METHOD FOR THE SYNTHESIS OF ACRYLORITRILE FROM GLYCEROL The present invention
relates to a new way of synthesizing acrylonitrile from a renewable raw material and one subject of the

present Invention is more particularly a method of synt
industrial production of acrylonitrile is based mainly on
process consists of a catalytic oxidation, in the Gas ph

hesizing acrylonitrile from Glycerol. The current
the Soh o process dating from 1957. This
ase, of propylene by air in the presence of

ammonia, a reaction known under the name of ammoxidation. The reaction is the following: =CH-CH.
NH3 3/2 02=CH-CN3 The reaction is carried out in a fluidized-bed reac,,0at a temperature generally

between 400C. amtB60 Crawck2: preierably IO 420G 10, 450C

a pressure which may range from 20 kPa to 300 kPa, and more é%en

Various catalysts are used, such as complexes based

&Agmeygost maodern catalysts, under
flom 150 KEZ18°300 kPa.

on bismuth, or bismuth molybdate, or mixed

molybdates of 25'ifon & of bismuith 6FiroRantimehate; or phosphomalyhdate,sqr antimony-uranium

combinations. TYpieallgsacatalyst eptiniized for:this p
,Mg,Mn)7.SHe,ﬁé)QﬁBi@;s%Q&QOé@pgqﬁgggg 50 w
301tol.1kg o;nggé/ionit? ol
Processes",r- pnd Bartholomew
process has howeverflifier

contains impurities and byproducts that it is advisable

'Ig?pe,rmlg?q] of Eropylerje (refergnce:_ 2
ew,R.J Fartauto,d. Editlbh; Wifey intefsciense;pdgesi604:o 609). This
ou§ drawBagks SFie@ dcrylonrm obtained by ammoziaar on of propylene

racess hag,a formulation, (K,Cs)0.1,N
t%hg:f siliga. It is thus possible o obtain around

e “Fundantentdléshidwstriaicatalytic n

to separate and that are not always reusable.

The main - 2 - byproducts=are, igrgﬁ{ggiﬂ@g,lhyggooc(ygpéq acl;id Q—}_lON)ﬁ,vac«;etorJiyiﬂlgﬂ(CHgCN) and oxides
of carbonzFhey.Jesult from the breaking of the 0-0 bon of propylefie diriy the*arimexidation

reaction carried,_r@ t at high temperaturé'an

d T tHE pregeiés 6f very: attive catalysts: Hydrocyanic acid

after extraction and putificafion, Maybestisedbin processesifor thessynthesisrof methylmethacrviate for

example. On th&%therhadel; acefonitrilepcansidering itg;ﬂmiteglo%licg{igggbig :gercljgrally destroyed.
It therefore appearsspagiculady advaptagequs to.be able touse a ) R

ammoxidation. The reaction 18

215

catalysts,

to 300 kxPa, and mors often

Various catalysts are used, such as

bismuth,

iren and of

e
o

bismuth, or
molybdate,
& catalyst optimized fcr this
(F\: CS}C.E (NL—;'MQ! Ml’l)"}_" E
50 wtk 18 thus

30

g

CE.
Interscience,

jol

ta
J

L S S

T

y

separate 87t are not

& pressure wt

0r bismuth molybdate,
iron antimonate,

or antimony-uranium combinations.
Cx 2.3Big"5M012OX

e e

Bartholomaw,

o~

the rame of

the following:

& il

and 500°C, and

the most modern
nich may range from 20 kPa
150 kPps

£ Y - P
LIOm to 300 kPa.

o]

complexes based on
Or mixed molvbdates of
or phospho-

Typically,
process has 2z formulation
supported on
Possible to obtain
per kg
Industrial

R.

pages

around
of

-

propylene
Catalytic

(SN

604

~nd

Farrautc, z

e e08). This

rocess has howevar numnerous drawbacks

propylene

Cts that it is advisable

2iways reusable. The main



different raw material, which by its nature will result in the desired Product via a different reaction
mechanism, and that aenerates less byproducts. The ammoxidation reaction of propylene is strongly
exothermicandconsequentlyrequiresreactor technologies that make it possible to efficiently discharge
the heat of reaction, such as for example 20 multitubular reactors or fluidized beds. Due to the high
risks of runaway linked to the exothermicity of the reaction, diluted streams are used, in particular use
is generally made of a Propylene/air/Omixture in which the propylene only represents a few 25 in this
configuration, the reactor is sized as a function of-the tetal amount of gas in the installation, and
therefore over-sgjeigl_ggglaéggpeag; éo thpp amount of the propylene reactant, which leads to a cost
premium for the reactor. 30 The cost of thé fristaitatiohris &lsésropartionad ta.the @roqunt of heat
which must be exchaiged'in the pFot&ss. I therefoie essentiak tominimize. the.heat Josses by
reducing the sizéwmhéﬁbﬁitsb.zltawbuicgth@fefafeebegjp@rtigglggy ggv%q:tg eous éo be §bl"e“to produce
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5 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-concentration oxygen, or
oxygen-enrichedair as an zing agent. Air is often considered as a Ib reactant whereas .oxygen is
commercially available. However, the air must be purified and compressed in order to be used, which
requires not only an investment in a compressor, but also variable electricity costs; whereas oxygen is
available under pressure and with high qualities. The use of oxygen may then permit substantial
reductions in investment in the industrial unit, but-alSo in operating costs in certain. cases. Other

routes for synthesi'ing @%r)‘i@i@it@ﬁ@x@?ﬂggi
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an arsenic-based catalyst and a large pro

portion of water vapor as diluent. 10; Patent EP 558

424describesaprocessforthe ammoxidation of propane in the presence of a catalyst comprising
vanadium, antimony and at least one metal chosen from iron, gallium or indium. Acrylonitrile 25
selectivities which may reach more than 70% are obtained. p,L1-. 20 of oxygen and ammonia by
passing the gas stream successively over two catalyst beds: a. first catalyst bed composed of boron

