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METHOD FOR THE SYNTHESIS OF ACRYLONITRILE FROM
GLYCEROL The present invention relates to a new way of synthesizing
acrylonitrile from a renewable raw 5 material and one subject.. of the
present invention is more particularly a method of synthesizing
acrylonitrile from glycerol. The current industrial production of acrylonitrile
is 10 based mainly on the Sohio process dating from 1957. This process
CHBESIBRIDfEOBatElEIc SFEEHIDH] B e 388 Phasd IRYHBpyRaY HyldCRROL
the presence of ammonia, a reaction known under the name of
ammoxidation. The reaction is the following: 15 CH2=CH-CH3 -1 NH 3/2
02"CH3FCATEN'S H28 T Heredbtion & carréd obtin a fluidiZéd-bed®Y -
[reactore at altemperaturs generalytsetween400Cand 560€vVakd 20 rav
preferably. fromA206:ta 4506 far-the prost mederncatalysts, under son i
pressure which may range from 20 kPa_tq 300 kPa, and more often from
1150 %Pa td"300 KEA. Various ctalysts aré used, sich as complexes —— °
based banbisHutR, GrisiBmutly fifolybdate, or mixed molybdates of 2-7 iron
and of bismuth, or iron antimonate, or phospho molybdate, or
antimony-uraniym inations. Typically, a catalyst optimized.forthis - .
pf&:éss%ﬁés‘a%%rmguﬁﬁér?@%k%s)?f(#l%%?Mﬁﬁ.?(ll):é;,(%;B)g{ggﬁ)%l\?l_oifﬁxﬁ
stigpsorted Bh- 50 Wtdtrof Sifiéa. 78 tHus Possibieo btait dround®0 kg of -
ativionitp te per kg ob prapytenec freferences Jcundamentals of dndustral The
Catalytic, Progesses”, G, H, Bartholomew, R.C, Farrauto,2d Fdifion, o o+
iley Interscience, pages 604 to 609) This process has however -
nGMBroUS drawbacks: 38 Fhe Heryloitite obtaiRed by armgo’%(idaﬁbaﬁmgf o=
prpyiEned gontains Mpar testdand byprodutts that-it isadvisable

CHo=CH-CHy + NB; + 3/2 0s — CHp=CH~CN + 2 H0

The reaction is carried out in a fiuldized-bed reactor,
at a temperature generally betweesn 400°C and 500°C, and

rom 420°C to 450°C for the most modern
catalysts, under &z pressure which may range from 20 kPa
o 300 kPa, and meore often from 150 kPa to 300 kPa.
Various catalysts are used, such as complexes based on
bismuth, or bpismuth molybdate, or mixed molybdates of
iron and of bismuth, or iron antimonats, or phospho-
molybdate, or antimony-uranium combinations. Typically,
2 catalyst coptimized for this process has a formulation
(K,Cs)g.s (Ni,Mg,Mn)s. s {Fe,Cr): 3Big sM01:0x supported on

50 wt% of silice. It is thus possible tTo obtain around

1 to 1.1 kg of acrylonitrile per kg of propylene
(reference: “Fundamentals of Industrial Catalytic
Processes”, C.H. RBartholomew, R.J. Farrauto, pme
Edition, Wiley Interscience, pages 604 <to 60?). This

process has however numerous drawbacks.

The acrylonitrile cobtained by ammoxidation of propylens
contains impurities and byproducts that it 1s advisable

to separate and that are not always reusable. The main
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to separate and that are not always reusable. The main - 2 byproducts

are, in particular, hydrocyanic acid (HON acetonitrile (OH30ON) and

oxides of carbon. They result from the breaking of the O-0 bond of
propylene during the ammoxidation reaction carried out at high 5
temperature and in the presence ofpveiy active catalysts. Hydrocyanic

acid, after extraction and purification, may be used in processes for the
Sﬁsgm&%@&@et@gbmem@lcr@/@@ i@lrgg@? ple./Qrdhe other IE@}dd ( HCé\%* b,
acetonitrile, considering. its, limite applications, is generally. destroyed. . ,
Ift é}:éi‘g%e“ “a:b%%aﬁs‘”ﬁqgﬁﬁﬂlaﬁi} (gd\?axnjt%gou?-cé” %"é%a%?e' to'Use’ a P
dfffestBnt T Rafewak vhichiby<itenature Wil FesultTintKe Biesied proet:s
vicha di'-simbreaction omechanisat, and that generates lessbypreducts. issh
The ammexidation reaction of propylene, strangly exothermic.and .+
consequently requires reactor technologies that make it possible to i
efifciéntl® dischargetha hiéat bf reaition suck 25 f6r exaipié 9pton  and
multitubulax reactors ordluidized beds=Due tathe chigh¢isks of rufaway the
linked o.the-exgthermicity.of thesegetion, diluted streams are usedgin e
particular use is generﬂallly made of a prépylene/ajr/gmqonia :_mixtu_rg ir1 e
whick the ptépyiene 8l r8Bresehts few 95 il this coiffiguration, thg™ ==°
reactorissizad as a functigrebitheltotal admount of gds in the installation; e
and therefore gver-sized with respectthe-amoeunt of the prepyene; use »
reactant, which leads tq a_cost premium for the reactor. 30 The costo. ..
the installation 1 Also proportional’ the amouint of heat which mustbé ===~
e%ﬂmn@agingﬁﬁired product wvia a different reaction

mechanism, and that generates less byproducis.

The ammoxidation reaction of propylene is strongly
exothermic and conseguently reguires reactor

technolilogies that make 1t possible to efficiently
discharge ths heat of reac
multitubular reactors or fluidized beds. Due %o ths

nigh risks o¢f runaway linked <To the exothermicity of

the reaction, diluted streams are used, in particular
use is generally made o©f a propylens/air/ammonia

mixture in which the propylene only rapresents a few %.
In this configuration, the reactcr 1s sized as a
function of the total amcunt of gas in the
installiation, and therefore over-sized with respect to
the amount of the propylens reactant, which leads to a

cost premium for the reactor.

18 alsc propertional o
of heat which must be exchanged in the

refore essential t©o minimize the heat
ing the size of the units. It would

rly advantagecus to be able to
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ccording tc a2 process that makes

ible to have partial pressures of reactants and
t 8

higher than in the conventional
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process. It is therefore essential to minimize the heat losses by reducing
the size of the units. would 35 therefore be particularly advantageous to

be able to produce acrylonitrile according to a process that makes

possible to have partial pressures of reactants and products that are much
higher than in the conventional - 3 case of the ammoxidation of

propylene. Furthermore, the current process for ammoxidation. of
prepyené uses afrasoan oxidizing agepty thusl &supplying the inert gases
(nitrogen) which the process needs. In a process with higher partial
pressures of the reactants, it becomes possible to consider high-
CORCERFFATIH Gxygert Sor GRyger-enriched af s AR~ oxiiZing Byent Air ©f
i.soften.corsideretas a #eée 10 seactart whereas oxygen issgammerciallyzs
ayapahle: fdowever . the air musthe purified and.compressed in. orderda s
be used, which -ecru-4--es not gr]rl)é an investmen_in a compressor, but .
also variable eléct-Ficity costs” Whereas0xXygen is availablé Uhadr - =< ©*
pFESsUEEERd WIth=15 high RRHBES SThewse of bkygen nizytheAgermit g~
substastiakredustionsinpvestment in dhey industmunit alsgin as  an
operaling gostsin edain gases.. Othgrroyies fy ypiesizing, ., <.
acryTonltrl e by a\r%I 50 ammoxidation reaction are proposed wthe prior art,
esDREfA Starting oAt aldehydes: moré pariel&r-v - fromvacrdiEi, from e -
aRatkane-suchias propane;.ortfrobe algohols i2b; Paient G709 3837y in
Ds-stiliers.describes a progess for .rgparing acrylonitrle by ammoxidation, .

of acroleig, used alone or as a mixture with the]correwspop_dingﬁ‘e}klcohol N
(@1 AcohdiForiRa torreshondigScetatE The referrad chtalysts arPSts’
choserefrom muolgisdenum 30vbased catalystsieapablesofoatalyzingithevi th

oxidafiongiz1ities. The use of oxygen may then permit

-y

substantizal reductions in investment in the industrial

unit, but also in operating costs in certaln cases.

Other routes for synthesizing acrylonitrile by an
ammoxidation reaction are wpropossed in the prior arc
especially starting from aldehvydes, more particularly
from acroliein, from an alkane such as propans, or from

alocohols.

Patent GB 709 337 by Distillers describess z procsss for

2 Dby ammoxidation of

alcohel (z2llyl &alcohel} or the corresponding acetal.

are chosen ZIrom molvbdenum-
based catalysts capable of catalyzing the cxidation

I benzene tTo malelc anhydride or cof
naphthalene To phthallc anhydride. Yields between 25%

and 60% are obtained.

