process

technologies may be used, 1. -bed process, a

in
i
Fh
f,.].
b
@®
S0

fluidized-bed process or a circulating fluidized-bed
process. In the Ifirst two processes, in a fixed bed or

a fiuidized bed, the regeneratiocn o¢f the catalyst mav



performed in the gas phase or in the liquid phase, preferably in the gas
phase. When the reaction is performed in the gas phase, various process
technologies may be used, i.e. a fixed-bed process, a fluidized-bed
process or a circulating fluidized-bed process. In the first two processes,
in a fixed bed or a fluidized bed, the regeneration of the catalyst may - 6
be separate from the reaction. It may take place ex situ, for example by
xtraction of the ¢ <¥St and combustion in air_or with a gaseous mixture

- al S
Bhtaiing RoRcutdrky et INthiCEase? the temddidtureditl Fressife &
dtvihich the Yegereratiba isperferitet dé hoh need tabe thessamieyas and

thes@atwhich the reactionis pedermeds;Agerdinge the,process, etthe; -
dﬁ%‘i‘%&{{f;ﬂﬁ may ta_,’lg}?1 plaqer coggn%ousigg inasitu,+at11t the same time as the
reaction. given the presence of moleculdr™ dxyger 8f of A gaRCohtainig 2nd
rRéfREEIAE DxyjgenihiFE réaGor #F IS Ease. e feyenerafiontstikemednot
tacar inbibition of Weacthration and takes place ahthe, reaelionesction is
temparatyre.and pressue In the dirculating fidized-bed process, the
catalyst circulates in two containers, a reactor and a regenérator, Siee -
the glficsfol sBltfiorPvdsciizationt ahit the d¥hydratich-féactfon aréle  same
entathermicrard the aaxidation reaction artckalsorthegagenesdtion okthel 5 -
catalyst consisting of the_co ion_of coke are. exothermi twi N
ol S W et G S
e§BfBRHAM: of the PRocesS2RTe sdiB&iohSH TRE BptimEm précess fSRfde ©
as funiction of various critedazThe fiked-bedprocessshhaspihece at the

a%%falé%r?f éERB'!ﬂ-%ZE?@ ﬂét'igﬁz‘fg:@ggure .

In the circulating fluidized-bed process, the catalyst
circulates in two contaipers, a reactor and 2
regenerator. Since the g¢glycercl solution wvaporization
and the dehydration reaction are endothermic, and the
oxidation reaction and also the regensration of the
catalyst consisting o©f the combustion of coke are
exothermic, +the two systems compensate each other,
which contributes towards good thermal eguilibrium of

the process.

The seleacticen of the optimum process 1is made as a
function of wvarious criteria. The fixed-bed process has
the advantage of gimplicity. The fluidized-bed
processes make 1t pessible to continuously discharge
the s=pent catalyst and te permanenitly recharge Ifresh
catalyst without stopping the production, with the
possibility ¢f Dbeing iscthermic. The circulating
fluidized-bed process has the advantage of optimizing
the reaction selectivity Dby permanently returning
freshly regenerated catalyst into the reactor, while at
the same time compensating Icr <the ensrgy exchangs

between the reactor and the regenerator.



processes make it possible to continuously discharge the spent catalyst

and to permanently recharge fresh catalyst without stopping the

production, with the possibility of being isothermic. The circulating
fluidized-bed process has the advantage of optimizing the reaction
selectivity by permanently returning freshly regenerated catalyst into the
reactor, while at the same time compensating for the energy exchange
between the reactor and the regenerator, - 7 According to one particular_
SABOUIMERt of the distitBure? EtﬁrS&l&sas“:is pe?f%[? %gﬁrﬁ‘?%“reacﬁ)? of ~he
plase éxehargeriype SEhis¥eactds iseoristituted ofplatessforihig ©F
hetween each athec circulagian channels -batmay canfaina-catalyst-ThiS o
technology has many advantages in terms of heat exchange, associated _
Wit & Sffigh FreaFexéhange tapacifip Thus thisity pe oFFeattorofs channels
patticulathysuiable fanremoviagdieas easifyhn sthe easenoflexpthenmic many
reactions, ok for supplyingcheat inggaction siarup phases-orindhecase n 5

of endothérmic reactions. More particularly, this rg,actor ‘makes pﬂosgible o
™ [ 3 ™ ) . Il ol

ot SRy B Feat it 20 TR e Latalyst Thefledt exeRinderis ™ S3c+0F
pasticpkarty i efficent withsthetclicUtatido of arkeat-ekebangefluidsiathey in
system.-the plates;may beassembledindnadules angd:may.pe siackedneat
Thus, it is possible no |{1$Lallu|nto thigasarqse reaglon j\_/olumgha T'rStcséas e =
foFthe “deHyaration réadtion ot glygeror to acrolain, folfowed By a §&&ond ©*
stag foreie bRidatkFToiacrsleint!THe RedHes ws/ B¢ fed Withsanreactor
asgeading streass o1 81 desgending strears, the stacking of the satatystscool
O5ll0 chosen geh that e catglyst nat hecomep.deagtvateg, steifar
placed ontop e othér to facilitate its N ‘

efficient with the circulation ©f a heat-exchange Ifluid
in the system. The plates may be assembled in modules
and may pe stacked. Thus, 1t i1s possible to install
inte the same reaction volume a Ifirst stage for the
dehydration reaction of glycerol to acrolein, followed
by a second stage for the oxidation oI acrolein. The
modules may be Zfed with an ascending stream or a
descending stream, the stacking of the catalysts being
chosen such that the catalvst tThat becomes deactivated
faster is placed on top of the other to facilitate its
replacement. Furthermore, the modules may bz
independently temperature-regulated for better
optimization o©f the reacticn. This type of reactor thus
involves great flexibility, whether as regards the size
of the resactor, 1its maintenance, or the replacement ol

the catalyst. Systems that may be suitable for the

M

crocess of the disclosure ares, for example, the reactors

1

described in documents EP 99% 4%1 or EP 1 147 807, the

content of which is incerpeorated herein by refesrence.

These reactors are particularly suitable for the
catalytic inversion of reaction media, specifically
gaseocus reaction media, such as those used in the

. , ; X - o
present disclosure. The plate sxcnanger used for the

| i £ - lei = tnyacrylic id via
preparatlion oI (meth)acrelein or (meth)acrylic acic via



replacement. Furthermore, the modules may be independently
temperature-regulated for better optimization of the reaction. This type of
reactor thus involves great flexibility, whether as regards the size of the
reactor, its maintenance, or the replacement of the catalyst. Systems that
may be suitable for the process of the disclosure are, for example, the
reactors described in documents EP §95 491 or EP 1 147 807, the

content of which is incorporated herein by reference. These reactors are
paatielllany suitableitor the catalytic inversivn obreactien megja, dﬁscribed

specifically, gasegus repciiop mediagsuch gsthoge gae%@ the; present .

