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 synthesizing acrylonitrile from Glycerol. The current
industrial production of acrylonitrile is based mainly on the Soh o process dating from 1957. This
process consists of a catalytic oxidation, in the Gas phase, 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. amtS00 R pisforshly 10 A 2045 450, ot e Imast moder catalysts, under
ro ; a.

a pressure which may range from 20 kPa to 300 kPa, and more often f

Various catalyst ,are used, such as complexes based on bismuth, or bismuth molybdate, or mixed
molybdates of 25'ffon & df bismuthy6FiréRmantimehate; or phosphomelyhdate,sqr antimony-uranium
combinations. T§pcaliysaxcatalyst aptigiized forithis pragcess has,a fowé%mgK}Cs)gwl,N
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contains impurities and byproducts that it is advisable to separate and that are not always reusable.
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reaction carriedm(g it at high temperaturé and'if? tHe prESEREE 6f verf etive Taralysts: Hydrocyanic acid,
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temperature generally between 400°C and 500°C, and

erably from 420°C to 450°C for +the most modern
catalysts, under a pressure which may range from 20 kba
2o 300 kPa, and more often from 150 kPa to 300 k;;
Various catalysts are used, such as complexes based on
bismuth, or bismuth molybdate, or mixed nolybdares of
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iron and of bismuth, or Ziron antimonate, or rhospho-
molybdate, or antimony-uranium combinations. Ty%icalﬁy,
& catalyst optimized fcr this Process has a formulation
(K,CS}Q;(Ni,Mg,Mn)75{?@,CE)ZjBinMOuOX supported on
50 wt% of silica. It is +thus possible to obtain around
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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 react
multitubular reactors or fluidized beds. Due to the high risks of runaway lin

ion, such as for example 20
ked 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 total amount of gas in the installation, and thetefore over-sized with respect to the amount of the
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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 acrylonitrile by an 20 ammoxidation
reaction are proposed in the prior art, especially starting from aldehydes, more particularly from
acrolein, from an alkane such as propane, or from afcohols. Patent GB 709 337 by Distillers describes
a process for preparing,aceylQnitr : 10xidatjon of acrolein, used alone or as al_ a - with the
corresponding alcohol (aII%cé%%@%%gﬁegéoﬁdﬁﬁﬁﬁéé%.- The preferred catalysts are chosen
from molybdenum- 30 based catalysts capable of catalyzing the oxidationreaction of benzene to
maleic anhydride ‘ot 'of ahtRalerié:to phithalis:anhydride <¥ields betwee 25%.and 60% are obtained.
In its improvemenitqatent@B 897226, Ristillerg pbtains yields é’f 2ai:rylonitrl e g.ré‘at“ér‘f th%h 70% with
respect to agroleinppy #sing, gs.catalysts, com Soungs_j pgséd on a&ﬁnq@ﬁ?%%nd @»dgren. The
reaction may be, - Egfd-scarrjgd out irl the ﬁre%ence of &n inétt s, stichras nitragenpwatey vapor,
carbon dioxide or propané, butarfe 6 iSbuttinéRs Rawme BEr628:287 desaribesasprocess for the
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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 dehydration reaction of Sb and a
mixture two steps of the process are temperature, than 400C. combination are not very high, and the
proportion. of byproducts such as acetonitrile, propianitrile and carbon oxides exothermic of the

temperature. Howeyer  the agrvionitrile gields ammoxidation, which allows a better control is high.
effect of various Jparameters, such catalyst of pré8éitcett water vapor as agiluentreastion
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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 coil, 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. Cathala and J.E
Germain in Bull. Chem, Soc. No. 1971, p. 2167-2174 studied the ammoxidation of acrolein 20 at
46000 over a BizMoxQ gatalyst, which results in an acrylonitrile selectivity of 87%. According to the
authors, the selectivity of the reaction starting from acrolein is higher than when starting from
propylene over E?e_wsame catalysts. 25 Bull. Soc. Chin, No. 3-4,(1975), p.

731-734,] E.Germainetcoif,Eémparedthe armmoxidationof prepylene and:of acrolein gyer an Sn-
Sh-Fe-0 type catalystarabout450G,with ok withgut-30 water vapor, slfe C}Qeége ‘a“g an igli::gialthat gives,
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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. Over the same catalyst, in
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 thetabsence of  propylene. At a conversion close
to 100%, the yielgk afLQacrylonitrile istqpal% 7'?)5;)3/"5'ETD9 %ppljcant_ company has now surprisindiscovered
that it is possibl%tpo%ts);tﬁiarl)gcryjllgnitrilg_by . Tved in the ammoxidation of
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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. 2002, 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 producing acrylonitrile
directly from glycerol is therefore particularly advantageous since it is not dependent on a raw material
of fossil origin, such as propylene, but uses a rengwable 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
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In the environment, forms: in inorganic form, carbon dioxide (002) and say in the form molecules. 10 In
a living organism, the "CAl' 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¢c/Mc ratio 25the law: 20
atoms in a given sample is constant over time. atoms in a sample decreases over 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 from a is stable, that is to say that the number of -c " n
= no exp(-at) in which: no is the number ofl4gat.the start (at the death of the creature, animal or