Iin its improvement patent GB 887 22¢, Digstillers
cbhtains yields of acrylonitrile greater than 70% with

respect to acrolein, by using, a=z catalysts, compounds

based on antimony, tin and cxygen. The reaction may be
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reaction of benzene to male;c anhydride or of naphthalene to phthalic
anhydride. Yields between 25% and 609- are obtained. 35 In its
improvement patent GB 897 226, Distillers obtains yields of acrylonitrr_e
create- than 70% with respect to acrolein, by using, as catalysts,
compounds based on antimony, tin and oxygen. The reaction may be - 4
carried out in the presence of an inert gas, such as nitrogen, water vapor,
cathoni dioxide or propane, biutape orisobdtane. SiPatent Bk 628 287Zn  as

dﬁ%‘&rg%‘%fe%s: procesg for the, ammoxidation,of acrolein that makes it . .

possible’to produce acrylonitrile with yields greater than 87% with an
arsEricihased tatyt Hmd-a large proportion of water vapor as diluent.
10 Patent EP 558 424 describes a process for the ammoxidation of

Propang-in thepreseneg of a catalyst comprising vanadiumantimony  tye
and at least one metal! chosen from iron, gallium or indjum. Acr-ylonitrile .
| $ERciofieb Siich mag TASCIT Hore T 707 HFE Sobtained Saen-US =2
4138UBEdesuribesthe mii-moxidatiory of rHgropansl Thereaction/is with
carried,outin the presence 20.0f exygen-and ammonia by-pagsing.-then o
gas ;ggamasucgeggivglle\éeg Iwo catalyst beds: a first catalyst bed
comﬁ6§ea oF boron phd"sp%”a”@, ‘coprecipitated silica/alumina or
coprecipitated alumina/tungsten oxide, over which the dehydration
reaction of prepana 25:tosolefinds earried-out and a;second gatalyst:bed,the

thaf gatries qut the %m"@.x&ig ion reaction of the olefin, composed of , .

mixed oxides of Fe, Co, Ni, SI, P, Mo and K, mixed oxides of Fe, Co, W,

CNRP and) 7 14 Nt 1rmon na at t e metal
SEME ARG Mg, vanadium, antimony and at least one meta
chosen from iron, gallium or dindium. Acrylonitrile
selectivities which may resach more ‘than 70% ars

obtained.

Patent US 4,138,430 describes the ammoxidation of
n~propancl. The reaction is carried out in the presence
of oxygen and ammonia by passing the gas stream
successively over Two catalyst beds: a Iirst catalyst
bed composed of  boron phosphate, coprecipitated
silica/alumina or coprecipitated alumina/tungsten
oxide, over which the dehydration reaction of prop

to olefin is carried out and & second catalyvst bed,
that carries out the ammoxidation reactlon of the
in, composed of mixed oxides of ¥e, Co, Wi, Bi, T,
Mo anc K, mixed oxides of Fe, Co, W, Bi, Mo and Mg,
mixed oxides of Sb and U, bilsmuth molybdate or bismuth
phosphomolvbdate, or a mixture of these compounds. Ths
two steps of the process are carried out at the same
temperaturse, mainly at a very high temperaturs of mors
than 400°C. The advantage of I

combination of +the endofthermic dehydration and the
exothermic ammoxidation, which zllows a better control
cf the temperature. However, the acrylonitrii

e
are not wvery high, and the proportion of byproducts

such as acetonitrile, preoplonitrile and carbon oxides
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mixed. oxides of Sb and U, bismuth molybdate or bismuth 30
phosphomoiybdate, or a mixture of these compounds. The two steps of

the process are carried out a- The same temperature, mainly at a very

high temperature 0" more than 400C. The advantage of. the process lies

in the combination of the endothermig dehydration and the 35 exothermic
ammoxidation, which allows a better control of the temperature. However,
the asiyddnitrile yields are not very high, and the proportion of byproducts
such as acetonitrile, propionitrile and carbon oxides is high. More

%ngrallg, the aTmoxiQatiQn reactiond%prrgpylggg,ﬁ of gll,ldeQ}ldesr g%ch as _
acrolgin® of Kétones ‘or of 5 AICONOIS SUch As propanol or isopr(’?panoY has”’
beén the Sabjett of maayfundadmertarstudies for déterminisgiie ©r of
reactionomechanisms invelved=er, |Crstudying-thepeffect of yariqiser, the
parameters, such as the nature of,the catalyst or presence of water yapar. _
ot o Mon o e e Sar e bV e
et &6if Tn 3 ApPE CHiém SBidtechdf {Y§75), 257 p. 663-670  rEfatintto the
thef @ammoxidation-okacrolein: antieh-eoncludes that this:reactionavoutd the
be 1000 fimes, 15 faster than the gmmoxidatign of propylene, assuming

that the reaction can be in a chemical regime at 4000C. M. Cathala and
T.H. Germain in Bull. Chem. Soc. No. 6, 1971, Q. 2167-2174 studied the
aremoxidatiorr ef acrotein 20 lat 460Crover aBi-Mo<O eatalystawvliighk. Oka
resultsp an, agrylonitrile sglectivity Q£87:. Accordingto the autbors, thezs
selectévéjty_(%_ﬁtge reamctio_[léstei‘rtinmgofrowrrrl\ acrolein is higher thanwhen _ ., .
starting from’ propylene -over the saméecaafg@ns%ff? i the afticle’in Bull, * ™
S@@ygmn@qmykyﬂgﬁgﬂﬁgt “his reaction would be 1000 times

faster thanr the ammoxidation of propylene, assuming

that the reaction can be in a chemical regime at 400°C.

M. Cathale and J.L. Germain in Bull. Chem. Soc. No. &,
1971, p. 2167-2174 studied the ammoxidation of acrolein

at 460°C over a Bi-Mo-0 catalyst, which results in an

acryvionitrile selectivity of 87%. According to the
authors, the selectivity of the rsaction starting from

acrolein 1s higher than when starting from propylens

over the same catalysts.

Ir the article in Bull. 5oc. Chim. No. 2-4, (1875,
p. 131-734, J.E. Germain et coll. compared  the

ammoxidation of propvlene and oI acrolein over an 3Sn-
Sb-Fe-0 type catalyst at about 450°C, with or without

water wvapor.

The ammoxidation o©f the alcohels i1sopropancl and

n-propancl is itself compared in Bull. Soc. Chim.
No. 5-06, {1979, D. 173-178. The ammoxldation of
iscpropancl at 460°C over & Bi~-Mo-0O catalyst results in

propylene as an initial product that gives, at high

a
contact times, Co + COa, acetonltrile ana
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p. 731-734, J.E. Germain et coil. compared the ammoxidation of

propylene and of acrolein over an Sn- Sb-Fe-O type catalyst at about
450'C, with or without 30 water vapor. The ammoxidation of the alcohols
isopropanol and n-propanol is itself compared. in Bull. Soc. Chim. No.

5-6, (1979), p. 173-178. The ammogid@tign of 35 isopropanol at 460C

over a Bi-Mo-O catalyst results in propylene as an initial product that
givessat-bigh contagt times, COt &G-Eacetanitrle-andraerylomitriles But, £
the.niile selectiyity,is very -o_diferent from, that observed nfhe . . .
ammoxidation of propylene, thus fhe maximum conversion o acrylonitriie
froRPBopFospanoP & 6nly 17960 0ver an®Sn-8h0 catalyst, Re priftarg L vsSt.
progdiictis Mainly agetoneavhich:leads toly acetenititie predoatinandlyds to
OyeL the same catalyst,in, the. case of thg ammaxidation of p-propanal,
the primary product Is n-propanaldéhyde and not acetone. A notable
diffeferi@& i this ot S HIsvtheHbseRce of PrEPyIERe Ata COversionary
closedod00%s; the-yielokei 40 @enylomitridenis omtyt 7.5%: tThesapplicantzable
cempany bas now:surprisingly discovered that if is possile to.gbtain. o+
acrylonitrile by ammoxidation of a renewable raw mj?ge@al, suchas, 15, .
ghCERT 'ERGerdls derival fiont Hié mathanolysi of vegetable” oiis at the®
sameitie as the methylasters] which are themselves used in pa-rticular
as fuels in diesel and 20 domestic fuel oil (D. Balleriniand G. H___lion,
"agtualitd chimique, Nov, Deg, 2002, pages 60.69), Thisis g natural .o
product that enjoys a "green" dura;” it is availabie in a Targe amount and -
can'Bé storéd ard traR§pGrtéd WithSik difficbifeyin  acryionitrile Dy

ammoxidation o¢f & renewable raw material, such as
glycerol.

Glycercl i1s derived from the methanclysis of vegetable
oils at the same time as the methyl esters, which ares
themselves used in particular as fuels in dies

domestic fuel oil (D. Ballerini and G. Hiilion,

[P A W

4

9]
i

1

actualite chimigue, Nov.-Dec. 2002, pages ©4-69).

pt

Tnis 1s a natural product that enjovs a Y“green” aura;

it is aveilable in a large amount and can De stored and

transported without difficulty.