disclosure. The plate exchanger used for'the _Ppreparation of

nﬁhf&%?é’lei% Yhfetthachic boidvid <8 cataffic DxiaRshA bf C8ordy 15
préBurders, idfescribed™mn doGiifant US2005/0020 851, may also be
suitable for the manufacture of acrylic acid from glycerol, which is the
stjb!eect of the gLesen}dlsclosure The segaratlon/purlflcatlon stegs must

be adapte%dto the proaagt%o“n of acrylnc acid; %gryllc acid havmg ﬁlg%%r

boilfhg POt A Rfate? and BEMIEIA. el AcrofsiF Eo-prodwiedd nisyiberg &
eithehisplated oI tegyclest o increasenthewdelds of ageylic acieh Margoverrhe

the ynse é@ctlx% by=praducts (Rg‘;ﬁf H@nna%'sm and. acolig ac@ cyyc%ed

recovere and inCinerated, thus p ucm steam or energ _
erRroyAGTG ARy bRfhe VRS- b?@du%ts of the’ g&&@%@%%ﬁﬁd’ﬁ the
reactiore furtheymoteymakeslit possible ¢o geeatly teduce thec gedenhousesnd

gas,amIssions-Oft herggg(;g’pegs. whep compared, with the conventignal .y,

process of selective oxidation of gtropylene for which the 002 produce_d IS
o%?%&%?ﬁf fGSshrtson dttigthe inchterSion GitReRyFading of the

by-products ©f the glycerol oxydehydration reaction
furthermore makes 1t possible to greatly reduce the
greenhouse gas emissions of the process, when compared
with tThe conventional process of selective oxidation of
propylene, for which the CO0; produced isz derived from

ossil carbon during the incineration of the by-

The experimental conditions of the gas-phase reaction
are preferably a temperaturs of between 250°C and 350°C
and a pressure of between 1 and 3 bar. To avoid
consecutive reactions and the formation ci unwanted
products, 1t is important to limit the residence time
in the reactor; moreover, by increasing the residence
time, it is also possible to have higher conversions.
It is especially desirable to increase the contact time
(residence time) of the reagents in the region of the

catalyst 1in order to compensate Ifor a decrease in th

0}

degree oI conversicon when a lower reaction temperature
1z used. When a weakly oxidizing catalyst 1s used,
increasing the temperature allows <the acrylic acid

yield to be improved.

Glycercl is available in concentrated form, but also in



products. The experimental conditions of the gas-phase reaction are
preferably a temperature of between 250C and 350C and a pressure of
between 1 and 5 bar. To avoid consecutive reactions and the formation of
unwanted products, it is important to limit the residence time in the

reactor; moreover, by increasing the residence time, it is also possible to
have higher conversions. It is espetidllydesirable to increase the contact
time (residence time) of the reagents in the region of the catalyst in order
torcompénsate fos A degigase indberdggree of cog&gn\g@gpswhegoai @A@ém _
Feaction temperal e i%Hse . WQGU a weakly oxiszin catalyst is used
increasin+§t$1§_ten$|{)ergture allows the ac?ﬁ%“fc?@ ’yielg%%éﬂiﬁfbm\‘fécth a
GRiterdlis avaitdble it corigefaied fotkh, bRdlsFin® thedormme feareb 1y
eeonomical ‘aefueensisdationsy Advagtageausiy: 88-a0Ue0us HYCeLQl-+ oy
selutiopyitLa -conceniration of hetween 1% and 50% and preferab)
g%tw.egn 15% and 30%%by ngght is used in the r"e%%tor?}]‘fgfgé s© ays ko
Soncentration shobiftl ndtetobHigh, $6'88 to &Woid-SpuricierTeattions of
Suciras the fermhation obglycerot ethers otreastions between the asrolein,
endhesacrylic acid produced, and dhe %‘&er%MOVSQX%%JQE giygerol ooy
%%'Qt'on Tshgulgoqot beotgooL@Iute on_account of the” energy cost involved In

f éév%&%aﬁpn?ﬁtﬁeé%béSﬂs Rroi%olffdn. IR&ny cate, fielute on
gocRHIratiBR of the giyceralysoftitith may béadjiisted hyeecyelingothe: i on
selorpocseddyive eaptondn oslrioredios e Wekace, <o
concentrated ‘lsgfut%h o%ﬁa%gtoyf(?dioﬁy WEIGHE tEtichA® the adiusted
by recycling the water produced by the reactien. 1In
order %to reduce the glycerol transportation and storags
costs, the  reactor may be fed with concentrated
sclution of 49% to 100% by weight, dilution +to <the
optimum content being performed by recycling some of
the steam produced by the reaction and of the dilution
water. Similarly, the recovery of heat at the reactozr

outlet may also allow the glycerol solution feeding the

H
P
W

ctor to be vaporized,

Glycerol derived from the methanolysis of plant oils in
basic medium may contain certain impurities such as
sodium chloride or sulfate, non-glycerol organic
matter, and methanol. The presence of sodium salts is
in particular detrimental to the catalytic dehydration
reaction since these salts are capable of poisoning the
acidic sites. A pretresatment of the glycercl by ion

exchange may be envisioned.

Compared with the conventional process for preparing
acrylic acid by selective oxidation of cropylene, the
acrylic acid produced according to the process of the
disclcsure may contain impurities of different nature ar

in different amount. Accerding to the envisaged use, !

may be envisaged to purify +he acrylic acid according



optimum content being performed by recycling some of the steam

produced by the reaction and of the dilution water. Similarly, the recovery

of heat at the reactor outlet may also allow the glycerol solution feeding

the reactor to be vaporized. Glycerol derived from the methanolysis of

plant oils in basic medium may corlta%ce_rtain impurities such as sodium

chloride or sulfate, non-glycerol organic” matter, and methanol. The

presence of sodium salts is in particular detrimental to the catalytic

dehydfatioRsfedetioh Shcehese salts arseapable okgoisoningthert .

acidic sites. A pretreatment of the glycerol by ion exchange may be
visioned. ared.with the conyentional process for preparing acrylic

:@%gby sge gg%@%xidaf%é of prﬁggl\éﬁg, the J*“glct‘r‘;?l?:'craac%o? progﬁl@ed present

aEE6IiNG 1o the'pideess of e’ aisclosurathay &entans iripaRfies of

different nature or in different amount. According to the envisaged use,it

rdaiahe adisaged to purify the acrylic acid according - 10 to the

techniques known to those skilled in the art. The examples that follow

illustrate th nt_ disclosure without, however, limiting its scope. _ _
E%m‘b%s %ﬁ%‘?{e% E:‘Leiéla’r'npq es?git)l%%ér [é%%ﬁ)f.%ﬁnsﬁgt?nsg‘gf% fu%eg 85t e
16y &% WitR AndRSidd Hiaeter 66 it iUt E@performbthBmlyicerot sed
dehydration reaction ig Iyegas Iphisieal sémospheriezpressire i fhishe gas

reggiais placed jn 8 heated chamber maintajped at fhe chosen £ a%lﬁifgced

temperature. The catalysts used are ground and/or pelletized to obtain
patticies DFB TR0 SO MMET0 Mt gt catdiyd afcloaddl iffotRETeddéteton
forampecatalytie bed3ecm deng: Mg bed issmdintaimed atheund and/or
pelletized to obtain particles of €.3 to 1.0 mm. 10 ml
of catalyst are loaded into the reactor o form a
catalytic bed 3% cm long. This bed is maintained at the
reaction temperature Ifor 5 to 10 minutes befors
introducing the reagents. The reactor 1s fed with an
agqueous scolution containing 20% by weight of glycerol
at a mean feed flow rate of 12 ml/h, and with a flow
rate of 0.8 1/h (13.7 ml/minute) of molecular oxygen
for the examples according to the invention, unless
otherwise indicated. In this case, the O0;/vaporized
glycercl/steam relative proportion is 6/4.5/89.5. The
agqueous glycercl scolution is wvaporized in the heated
chamber, and then passes over the catalyst, The
calculated contact time 1s about 2.9 sec. After

reaction, the products are condensed in a trap

-

efrigerated with crushed ics.