phosphate,coprecipitated

silica/aluminaorcoprecipitatedalumina/tungsten oxide, over which the
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is high. effect of various parameters, such catalyst or presence of water vapor as a diluent. reaction
mechanisms involved, subject of many fundamental studies More generally, the ammoxidation
reaction of propylene, alcohols such as propanol or isopropanol has been of aldehydes such as
acrolein, or for studying the as the nature of the of ketones or of for determining the the Mention may
especially be made of the article by K. Oka at colil, in 0. Appl. Chem. Biotechnol. (1975), 25, p.
663-670, relating to the ammoxidation of acrolein, which concludes that this reaction would be 1000
times faster than the ammoxidation of propylene,assuming that the reaction can be in a chemical
regime at 400C.:M. €adfala and J.E Germain in Bull. Chem, Soc. No. 1971, p. 2167-2174 studied the
ammoxidation of acrolein 20 at 46000 over a Bi-Mo-O catalyst, which results in an acrylonitrile
selectivity of 87%. According to the authors, the selectivity of the reaction starting from acrolein is
higher than when StartiR fof propylétie Gverthesame catalysts. 25.Bull. Se¢, Chin, No. 3-4,(1975),
p. 731-734,).E.Gérmaiketooitieemparedthe ammoxidation,of propylene gggé%f écgglein;(:):ver an Sn-
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Sb-Fe-0 type catalyst at about 450C, with or without 30 water vapor, propylene as an initialthat gives,
at acrylonit ile. But LlIn trselectivity is very contactLames,COacetonitrile isopropanol at 460C over a
R-Mc-0 catalyst results No 5-6,(1979),p.173-178.The ammoxidation of n-propanci is itself compared in
Bull. Soc. Chim, The ammox dation of the alcohols isopropanol and product CCM,high and in - 6 -
different from that observed in the ammoxi ation of propylene, thus the maximum conversion to
acrylonitrile from isopropanol is only 17%. Over an Sn-Sb-0 catalyst, the primary product is mainly
acetone which leads te acetonitrile bredominantly: O¥er the same catalyst, in
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the case of the ammoxidation of n-propanol, the primary product is n-prepanaidehyde and not
acetone. A notable difference in this case is also the absence of  propylene. At a conversion close
to 100%, the yield of 10acrylonitrile is only 7.5%. The applicant company has now surprisindiscovered
that it is possible to obtain acrylonitrile by ammoxidation of a renewable raw material, such as
Glycerol. Glycerol is derived from the methanolusis of vegetable oils at the same time as the methyl
esters, which are themselves used in particular as fuels in diesel and 20 domestic fuel oil (0. Ballerini
and G. M7lion, L'actualite chimidue, Nov.-Dec. 2Q02, pages 64-69). This is a natural product that
enjoys a "green" aura,; is available in a large amount and can be stored and nsported without difficulty.
A process for prod@éingarylopitiedisectly fromrglyceralsis t@qeﬁp{;gpa&tiq&g@ﬂy&%vag;ageous since
it is not dependentosea rawe snatesial of fossil o\r@@,,&;@c&%% BropyLeneggut uses a rquyvable raw
material. A 30 renewablggaw materiakis aim_%tg(r:qﬁl, animal or p?apt resou cé, “_tﬁé stock of which may be
regenerated overa %orto @eripg on the__hhum"ah sC’aﬁé. Itﬁs hec‘bss’*é)ry, i canbagenéweédas quickly 35
Indeed, unlike n;qﬁtérlals%(i%ri\iéi ﬁa%\fbﬁﬁﬁﬁ%%eria%, rmatarials cbmposegtefrengwaple.raw materials
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140 All the samples of carbon taken from living - 7 - 5 atmosphere. ratio of living tissues is identital to
that of the organisms (animals or plants) are in fact a mixture of three isotopes: 120 (representing -
98,892%), (6 1.108%) and it (traces: 1.220-12%). Thel140/nC In the environment, forms: in
inorganic form, carbon dioxide (002) and say in the form molecules. 10 In a living organism, the "CAI'
ratio is kept constant by the metabolism since the carbon is continually environment. Since is
substantially 15 the same in the since it absorbs 14c/Mc ratio 25the law: 20 atoms in a given sample is
constant over time. atoms in a sample decreases. oyer.time (t) according to disintegrations per minute)
and the number of such living being contains enough14 isotope to give 13.6 itself, is radioactive (each
cram of carbon ffofT 4 ~S9ra10n constant a by the formula 2Ty, = 1n 2.
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is stable, that is to say that the number of -c " n = no exp(-at) in which: no is the number of14, at
the start (at the death of the creature, animal or plant); 30- n is the number of "C atoms remaining at
the end of time t; and - aisthedisintegrationcon'éta%?(o? radioactive constant); it is linked to the half-life.
The half-life (or period) is the duration at the end of which any number of radioactive nuclei or of
unstable paitigi@s®F a given species is reduced by half by disintegration; the half-life J-1/2 is
connected 10 the diSintegration constant a by the formula aTin = in 2. The half-life of 14C is eaual to
5730 years! Cohsidefiig the hafftife FiRF6f 5 248148 StiFstEnfalRFEoifstantfidm the plant oil from
which the glycerelds evenup 1Q-The acrenitrile pbtained.framsalyesrobis cosmpaseg-of 100% organic
carbon derived from a renewable resource, that is to say that it contains around 10-1(!% by weight of
"C of the totdl ifas&"6FEarbon, whith 308IdP5& E&ntified by determining the content of 14C according to
one of the methods described in the standard ASTM D6866-06 or in the standard AST M D 7026-04,
especially according to the mass spectrometry or liquid scintillation spectrometry methods described in
the standard ASTM D8866-06. These methods measure the 20247/127 ratiosample and compare
it to the 14C/12C ratio of a reference sampe of 100% renewable origin, in order to give a relative
percentage of C of renewable origin in the sample. 25 Such a process therefore meets the criteria
associated with the novel concept of "green chemistry-, within a b.p