£ process for producing acryionitrile directly Irom
glycerol i1s therefore particular.y advantagesous singe
T 18 not dependent on & raw material <¢f fossil origin,
=
e

such as propvlensg, but uses a renewabls raw malteria

=

renewable raw matsarial 1s a natural, animal or plant
resource, the stock cof which may be regenerated over a
short period on the human scale. It 1z necessary, in
particular, tha:t this stock can be renewed as guickly

as 1t l1s consumed.

ndeed, unlike materials derived from fossll materials,
materials composad of renewab

C. All the samples oI carbon taken Ifrom living
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A process for producing acrylonitrile directly rrcm glycerol is therefore
particularly advantageous since it is not dependent on a raw material of
fossil origin, such as propylene, but uses a renewable raw material. A 30
renewable raw material is a natural, animal or plant resource, the stock of
which may be regenerated over a short period on the human scale. It is
necessary, in particular, that this sfock can be renewed as quickly asitis
consumed 35 ]ndeed unllke mgeterlaas derlved from,ig,ssll mafe ga,}_ re of
aterials c:omposedm 0 renewa le raw materlals contain or ~. Ali th
sﬁ%ﬁﬂ@s ofi4th6R taken from liVIRGP7 Sorefanishis (animals oi(5 p%mts) are ©
in fact aLmbdure @ﬁdhréezlsotemegz d2C (representing *98.892%)s="'3E'C /¢
1,108%) and 19C, (traces: 1.2 x 10-2%) . The 140/1L.0 tafio of living, - ¢
tissues is identical to that of the 5 atmosphere, In the environment, 14C
XiStS PRI faint FormE inShErgameYorh: r thatis f5'say i the forFoftain
carboredioxidei(002)and in organic form; thatistto say inthetfoem Ofrm of
cathonintegrated in organig mglecules. 10-1n.a living-grganism, the ;¢ <o
14C/'2C ratio |s kept sonstant Dyt the metabollsm since the carbon |s
c%ﬁ?nu&l[y eXchange(a With fie erfvirorment."Sihce the proporfon of Cﬁ e
issulsstantially constant in the atmosphere, is 15 the same in the
organism, as long as is living, since absorbs 14C as absorbs --C. The
average. iAC/ 2C ratio is arounq,l 2 %40,13. 120 is stable, thatis to say.
that tﬁqe Atmber of 128 7 e _/llc FeRRE SR RERe e ]
by the metabolism since the carben 1s continually

ant

exchanged with the environment. Since the proportion of
14~ L " s . 1
L is substantially constant in th
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the same 1in the organism, as long as it 1s living
since it absorbs **C as it absorbs C. The averag

14 412 4 ‘ L. \ =12
/0 ratio is around 1.2 x 1C .

C 1s stable, that is to say that the number of “°C

atoms in a given sampl is constant over time. C,
itself, is radicactive ({each gram of carbon Ifrcm a
living bpeing contains encugh - isotope to give 13.6
disintegrations per minute) and the number of such
atoms in 2 sample decreases over tTime (T} according to
the law

no= no expi{-at)

14

- 1o 1s The number of T at f£he start (at the

death of the creature, animal or plant):

- n is the number of 'C atoms remaining at ihe
end of time t; and

- a is the disintegration constant {or
radivactive constant); it is linked to the hali-life.
The halif-life {or period) is the duraticon at the end of

which any number of radicactive nuciel or of unstabls

particles of a gilven species 1s reducsed by half by

disintegration; the half-

' 4
Hhy
6]

T,/ is connected Tc¢ ihe
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20 atoms in a given sample is constant over time. 14r, itself, is radioactive
(each gram, of carbon from a ving being contains enough 14C isotope to
give 13.6 disintegrations per minute) and the number of. such atoms in a
sample decreases over time (t) according to 25 the law: n = no exp(-at)

in which: - no _s the number of 14C aléthe start (at the death of the
creature, animal or plant); 30 - n is the'number of. 140 atoms remaining at

the end e.t;an e digintegratign co t for radioactive,,
c%%gtg}]t)ggﬁ%hhﬁedﬁ%oﬁli%h%ﬁ I|f§ 3 he%galf Inge%t%{g p%)noc{d) is the ;

drticHat the'erid 6f Wh%h‘%fﬁbﬁb&& r%?o%ch@?}%clel or of
unstable particles of a given species is reduced by half by disintegration; .
the half-life 1,7, is,connected todbe 8f~d;§mte<9faﬂeﬂ copsantahythe o
fqgmula aTl/2=1In2. The half-life of 14C IS equ to 5730 gegrs s he
Cohsﬂénﬁdft)ﬁé" alfife (ﬁ/ﬁ%?iﬂ‘?f}the“ EGihtert %gf B¥0CTS substantally”~
cbhstaint from theaxtrdetion of tife plantoildrom which-thesglyceisl isc J‘e
derved,up to-the, mamifaciure ofthe aerylenitrilel and avenipte the endnd
of its use. 10 The acrylonitrile obtained from glycerol is composed of

100% organléa carbon derived from a renewable resource, that ;s to say
that it contains around 1v '60 by weight of 19C of the total mass of

carbonz whichheaud be- cetified-bydetemnining the content otd4Ccsed of

aceording to 15 ane. ods describ he standard ASTM. ., e
%%SC%% O%Itdjr%rr?the sgarggﬁ;%%TMﬁgngG%a espe%tlall_y a%érd%r\% o

th@%ass%pédro‘?ﬁé’trydfalmu}d contains around £ by “waight

of 'C of the totzl mass of carbon, which couid be
certified by determining the content of **C according to
one o¢f the methods described in the standard ASTM
D6866-06 or in the standard ASTM D 7026-04, especially
according to the mass spectrometry cr liguid
scintillation spectrometry methods described in  the
standard ASTM DEBEE~06. These methods measure the
Ve /R0 ratio of a sample and compare it tc the

ratic of a reference sample of 100% renewable origin

in order o give & relative ©percentage oi C oI
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Teriea associated
with *the novel concept of Ygreen chemistry”, within a
more glopal CO xt of sustainab development

kncther advantage of this process lies in the fact that
it generates Tewer impurities, the ammoxidation

—

reaction mechanism being different from that oI
propylene. Furthermore, since the glycerol raw material
is already partially oxidized, its conversion Lo
acrylonitrile 1s less exothermic than the ammoxidation
of propylene, and consequently 1t is possible to carry
out the synthesis in reactors of suitable size, with
nigh partial pressures of the reactants

the risks associated with this synthesis.
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scintillation spectrometry methods described in the standard ASTM
D8866-06. These methods measure the 20 140/1'0 ratio of a sample and
compare rt to the 140/140 ratio of a reference sample of. 100%

renewable origin, n order - give a relative percentage of C cf renewable
origin in the sample. 25 Such a process therefore meets the criteria
associated with the novel concept of "green chemistry", within a more
global context of sustainable development. Another advantage of this
nracess lies in.the fact that 30 it generates fewer impurities, the -~ .
armmoxidation reaction mechanlsmeBeTng*(rjliﬁérean?rom‘t%at of “propylene:
FLipfHe?Rtore Lsincé e giyeBFRSt FaW méaterial is afeadyPpartially OXichESET*
itsrconversionde caerylonitrile: isdess exethesmicthandthe aramoxidation-35t
%P&%@Q%@%uand consequently it is possible to carry out the synthesis in
reactors of suitable size, with high carnal pressures of the reactants,

while limiting the risks associated with this synthesis. 9 One objective of
tie:presentiiavention istherefpreztoe nespand tonthecconcernsioerefore 2
systainable deyelopmepyt whilg overcaming the. drawbacks oft.the current 5,
5 processes. One subject.of the present invention s therefore a._process
fGTManufattary acriyiont 2iie by an’ aRfmioxidktion' feaction ot giycerol

in the gas phase. 10 The reaction mechanism is the fo_lowing:
CHROHGHORNCHZOHNH 3 0% -+ 6H2=CH-GN n 4 :H20 (1) 15
According to the present invention, the glycerol is reacted in the vapor

phase with ammonia and oxygen in_the presence of an acid catalyst,
accgfdzlﬂyg’tgfé’):ém i€ %ﬁeﬁp?@h S"‘Sj"ﬁ 0» — CHZ=CH-CN + 4 H0 (1}

According to the present invention, <tThe glvcerol 1is

acted in the wvapor phase with ammonia and oxygen 1in

e
the presence of an acid catalyst, according to a
si

The glvcercl is used pure, or 1in the form of =
concentrated or dilute aguaous solution.
Advantageocusly, it l1s possible Lo uss an agueous

solution of glycerol having a concentration ranging

.y

e

from 10% to 100% by welght. The concentration must not
be too high in order to avold parasitic reactions such
gzs  the formation of glvecerol ethers or reactions
between the acrylonitrile procuced and the glycerol.
Moresover, the glycerol solution musi not be too dilute
due to the =snergy cost induced by the evapcratlon of
the agueous solution o¢f glycercl. The water wvapor

originating from the aguecus glycerol sclution may var

3
o
t
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O
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within brcad limits, good implementation o
the process acgerding tTo the invention, the content of

action gas, defined as being the giycerol/ammeonia/-
OXYgEn sum, is preierably at least 2%, more

particularly at least 4%, in the mixture including the
- )

r vapor and the inert gases, including nitrogen

from ths alr when tThe Iatter is used as an oxidizing
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20 The glycerol is used pure, or in the form. of a concentrated or dilute
agueous solution. Advantageously, is possible to use an aqueous

solution of glycerol having a concentration ranging from 10% 1.00% by
weight. The concentration must not 25 be too high -n order to avoid
parasitic -ea_tions such as the forwma{ignw_of glycerol ethers or reactions
between the acrylonitrile produced andthe glycerol. Moreover, the

glycerol solution must not be too dilute due to the energy cos-: induced by
the evaporation of 30 the aqueous solution giyceroi. The water vapor
originating from the aqueous glycerol solution may vary within broad

lichits, bat fora gobddmplemeritatior of itheprogess accordiing toithe nert
inyentien,the certent ot reactign:gasy defined-as beingthe un, nitrogen
glycerol/ammonia/- is preferably at least 5 oxygen sum, more 3
paﬂicﬁfa?lcflndt least 4%, in the mixture including the water vapor and the
inert gases, including nitrogen from the air when the latter Is used as an
oxidizing: - 10.= agend.dt iscpossible, to use diluenirgasesitbat ateitneft- s of
“%%‘I?JJQEJE‘?‘C“%%8QS‘QOnéé&'c“o%?d%eé!lﬂmn%iUOg@Qr% or.arggn. Within, . 4
the reaction gas, the respective contents of glycerol, ammonia and
o%jg'%tﬁlay vary within broad limits. 10 The ammonia/glycerol molar ratio
may vary between | and 1.5, and preferably between 1 and 1.2 and the
oxygen/glycerol. molarratio may vary between 0.5 and. 10 and preferably

between 0.5and 7. " _ . ‘ . ‘
1.5, and preferably between 1 and 1.2 and zths
oxygen/glycercl molar ratio may vary between (.0 anc 10

a
and preferabliy betwesn 0.5 and 7.

is, in general, between 280°C
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550°C and, preferably, between 400°C an
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The total pressure of tThe reaction mixture may be
greater than or egual t¢ atmospheric pressure. It is
generally between 1 and 5 bar and, preferably, between
;

The catalyst used in the process for ammoxidation of
-glycercl 1s an acid catalyst which 1s not saturated

with ammonia at the reaction temperaturse. The

may comprise one or more mixed oxides <chosen Ior
example from molybdenum, kismuth, iron, antimeny, tTin,
vanadium, rungsten, antimony, zirconiuam, Titanium,

chromium, nickel, aluminum, phosphorus or gallium.