Samples of the effluents are collected periodically.
For each sample collecticn, the stream is interrupted
and a gentle stream cof nitrogen is passed through the
reactor te purge it. The trap at the reactor outlet is
then replaced, the nitrogen stream 1s stopped and the

reactor 1s returned under & stream of reagent.
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reaction temperature for 5 to 10 minutes before introducing the reagents.
The reactor is fed with an aqueous solution containing 20% by weight of
glycerol at a mean feed flow rate of 12 ml/h, and with a flow rate of 0.8
1/h (13.7 mi/minute) of molecular oxygen for the examples according to
the invention, unless otherwise indicated. In this case, the 02/vaporized
glycerol/steam relative proportion is 6/4.5/89.5. The aqueous glycerol
sgrllgtion IS VCE}porized in the hecated Jé:}tjgmber, an therégassesfover the

catafyst.el‘%e calcifaréd %ﬂgrrﬁabjt time 15 about 2, ser&. fer eactigrlf,c\ﬂ;ll@ctS
prodets-afe condersarlVintdltrald reffgeratewittverushedtité o8amplesiass

obhthezeffluents are gellected periadieally. Foreachsample eoliectipndhgct s
stream. is interrupt n entle st of nitrogen is passed through
tk%eg%gggor%g %urggg ?t3¥dﬁ§<%gra% tth%%%erga%?otf%%]'ﬂgg?r}%ytheils‘r’de%laég . the of
nitrgeRStreaft & S1BppedaRAE the reactor is returned under a stream of
reagent.— kin Foneagh expermehnt; the: totalmass,oftprodudts lertering 1Lumn

and eayving js measyred.whigh alloys a,mass. balance,to be determined., oy,
Similarly, the products formed are analyzed by chromatography. Two ,
types o5 AndivEis dre Perfoltitd S @t andiyéis BY ThFormatobisphyroh-a s s
filled pelafm(EEARIdGluAN 22mtE8Y)0n & CarldzExba Chromatograph ;
eqt;]ipped with, a EQ%%tﬁggogbgf'hecq@fgaéW§@g@:x§?s %iﬁ performed 11ary
with.an extern ndard, (2-butangpe); 10.- an analysis

O bgrapht o o CHONER cclimn TERAR Lol 50 10, 28 mfiBRE 20
aA'HREBID> ¢hidmategraphretfiippéd it an FID defecierowitty the isdmet he
saaplessstaretbat 466red at -15°C.

The first method 1is particularly suitable for rapid
analysis of the products, and especially the vyield of
acrolein. The seccnd method 1is used to have a more
precise analysis of certain reaction by-products.
Morecver, analyses by GC-MS or by chromatography after
silylation were performed to confirm these results.

The  products thus quantified are the unreacted

glycerol, the acrylic acid formed and the acrolein,

In the examples that Zfollow, the glycerol conversion
and the yields are defined as focllows:

Glycercl conversicn (%) = (1 - number of moles of
glycercl remaining/number of moles of glycerol
introduced) x 100;

Acrylic acid vield (%} = number of moles of
acrylic acid produced/number o¢f moles of glycerol
introduced;

Acrolein yield (%) = number of moles of acrolein

produced/number of moles of glycerol introduced.

All the results are expressed as molar percentages

relative to the glycerol introduced.
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15 The first method is particularly suitable for rapid analysis of the
products, and especially the yield of acrolein. The second method is used
to have a more precise analysis of certain reaction by-products.
Moreover, analyses by GC-MS or by chromatography after 20 silylation
were performed to confirm these results,The products thus quantified are
the unreacted glycerol, the acrylic acid formed and the acrolein. 25 In the
examples that follow, the glycerol conversion and the yields are defined
as follows: Glycerol conversion (%) = (1 - number of moles of glycerol
reHraimipg/muinber of moles of glycerol introduced) x 100; 30 Acrylic acid
yield (%) = number of moles of acrylic acid produced/number of moles of
gI)_/F eerolfirhtrloduced; Acrolei %‘iﬁelgg% = mgmber of moles of acrolein

n
produce Aamber 6f motes's yCero ntr t\fgé’d.%%OAfF%He:results are

expressetids nivlaf pefiitages refativeao thelglyéerct iftroduceth 342 W05 )
Example 1 The followingoarei used asicadalysid10 mbiSd1) atungstere rence
zirconia (90.7% r&)lzﬂ 9.353/0 WO%)7 from Daiichi Kigenso (supplier
reference H1417),i.e. 17 g, ?Z)Ia sulfate zirconia (90% ZrO2 - 10% SO4)
from Dailchi KigerSolGapplie? téterdnke H1I2AB6Y: 1l i.6. 1505 9,53 )a from
phosphate zircdmia (@1 5% Z1@2r: 8:5% 204} frosy Daiighickigeaso H1416) ,
(reference H1418).i.eq 427 g,

(3) a phosphate zirconia (91.5% Zr0, - 8.5% PO;)

from Daiichi Kigenso (reference H1418), i.e.

12.7 g.

The reaction is performed in the absence of oxygen or
in the presence of oxygen. The reaction temperature is
300°C or 350°C. 7The results are given in the table

below.

Catalyst (L (1) (1) 1 (2) (2) 1 (3)y (3) {3y (3
Oxygen ¢C 13.713.70 0 13.70 0 5.6 13.7 13.7
(ml/minute)

Reaction tem- | 300 300 350 300 300|300 300 300 350
perature (°C)
Cumulative 32 32 42 [ 25 25| 25 25 42 50
mass of gly-

cerol intro-
duced (g}

Glycerol con- | 100 100 100 97 1001100 100 100 100
version (%)
Acrylic acid 0 4.5 7.6 - 0.910.3 0.7 1.1 0.7
yvield (%)
Acrolein yield|72.1 53 19.2(40.6 52.5{46.7 43 38 14.4
(%)

-: undetermined/*: uncertain attribution (presence of

numerous close peaks)
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15 The reaction is performed in the absence of oxygen or in the presence
of oxygen. The reaction temperature is 300C or 350C. The results are
given in the table below. Catalyst (1) (1) (1) (2) (2) (3) (3) (3) (3) Oxygen
013.713.7013.705.6 13.7 13.7 (ml/minute) Reaction tem- 300 300 350
300 300 300 300 300 350 perature.(G)Lumulative 32 32 42 25 25 25 25
42 50 mass of gly cerol intro- duced (g) Glycerol con- 100 100 100 97
100 100.100.100 100 version (%) Acrylicacid04.57.6-0.90.3*0.7 1.1
OgﬁywAcrolein yield 72.1 53 19.2 40.6 52.5 46.7 43 38 14.4 M 20
undetermined/*: uncertain attribution (presence of numerous close peaks)
13 Fxagple 2 44.8.0:0fan oxidation satalyst (4) formed-y:additiony @f « : on
gg/]g_:eroll agebgan?raasregjlsegér Parggaraggg of the catalyst (4) The
prepa%aﬁ/on of this type of catalyst is déscribed in patent US 6 310 240.
10 The precursor is prepared from solutions A and B: For solution A Cold

deminerakizeshwatet 2 70Kkg the catalyst (4)

The preparation o¢f this type of catalyst is described
in patent US 6 310 240,

The precursor 1s prepared from sclutions A and B:

For solutiocn A

Cold demineralized water | : 70 kg
Ammonium paratungstate, APT t 3.400 kg
Ammonium metavanadate, AMV : 2.810 kg
Ammonium heptamolybdate, AHM : 11.590 kg
For solution B '

Cold demineralized water : 15 kg
Strontium nitrate, Sr : 0.590 kg
Copper nitrate, Cu : 2.810 kg

Once a clear sclution A has heen obtained,
precipitation is commenced by introducing solution R
into solution A using a cannula, at a flow rate of
30 1/hour: ({30 minutes). Solution B is added using a
metering pump. The precipitate forms immediately and

the solution changes color.