more global context pb sustainable development. 30 itgeneratesfewer impurities,the ammoxidation
Another advantage of this process lies in the fact that reaction mechanism being different from that of
propylene. Furthermore, since the glycerol raw material is already partially oxidized, its conversion to
acryionntrile is less exothermic than the ammoxidation 25 of Propylene, and consequently 4 4- is
possible to carry out the synthesis in reactors of suitable size, with high partial pressures of the
reactants, while limiting the risks associated with this synthesis. - 8a - SUMMARY In a. first aspect,
there is provided a process for manufacturing acrydonitrile by an ammoxidation reaction of glycerol in
the gas phase.B-E%_, ILERLRESLRIBTION One objective of the present invention is therefore to
respond to the corcer fsustaimabte development while overcoming the drawbacks of the current
processes. Ongsubigct ofthe present inveptian ds,therefors.a ;process forsmanufacturing acrylonitrile
by an ammoxidation reac';i_%)n of glycerol in the &as 'é)_lgase. [The reaction mechanism is the following:
CH20H-CHOM>CHEORNHS17.1702 -+ 0h2=CH-ON4 1-120° (13 According to the present invention, the
glycerol is reactéd #f the V&Epor P8 with AFhmoniddR@ B%ygen fit the E%ésené%léFﬁﬁécid catalyst,
according to a singtesstep process. The glycerol is used pure, or in the form of a
concentratedordiluteaduecussolution. Advantageously, it is possible to use an aqueous solution of
glycerol having 2 gonsc:ggtreajg,on rq_,ngi,nrgé from&]SQ%l) fo 1%0%9 b“,y%vc\j/%ight. Th»eﬁcgﬁnc;eﬁnvrtgatio&n must not be
t00 high in ordet 6 avoidt péfasiﬁé rea’cﬁon%"sﬁcﬁ", as the forthaticn of ¢ gﬁygé‘r‘c?l"e?ﬁé’r‘“s or reactions
between the adilefitfife prodiced P therglyLarol Moredvér, thé giycer§l solftfon miSt not be too
dilute due to thememergyicostinducedtbhythecévaparation of the aqueausssglutier: of glycerol. The water
vapor originating from the aqueous glycerol solution may vary within broad limits, but for a good
impIementationﬁ@thi%rgfpggg according to the invention .the content reaction gas, defined as being
the glycerol/ammonia/-" ™~ ST T T e

CHoOH=-CHOH-CHROH + NHs + 3 0Op - CHZ=CH-CN + 4 H0 (1)
According to the present invanition, *the glvcerol Lis
rzacted in the vapor phase with ammonia and oxvgen in

the presence of an acid catalyst, according to &
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oxygensum,ispreferablyatleast2%,more particularly at least 4%, in the mixture including the water
vapor and the inert cases, including nitrogen from the air when the latter is used as an oxidizing - 10 -
agent. It is possible to use diluent gases that are inert under the reaction conditions such as helium,
nitrogen or argon. Within the reaction gas, the respective contents of glycerol, ammonia and oxygen
may vary within broad Imits. The ammonia/glycerol molar ratio may vary between 1 and 1.5, and
preferably between 1 and 1.2 and the oxygen/glycerol molar ratio may vary between 0.5 and 10 and
preferably between 0.5 and 7. The reaction temperatyre. is, in general, between 280C and 550°C and,
preferably, between 400C and 500C. The total pressure of the reaction mixture may be 20 greater
than or equal to %ﬁ’reur)lé“pheric pressure. It is generally between 1 and 5 bar and, preferably, between 1

and 4 bar. The catalyst used in the process for ammoxidation of g...yu,e,_ou is an acid catalyst which
is not saturated with ammponia af the reactipn.temperature. The catalyst may comprise one or more
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antimony, zirconium, gtanlum,f(?cﬁrom‘iu' Hicket Caltimnti, posphbtusior galtivmgAnperson skilled
in the art will be abl&*tc’d8termine the compromise between the temperature, the gas flow iasu and the

precise nature of the catalyst used and 35 the various other parameters of the reaction in order to
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AccordinguL. one embodiment ofhe invention, the According to one preferred embodiment of the
invention, the glycerol is first subjected to a step of dehydration to acrolein, the reaction mechanism 15
implementing the following two consecutive reactions: 01-120H-CHOH-CH20OHCH2=CH-CHO a
2H20(2) CH2=0H-CHONH3 -k ;t 02 -+ CH2=CH-CN25120(3) 20In this case, the reaction is carried out
by using two glycerol to acroleMn and a second catalyst for the catalysts in it possible to carry out the
dehydration reaction of series, an acid first catalyst that makes ammoxidation of the acrolein,
advantageousivcarriedoutwithoutintermediate ackclein is Purification of the acrolein and therefore as a
mixture with the ]?fY:gLQd;UCtS derived from the glycerol 30 dehydrationstep,suchasacetaldehydeor
propanaldehyde. ndve“eid?“‘fhe“ﬁgﬁﬁﬁtﬁéﬁ?d@§§r@%oﬁvérie@ﬁ&nimﬂesi;pm,fewﬁb&ytum@atggated nitriles,
simultaneously ifithe affrRdsidationstem ¢it2<diluieddn water: Whepthe.ammaonia and oxygen
necessary for thermmmoxidatianeeaction ar¢.added, the reaction may be carried out in‘a concentrated
reactant medium-while tgmaining outside r?f themgwgqploqsi‘veh 'Ehhes_e:conijﬁr()%s ofa ﬂfﬁlyﬁéﬁ”ﬂcentrated
possible to gcongmically recycle the 10 Acé/orali_ﬁthS ‘Oné‘parficar émbodinrent; the twa steps of the
process are carried Sit &f e Samé temperature: prsferabiybetween:400G and 5006 o

fhf ?racess may be carried cu: in continuous mods or in

Dc_lbbn_ neas, LSing a Ifixed bEdf 2 fluidized be.d, a

Circulating bed, 2 plate heat exchanger with z modular

errangement of the caralyvst, a microstructured reactor

"_.i
(]
8]
H
o
H
?.‘J
o
FJ
EJ
953
f
B
£
14
F
|
H
0}
83
I
i
W)
1
cr &
]
t4

According t ref i )
Ceording to one preferred embodiment of the invention
@ntion,

the givcerol isg Iirst subjscted to & step of
dehvdration T crolein & saction ;:* 1 ;

nyarat O roleiy T i i
acroliein, Che rzaction mechanism

Jx
n

i le in = Eom T Y el .
mpiementing the following two consecutive reactions:

CHxOE-CHOH-CH,0B —» CHz=CH-~CHO + 25,0 {2
2 L)
CHy=CH-CHO + NH: + 3= Oz = CH=CH-CN + 2H-0 (3}

20 In this ¢ T T3
-t Lhis cese, the reaction is carried out bv usinc =wc
S SINC LWo
catalysts in ssarie ac

n
e
i

1t possible to carry 1t T iehydrat
POSSIDle TO carry out the gaenydration reaction o
giycerol to acrolein

ammoxidation of the acrolein.

o
[ a1

1
)
IS
oy
| 1
N
@
=}
]
G
(88
!_L
=
4y
]
t
f
)
i
]
=
O
i
=5
(a5
[
[
;...4_
Q
3
&
iy
]
o
)]
m
@]
]
]
?_ £
£33
!_l
a1
103}

- e
30 dehvdration step, such as acetaldehyde o
CeElad el = r

prepanaldehvd I i the L ght .
Propanaldehyde. Indeed, the light zldehydes  ars

~ LT e Ao e - ol

onverred to nitriles, prezerably unsaturated nitriles
iitri ;

simultansously in the amroxidation step
bt - LR ]

58]
[
=
ot
H
¢t

lermore, the dehvdration of glvce

e - G o LV hl ] 3 o

coichiometrically produces two moiecules of wa
e e - h

s
Therefore, +the acrole: rod o3
,  the tYLEsR proguced is naturally diluted

in water v r, =211 1] s ;
apor, all the more so when the glycerel is



According to another embodiment, the two steps of the process are carried out at different
temperatures, thus enabling the optimization of each of the two of efficiency of the catalyst 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 between 250C and 350C, and a pressure between | and 5 bar.
The catalysts which are suitable are homogeneous or multi-phase materials that are insoluble in the
reaction medium and which have a Hammett acidity, denoted by Ho, of less than +2. As indicated in
patent US 5,387,720, which refers to the article by KzTanabe et a7. in "Studies in Surface Science and
Catalysis", Vol. 51,.1989, chap. 2 and 2, the Hammett acidity is determined by amine ttration using
indicators or by adsotpfion ot 8'5asé in thesgas-phaserFhelcatalysts:35 sespansing ta the criteria of
Hn acidity of less fan™+2 nrayie: chesenfromenatytalor synthetic.silaceaus materials or acid zeclites;
mineral supportspsychhas exidess govered with monos, or polyacidic inorganic acids; oxides or mixed
oxides or else hg;ﬁgq@ob@%iglshﬂuorooa“rgwdslgr iolid; Ta20sr ﬁcﬁerO?f*ﬁfT b?d’cfe SiF02, flica Si02 or
silica5i02/A203, impregnated W ith ‘cid funtliGnal 15 Gifhatérd Pamimett aoidity-Hooftess than +2.
According to data roi thiéNfteratiFe: thésescatalysisphosphate PO4silicatesig2,or malybdate Mo03.
groups such as Bérate BEE, sulfatec®0d ; tungstateNO2; 20 phgsphated aluminas or.silicas,
phospnated zirchafes, tungs The:preferred catalysts arg zirconjas,sulfated titanium. 't‘a“t:éd
zirconias,silica o nyerteqa. SEH o inSuiiiciently
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or tin oxides,or sulfatedzirconias, may then vary to a wide extent, down to values which may reach -20
in the reference 25 scale with Hammett indicators. The table given on 71 of the publication on
acid/base catalysis (C. Marcilly), Vol. 1 in Editions Technip (ISBN No. 2-7108- 0841-2) illustrates
examples of solid catalysts within this acidity range. 30 - 14 - for numerous catalytic Preferably, the
ammonia isduced only second step. The ammoxidation step of acrolein to acrylonitr le is then carried

out over an ammoxidation catalyst at a temperature,

in General, between 300C and 550C and,

preferably, between 400C and 500C, ana under a 1(:pressure denerally between 1 and 5 bar
and,eferably, betvr\llggn 1 and 4 bar. The composition of the reaction mixture, acroleinammonia-oxygen,
may vary within wioe ﬁ%?‘_tlscanoaﬁ ’TéiEOSsiBFéll%el‘fse difuentigases that ate inertundes the reaction
conditions such %%Wiﬁmlrﬁﬁf@@éﬁ argon, or nitrogen from the air when the latter is used as an
oxidizing agent. 20 The ammonia/acrolein and oxygen/acrolein molar ratios may vary within large
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be made of an acid catalyst which is not saturated with ammonia at the reaction temperature. The
catalyst may 30 comprise one or more mixed oxides chosen, for example, from
molybdenum,bismuth,iron,antimony,tin, vanadium,tungsten,antimony,zirconium,titanium, chromium,
nickel, aluminum, phosphorus or gallium. As ammoxidation catalysts which may be used, mention may
especially be made of mixed oxides based on bismuth molybdate, mixed oxides containing at least 7'e
and Sb, or at least U and or at least Sn and sh, or at - 15 - least Mo and V, and/or W/Nb/Ti/Ta and/or
Te/Sb/Bi, and also the oxynitrides containing at leastzhi-and P. One advantage of this embodiment
consists of a better 5 choice of the catalyst paHr. Specifically, the dehydration reaction requires acid
catalysts that can be THiBREH by therésénce 6F ARinonia if they are too acidic. The separation of the
two steps makes it Possible to individually optimize the operation 10 conditions of each of the two
dehydration andramfe@ddation reaetions.preferred; embodiment of the %rg%nat!g% from the
dehydration step is.catried. out intermediarily. to a step of dehydration to acrgleln, and“gbartlal
condensatign of the water and of the heavy byproducts appended single figure, the glycerol is first
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by way of example in the 20 The use of a prior step for the dehydration of the glycerol used in the form
of an aqueous solution has the drawback of resulting in a stream that contains not only the acrolein
produced and byproducts, but also a 75 significant amount of water, which originates, on the one
hand, from the glycerol solution and, on the other hand, 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 acrolein. It is therefore a simplified separation, which
produces two streams, the first containing acrolein,:and the light 5 byproducts,such as
acetaldehyde,prgggggl%hyde, acetone and optionally inert gases, CO and