2 perscn skilled in the art will be able tTc determine
the compromise betwesn the te
rate and the precise nature of the cat

the various other parameter

s
to obtain a good productivity.

According to one embodiment of the invention, th
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15 The reaction temperature is, in general, between 280C and 550C and,
preferably, between 400C and 500C. The total pressure of the reaction
mixture may be 20 greater than or equal to atmospheric pressure. It is
generally between 1 and 5 bar and, preferably, between | and 4 bar. The
catalyst used in the process for ammoxidation of 25 glycerol is an acid
catalyst which is not, saturated with ammonia at the reaction temperature.
%%}@%t ir@axlg%glpé@e @g}_@ q-rrmh%_re dmixed @Xl@é;@l%,en{g}'ét is to
example from, molybdenum, bismuth, iron, antimany, tin,. vanadiu
tﬁﬁﬁst?ﬁ,corﬁﬁﬁgﬁy, Lzﬁcc‘f‘niu%j:ﬁtca%iu?n%(}){ %ﬁﬁot’rﬁi%rr}],?:ficlfe@tf alﬁm ncuerrliOl
phivsphoras or gakiurhnA persbirdkilletdh the @t il beeable tddetdrmire
theft cempromise betweenthe tamperature, theagas flow -raterand: theac i on
precise nature of the catal vst used and 5)5‘;%% yari Lg%g@egkggra&et%rged'
of the feaction in order to gb’[ainla good pro uctfvit%. According to one
embodireRE 8 tHedirvertior? fie-féaction iséarfied ott itPa Singie fedttor:
thatisto saysaccording:to aadirect ammoxielation:=of theuglycerek where all z
the individual,steps.take placen one and the same;reactor-Any, dgyiee 1 2.

suitable for ammoxidation 5 or oxidation reactions in the vapor phase may

bRIGSEdY Sl protess My BB datricd-outin Cortintious Hiode o in” Bateh ™
mode; usingla fixed bedy adluidized:-bed, a circulating bed, a plate heat
exchanger with a modular arrangement of the catalyst, a microstructured
reactor_10 or a millistructured reactor. According to one p;%fgrred

eribodirentofthe TRerition. The giycErot is firat subjected 3

£ Irnvengion
0 a'step of '
dehydratiorteegcrbleint the réadtion mechanism e1s implementing i ©F

following b¥qQ ganseeutive rractions:, the reaction mechanism

implementing the following two consecutive reactions:

CH,OB-CHOH-CH,0H — CHe=CH~CHC + 2HC {2
C

CH;=CH-CHO = NH; + ¥ O, —

In this case, the reaction is carried out by using Iwo
catalysts in series, an acld firs

it possible to carry out the dehydration reaction of
glycercl t©o acrolein and a second catalyst for the

anmmeoxidation of the acrolein.

In thnis embodiment, the ammoxidation of the acrolsin is
advantagsously carried ur without intermediats

with the bypreducts derived from the glycerol
dehvdration step, such as aceraldehyde or
propanaldehyde. Indeead, the light zldehydes are

converted to nitriles, preferably unsaturated nitriles,

simultaneously in the ammoxldation step.

Furthermeore, The dehvdration of glycerol
stoichiometrically produces ©Two molecules oI water.
Therefore, the acrolein produced 1s naturally diluted

11 the more so when the glycercl is
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CH20H.-CHOH-CH20H -> H_=2H-CHC - 2H20 CH2=CH-OHO - NH + 0-
~ CH2=CH-CN - 2H20 (3) 20 In this case, the reaction is carried out by
using two catalysts in series, an acid first catalyst 'that makes it possible
to carry out the dehydration reaction of glycerol to acrolein and a second
catalyst for the ammoxidation of the acrolein. 25 In this embodiment, the
a=oxldat_on of the acrolein is advantageous-'_v carried out without

intermediate purification %@ﬁ aﬂﬁ%'eimtbsreg%e as,aqaixture with . -,
om the

the byproducts derived frc glycerol 30 dehvdration stép, such as .
acefaldehydEBr Sropanaidehybie® mderd, thé fighit&idéhyded arer #3100
converted taales] preferably unsaturatedae triles,t sinuitareausiy inrtlel 1 um
ammexidatiion seep, 35 Frihgimare, the debydration oL glyeerol s . under
stoichiometrically produces two molecules of water. Tneerefore, the . .
abfoTéin proficed 1§ Watdirally, dittted fn WaterVapo?, aifthEmord'so =~ ~°
whensthe glycerol is cdRodiluted iy water wWhen thé amironia and oxygench
nggessary for the ammexidation reactionaie addgdcthe reastionr imaybe: y
carried out in a concentrated reactant medium while remaining outside of
th%ogfp%é’l?/%‘limits. Under 5 these conditions of a highly concentrated
medium, it is possible to economically recycle the reactants which have
nelyeactedhar that have been insuificientlyreonvered: 10 Aceording testeps

one particular embadiment, the wa steps. of the.nrocess are.cafried out, , .,
a{g} the jscéeme fgmggratt?re, preferably between 400C and 500C. A%cording
toPATTOtREEEMbodfimERE the o StepsS of the” 15-process are carried out at
different temperatures, thus

According to another embodiment, the two steps of
process are carried out at different temperatures, thus
enabling the optimization of each of the two rsactions
in terms of efficiency of the catalyst used anc
limitation of Dbyproducts, such as the degradation

products of glycerol at high temperature.

The glycerci dehydration step 1ls carrled out in the gas

phase in the presence of a catalyst, at a tempera

acure
ranging from 1530°C to 300°C, preferably between 250°C
and 350°C, and 2 pressure between 1 and 5 bar
The catalysts which are suitable are homogeneous or
multi-phase materiais that are insoluble I1n  ths

reaction medium and which have a Hammett acidity,
denoted by Hy, o©f less tThan +2. As indicated in patent

s 5,387,720, which refers o tThe art

-

cle by K. Tanabe

et al. in “Studies in Surface Science and Catalysis”,
Vol. 51, 1988, chap. 1 and 2, %the Hammet:t acidity 4is

determined by amine titration using indicators or by
adsorption o©f & base 1n the gas phase. The catalysts
responding to the criteria of Hy acildity of less than
+2 may be chosen from natural or synthetic silaceous
materials or acid zeclites; mineral supports, such as

oxldes, covered with monoe-, di- tri- or polyvacidic
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enabling the optimization of each of the two reactions, in terms of
efficiency of the catalyst used and limitation Of byproducts, such as the
degradation products of glycerol at high temperature. 20 The glycerol
dehydration step is carried out in the gas phase in the presence of a
catalyst, at a temperature ranging from 150C to 500C, preferably be teen
250C and 350C, and a pressure between | and 5 bar. 25 The catalysts
which are suitable are; homggenequs oy, multizphase materials thatares 1 s-
insoluble in the reaction medium, and which have a Hammett acidity,
dEnotéd B HE Oof I8ss than -2. As indicated in patent 30 US 5,387,720,
which refers to the article by K. Tanabe et al. in "Studies in Surface
%@i&@&a_@@ ﬁzﬁé@yéis'ﬁﬁyol@%a1%%%_.&2@9&&%8@@ I;ﬁ@mﬁn_egb@?gmés,
is,_determine amine titration using indicators or.by adsorptionofa
e i the 654 Bivase The Catalsts 35 reSporcing fo the crtesia of HES=®
aeidityrstiess thah #2 mayF BE choseh-frofr ndtias Bl Syriese Sitacdousor
raaterials-errapid zeolies;aningra- sUPPOrts zsuch, as:raxidesy coveredaithis
monos, di- gLpalyadidic oraanic agids oxides of mixed pxides o1 elsg o,
heteropolyacids. Advantageously, the catalysts are chosen from zeolites,
FNARGTD cBmpoRiteS tbased ohsultdnit-atid of flbefs Palyniérsys ~10%:
chlorinated: aldminas, phosphetuigstitr-and/ors silicotungstic: acids and. L co-
a&EhﬁﬁEﬁ@Qd¥@ﬂ%9§§9@9§‘%ﬁ@%@&%@%@&ﬂe&X@%5%§Q£§t%%%@%@onal
oxide Ta205, niobium oxide Nb205, alumina A12Q3, titanium oxide
TIO2 L6 zifdonia SrO2°fiR dxfde S0 sificd ST orSilico Al nate™ o3
Si02/AL03 timpreathated with acid functiorial  growps suchlag-berate 803;0: .
sulfate, 304 tungstate-WOBsor the literature, these catalysts

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

The preferred catalysts are sulfated zirconias,
phosphated  zlrconias, tungstated zirconias, silica
rirconias, sulfated Titanium or Tin oxides, or

phosphated aluminas or silicas.