At the end of precipitation (i.e. 2 hours after the
start of precipitation), the water is evaporated off
and a dry precursor 1is obtained, which 1s then

precalcined under air at a temperature of 225°C,

A polysilicic acid solution i1s prepared:
615 g of sodium silicate solution at 28.48 wit% of
Na,3105; are added to 2885 g of deionized water to make a

solution containing 5% Si. This solution is stirred for
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Ammonium paratungstate, APT : 3.400 kg Ammonium metavanadate,

AMV : 2.810 kg Ammonium heptamolybdate, AHM : 11.590 kg For

solution B Cold demineralized water : 15 kg Strontium nitrate, Sr : 0.590

kg Copper nitrate, Cu : 2.810 kg 15 Once a clear solution A has been
obtained, precipitation is commencedy introducing solution B into

solution A using a cannula, at a flow rate of 30 1/hour: (30 minutes).

Solution B is added using a meter;j ump. The precipitate forms .
mitedidtdly 5nd 26 the Shition chaRdes hidr. ATIRG ciierof pradipitatid ™™
(i.ex2irouis affesthe dtartesidpdcipiation) tihe \watepis evaporiéd bifon is
a%@@@é@VEQU?OHE@bt@iﬂFd’,}I&/@hi@i@ﬂb?n 25 pf@ﬁ@@@@fﬂneﬁﬁ:@fﬁﬁ@ﬁ a
a temperature of 225C. A polysilicic acid,solution js_prepared; 615 g
sogelﬁr%%seflfcate%o atéiogn. at%gﬁg%cvt%%%g Rlazg?gé are addet 10288 <Egrof L0
délonizea Svatef 16 make & 36 SolutibirSontaining B9% Sf s sbiutigi gnge-
stisredvfor 1 A4 <1 minutes ak about 1206 rpmi HER-W2H Dowex ientded to
exgliange yesin ds added untl the,pH ot the solitiop jg between grﬁ@[?d 3. 63
The slurry is filtered through a Buchner funnel fitted with filter paper, for

165 At THE Hiftrat€ (8328 Pebovidteli s Gtande-browrrt cofbf 3cid
1302 g'vf deionized wdderdaré addéd top thecfiltrateysosas totabtaina as to

solytien-containipg 316% -qf polysilicieacids About 49 miof ©.9%6 sulfuricy 15
acig solytion are addeld to thecp.rgceding solution so as to 10 lower the pH
b&low'Z 5. lrlﬁle%gluﬁ%))nﬁflhffs(‘) Brelpalrtca)a1 is stored under cold_ conditions.

The above precalcined sclid is micronized so as to
obtain a powder of less than 10 microns whose mean

particle diameter is from 1 to 1.8 microns.

A slurry containing 34.5 wt% by mass of solid is
prepared. The sclid contains 60% catalyst, 30%

colleoidal silica and 10% ex-polysilicic acid silica.

Resin is added to the Nalco colleoidal silica scolution
(50 wt% Nalco 10860), whose starting pH is 8.25, until
the pH of the sclution is less than 3. Stirring is
continued at 400 rpm, and the £f£inal pH is 2.0. The
slurry'is filtered through a BRlchner funnel fitted with
filter paper. 200 g cof the sclution thus filtered,
200 g of precalcined sclid and 557.3 g of 5%
polysilicic aclid solution are placed in a flask
maintained in ice, and the slurry is stirred at 800 rpm

for 15 minutes.

The drying of this slurry is performed in a Bowen
atomizer in fountain mode with the following
parameters:

inlet air temperature: 370°C,

alr service pressure in the nozzle: about 0.5 bar,

feed rate of the suspension (maintained at 5-10°C and
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The above precalcined solid is micronized so as to obtain a powder of

less than 10 microns whose mean 15 particle diameter is from 1 to 1.8
microns. A slurry containing 34.5 wt% by mass of solid is prepared. The
solid contains 60% catalyst, 30% colloidal silica and 10% ex-polysilicic

acid silica. 20 Resin is added to the Naleo_colloidal silica solution (50 wt%
Nalco 1060), whose starting pH is 8.25, until the pH of the solution is less
than 3. Stirring is cantinued at 400 rpm, and the final pH is 2.0. The 25
sﬂﬁry'iéafiltel%% thraligh & Bthnet Aithel fiteedviith Ftdraper. 268G of 21
the Solation thusfiltered, 200 g of precalcined solid and 557.3 g of 5%
polysilicic:acid solution axe plasediin aflask, maintained in ice, and the

slurry is stirred at 800 rpm 30 for 15 minutes. The drying of this slurry is
performed in a Bowen atomizer in fountain mode with the following
pardameters: 35 nlet airtepetdiare: 3708 Hitdarlice prelssure fikthe  air
nozre:abeut::5 bar,feed sateraf the suspension (maintained at 5-10C

and 15 at a pH of less than 4.0): between 200 and 250 g/minute, inlet air
pressure: 102 mm of water. 5 During the atomization operation, the exit air
témperafiite ¥alls t8A70E the sblid obfainedi§ in #e¥6rm of sprgtiearical
partictes-with adenkity=of between,/1.@ andidwg/ent 10.andamedan 1 g/ml

digrpeter of ahout; 70, microng.cThe fractiopwith aparticle size of between
45 and 150 ) )

The fraction with a particle size of between 45 and 150
microns 1is collected by screening. Calcination 1is
performed at 400°C for 4 hours, in a brick oven, and
the powder obtained 1s sprinkled ontc a bed of inert
Norton support beads to obtain a ratio of 500 g of
powder per 2 kg of Norteon support. After calcination,

the powder 1is recovered by screening. The catalyst is

formed by adding glycerol as binder.

Results
Feed of 20% glycerol sol {(g/hour) 7.3 8.9 8.8 6.6
Oxygen {ml/minute) 20 20 14 20
Reaction temperature (°C) 300 300 300 280
Glycercl conversion (%) 100 100 95 100
Acrylic acid yield (%) 6.2 7.2 2.7 7.4
Borolein yield (%) 2 4 14 3

Example 3

The reactor 1is charged with two successive catalytic
beds, the gas stream passing successively through the
first bed and then the second.

The first catalytic bed 1s constituted of 4 ml of

catalyst (1) representing a mass of 6.2 g, the second
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microns is collected by screening. Calcination is performed at 400C for 4
hours, in a brick oven, and 15 the powder obtained is sprinkled onto a bed
of inert Norton support beads to obtain a ratio of 500 g of powder per 2
kg of Norton support. After calcination, the powder is recovered by
screening. The catalyst is formed by agdging glycerol as binder. 20
Results Feed of 20% glycerol sol (g/hour) 7.38.98.86.6 Oxygen
(mlg‘m l}ﬂtezﬁo 20 14 20 actlo erature éQ ) 300 300 300280

GRcerol cohversion (35100 TiOO Brﬁ:?fi}ll Acid it @) B2 95 as
7.1 péroteinyfield «(96) 224 lﬁ@@@mple@ 25 The seacforlis chagged with
two successive catalytic beds, the gas stream passing successively
through.the firs and then the second. 30 The first c tic ped is
cofr?lst%&eg o%grrﬁlr gf éata yst 1 SIz'gpresentlng a maf'rlss 0 % %{85t peam at a
SECHNE - 155 of 10 mIBf éatalyst §4) férkRed by Hddifg gfcerol é@l@m@@r of
theiwhele#epresenting a mass of 11.8 g. In this example, the oxygen is
introduced upstream at a 5 rate of 14 ml/minute along with 8 ml/minute of
nitrogen. Results Feed of 20% glycerol sol (g/hour) 6.2 4.2 4.8 6.4
Oxygen/ﬁﬁ%%éﬁiml/minute) 14/8 14/8 14/8 14/8 Reaction temperature
C) 260 260 240 220 Glycerol conversion (%) '.00 100 100 .100

Feed of 20% glycerol sol {(g/hour} 6.2 4.2 4.8 6.4
Oxygen/nitregen (ml/minute) 14/8 14/8 14/8 14/8
Reaction temperature {°C) 260 260 240 220
Glycerol conversion (%) 100 1060 100 100
Berylic aclid yvield (%) 34.6 31.3 43.6 1
Acrolein yield (%) < 0.5 < 0.5 < 0.5 > 1
Example 4

The <£first catalytic bed i1s constituted of 10 ml of
catalyst (1) representing a mass of 12.7 g, the second
of 5 ml of catalyst (4) formed by adding acetic acid as
binder, the whole representing a mass of 5.25 g. The
gas stream passes successively through the first bed
and then the second bed.