the second, which is rich' ih Water, corftaifirig the/ ikalgibyfroducts stich @ssphenol, an
hydroxypropanofies andftheo= 161-taddition products ok aceoieinglyceral,(agetals), and products of the
polycondensation of glycerol, cyclic or non-cyclic glycerol ethers, propionic acid, acrylic acid. 5 The

partial condensation ypit-may.be an l@bggrpgon column that may or may not be coupled to a stripper, a
heat exchagger,f,%ézgggensge___r, a (j(;pﬁIegjrha‘tokr&,E and 86 any egbiphient well knotvartosar person skilled

c the catalvst pair, Specifically the
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10 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
installation. - After the intermediate condensation step, the acre:Leinrich stream is sent over the
ammoxidation catalyst, adding the ammonia necessary for the reaction and adjusting the partial
pressures of the acrolein and 20 oxygen reactants and optionally diluting the reaction gas with an inert
gas. By reference to figure 1, the glycerol is introduced as (1), in the form of an aqueous solution, into
a first 25 dehydration reactor (10). Molecular oxygend?2) is also introduced, for example in the form of
air or in the form_\oéﬁig enriched with or depleted in molecular oxygen. The dehydration reaction is
carried out in the°gas phdse Tt eattoPA Of i thesgresehce of a30rdehydeationsqatalyst, at a
temperature bet#g€n 250C and850C and nadepalpressuredeiwesn 1 aad 5.bay, JThe-gas stream, on
exiting the reactar/(10)c-iscomposed of gimlx%gﬁfg@rls&n&%cljsolemé vaéate[, cheﬂrolﬁ_a_.nd byproducts.
The bvproducts QE%{)XQEOQQ{ wanone,propanafdehyde, acetone, phenofﬁ“&‘ Fon“b%&ucts of --
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<o dehydration reactor (10, Molecular oxygen (2) is alse
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introduced, for example in the form of air or in The
form of air enriched with or depleted in molecular
oxygen. The dehydration reaction is carried out in the
gas phase in the resactor (10} in the presence of
3C  dehydration catalys:, at = temperature between 250°C
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and 350°C and under a pressure between 1 and § bar
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The gas stream, on exiting the reactor (i0) is
. reactor ; is
compesed  ©of  a mizture comprising acrolein, water
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so unconverted glvcerol and Lyproducts. The byproducts are
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yAroxypraopanone, propanaldehnvde,
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acetaldehyde, acetone, phencl, addition broducts of

acrolein  to lvcerol o i )
¢ glycerc., polycendensation products of



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, propanaidehyde, acetone and optionally inert
gases, CO and 002. 10 Al] or pare of the stream (3) is sent either to a rectification column for the
purpose of recovering the light fraction which might be absorbed in this stream, or to a wastewater
treatment plant. It, may also be sent to a thermal oxidizer, or else a portion of this stream 15 is

recycled in order to dilute the glycerol to the desired concentration. The stream (4), which is rich in
acrolein and free of the heavy byproducts and of mest of the water is sent 20 to the ammoxidation
reactor (12) that comprises a fixed bed of the ammoxidaticn catalyst for the acrolein. The reaction is
carried out in thé pregerite ofMdldcularosyencis) which maybe in the, form of air or 25 in the form of
air enriched with or depleted in molecular oxygen, at a content ranging from 3 to 20 vol%, relative to.
the incoming streams and ia the presenge of g cies mixture (5) comprising inert gases and ammonia.
The inert gases Qggggéqrélsfm the process 30 m?)%!opﬁoﬁ’ani/ﬁbel completely of partiésthposed of
cases (8) ohtained at the top o?]i“he‘ AbsOiptionTEtumA @3yt The dRimoxidation reaetion is carried out
at a 35 temperatuté befBER 4BDCrT 00T artmnder a-peessuresbetween deand.5 bar. The effluent
(7) from the amr@xidlation stepzwhichds riehdn acrylqnitrilg is; then purified in ase aration unit (13)- in
order to separate; gnthe gnehand,the light, (B) and the unconverted acrolein, and, 6f$he other hand,
the acrylonitrile g-8},st\'e§!;{Lg>ha§fggy Os‘;’gi;jl contain traces Q?ﬁea\?y bVﬁPo‘duc%‘: Recoteing toenother
embodiment of the invention, the ammdxidation feactidhot the gfyceral iStarried out in the presence

of a gas that contains propylene. The
i 1 - o e £ an
20 ALl or part of the stream {3} is sent either o =
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10 propylene-containing gas may be co-fed with the glycerol, or it may be fed after the glycerol
dehydration reaction. According to another embodiment of the invention, the Is ammoxidation reaction
of the glycerol is carried out in the presence of a thermal ballast, such as for example propane or a gas
that contains propane, methane, ethane or CO2. 20 The thermal ballast is a heat transfer fluid, which
may be used to provide the heat necessary for the dehydration reaction, but also to take away the neat
produced during toe ammoxidation reaction. The thermal ballast may be introduced together with the
glycerol, 25 or when the dehvdration and ammoxidation-steps are Seoarate, it may be introduced
between these s$§;p§1. The thermal ballast,such as propane,is optionally recovered and recycled. 30
The products from the feaction'maybe recdvered i tie efflueht gdses:by:ary suitable means. For
example, the effltient gases midy passsntoteeconeenserthat epntains dilute sylfuric acid in order to
neutralize the uncarivertedamaania; sthe gases may then pass %Q@u%b_ a Q%o,léd ébs‘”of%ent column in
. . % 4ol p=ierven) . ; .
order to condensge the-acrylorjtrile, ;J;ltg%gcetgnnltgleaang fhfgﬁh,y_diggyanlfc acid Iﬁg the‘?f)ﬁossmle to
isolate the acrylgnitrile frc%rgftggpbxproduéts by suctessive istiliatfon. %9 - 5 résotrcetsuch as
propylene . LioLLaces or neavy byproducts.,
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dehydration reaction.