These catalysts all have Hammeti acidity Hs of less

{1

than +Z, the acidity Hy may then vary tTo a wide extent,
downn to wvalues which may reach =20 in the reference
scale with Hammett indicators. The table glven on page
1 of the publication on acid/base catalvsis (C.
Marcilly), Vol. 1 in Editions Technip {ISBN No. Z-7108-

0841-2; illustrates examplies of scliid catalysts within

It 1s mpossible to add molecular coxXvgen or a gas
containing molecular oxygen for the glycero

dehydration ste

ke,

The amcunt of oxygen is preferably
chesen so as to be outside the expleosive range at any

=

point of the installation. The presence of oxygen makes

it possible to limit the deactivation of the

dehyvdration catalyst by coking. Furthermore, the

additicn of oxygen improves the vyield of the reaction
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phosphate 804, silicate SiO2, or molvbdate MoO3. According to data

from the literature, these catalysts 15 all have a Hammett acidity H2'. of
Less than +2. The preferred catalysts are sulfated zirconias, phosphated
zirconias, tungstated zircon--as, silica zirconias, sulfated Titanium or tin
oxides, or 20 phosphated aluminas or silicas. These catalysts all have a
Hammett ac dity H, of -less than -2, thé acidity Ho may then vary to a

wide extent,.. n to.values. whi each -20 in the reference 25

'S"E% e v%\;iﬁﬁnHégng'r%effTﬁ |6§$§?\s¥ T%;egr;ga égg'iven on page 71 of the
publication on acid/base catalysis (C. Marcilly), Vol. 1 in Editions Technip
(ISBN doa2371,08- 1184 1-2miltustiates examples-ofcsatiddcatalysts within the
this acidity range. 30 It is possible to add molecular oxygen or a gas
containing molecular oxygen for the glycerol dehydration step. The

amount of oxygen is preferably chosen so as to be outside the explosive
rdiige atramy:35ipdintof thé dastallation: Thepresence afoxygenimakes itls
pessible limit.the deactivation:of the delygdrationcatalyst bycoking: at =
Furthermore, the addition of oxygen improves thé ield of the reaction -
12556 Admerous catalytic Systems. Prefarably, Oéé ar?m%’ﬁclja i§56 ¥ ang,
introdtiesd ohly ~.. i seennd $ip. & THEEmmokitation sépfiof agreiein &
to-aesylonitdl_eds then cartied Qukever anrammoxidation catalyst et fab iy,
temperature in a%eanegal be;_,tyveen 300C and 550C and, preferably,

between EO&C and 5“0&?, and under a

The compesition of the react

!_J -

on mixture, acrolein-
13

ammonia-oxygen, may vary within wide limits and it 2

)]

possible o use diluent gases that are inert under the

reaction condlitions such as helium, nitrogen or argon,

C
or nitroger Zrom the alr when the latter 1s used as an

cxidizing agent.

The ammonia/acrolein and oxygen/acrolein molar ratios
may vary within large proportions. The ammonia/acrolein
molar ratio may vary between 1 and 1.5, and preferably

between 1 and 1.2, and the oxygen/acroleln molar ratic

may vary between (0.5 and 10 andg preferably between (.3

As catalvyvst for the ammoxidation of acrolein, use will
be made of anrn acid catalyst which is not saturated with
ammonia at the reaction tempesrature. The catalyst may
comprise one or more mixed oxides chosen, for example,
Irom molybdenum, bismuth, iron, antimony, Tin,
vanadium, Tungsten, antimony, zlrconium, titanium,
chromium, nickel, zluminum, phosphorus or gallium.

As ammoxidation catalysts which may be used, mention
may especiallyv be made of mixed oxides based on bismuth

molvbdate, mixed oxid at least Fe and Sb,

4]
i
o 0
Q
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or at least U and Sb, r at least Sn and Sk, or at
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10 pressure generally between 1 and 5 bar and, preferably, between 1

and 4 bar. The composition of the reaction mixture, acroieln-
ammonia-oxygen, may vary within wide limits and it is 15 possible to use
diluent gases that are inert under the reaction conditions such as helium,
trogen or argon, or nitrogen _rom the air when the latter is used as an
oxidizing agent. 20 The ammonia/acroléin and oxygen/acroiein molar
ratios; may,vary within |arge, propariiens-The ammoniaiackalein, molar .,
ratjio may vary between - and 1.5, and prefe __-ajr 'y between 1 and 1.2,

ahdhe oX§gBRkALrGiEhIfGIar TR Thay VaR betfeen 0°5 aid“10 and

~ preferably between 0.5 25 and 7. As catalyst for the ammoxidation of

agrolein cuse, will; be made;of an agid catalyst: whichsisnot saturated,with., -
aénhrgggig at 'gLe reqqign temgeriiturg. The qa;alyst g1azy 30 comp ise one
of moré mixed oxides chosen; Efory(:ff’x“amp?ea, “from md?ybcd“e“n“uﬁ‘?‘, igr‘nuth,“fl ©
irBRNEATMBRY NI SAmadiim, BRTstert antihofy, 72 JeokRipg, titdmiam,can
cheomitim, ieked, alyminum (phospheruser galliyn: 35 As amexidation o
catalysts which may be used, mention. may especially be made of mixed . .
o%it(%%%bva'sedqglﬁ“bis%ﬁ “molybdate, Lmixgé)é ‘oxides containing at least Fe™
aRl Bb- 2t feast9 andiSH st Heast:sr, H"SH Irat - 2% deasPRrarid o1
Veandlor WiND/TifRa andéarrTe/SHEBI, ang: also'the oxiitrides containing:d
atleast, Aliand B, One advantage of this embodiment consists of a better

5 choice of the cataivst pair. Specifcally, the dehydration reaction requires
acid catalysts that can be inhibited by the presence of ammonia if they
arectoor acidic. The separation:of the-twiee steps makesdti possible tof  the
individyally-eptimize thesoperaion v way of ezample in  the

appended single figure, the glycerol 1is first sub

te a step of

o

tc acrolein, ancd & partia

03
(]
iy
5
.
]
8
+
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condensation of the water and cof the heavy byproduct

originating ZIrom the dshydration step is carried out

ntermediarilyv.

P

The use o¢©f a prior step for the dehydration of the

lycercl used in the form of an acgueous sclution has

e

the drawback of resulting in a stream tThat gontainsg not

=]
only the acrolein produced and byproducts, but also a
significant amount of water, which c¢riginates, on
one hanc, from the glycercl solution and, on th
nand, from the water produced by the dehydration

reaction.

The obisctive of the partis

condense a portion of the water and of the products

"

that have a hilgher boiling point than acrolein. It 1is

P e

(

T

rhe

{
H

efcre a simplified sepa
streams, the Iirst containi:
pyproducts, such as acetaldehyde, propanaldehvde,
acetone and optlionaily inert gases, CO and C0;, the
second, which is rich in water, containing the heavy

vproducts such as phencl, hydroxypropanons, anc the

o
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10 conditions of each of the two dehydration and ammoxidation reactions.
According to another preferred embodiment of the invention, illustrated by
way of example in the 15. appended single figure, the glycerol is first
subjected to a step of dehydration to acrolein, and a partial condensation
of the water and of the heavy byproducts originatingf_rom the
dehydration step is carried out intém?e%iérily. 20 The use of a prior step
f%réﬁetdi?%d@?f('}io‘éz‘??g %%C%Oé%%i@lth%éo”r?tf apaguequs salutin
has " the drawback of résulting in a siream that contams not_ only the .
agfoleinireaticedFand byprodfictsCBat'A1s8 AT Sighificantamodnt/Gie r o /
water] whichrorigimatesy ohithe ©nedzand, fremihthesglyceroksalutian andi d,
og%gt{\gr zhand, from the water produced by the dehydration reaction.

30 The objective of the partial condensation step is to condense a portion
of the water and of the products that have a higher boiling point than

abiote _mayisi therefore acsimplified sepatdtionyashic®producestwrrprion
St&%@%ﬁrﬁhﬁﬁﬁét Q@i@aillgi.@r?r%&ﬁm%i@t and th%dl%‘i@@ l?y@rcgllugt;sj %ﬁ%ﬁ? a
acetalde , propanaldehyde, acetone and gptionally inert gases .
a%" ‘?6?,?%5‘%5%3: %5,’Whﬁch¥igf}%ﬁrﬁe\zlx}ra{ter‘fcodn élliﬁri{“n‘g%]ﬁ%h%%ﬂ/y B Bso
byprod RIs saElRas phenol, hydokypropandnd & the SI6 additiohr the
progducts ghacrelginde glyeerob(agetalsy and preduets ofthe = partial
p%lgggré%esr]asgatigg of glyceror[, cycl{ge%runon-%xc?ljg gycerqlrgtlgers, nit
propionic acid, acryllc“aci& 5 The partleﬁ condénsation unl't*r“ﬁay%é":a“n :
a&§ﬁﬁﬁ§ﬁmore be used to reheat the agueocus glycercl

solution, thus optimizing the energy cost of the

may

instaliation.
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ondensation step, the acrole

rich stream 1z sent over the ammoxidation catalyst
adding the ammcenia necessary for the resaction anc
adiusting the partial pressures cof the acreclein and
oxygen reactants and optionally diluting the reaction

gas with an inert gas.