Results
Feed of 20% glycerol scl | 9.0 B.6 8.7 9.3 9.7 9.8 9.4
{g/hour)
Oxygen (ml/minute) 14 14 14 14 14 14 14

Reaction temperature (°C) 280 2380 280 280 280 280 280

Glycerol conversion (%) 100 100 100 100 100 100 100

Aocrylic acid yield (%) 41.0 74.9 &3.7 66.2 869.% 71.7 73.7

Acrolein yield (%) < 0.5 <0.5<0.5<0.5«<0,5< 0.5 <0.5
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Acrylic acid yield (%) 34.6 31.3 43.6 1 Acrolein yield (%) <. 0.5<0.5<0.5
>1 10 Example 4 The first catalytic bed is constituted of 10 ml of catalyst
(1) representing a mass of 12.7 g, the second 15 of 5 ml of catalyst (4)
formed by adding acetic acid as binder, the whole representing a mass of
5.25 g. The gas stream passes successgively through the first bed and

then the second bed. 20 Results Feed of 20% glycerol sol 9.0 8.6 9.7 9.3
9.79.89.4 ‘gg/hour) Oxygen (ml/minute) 14 14 14 14 14 14 14 Reaction

t C) 280 280 280 280 280 280 280 Glycerol conversion (%)

100 100 100 100 100 100 100 Acrylic acid yield (%) 41.0 74.9 63.7 66.2
692757737 Aceoleinyield{(%) <9:5 5 0.550.5:50.5 ¢ 0< 0585 of

17 - Example Ex%m le 4 is repeated with variable flow rates of oxygen
a%lyr%t?ggéﬁ R&sdits Feed of 20% glycerol sol (g/hour) 9999
Oxygen/nitrogen (ml/minute) 8.2/6.4 8.2/6.4 5.3/9.4 6.8/6 Reaction
temperature {G)280 260 280 280 Glycerol conversion (%) 100 100 100

100 Acrylic acid yield (%) 71.4 37.3 57.3 70.6 Acrolein yield (%) < 0.5

32:511:7<0:5-Example 610 Thereactoris charged-witha first catatytic
besgd of 20% glycerel sol (g/hour) 9 G 9 g
Oxygen/nitrogen (ml/minute) 8.2/6.4 8.2/6.4 5.3/9.4 6.8/¢
Reaction temperature {(°C) 280 260 280 280
Glycerol conversion (%) 100 100 100 100
Acrylic acid yield (%) 7.4 37.3 57.3 70.6
Acrolein yield (%) < 0.5 32.5 11.7 < 0.5
Example 6

The reactor is charged with a first catalytic bed
constituted by 10 ml of catalyst (1) representing a
mass of 17 g and a second catalytic bed constituted of

5 ml of an oxidation catalyst (5), i.e. a mass of & g.

Preparation of catalyst (&)

MoVop,23Nbg.11 {oxalates) o.30(NHa) 1.15810, 930

Preparation of sclution A (Mo, V):

The following are introduced into a beaker:

- 265 g of demineralized water

- 13.3 g of ammonium metavanadate (NH,V0O; - AMV - from
GFE, batch 98116%4)

- 61.0 g of ammonium heptamolybdate (Mo7024{(NHg) s 4H0 ~
AHM - from Starck, batch 064/001).

The mixture is heated to 80°C with stirring until a
clear orange-yellow sclution is obtained, i.e. about 30
minutes. The beaker 1s covered with a watch glass to

limit the evaporation.
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constituted by 10 ml of catalyst (1) representing a mass of 17 g and a
second catalytic bed constituted of 5 ml of an oxidation catalyst (5), i.e. a
mass of 6 g. 15 Preparation of catalyst (5): MoVo00,33Nbo.11 (oxalates)
0.30 (NH4) 1.15Si0.930x Preparation of solution A (Mo, V): 20 The

following are introduced into a beaker: ;3265 g of demineralized water -

13.3 g of ammonium metavanadate (NH4VO3 - AMV - from GFE, batch
9811694) - 61.0 g of ammonium heptamolybdate (Mo7024 (NH4) 6. 4H20

- %ﬁﬁ W-Oﬁ’%%rck? batcty BBflééf)Wﬁ’%e MixtRAS hedtebito 86E Whlrn9 -
stitdngr ontil & siesrwrange-yellow solution is obtained, i.e. about 30

minutes. The beaker is covered with a watch glass to 30 limit the

evaporat'tpré 18rérlgiso%ol%titor£i§ éheg a Iovlgl%d to c oltwith sjci)rring, to_
room temper%iau{re. ﬁreparation of the nléblumogxaa &teSofiition B-"B The
foll6\wing dreditkdduceEtinis & bedkerd 80ry-6f derieialized water - 12.9

g of exalig acid (6AHIRE42H20S M Prelabo, batch G23G) - 6.4 g of
hiabig acid @“P@P%Q%Qf@g&@’%l@%%%@ a%%'l%?s%gog gaition), - «h

The whitish mixture Is heated at a temperature of between and 70
wit? §ﬁ‘r’¥ing for two hours. A watch glass is placed on the beaker to limit

the 15 eyaporatidn.rA clearer soliion! istobtaimedowhichvis  cemmifugetofor. + 2

12 minytes at 5200 rpm. After, centrifugation, the solution is at room
temperature and

The whitish mixture is heated at a temperature of
between 60°C and 70°C with stirring for two hours. A
watch glass 1s placed on the beaker to limit the
evaporation., A clearer sclution is obtained, which is
centrifuged for 12 minutes at 6200 rpm. After
centrifugation, the solution is at room temperature and
a light deposit (less than 5 wt%) of undissolved solid
remains, which is discarded.

Fermation of the gel
49.2 g of colloidal silica (Ludox 40 wt% of silica) are
added to solution & (Mo, V). The niobium oxalate
solution B is then added and a thick bright yellow gel
is immediately obtained (the stirrer setting needs to
be adjusted in order to ke able to stir). The mixture

is stirred at room temperature for 30 minutes.

Drying of the gel
The gel obtained 1s removed and poured into a plate
covered with Teflon, and then stoved at 130°C
overnight. About 97.6 g cf dry glossy black homogeneous

precursor are obtained.