According to anothe j < £y .
1G cher embodiment of +the invention, the

1> ammoxidation reaction ©0f the glycerol is carried out in
‘ carried gut in
the presence of & +thermal ballast, such as for example
propane cor a gas that contains PIropane, methane, etb;n@
or CO2 . )
0  Thes thermal 12 ' i
20 The bne;ﬁai ballast is a hesat Lransfsr fiuid, which may
be used te provide the heazt necessary Ifor  the
cdehvdration reactlion, but also re takes aw;y the hest
produced during tne ammoxidation reaction. The thermal
pallest mey be introduced Logether with the OiVC@“O7~
25 or when <the dehydration and ammonidation s;e;s a:;

separate, it may be introduced between thess steps. The
i = - o a 14T
§ i

thermal ballast 1l ‘
p such  as  propane, 15  optiomally

30 The products “rom +the rea tion may be recovered in the
errluent gases by any suitable means. For examples, the
TLiLiUSNT gases may pass into a condenser that ;on'

dilute sulfuric acid in crder 1o neutrali
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productivity, while reducing the dependence obtainhigh-purityacrylonitrilewit' Via the process of the
invention, it is nagood Possible to on a fossil be obtained according
to advantageously the content higher than 10-11% which could 10 one of the D6866-06. The
acrylonitrile which may be obtained according to the process of the invention is used for preparing, in
15 patrticular, adiponitrile, a precursor of nylon, synthetic polymers such as acrylic fibers, synthetic
rubber, elastomers, or resins such as copolymers of acrylonitrile, butadiene and styrene (ABS resins)
or copolymers of styrene and acrylonitrile (SAN resing)20 The products thus obtained contain organic
carbon derived from a renewable resource that corresponds to the concept of green chemistry.

The examples bglow illustrate the present 25 without however limiting the scope thereof. EXAMPLES
invention Example®l (with ref&ienee tfiguré) 301asimutation using ASREN software was used to
illustrate the proé&ss ascordingto-the-inventions Jihe:values are givep.in, rkmol/hour For. he sake of

clarity, only the mednicenstituents gre H‘quq;gg dAg,as strea m%te gg%gg eanéjpat glycﬁg_w
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gas  stream at 331°C and at 2.0 par (188  kmol/n
lycerol 9€3 kmol t & | )
? T . £3 kmol/h water, 426 kmol/n nitrogern,
113 kmel/n OEygen) iz sent 1NTO & fixead



2.0 bar (188 kmol/h 426 kmol/hnitrogen, intoafixed-bed mutubular reactor (10) containing a
heterogeneous  dration catalyst coupled to a molten salt bath. A gas stream (14) at 320C and at 1.7
bar (1336 knio]/h water, 426 kmol/h nitrogen, 78 kmelih oxygen, 147 kmol/h acrolein, 19 ketwil/h
acetaldehyde, 25 k=1/h CO, 13 .kmcl/h COfl exits this reactor. This stream is cooled to 151C in a heat
exchanger (15) and sent to the bottom of an absorption column (11) that compri.ses 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, ther tc?& flash chamber that separates the gas phase (28)
from the liquid ph E.(lQ)KF;'Eh' liquid phase (19) Ws sent back to the top of the absorption column
(11). At 15 the bb%%fﬁéfl t \‘le”“ag%sofpdt%%hgdum%r?}d liquild priase™(3) af103E8 A0BTKHIGIT water, 4
kmcl/h acetic acitf ™Y “GIT tSicCASHY 1§ BrafiiBf SFhis fiquid phase(3)ds senttathe tdp of a
stripping columre(20) eompeising 8plates, intathe bettom:of which ais {21):20is injected:at 90C. and at
1.7 bar. At the bettesvof s strppingcolumn, . an-aqueous stream (22),(pR0C, %7}6> mol/h water, 4
kmol/h acetic acid, 4 1/h formic acid) is.recovered. The gas stream (23) recovered at thé top of the
stripping column is mixed with the gas phase (24} From the fiast dhamber desctibeBioréViously (79C,
426 kmol/h N2, 145 krol/R4ctéin~78 kifishisoxygen, 270 kimolh Witérs 1:8-kmolh acetaldehyde,
25 kmol/h carbofahendxide, 133anolinrcasbonsdioxide)-and with aas stegam (6){923:kmol/h
nitrogen, 30 38 kmoliaxygenc134 kmollwater 41 kmolih.carhon dioxide, 53 kmal/h, carbon
monoxide) to whjck}ugesérlg,ﬂa,rg of fmmmgnlﬁq(l?ﬁ&molih is added. Tpe\mi}gqrg Is reheated to 300C,
then injected into aﬁg_eﬁconfél“mﬁuﬁltubﬁlﬁtr' reactor (12 Comprisiid an "‘a%mtdi‘(‘i’datffﬁ"taﬁal‘?fst_ At the
outlet of this reactor, & ¢fas streant 17) A 1 (2030KMREIP hitdgens 830Tkrel/is water; 198 lemol/h
acrylonftrile, 52 kimol/hzoxygen 55 «molfriicarbon dio ‘deq85 kmolih-carbon monoxide) ds obtained. -
21 - This strean isrceoled t.3p#E-thensi14-ected intg the bottom. of the absarption..column (13). At
the top of this calumn, the_gas.stream is pfarﬁtial(ﬁt( gs)%gd%ﬁégt? ivri"th.é}'ﬁeég'{l (:ch%%%gér ?22 /then sentto a
separator pot 5 25) which prodaces aliquid phase (26) and a'gad phade (8j{nitrogen, ‘Gkygen, water,
carbon dioxide, E&rbon‘tfichoide): Thelifuid phase (28) 3§ seht backetoltkiercolirhh (13). The gas
phase (8) i°partially recycled upStream of therreactor (A2) via-thesstream(8).Atdbe (=
at  L027C (1067 kmol/h water, 4 kmol/h acetic acid
4 kmoi/h formic acid) is drawn off. This Ligquid phase
(2} 1s sent to the top of a stripping column (2
comprising B plates, into the botrom of which air (23
20 is indjected at 390°C and at 1.7 bar. At the
this stripping column
979 kmol/h water, 4 |
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10 bottom of the absorption column (13) a concentrated stream (9) of acryionitrile (126 kmcl/h
acrylonitrile, 587 kraci4h water and other byproducts) is obtained. It should be noted that the process
makes it possible 75 to eliminate, in the aqueous phase (22), certain impurities produced in the
dehydration reactor (10): for example the flow rates of hydroxypropanone and of acetic acid in the gas
stream exiting the dehydration reactor (10) are respectively 1 and 4 kmol/h. They are 20 respectively
0.02 and 0.3 kmol/h at the inlet of the oxidation reactor (12). In the examples that follow, the
conversion of glycerol, the acrolein selectivity and the yields of 25 various products are defined as
follows: Conversggri of glygggg[.l_- 21nnumberof .moles of aly%%[%[etpgé%'gg@ﬂn}bneigf rgg[gsofglycerol
introduced. 30 glg%cj_g,gaccggle|pk(§) E}ngbej ‘ofjnmorlxeﬂs of acrolein pr Qgced‘/number oiprr)oles of
glycerol introduced: ~ Actoleir seletivity (8)'="100°% hifftiber 6f mole&of 22 adréfein® 2
produced/number'ofmoles Brglycersl réacted - x22n Yield tofr atetaldehyded@b):=2/3:x number of
moles of acetaldehyde producedinumber ot mples:ofglyceralintreduced - 5, Yield,of phenol (3) - 2 x
number of rgoles of phenolprogduced/number.of moles of glyceralintrodyced. . Al the results are