By reference to figure 1, the glycerol 1s introduced as
{1y, in the form of an agueocus sgoliution, intc a firs
dehydration reactor (10). Molecular oxvgen (2 1s also
introduced, for example in the Zorm of ailr or 1in

form of air enriched with or depleted in mnmolecular
oxvygen. The dehvydration reacticon is carried out in the
gas phase in the reactor {10} in the presence of a

denydration catalyst, at a temperature between 250°C

1

{

and 350°C and under & pressure between 1 and 5 bar.
3 am, on exiting the reactor (10), is

compesed  of & mixture comprising acrolein, water,
yvecercl and byproducts. The byproducts are

espacially hydroxypropanone, propanaldenvde,
cetaldehvyde, acetene, phencl, addition preducts oI

a
acrelein to glycercl, polyvcondensation products  of
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column that may or may not be coupled a st-ripper, a heat exchanger, a
condenser, a dephlegmator, and also any equipment well known to a
person skilled in the jr, art, and makes it possible to carry out a partial
condensation of an aqueous stream. This unit. may furthermore be used

to reheat the aqueous glycerol solution, thus optimizing the energy cost of
the instaiiation. After the intermediate condensation step, the acrolein-

rich stieam is sent-over the gmmoxidatin catalyst, adding e ammonia
necessary for the reaction and adjusting the partial pressures of the
acrolein and 20 oxygen reactants and optionally diluting the reaction ass
withizn inertsgas. By reference ¢o figuredgithesglycernl srintrodaded as:ich
(Depzzathe form, of an agHeous,selutian [intp-a fiest 25 dehydration ya-ex
reactor (;O%LMQIeculgr oxygen ‘/(2_) ighalso 'ntrog_g:cedéfor example in t_rg% her
fOrTof airorfhthe forrh of aR ehriched with or ‘dépIePeQd _norrﬁolé%ﬁlar T
okygeh. The dehydratiod reactioh iscarsed Butinthd Igas phasedn ife the
reacior-(10) b dhe presenseof a-30 dehydiatiomeatalyst at®analdehvds,
temperature_between 250C .and.350C and under a pressure between |
and 5ar. Tﬁ@%a%%tfeﬁﬁ “on eif%ﬁ@%hg Téactér (10) %‘Sslucogrcr%bsed ofa
‘mixture comprising acrolein, water, 35 unconverted glycerol and
byproducts. Thebyproducts-are especially hydraxypropanone, ther to
propanaldehyde,, acetaldehyde, acetone, phengl. addition grodycts of, .1,
acrolein to glycerol, polycondensation products of 17 glycerol, cyclic or
nor-yClicdiyCeroPBthirs: Fhidetredm reseét i & tondensation unit (1 B
whicht separates; @nithe oneraridyarmixture(8) riéh imwatexr Lso be sent

to a thermal oxidizer, or slse a portion of this stresam

b

fu

iz recycled in order to dilute the gliycerocl to the

desired concentration.

The stream (4), which is rich in acrelein and Iree of
the heavy byproducts and oI n

to the ammoxidation reactor

1
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bed of the ammoxidation catalyst for the acrolein.

The reaction is «garrised out in the pres
molecular oxygen (6 which may be in the form of air or
in  the form of air enriched with or depleted in

molecular oxygen, at & content ranging Ifrom 3 to

o

20 vol%, relative to the incoming stream, and in the
presence of a gas mixture (5] comprising ilnert gases
and ammoniz. The inert gases necessary for the process

may optionally be completely or partly compoesed of
o]

gases (8) obtained at the top of the absorption column
(13 .

The ammoxidation reaction 1sg carried out at a
remperature beitween 400°C and 500°C, and under s
pressure between 1 and 5 bar

The effluent {7} ZIfrom the ammoxidation step which is
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5 that contains the heavy byproducts, and, on the other hand, a stream (4)
rich in acrolein that contains the light byproducts, such as acetaldehyde,
propanaldehyde, acetone and optionally inert gases, CO and 002. 10 All

or part of the stream (3) is sent either to a rectification column for the
purpose of recovering the -light fra_cti?g which might be absorbed in this
stream, or to a wastewater treatment plant. it may also be sent to a
thermal oxidizer; Qr-else a:partions ofthisystream: 5 dsirecycled ke@rdesta on
dilute the g%ycerp{[ to the desired cancentration. The stream (4), whichrs, ,
rich i acrolen and free of the he&vy byprod(cts and of most of the water
iSL At 20 e BHECarmmoKidatisireaétdr 1D that e8ifpFises d fixed "hed®aic -
the ammeoxidatien-catalyst for the:acraleinl The reaction i carriechogtin may
the. presence of molacylar oxygen (o yh-ghymax ea the form of” air- or
25 in the form of air enriched with or depleted in molecular oxygen, at a
content ranging from to 20 vol relative to the incoming stream, and in the
presenceiof@ ass naxture: €5) cemprising<nert gaseshandiamatoniariLhethes
inert-gases necessapy for the, process, 30 may-aptionally be.completely,er : -
partly composed of gases (8) obtained at the top of the ab§orptiog1 .
column FEZT $Hhe ammoxidalbr readtion iséirigd ot dia°8E- 1S =0®
ternperatiresbetweth 400C:andBG00C, @ad under a pressare between 1the
and 5charo The _lue.t (7) from the ammoxidation stepwhich is- 18; Tighdn o1
acr Eoyggilgigggegéagf[i{igd li_n a separation unit (13) in order to separate,

on the 6né hand, the “ﬂgﬁf2 products (8) and the unconverted acrolein,

and, on the other hand, the acrylonitrile (9), which may

According to another embodiment of the invention, the
ammoxidation reacticn of the glycerol Zs carried out in
the presence of a thermal pallast, such as for example
propane or a gas that contains propane, methane, sethane

or COs.

The thermal ballast is a heat transfisr fiuid, which may
be used to provide the heat necessary for the

dehydration reaction, but also o taks away The heat

produced during tThe ammoxidation reaction. The thermal
pallast mav be introduced together with the glycerol
¢r when the dshvdration and ammoxidation step a
separate, 1T may be introduced betwesn these steps. The
thermal bhallast, such as  propans, 15  opticonally

recovered and recvcled.

The products from the reaction may be

I
(®

covered 1n the
effluent gases by any suitable means. For exanple, the
effluent gases may pass inte & condenser that contains

dilute sulfuric acld i g¢rder fto neutralilize the

3

unconvertsd ammonia. The gases may then pass through a

cooled absorbent column in  order to  condense The

acrylonitrile, the acetonitrile andg the hydrocyanic
acid. It is then possible te isclate the acryionitrile

from the byproducts by successive distillation.
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5 still contain traces of heavy byproducts. According to another
embodiment of the invention, the ammoxidation reaction of the glycerol is
carried out in the presence of a gas that contains propylene. The 10
propylene-containing gas may be co-fed with the glycerol, or it may be
fed after the glycerol dehydration reactjon. According to another
embodiment of the invention, the 15 ammoxidation reaction of the
glycerol is carried out in the presence of a thermal ballast, such as for

- exampley, propane ot a ggs tha, contains propane, methane, gthane, oL+

C02. 20 The thermal ballast is a neat transfer fluid, which may be used to 4
préVidethe héatHedReSary for thadéhytitation réactiol bt alsdito také>®
awaythetheat tprodueed during thel ammoxidationgedetiors: The thedmals: .
bﬁ@%%idﬂé)é b@d@ﬁﬁo%eﬁﬂg%ﬂ@ﬁwﬂhﬁ% glyserol 0%5_ Of WD@MH@ ch may
dghyd(r}aglpéln‘%%d arréﬁnodedthn stggs q[%[isseparra}}ed ﬁl)tqrsr)]ay %% Lnggozggceg -
be?yveen these gt@ps‘.‘?ﬁé thefmar allast, 'sqcﬁ as propane, |§“(l) tionally ™’
récoveréd apdteéycled. /B0 THE produeis-fromtthe¥eacticiay be 2t @
recavesed inthen effluentgases by any: suitable meansn £0or examples theorn,,
effluent oases maypass inie acandenser hat coniains, dilue sulfyic.aeid .
in order to neutralize she unconverted ammonia. The gases may then”
pAsE throtigha'85 dwdlétPabsorbehtEottifith in‘drdet #6 coRtiérsé e #5TH
acytaiitrile;; the acetonitrile and the hydrocyanic acid. It is then possible
to isolate the acrylonitrile from the byproducts by successive distillation.
Via the process of the ;nvention’L itis. possible to_obtain high-purity . N
acryfonfie with'a gobd= prédétivity” whild Fed 36inG tHE Jependehte &h a~©
foss# Spesowee suth aspropytend. The acrylogitriie Whichemayaring, in
particular, adiponitriie, a pPrecursor of nvlon,
synthetic polymers such as acrylic Iibers, synthetic
rubber, elastomers, or resins such as copcelymers ol
acrylonitrile, butadiene and styrens (ABS resins) or
lymers of styrene and acryvlonitrile (SAN resins).

The products thus obtalned contaln crganic carbo

i

derived from a renewable resource that corresponds o

the concept 0If green chemistry.

The exampies below 1llustrate the resent invention

'

without however limiting the scope therecoi.

EXAMPLES

Example 1 (with refersnce to figure 2)

A  simulation using ASPEN  software was used TO
illustrate the process according to the inventicn. Ths
values are given in kmel/hour. For the sake of clarity,

orrly the main constituents are indicated.