Precalcination
This is performed under a stream of air at 50 ml/min.g

for four hours at 300°C after a temperature gradient of
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a light deposit (less than 5 wt%) of undissolved solid remains, which is
discarded. 20 Formation of the gel 49.2 g of colloidal silica (Ludox 40 wt%
of silica) are added to solution A (Mo, V). The niobium oxalate solution B
is then added and a thick bright yellow gel 25 is immediately obtained (the
stirrer setting needs to be adjusted_in-pgder to be able to stir) . The
mixture is stirred at room temperature for 30 minutes. Drying of the gel 30
The gel obtained is_removed and poured into a plate covered with Teflon,
a%d(?l'{gﬁ%%d at 130 oernight KBYLE 97.6 §0F dry GisssyHiack time:
hoirogededus predursomare sbtainedvd5 fracalcimation Tdislis vessel 1is
pfé}B‘@@Et%Qi undeta §tr§3@ %ﬁ%é&rglrg% /@'_/ W%&%,goé@f}" hoursati3Q gith
after a temperature gra 'minute g of precursor are us
B e T in £ ob m SBRLHSEr THE S b aer the
withlal lid béatiaga hblkes artkis equipised-®ith ta théifometsingelptoire  is
manitor tiel temperatuwe of the 5 solish-giyringthedeat teeadment. Then  the
temperature ti%rco‘,\]nérflilt_ad with a thermocouple located in the
thermometer well. Calcination 10 This is performed under a stream of air
at 50 ml/min.g of precursor, for two hours at 600C after a temperature
gradientf 2€/minutenThe temperature is controlled with a thermocouple
logated inthe, shermomster, well, The aitrogen isfiitered toelimipate 1a:; 1 g
an¥ trace of oxygen and moisture, on gas purification .

o precursor, for two Thours at 600"C  after a

temperature gradient of 2°C/minute. The temperature is
controlled with a thermocouple located in the
thermometer well. The nitrogen is filtered to eliminate
any trace of oxygen and moisture, on gas purification

cartridges.

Results

Feed of 20% glycercl sol g 4.5 4.8 9 9
{g/hour)

Oxygen/nitrogen {(mi/minute) (6.5/7 6.5/7 6.5/7 6.5/7 6.5/7

Reaction temperature (°C) 280 280 280 325 350
Glvcerol conversion (%) 100 100 100 100 100
Acrylic acid yield (%) 25.1 28.7 35 31.4 7.3
Acrolein yield (%) 20 not det. 4.4 24 not det,
Example 7

Two separate reactors are used, thus making it possible
to adjust the temperature of each reaction and also, if
necessary, the composition of the gas streams by means

of a side input of gas between the two reactors.

10 ml of catalyst (1) representing a mass of 17 g are
placed 1in the first reacter. 7.5 ml ¢f an oxidation

catalyst (6}, 1.e. a mass of 9.2 g, preceded by 2~3 ml
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cartridges. Results Feed of 20% glycerol sol 9 4.5 4.8 9 9 (g/hour)
Oxygen/nitrogen (mi/minute) 6.5/7 6.5/7 6.5/7 6.5/7 6.5/7 Reaction
temperature (C) 280 280 280 325 350 Glycerol conversion (%) 100 100

100 100 100 Acrylic acid yield (%) 25.1 29.7 35 31.4 7.3 Acrolein yield

(%) 20 not det. 4.4 24 not det. 20 Example 7 Two separate reactors are
used, thus making it possible to adjust the temperature of each reaction

and also, if 25 necessary, the compasition of the gas streams by means

ofd sidle Tiut st Fas hetwert tHe' two ¥eattotd. 10 mi'ar Satalyatiay == ctor -
répresehting amnass offl 7tg arex phacedsn theyfrstrelactor L R5imhof G0 wts
o@@ag’gyy@@&a@ly%(@@ite.aagmaﬁ of; 9rog:preceded by 2-3 ml -20- of
glass beads, are introduced into the second reactor. The feed rate of the
aqueous glycerol solution (20 wt% of glycerol) is set at 21 g/hour. 5
ORYGEIEIS intFodiicedUpsHeam-oTihe 698 rédctors.ahé Weadtiot-tors, the
temperatires ebwpichaare:set ab 280G 1 Preparatier of aatalyst (6).10 This

is a catalyst prepared by coating an inert support. The coater is rotated by

following igRidgThateriafsare®hen Bidpar8d: Norton support SA5218 as
5 mm beads 36 kg For solution A

This 1s a «catalyst prepared Dby <cating an inert

support.

The coater is rotated by means of an electric motor and

is heated by a propane flame.

The following starting materials are then prepared:

Norton support SAS5218 as 5 mm beads 36 kg
For solution A
Cold demineralized water : 70 liters
Ammonium paratungstate, APT : 1.700 kg
Ammonium metavanadate, AMV : 2.810 kg
Ammorium heptamolybdate, AHM : 11.5%0 kg
For solution B
Cold demineralized water : 15 liters
Streontium nitrate, Sr : 0.590 kg
Copper nitrate, Cu : 2.810 kg

Solution A 1s prepared 1in the ccater. Cold water is
first introduced, and the coater is then switched on.
The coater speed is controlled so as to avoid any
overspilling. The tungsten salt (APT), the vanadium
salt (AMV) and the molybdenum salt (AHM) are then

successively introduced.

The gas (propane) flow rate is then set at 2500 1l/hour

and heating of the coater 1s started.
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Cold demineralized water : 70 liters Ammonium paratungstate, APT 1.700
kg Ammonium metavanadate, AMV 2.810 kg Ammonium
heptamolybdate, AHM : 11.590 kg For solution B Cold demineralized
water : 15 liters Strontium nitrate, Sr : 0.590 kg Copper nitrate, Cu 2.810
kg 20 Solution A is prepared in the_coater, Cold water is first introduced,
and the coater is then switched on. The coater speed is controlled so as
to avoid any overspilling. The tungsten salt (APT), the vanadium 25 salt

(RWRAShdthe TndlyBdenui S3it tREM) até it SacEessiveliFinfiddaced T
Thezgasd(propane)flonrete fdethef sekat 250001 /haureandikeating ot thein,
Cgé@ﬁi%ééa_riﬁﬁ- 3@n%1_d @HH‘%gkt@i§lgrE%a§(¥_léﬁpn ﬁﬂcj& _prg[ﬁ@re_ds Era’f‘%?rr'l%ﬁﬂts is
are placed.in the provided tank, cold water is poured in, heating of the . .
tasﬁdkl?tscs gr(%eé) 4nd Ffr%eesi‘:?‘:rie%s ksa\l/v%ltech% o%b%)hg?%blvt‘r%?él of t“rs%gts‘ofl1 iothh‘“LS
exiting thiss itk sheulduse Gritdrm and of 80 1Hour(iffectank $héEd Beank
veidedlin abeut3d minutas) . Aometermng primp: dsused o ensure-thad pump
there is.a constant flow rate_during. the precipjtation_phase. 10 When
e K penis 1 Bl S TS aare the g o1 2000y, the "2
PRl Pate s Fediiced® #2088 2 Abur. 10 1 of cold demineralized

water are added once the 15 solution is at 100C, while avoiding

oy RESPIIlng, of: theycoate i tgkes apoyl one hour 10.olIain & Cleatt yre in
the region of 100°C), the propane flow rate is reduced
to 2000 1/hour.

10 1 of celd demineralized water are added once the
solution is at 100°C, while avoiding overspilling of
the coater. It takes about one hour to obtain a clear

orange-colored solution.

When a clear solution A nas been obtained,
precipitaticon 1is Dbegan by pouring solution B into
solution A using a cannula, at a flow rate of 30 1/h
(in 30 minutes). Sclution B is added using a metering
pump. The gas (propane) flow rate 1s then set at
1500 l/hour. The precipitate forms immediately and the
solution changes coclor.