[

expressed in mop%r) percent relative 10 to the glycerol introduced_ Examplé 2% crofeifr ﬁreeparation A

(MICrogen, | onvoen Rtar, carton dioxid Caropon
tubular reactor composed Ojf a“th’bé haw%é] £ren§tﬁ ofFF+ “axoon dioxide, carbon
monoxice) . The liguid phase {2€) is sent back teo the

columr (13). The gas phase {8) is partiallv recyclead
upstream of the reactor (12) via the stream (6} . At the

1C  bottom of the absorption column {13} & concentrated

0]

Trean (9) of acrvionitrile

&
67 kmol/h water and other byproducts) is obtained.
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- Ehould De noted that the process makes it possible

15  to eliminate, :in the agusous phase {22), certain
impurities produced in the dehydration reactor (103
for example the flow rates of hvdroxypropancne and of
acetic acid in the gas stream exiting the dehydratior
reactor (10 are respeo ively 5% and 4 kmoi/n. Thev are

20 respectively 0.0Z and 0.2 kmol/h at the inlet o©of the
oxidation reactor {(12)
in  the examples that Zollow, The conversior of
glycercl, the acrclein selectivity and the yields of

25  wvarious products are defined as follows
Conversion of glycerol (%) = 100 - number of moles of
glycerol remaining/number of moles of glycerol

introduced.

30
I T ; -
tiesd ol acrodein (%! = number of moles of acroleir
produced/number of moles of glveerol introduced
Acrolein selectivity (%) = 100 x number of moles of
35  actrolein produced/number of moles of glycerol reacted.
Tne yieid of acetone or hyvdroxvpropanons is calculated



LE-. 35 cm and an internal diameter of 22 mm is used to carry out the dehydration reaction of glycerol
in the gas phase at atmospheric pressure. This reactor is placed in a heated chamber maintained at
the reaction temperature, which is 300C, unless otherwise 20 indicated_ The catalyst used is milled
and/or pelleted in order to obtain particles of 0.5 to 1.0 mm. 10 ml of catalyst are charged in the reactor
to form a catalytic bed haying a length of 5 cm. This bed is brought to the reaction temperature for S to
10 minutes before the 25 introduction of the reactants. The reactor is fed with a 20 wt% aqueous
solution of glycerol with an average feed rate of 12"ml/h, and with a flow rate of 0.8 1/h of molecular
oxygen for the examples according to the invention. In this case, the relative 02/vaporized
glycerol/water vapgr properti pgi§a 5[69.5. The agu glyceral.solution is vaporized in the heated
chamber, then pia'“sgsﬁé\éwod\g/)ék t%%‘é“ca%%étfy T % giafléqlate%p);gqtgctrﬁjﬁnmg iS of the %?geergof 2.9 s. After
reacting, the protiticts ar& condended M 4 FAP EEBIEd with crushetfite. frass Paraices Similarly, the
products formed-are-anal/zed by chromatography. The products thus quantified are unreacted
glycerol, the acrolein formed., and the byproducts such as hydroxypropanone, acetaldehyde,
propanaidehyde, acetone-and phenol. In this example, the catalyst (10.ml) tested is a 10tungstated
zivconia (90.7%"2?;%2%955/ nv%évlg’l]l?, TrO[!rlGCenci)%ggné%?é%bblie%‘cre é?é’”ﬁ’é% H14%7) The catalyst is
characterized by ARIGATtoN 1088 4t 166080 E 759 and<Edpecific: sif €e&ida of 47.4 m2ig (SET,
point). n ho results are indicated in the follow g ,table: Total glycerol introduced(g) 21
CatalystTungs-ated zingeni#.Copversionsetglyser;l Yieldef acrolein Acvolen.selectivity 100 55 100

10 o the glycerol introduced.
Lxample 2 Acrolein praparation

A tubular reactor composed of a tube having a length of

i3 35 om and an internzl diameter of 22 mm is used *o
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The total mass of products 3t the inlet and *he outle:d



53.0 53 jYield of hydroxypropanone iYield of acetaldehyde Yield of ,nrcoanaldehvde Yield of acetone
Yield of phenol 0.0 9.8 2,1 0.1 0.0 0.0 8.7 1.4 0.1 0.0 toralbalance ' 97.2 ; 37.9 (mass collected/mass
intro The acrolehn produced contains neither hydroxypropanone nor phenol. Example 3 Synthesis of
acrylonitril pyrex reactor, is charged with a catalyst. bed.

mazss  balance, Similarly, the products formed are
analyzed by chromatography.