A gas stream at 331°C and at 2.0 bar {188 kmol/h
glycerol, %3 kmel/h water, 426 kmol/h nitrogen,

113 kmel/h CXYygen) is sent into 2 fixed-bed
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be obtained according to this process contains 140, advantageously the
acrylonitrile contains 140 at a content higher than 10- 1s relative to the
total carbon, which could be certified by measurement according to 10
one of the methods described in the standard ASTN D6866-06. The
acrylonitrile which may be obtained according to the process of the
invention. is used for preparing, in"1528ar"ficular, adiponitrile, a precursor

fo{l‘i/ lon, synthetic polymers, such as aco/lie fiogrs, synthetic IUbDELe n o ou s

elastomers, or resins such as copolymers of acrylonitrile, butadiene and
SHABHE FABS Fesiifs) of Yeopofmiers f styfend ahd-dciloifrite (SANT - &
resins) 20rEwenprodycts thus dbtaidedcontatorganiciearboni défivedol /h
froir, arenewable respurce, that correspgnds -co  the conceptof gregi; gen,
chemistry. The exampwles_, belovy illustrate the Leéerg'nventi:(b)n %55th OLLI'[ i
hotever fimiting e SCGpe thereof EXAMPLES® Exaftipld 1with - "
réferenté tofiguren2)C80)A simulation lusing ASRENSoftRaie was used tol s
illustrate the process accarding ta-the investiangEhe values areigivenin to
kmol/hour, For the sake of"clari%,hggl the main consfituents are, .
indicatéd. A gas Stredm af 3310 and at 2°0°bar (18é mol/h glycerol 963
kfhol R srater Yo krelAt Atrogbns 133%knisIAEeRygehy is $értintdats at
fixed-bed 2 20- pultitupular reacter (10} containing adielerogeneeusit to a
dehydration upled-to a molte t bath..A. gas stream (14).at .
sig‘é‘adh%?at%%?%%%igé“se?lz’n%éi/_h‘“%at‘?e{:,%E%a%nowh_n%?ogseﬁ,%78 krr%?lh -
oRygeha B147IGRBIAT acrolein, AekmiAP ac&aRkiehydE,. 95 kmoifise (28]

from the liguid phase {19}. This liguid phase (19) 1is
sent back to the top of the absorption column (11). At
the bottom of the absorption column, a iliquid phass (3}

at  103°C (1067 kmocl/h water, 4 kmel/h acetic a
4 kmol/h formic acid) is drawn off. This liguid phas

{3) 1is sent to the top of a stripping column (20)
comprising 8 plates, into the bottom of which air |

is injected at 9%0°C and at 1.7 bar. At the bottom of
this stripping column, an aguecus stream (22 |

576 kmol/h water, 4 kmol/h acetic acid, 4 kmol/h formic
acid) i1s recovered. The gas stream (23 recovered a
the top o¢of the stripping column s mixed with the g¢as
phase {(24) from tThe flash chamber described previously
(70°C, 426 kmol/h N, 145 kmel/h acrelisin, 78 kmol/n
oxygen, 270 kmol/nh  water, 18 kmol/h  acetzldehyde,
25 kmol/h carbon monozide, 13 kmol/h carbon dioxide:
and with a gas stream (o) {8923 kmol/h nitrogen,
38 kmol/h oxygen, 134 kmol/h water, 41 kmol/h carbon

dicoxide, &3 kmol/h carbon monoxide) to which & st:

Tream
of ammonia (178 kmol/n) is  added. The mixture 1is
reheated to 300°C, then injected 1intc & sscond

muititubular zreactor (12} comprising an ammoxidation
cataiyst. At the outlet of this reactor, & gas stream
(77 at 1.4 bar {2030 kmol/h nitrogen, 830 kmol/h water,
118 kmol/h acrylonitriie, 52 kmol/h oxygen, 155 kmel/h

carbon dioxide, 8% kmol/nh carbon monoxide) 1s obtained.
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CO, 13 kmol/h 002) exits this reactor. This stream is cooled to 151C in a
heat exchanger (15) and sent to the bottom of an absorption column (1.1)
that comprises 4 theoretical plates. The gas stream (16) that exits at 10
102C at the top of this absorption column is sent to a partial condenser
(17) which cools it to 79C, then to a flash chamber (18) that separates the
gas phase (28) from the liquid phase (19). This liquid phase (19) is sent
b_ﬁﬁKéO @@@?qof the lf@@%bs%@ﬂpn&pg)rmw 611(:)13)5 ?%6157125% l@?&t@@ OJ_H}% £h
sorption colu a liqui ase (3) at.10 6,7 kmai/h water, 4
E?nooﬁlhoéibeﬁ)é acr%ll,é4 Kq“rﬁ%ﬁ %rlrr%‘é a(:“lEJf)li]“slmdrr‘avv'h%ﬁ‘.'Th%sbliqti%de phass ©
(3YisSeftoHe top-6Fa SHppiRg CORIMM-@OP Ediptising S-prtes 7o 1n
the:bottom of whicheaig 621) 2045 injected at=20C and atl.£basAtlhe pox
botfem of.. this, strippin lumn, a e eam(22) (55 _, e
ool idier. 4 Kmal Sgetc a3 Kenglih rarmie- adic) = overod? "
Thé gas Btréam(@3) reCovéiet-at tie-fopr of e Sthippirt! oluffivis mikee™
withrthe gas)25 phtase (24) fiam thesftash chambersdeseribed-previotisly the
(795426 kmolih N2;,145 kmoilh agrolein, 78 kmoilh _oxygen; 270 kmoilh . ;
water, 18 kmol/h acetaldehyde, 25 kmol/h carbon monoxide, I3 kriol/h .
CHDON FiENidE) and witita e stream (6)823 Rmolhritdgeh: 30 38 £N¢
kimoihoxygeh, 134kniohawater, 41 kmolhrcarbon 3dioxide S58 kerot/hated
carbendnonaxjde) to which:a stream: of ammonia 178,". kmclh) is.added.c
The mixture }sﬁ reheated to 300C, then injected into a second. multitybular
reactor T12) comprising an ammoxidation 35 catalyst. At the outlet of this
reactor, a gas stream (7) at 1.4 bar (2030 kmoi/h nitrogen, 830 kmoi/h
water,s 128 kinoi/h accrpdoni'trile,:52-kmoith-oxygen, 1h5kmoilr cahonilie
dipxide, 85 kmalih.carbop monoxide) iz obtained, ; 21

Hhage 1227, certalin

(D

impurities produced in the dehydration reactor {10):

for examplie the flow rates of hvdrexypropanons and of

acetlc acid in the gas stream exiting the dehydration
n

reactor {1 are respectivelv 1 and 4 kmel/h. Thev are

.2 kmol/h at the inlet of the

Ia]
D
n
o]
D
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In fthe esxamples that follow, the conversion of
glvcercl, tThe acroleln selectivity and the vields oI

N

various products are delined as follows:

Conversion of giycercli (%) = 100 - number of moles of
glvcercl remaining/number of mecles of gilycerol

INTroauced.

y

Yield of acrolein (%, = number of meles of acrolein

t

produced/number of moless of glycercl introduced.

Acrolein selectivity (%) = 100 x number of moles £

acrolein produced/number of moles of glycercl resacted.

The vield of acetone or hydroxypropancone 1s calculated

in the same way as Zor the vield of acrolein.
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This stream. is cooled to 157'C then injected into the bottom of the
absorption column (13). At the top of this column, the gas stream is
partially condensed in the heat exchanger (24) , then sent to a separator
pot 5 (25) which produces a liquid phase (26) and a gas phase (8)
(nitrogen, oxygen, water, carbon dioxide,.carbon monoxide). The liquid
phase (26) is sent back to the column (13). The gas phase (8) is partially
recycled upstream of the reactor (12) via the stream (6). At the 10 bottom

- Oxf%@%@b%%rp%%%%@@@r%ééa concentrated stream(9).of ae_rylonitdle =
(1.16 kmcl/h acrylonitrile, 587 kmol/h water and other byprodﬁucts%js e
chtsihRd Rt SKofild bRIRAEE TOHETHE Bdcess makBS iSossible 1518~
eliminatey irethe aqueous phase (22), certain impurities produced in the
dehydration reactor (10) for example the flow rates of hydroxypropanone
and of acetic aglid in the gas stream exiting tine dehydration_reactor %%A 3
afe TeSpetiively = and 4'KMO™ /.4, They &8 20 réspettively 0.02 and 0.3
knoifasthérinlebetthe oxidation téactol (I2)Cih the examplés!that

follow, the conversion of glycerol, the acrolein selectivity' and the yields of
2p various produycts are defined as follows: Copversion of glyeerol(0) 5 . .
100~ niifiber of moles of glyqerofiremalnlng/num*ber of moles of glycerol
intFodueed? Baéld-of eeFdlem 9= -number moles of acrolein
produced/number of moles of glycerol introduced. Acrolein selectivity (%)

= Xoaqnéggn}be% of %I?t%og§g£§@@ip®9{oduced/number of moles of
gErlcerroI‘reacte . The yield of acetone or hydroxypropanone is calculated

in the same way as for the yield of acrolein. - 22

& tubular reactor composed of a tube having a length of
35 cm and an internzl diameter of 2Z mm is used tc¢
carry out the dehydration rea

gas phase at atmospheric pressure. This react
pla

o
ced in & heated chamber maintained at the reaction
&

temperature, which is 300°¢C, unless otherwise
indicated. The catalyst used is milled and/or pelleted
in or J 10 ml of

a 20 wt% aguecus solution of glycercl with an average

feed rate of 12 ml/h, and witn a flow rate of 0.8 1/h
o

of molecular oxygen for the examples according to the
invention. In this case, the relative O;/vaporized
glycercl/water wvapor proportion is 6/4.5/89.5 The

aguecus glycerol solution is vaporized 1n the heated
chamber, then pas

contact time is of the order of 2.9 s. After reacting
the products are condensed 1in a trap cooled with