At the end of precipitation {(i.e. twoc hours after the
start of the preparation), confirmation 1s made that
there 1is enough space 1in the coater, and the entire
support is added quickly. The propane flow rate is then
reduced to 1000 l/hour. Addition of the support causes
a slight cooling of the solution. A few minutes later,
the seolution 1s again at the boiling point. The
solution is maintained at the boiling peoint and is
allowed to evaporate. This step takes about 1 hour 30

minutes.
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orange-colored solution. When a clear solution A has been obtained, 20
precipitation is began by pouring solution B into solution A using a
cannula, at a flow rate of 30 1/h (in 30 minutes). Solution B is added
using a metering pump. The gas (propane) flow rate is then set at 1500
1/hour. The precipitate forms immediately and the 25 solution changes
color. At the end of precipitation (i.e. two hours after the start of the

preparation), confirmation is made that_ there is enough space in the .
CGohor i ARE e S0 SRt & e BAedy e Sapans Iowise ©°
isahed wedled to2HCODM/how Additiof o Hie1Slidport catiges esiight are

coalingiofdhe solutionm A fewrminuies laterp the saltitioniis again atthecded.
bailing paint. The salutian.is maintaine iling_point | -
all“ol\l/\?ed tg%%gggratg?%%sls%%p tgk%s a%fét 1 %%r SOo?;%nu?é@stg’. ﬂ%z%g At his
theaHtESFeoatRg LtheltBATpefature of the coater is gradually raised, until

thoroughly dry beads are obtained. A bead temperature of 108C is not

exgeedad.; The,coater heating isswitched off hefare this -3 fempperature is, 5
reached. The moisture content of the beads is monitored using a Mettler

LYREintafed desiicatdit AAdriple’6atoit 10 g of be&dE & t5kef And*Pout
pladed indfie desiceators10-Fhedesiccatar isprogrammedito 166€; ccator.

duration;setito-auniputes, displgy dndass of masg rede (M&%At-ﬁl&@é set to
caqating is sctopped dv.henlthe loss of.mass stefadles betweegez.o(%ég)qnd The

2.5 Wi on(ll‘x.‘e.e 30 minutes after %?opﬁiﬁﬁ?he eatzlrﬁagﬁ.S 15"

coating 1is stopped when the lecss of mass steadies
between 2.0 wt% and 2.5 wt% (i.e. 30 minutes aftex

stopping the heating).

54 kg of dry precursor are recovered. Fines are
occasionally obtained on discharging. In the present

case, 0.734 kg of fines is recovered.

The calcination 1is performed in a brick oven, in
aluminum trays equipped with a lid. Six plates of six
trays are prepared, six times about 2 kg of precursor
are poured 1into each plate, and the height 1is
equalized. &1l of the precursor, apart £from 1.5 kg

collected for sampling, is thus calcined.
The lids are placed on each tray.

The plates are introduced inte the oven (which 1is
already at 400°C), the maximum temperature reached
during the calcination is 401°C, and the residence time

in the oven is four hours.

After four hours, the plates are removed from the oven
while they are still at 400°C. The plates are then left

Lo cool.
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54 kg of dry precursor are recovered. Fines are occasionally obtained on
discharging. In the present case, 0.734 kg of fines is recovered. 20 The
calcination is performed in a brick oven, in aluminum trays equipped with

a lid. Six plates of six trays are prepared, six times about 2 kg of

precursor are poured into each plate, and the height is equalized. All of

the precursor, apart from 1.5 kg 25 collected for sampling, is thus

calcined. The lids are placed on each tray. The plates are introduced into

tife oven ((Which 3 SoF alrdaey 2t 408C), tHe HaKiHTUM Wmpetattfe vt (6)
reechedt dusngtheadaleination is 401C, and the residence time in the

oven is four hours. After four hours, the plates are removed from the oven
35.while they are still at 400C. The plates are then left to cool, 23 48.52
ka?lgfteflggr%%ﬂﬁg,odﬁ‘ ofs-bibtk BRARELR) werdHius Ohtained. PREPOTE:
contenrvfiactiVe materddldsoimae o thé suppong b determinédDy stiémical he

St{mfgiw;a ils %E-@MQITF&S@W%Q pﬁgk;ngéjig@&%%@ m%%surg_@ on SQPf of
mi o atalyst. e va obtained.is 1.37. ter, e an diameter o

R BANCE s OF b Tnian Bn- 00 GrAng). THE poréQuRis e (1e ear
neeestEdE By erélyy poresifnetryds 210°0.1882 MIRERe30Its Heegiigfins) .
20%eglyeerel seb2hd 212 1m2l= 21 rghour) Qaygenfml/minie)itd19 32 i
42 %6%% Rea éipn temperature (C) 280 280 280 280 280 280 Glycerol
conversion (%)100 100 100 100 100 100

Results
Feed of 20% glycerol scl 21 21 2% 21 21 ya
(g/hour)
Oxygen (ml/minute) 10 19 32 42 65 88

Reaction temperature (°C) 280 280 280 280 280 280

Glycerol conversion (%) 100 100 100 100 100 100
Beryvlic acid yield (%) 45.2 63.7 68.4 69.7 68, 4 65.7
Acrolein yield (%) 31.1 14.2 7.7 5.4 4.0 3.9
Example 8

Example 7 1is repeated, but varying the oxidaticn
temperature, the dehydration reactor temperature being
set at 280°C and the flow rate of oxygen introduced

upstream of the two reactors being constant,

Results

Fead of 20% glycerol sol (g/hour) 21 21 21 21

Oxygen (ml/minute) 42 42 42 42

Oxidation reactor tempsrature (°C) 260 280 300 320
Glycerol conversion (%) 100 1006 100 100
Acrylic acid yield (%) 63.2 69.7 65.7 65,3
Acrolein vield (%) 5.5 5.4 3.9 1.7
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Acrylic acid yield (%) 45.2 63.7 68.4 69.7 68.4 65.7 Acrolein yield (%)
31.114.27.75.4 4.0 3.9 15 Example 8 Example 7 is repeated, but
varying the oxidation temperature, the dehydration reactor temperature
being set at 280C and the flow rate of oxygen introduced 20 upstream of
the two reactors being constant. Resulis; Feed of 20% glycerol sol
(g/hour) 21 21 21 21 Oxygen (m1l/minute) 42 42 42 42 Oxidation reactor
temperature (C) 260 280 300 320 Glycerol conversion (%) 100 100 100
100 Acrylic acid yield (%) 63.2 69.7 65.7 65.3 Acrolein yield (%) 9.5 5.4
3.8xa7p 24 -EExample 9 Example 7 is repeated, but varying the oxygen
flow rate 5 in the two reactors. Part of the required oxygen is introduced
tream of the two reactors (pxygen 1), the .supp ment |s su plied via

thprégslén r%ntry placeg el?e?wee%l?theg Fwo )rfeacsforsi‘%)oﬁ1 en R IL‘E'LOW rate
tetiperaiiire fs"8et A8280CT 0 RE3ITs OkygERa (rﬁ@ﬁﬁm{a@é; A2QVER 1S
20.2 88A: £2xygep - (ralémingie) thd2 Eﬁil&é&ﬂ%eactio@gngratme the
(CQ 1%%%%0 28Q 28Q 280, Glycerq) 9-9”\’%@%0” (0) 400 100,100 100 ., - 4

100 100 Acrylic acid yield (0) 69.7 62.2 69.3 67.3 65.7 68.4 Acrolein |eof
(VPS5 USR8 288 398 1T BMle (O ERample 7 RSepERRE Bﬁflﬁﬁ"é is
oxygends repacet. with

Results
Oxygen 1 {(mi/minute) 42 9 20.2 20.2 88 - 42
Oxygen 2 {(ml/minute) 0 32 21 21 0 45

Reaction temperature (°C) 280 280 2380 280 280 280

Glycerol conversion (%) 100 100 100 100 100 100
Borylic aclid yield (%) 69.7 62.2 69.3 £7.3 6b.7 68.4
Acrolein yield (%) 5.4 2.8 2.8 3.3 3.9 1.9

Examnple 10

Example 7 1s repeated, but the oxygen is replaced with
air. The required oxygen, pure or as a mixture, is
introduced either in total upstream of the two reactors

{gas 1), or a supplement is supplied via the side entry

placed between the Ltwo reactors (gas 2}.