The products +thus quantlfied' are unrsacted glvocerol,
5 the acrolein formed, and ‘the Dbyproducts such  as
hydrozypropanone, acetaldehyde, propanaldehyde, azstone
and phenol.
in  this example, *the cataivst (10 ml) tested is &
10 Cungstated zirconia (95.7% Zr0,-%.3% WOst from Deiichi
Eigenso (supplier reference H1417). The catalvst 1is
characterized by an ignition loss at 1000°C of 1.75%
and & speciflc surface area of 47.4 nf/g (BET, 1
point). The results are indicated in <hs following
15 table:
‘ .
} Total glycercl introduced (gy | 21 33
[ Catalyst { Tungstated
] } zirconia 17 g i
| Conversion of glvcercl 100 106
1
Yield of acrolein | 54.3 3.0 |
| Acrolein selectivity Y 53
Yield of hydroxypropanone f 0.0 0.0 g
Yield of acetaldehyde E 9.8 g.7 %
| Yield of propanaldehyds i 2.1 1.4 g
' Yield of acstons E .1 e
Yield of phenol 0.0 0.0
Material balance § 87,2 37,8
[ imass collected/mass introduced é |
The acrolein produced contains neither hydroxzypropanone
nor phenol,
20
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reactor is equipped with a frit in order to retain 25 catalyst. The reactor is first charmed with a mass -
24. 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 5 reaction,. diluted with 7 ml of silicon carbide having a particle size of 0.125 mmi
Charged next are beds of silicon carbide having a oarticie 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 mm silicon carbide 10110 to the top
of the reactor, The reactor is then connected to the téstiinstallation. The temperature of the catalyst is

regulated at 420¢ and t SVds.adjusted 19 120Q h1.1, The reactor is fed with.a gas mixture of 4.5%
acrolein/8.7% ox g%?\%a%%/o@ém%&o%%/g %m%ﬁer}%%lié#ﬂi%ﬂ ton/15% water - the %Eliu‘rﬁ-krypton gas
mixture contains 4.929% kiypton whichServes 4s-af itefal ’%ﬁ%@éﬁd%@@é}éﬁé meEdéiof the
water-acrolein migttfe ffofT ekanfple 25 vdpdrzed ipstreamof ¢he: reactorafter cancentration. The
is assayed by chramatographic analysis, The yield.of acrylonitrile Is 60%; . - 25 - CLAIMS 1) A process
for manufacturingaqgggloyitrile by an ammoxidation reaction of lycerol n fhevgafs phi’;ige.“ 2) The
process as claimed in claim £, cfaraCterizedin tHdt usei§ fifste of piife giycerdtorglyeérol in the form
of an aqueous séltitioAtavitig 8-cbmcentratich rangingfiem 40% te=100%.(10. :3) The process as
claimed in claimdror@ount ©f 2 mi, and then 7 ml of .5 mm. And Finally

the reactor l1s completed with 1.19 mm silicon carbide
10 up tc the top of the resactor.
m

he reactor is Then connectad +o

¥

The temperature of the catalvat is regulated at 420°0

and the HSV is adiusted to 1200 n™.

15
The reactor is fed with a gas mizxturs of 4.85%
acrolein/8.7% oxygen/5.4% ammonia/(remzinder) helium-
krypton/15% water. The  helium-krypton gas mixture
contains 4.92% krypton which serves as an internal
20 standard. Use 1s made of fthe water—-acrolein miwture
from exampls 2, vaperized upstream of ths reactorn,
after concentration.
The effluents ares collected at tThe outler of the
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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 from the dehydration step is carried out. 20 5)The process as
claimed in any one of the preceding claims, characterized in that the ammoxidation reaction of glycerol
is carried out in the presence of a gas containing 5ro%§/le‘ne. 25 6)The process as claimed in any one
of the preceding claims, characterized in that the ammoxidation reaction of glycerol is carried out in the
presence of a thermal ballast. 30 METHOD FOR THE SYNTHESIS OF ACRYLONITRILE FROM
GLYCEROL Abstract The invention relates to a rd&EWy to synthesize acrylonitrile from a renewable
raw material and more particularly relates to a method for producing acrylonitrile by the ammoxidation
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ammoxidation reaction of glycerol in the gas phase,

5
2) The process as claimed in claim 1, characterized
in that use is made of pure glycerol or glycercl in the
form of an aquecus solution having a concentration
ranging from 10% to 100%.

10
3) The process as claimed in claim 1 or Z,
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 condensatiocn of
the water and of the heavy byproducts originating from
the dehydration step is carried out.

20 5) The process as claimed in any one of the preceding
claims, characterized in that the ammoxidation reaction
of glycerol is carried out in the presence of a gas
containing propylene.

25 6) The process as claimed in any one of the preceding
claims, characterized in that the ammoxidation reaction
of glycercl is carried out in the Presence ¢f a thermal
ballast.

30



thus obtained meets the requirements of green chemistry. (No suitable figure)
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METHOD ¥OR THE SYNTHESIS OF ACRYLONITRILE rFRiowM
GLICEROL

Abstract

The dinvention relates to a novel way to synthesize
acrylonitrile from a renewable raw material and nore
particularly relates to a method for producing
acrylonitrile by the ammoxidation of glycerol in
gasecus phase. The mnethod can be implemented in a
single step, o©r the glycerol can be previously
submitted to a dehydraticen step. The acrylonitrile
thus cbtained meets the requirements of green
chemistry.

{No suitable figure)