3 Y
crusihed Lle.

The total mass of products at the inlet and the outlet

is measured, which makes 1T possible to carry out a



[.._5
(G}

3]

(o)

N

(2]

o

Yield of acetaldehyde (9) = 2/3 x number of moles of acetaldehyde
produced/number of moles of glycerol introduced. 5 Yield of phenol (0) =
2 x number of. moles of phenol produced/number of moles of glycerol
introduced. All the results are expressed in molar percent relative 10 to
the glycerol introduced. Example 2_A5frg)le_in preparation A tubular reactor
composed of a tube having a length of"15 35 cm. and an internal

digmeter of 22, mm is usgdito carry out the-dehydrafionreaction-gbs  are
glyce{ol ir;éh% gas phase at a}m%Pheric pressure. This reactor is placed
i AhestEd chamber MAiaihed atthe reaction temperature, which is 300
unless otherwise 20 indicated. The catalyst used is milled and/or pelleted
irrgeder-to-ohtainparicles Ocf:t0n1.0-may 1Q i of.catalystare ehargeddn ,
the reactor to form a catalytic, bed haying,g length %‘ scem. Thisbedis o
brotight {6 the Teaction Tempefaturé for 5 fo 10 mindtes before the 25
intEHURHDR OF i FeEttants SThel SRl tskis e With a220° RV tyuedtg tone
salutiopiof glycerol with an average feed rate of ,2 ml/h, and with a flow
rate of 0.8 1/: of molecular oxygen for the examples according to the
invention. In this case, the relative 02/vaporized 30 glycerol/water vapor
proportidn s 674 878915 The- Hyueotisigtycerol sollitidh is vagorized in'tiie &
heateds chamber; thercpasses dvef the Tatalyst. The Galculatedrcontact chi
time s of the orderof 2.9 s. After reacting, rthe productsyare condensed in; ¢
a trap cooled with 35 crushed The, totalwmaHss of progucﬁtsfﬁlgme inlet aPcL 5

the'6ute “&-Medstired; which makes ™ possitii& to carry out a - 23"~ §
and a specific surface area of 47.4 m*/g (BET, 1
point). The results are indicated in the following
table:
! i
Tetal glveercl introduced (g) 21 1 33
Catalyst Tungstated
zirconia 17 g
Conversion c¢i glycerol 100 100
Yield ¢f acrolein 54.89 53.0
herolein selectivity | 55 53
Yield of hydroxypropanons [ 0.0 0.0 f
Yield of acetaldeshvde 9.8 &7
Yield ©f propanaldehyds 2.1 1.4
Yield of acetons # 0.1 6.1
Yield of phencl | G.C c.0
Material balance $7.2 97,2 ;
(mass collected/mass introduced) ?

The acrolein produced contains neither hydroxypropanone

reactor is eguipped with & frit in order to retaln the

catalyst. The reactor 1s first charged with a mass of
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mass balance. Similarly, the products formed are analyzed by
chromatography. The products thus quantified are unreacted glycerol, 5
the acrolein formed, and the byproducts such as hydroxypropanone,
acetaldehyde, propanaldehyde, acetone and phenol. In this example, the
catalyst (10 ml) tested is a 10 tungstated_zirconia (90.7% Zr(D2-9.30

WO03) from Da_ichi Kigensc (supplier reference H1417 . The catalyst is
chargcterizegiby-an ignition lgss-at-10006:of k7950 ransisa spegificl ene  to
surface area of 47.4 mz/g (BET, 1 point)..The res re indicated .in the .,
e e e o s e e
TimeREREedSZ2E61 if CorRersion Gliiterst1eBabd ¥ieldof a8foRin 53O
53:0 :Acrelein seleetivityrb3 Yield afshydeoxypropandne 04:0.0 f¥eld ofhis
acetaldehyde 9.8:8. ¢ Yield of propanaldehyde, 2.1 1,4 -Yield gtacetone,9. -
0.1 1ell- of phenol 0.0 0.0 Material balance 9i. 97.9 (mass . .
cBiectediiass Tfodficed) The actBlein prsttieed cdtitdins Adither =°  ©*
hydroxypropaaohédeoripitenol; 26 Example=3 Systhesis of adryibhitriferA 1n
pyrexreactor is gharged w th a caialyatsbed. The reactaris equippedhaiiy

with a frit in order to retain the 25 catalyst. The reactor is first charged . .
mm%%iﬁggggogzﬂs completed wrth 1.1% mm sﬁglbon Carbidse

up to the top of the reactor.

The reactor is then connected to the ftest installation.
The temperature of the catalyst is regulated at 420°C

and the H3V is adiusted to 1200 h™.

The reactor is fed with & gas mixture of 4.5%

acrolein/8.7% oxygen/5.4% ammonia/ (remaind

M
H

helium-
krypton/15%% water. The helium-krypton gas mixture
contains 4.92% krypton which serves as an internal
standard. Use 15 made of the water-acrolein mixture

from example 2, vaporized upstream of the reactor,

after concentration.
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6.578 g of catalyst for the oxidation of propylene to acrolein which is
produced by Nippon Shokubai- with reference ACF4, used in this

example as an ammoxidation catalyst although it is not optimized for this

., reaction, diluted with 7 mi of silicon carbide having a particle size of |
0.125 mm. Charged next are bedsﬂofzsiliq_on carbide having a particle size
of 0.125 mm in an amount of 2 ml, and then 7 ml of 0.5 mm. And finally

the reactor is completed with 1.19 g siigcon carbide 10 up to the top of
the reactor. The reactor is then connected to the test installation. The
temperature of the catalyst is regulated at 420C and the HSV is adjusted

t6 1200%-. A5CTFRE FeadtoF is Fetl With & 'gHs-mixtufé 67 4 B% tacrorin/8/796 "
oxyger/Scdd:ammeniattremainderyheliwmckryptonttadoguatenthe: |
helium-krypton gas mixture contains 4.92% krypton which serves as an
internal 20 standard. Use is made of the water-acrolei.n mixture from
examplée 2€vapotizeéd ipétfeam-6f-fhgteactor S =ftef conceAtratiGit THe: &4
efftuents: are:callectedratcthe @iitlet:afethe 125 reactorchy glicezegoled trapthe

and.the acrylopitrile, produced is assayed, by,chromatographic.analysig: i o,
The yield of acrylonitrile is 6Q0%., - 25 - CLAIMS 1) A process for

maHufadtering Aervionitr-fé by &7 ammoxidation reaction of glycerol in the
gas phase. 5 2The process as claimed in claim 1, characterized in that
use is mage of pure-glyeerolor glyserolithe form otanagueous or 2,
solution having 3 gongentation tanging-from 10% 10.100%.

MMMMM subijected
to a dehydration reaction.
4 The process as claimed in claim 3, characterized
in tThat an intermediate step of partial condensation of

3
the water and ¢f the heavy byprocucts originating Irom

the dehydration step is c

£
H
[
F}
6}
[
(@]
j
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The process as claimed in any one of the preceding

claims, characterized in that the ammoxidati

@ 0

1 reaction
of glycerol is carried out in the presenc a

s
ceontalining propylens.

6) The process as claimed in any one of the preceding

claims, characterized in that the ammoxidation reaction

o

cf glycerol 1s carried out in the presencs of z thermal

mallast.

T The acrylonitrile that may be obtained according
to the process as clalmed in any one oI the preceding
: : v s - R 14 ;
claims, characterized 1n that 1t contains C in a
content greater than 1CG7°% relative tTo the tctal

carbon
8} The use o©of the acrylonitrile as clalmed in ciaim

, for preparing adiponitrile, synthetic polymers such

Lolitm L

as acrylic fibers, synthetic rubber, elastomers, or



10 3) The process as claimed in lain. 1 or 2, characterized in that the
glycerol is first subjected to a dehydration reaction. 15 4) The process as
claimed in claim 3, characterized in that an intermediate step of partial
condensation of. the water and of the heavy byproducts originating _"ion,
the dehydration step is carried out._20,3) The process as claimed in any
one of the preceding claims, characterized in that the ammoxidation
 reagtions ofglyeere: sis eapried aut-ip thempresenceaf agas containiag@iene
propylene. 25 6) The process.as claime, in any.one of the preceding ,
cﬁaﬁs,sc%?écﬁgriz(eg in tﬁa“tstﬁig%)mrﬁgxid%?i%ﬁlirg%léﬁobn %f gly%é?g%v ne
cafrfad-6uitin fhe preserice’sta-thermal ballast. 30 7) The acryloni'trile
that may be obtained according to the process as claimed in any one of
the preceding c_ais,s, characterized in that -~ contains C in a content
greater than 10 h1% relative to the total carbon. 35 8) The use of the
acrylonitrile as claimed in claim for preparino adi pon_toile, synthetic
polymers such as acrylic fibers, synthetic rubber, elastomers, or - 26
resins suchas copolymers of acrylonitrile, butadiene and styrene (ABS
resins) orcopolym.ers of styrene and a--27y=it---'le (SAN resins)