Results

Gas 1 (ml/minute) 42«05 88-0, 40.8B-air 217-air
Gas 2 (ml/minute} 0 0 32-0, 0
Temperature, °C 280 280 280 280
Glycerol conversion (%) 100 100 100 100
Aorylic acid yield (%) 689.7 65.7 66.1 64.1
herolein yield (%) 5.4 3.9 2.9 1.7
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air. The required oxygen, pure or as a mixture, is introduced either in total
upstream of the two reactors (gas 1), or a supplement is supplied via the
side entry 20 placed between the two reactors (gas 2). Results Gas 1
(ml/minute) 42-Oz 88-02 40.8-air 217-air Gas 2 (m1l/minute) 0 0 32-02 0
Temperature, C 280 280 280 280 Glygﬁroi conversion (5) 100 100 100
100 Acrylic acid yield (5) 69.7 65.7 66.1 64.1 Acrolein yield (0) 5.4 3.9
2. 9 1. 7 25 Reference example Examples 1 to 5 of patent application WO
' yHddced and named reference examples 1to 5. The 5
catalysts are prepared according to the described procedure, with the
exceptiony the pize sl e syppatt majgnal whiehs g @%97%
mm), the reaction being performed In reactors of smalle |ameter
|ns?é%fpogfjf§ﬁ1m?r@veﬂ§%?éius@%‘§s“i@%atﬁ?§a§w&ﬁ Peferfenée "The
Refgrence Referemee ReferpaceReference deixample & example 2escribed

e&rael@d%eéampraﬂexampée Schumberofreactors 322 L: ;o of  tpe
'CI 295 1' step: 290 202 295 294 2'step: 270

erature ste 0I'ste
PR o5 h R 270 HEoF GhiciRol TG Horor 568 T o1 Qilenudhe
sérazéedtq@/9/67¢5ng/7/o¢migmre@o 10/1/6/83:20/516/79 %L smaller
0y GriWater/O2N 2 Ruration dxhouss 5.55.55.7 5.505 Blycesdle ysed as

O are

COMNEISRY- QJODIN5 99 99.6 995
Reference Reference Reference Reference | Reference
example 1 example 2 example 3 example 4 example 5
Number of reactors 2 2 2 1 i
Temperature, °C 1% step: 295{1°° step: 290} 1°° stap: 292 295 294
2™ step: 27012™ step: 270 2™ step: 270
% of glycercl in the 85 91 32 58 91
aqueous sol
Feed, 18/9/6/75 14/7/0/7% 16/4/6/80 10/1/6/83110/5/6/78
%2 glyc. /water/O,/N,
Duration in hours 5.5 5.5 3.7 5.5 5
Glycerol conversion, % 100 99,5 99 99.6 99.5
Acrylic acid vield, % 3.8% 0.39 0 3.74 4,10
Acrolein yield, % 23.63 9.51 35.47 12.84 20.76
The results obtained demonstrate the formation of
acrolein in larger amount than acrylic acid, which
indicates poor activity o¢f the catalyst for the
oxldaticn reaction. Moreover, the acrylic acid and

acrolein yields obtained are markedly lower than those
indicated in patent application WC 05/073 160.
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Acrylic acid yield, % 3.89 0.39 0 3.74 4.10 Acrolein yield, % 23.63 9.51
35.47 12.84 20.76 The results obtained demonstrate the formation of
acrolein in larger amount than acrylic acid, which 15 indicates poor
activity of the catalyst for the oxidation reaction. Moreover, the acrylic acid

ar}go a%%%lynlyiqlgg @btamed are mark%cgy lower than tE%%e/ﬁ%%t@?dﬂogov
patent application WO 05/073 160. WO 2006/114506 - 26 -

PCT/FR2006/000907 CLAIMS 1. A process for manufacturing acrylic acid
in a single step by oxydehydration reaction of glycerol in 5 the presence
of molecular oxygen. 2. The proces&&é@ﬁmed in claim 1, characterized
in that the molecular oxygen is in the form of air or in the form of a

mixture % 9@9@@@?'”@8@@%@{ adl @XYgen. %Jﬂelar@ceaaﬁa in a
clalmed in claim 1 chacacher ed in that the cerol |s%n thf form o{ in

3alafét]egussstoqﬁtlo wﬂ% 2 conee n%ra%on of Eetwee:‘ﬁO % 15 dnd’ 56%"
an@@e@@@@%ménﬂ@% and 80% By d¥sight in the reactor. 4. The
process as claimed in claim 3, characterized in that the dilution of the

gl3écerol sl%llutlog in t%e 20 Teacfor 65}10”31 ed Warecycllng part ]951; tchteerlze d
steam produce the Teaction an 0 Iutlon water, the” reactor

belfig f%}él%lthtétﬁwc’éﬁt}&t%‘djs%mtl@ﬁg Gt FrorS 40% téﬁﬁo%od?‘w&iéhtaéff O
glyceralh25 BoThe processnas claimed i opesekclaimscbimd4ng molecular
ch gfized in that the reaction is performed in the presence of a single
catalyst capable of catalyzing both the dehydration reaction and the
oxidation reaction, or in the presence of a mixture of catalysts,

3. The process as claimed in claim 1 or 2,

characterized in that the glycerol is in the form of an
agueous solution with a concentration of between 10%
and 50% and preferably between 15% and 30% by weight in

the reactor.

4. The process as claimed in claim 3, characterized
in that the dilution of the glycerol solution in the
reactor 1is performed Dby recycling part of the steam
produced by the reaction and of the dilution water, the
reactor being fed with concentrated solutions of from
40% tc 100% by weight of glycerol.

5. The prccess as claimed in one of claims 1 to 4,
characterized in that the reaction is performed in the
presence of a single catalyst capable of catalyzing
both the dehydraticn reaction and the oxidation
reaction, or in the presence of a mixture of catalysts,
each Dbeing capable o¢f effecting one of these two

reactions.

6. The process as claimed in claim 5, characterized
in that the single catalyst or the oxidation catalyst

is a sgolid containing at least one element chosen from
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30 each being capable of effecting one of these two reactions. 6. The
process as claimed in claim 5, characterized in that the single catalyst or

the oxidation catalyst 35 is a solid containing at least one element chosen
from 27 the list Mo, V, W, Re, Cr, Mn, Fe, Co, Ni, Cu, Zn, Sn, Te, Sb, Bi,

Pt, Pd, Ru and Rh, present in metallic form. or in the form of oxide, sulfate

or phosphate. 5 7. The process as claimed in one of claims 1 to 6,
characterized |n that the_reaction ig performed.in the gas phase. 8. The
p%%é%ssféss%la%éd E|]rf cI%‘ﬂ’m ?éhaérégételr\??éd 0’in {Q‘r%{tt & reaction & S
péiforni&el inBilfixdd-bed Fealtor, s fluidizedbed yeastor br aeredlating Torm

flydized-bedreagtor. 9.rThe:process as chaimeddn slaim-her8,. 15
characterized in that the reaction is performed at a temperature of

between 250C and 350C. 10. The process as claimed in one of claims 1

to! 7, chaPsctetizeddn that theFeddiisitis peristifed @t a Joiprake 1 to 6,

exgchangererized in that the reaction is performed in the

gas phase.

8. The process as claimed in claim 7, characterized
in that the reaction 1is performed in a fixed-bed
reactor, a fluidized-bed reactor or a circulating

fluidized-bed reactor.

9. The process as claimed in claim 7 or 8,
characterized in that the reaction is performed at a
temperature of between 250°C and 350°C.

i0. The proccess as claimed in one of claims 1 fteo. 7,
characterized 1in that the reaction is performed in a

piate exchanger.