plant); 30- nis th_ggyrrlber of "C atoms remaining at the end of time t; and -
aisthedisintegrafioicShstanf(or°» constant a by the formula aTy,, = 1n 2
'] 1f-1ife T .\ - - .
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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 particles of a given species is reduced by half by
disintegration; the half-life J-1/2 is connected to the disintegration constant a by the formula aTin = in
2. The half-life of 14C is eaual to 5730 years. Considering the half-life ITin) of 5 14C is substantially
constant frypilggiant oil from which the glycerol is even up 10 The acrylonitrile obtained from
glycerol is composed of 100% organic carbon derived from a renewable resource, that is to say that it
contains aréting 193 H®% 5 REGht of S 6 theStob MaSESt Garbsi Gfieh £6tild be certified by

determining,the eontent-ofLAG agcarding:toiane efithemeatheds deseribed inthestapdard ASTM
D6866-06 or in the standard AST M D 7026-04, especially according to the mass spectrometry or

liquid scintiffatich' gpectrometty MethStSdédtdibed 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 acrylonitrile by an ammoxidation reaction
of glycerol in the gas phase.




- 9 DETAILED DESCRIPTION One objective of the present invention is therefore to respond to the
concerns of sustainable development while overcoming the drawbacks of the current processes. One
subject of the present invention is therefore a process for manufacturing acrylonitrile by an
ammoxidation reaction of glycerol in the gas phase. The reaction mechanism is the following:
CH20H-CHOM-CH20OHNH317.1 02 -+ 0h2=CH-ON4 1-120 (1) According to the present invention, the

glycerol is reacted in the vapor phase with ammonia

and oxygen in the presence of an acid catalyst,

according to a single-step process. The glycerolisgused pure, or in the form of a
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The reaction temperature 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 atmospheric
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
ammonia at the reaction temperature. The catalyst may comprise one or more mixed oxides chosen
for example from molybdenum, bismuth, iron, antimony, tin, vanadium, tungsten, antimony, zirconium,
titanium, 30 chromium, nickel, aluminum, phosphorusg or gallium. A person skilled in the art will be able
to determine the compromise between the temperature, the gas flow iasu and the precise nature of the
catalyst used and38’the various other parameters of the reaction in order to obtain a good productivity
AccordinguL. one embodiment ofhe invention, the According to one preferred embodiment of the
invention, the glycerol is fisst:subjected to a step 8f deh %Qratlon gto acrolein, the reaction mechanism 15
implementing the fallowing éwg Lonsecutive reacyons 1-120R5EHOHEH2OFCHRREFECHO a
2H20(2) CH2=0H-CHONH 27 CHOZEH OIS 2031 201A this Taise, theireastien is carried out
by using two glycero?‘té" %roleMn 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,
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acrclein is Purification of the acrolein and therefore as a mixture with the byproducts derived from the

glycerol 30 dehydrationstep,suchasacetaldehydeor
converted to nitriles, preferably unsaturated nitriles,
diluted in water. When the ammonia and oxygen ne

propanaldehyde. Indeed, the light aldehydes arC
simultaneously in the ammoxidation stem - 12 -
cessary for the ammoxidation reaction are added,

the reaction may be carried out in a concentrated reactant medium while remaining outside of the

explosive these conditions of a highly concentrated

possible to economically recycle the 10 According

to one particular embodiment, the two steps of the process are carried out at the same temperature,
preferably between 400C and 500C. According to another embodiment, the two steps of the process
are carried out atf diferent temp&rattredS tiikteridbling the optimization-ef each: of the two of efficiency

of the catalyst THeNglycerer dehydration stepriscarried:outindhe gasphasg in
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phosphate PO4,silicateSi02,or molybdate Mo03. groups such as borate BCE, sulfate SO4, tungstate
NO2, 20 phosphated aluminas or silicas, phospnated zirconias, tungs The preferred catalysts are
zirconias,sulfated titanium. tated zirconias,silica 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 isduged 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 and550C ard, preferablifisetween 4000 and 590C, anacdeldessary
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10 pressure denerally between 1 and 5 bar and,eferably, between 1 and 4 bar. The composition of the
reaction mixture, acroleinammonia-oxygen, may vary within wioe limits and it is possible to use diluent
gases that are inert under the reaction conditions such as helium, nitrogen 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 proportions. The ammonia/acrolein molar ratio may vary between 1 and
1.5, and preferably between 1 and 1.2, and the oxyden/acrolein molar ratio may vary between 0.5 and
10 and preferably between 0.5 25and 7. As catalyst for.the ammoxida on of. acrolein, use will be made
of an acid catalyfjt] %v?hi%h is not saturated with ammonia at the reaction temperature. The catalyst may
30 comprise one or ﬁ%rglr%ixeacifxﬁj&es chOSEIE Jor examplefeom oxides or else
molybdenum,biskrﬁﬁt?rﬁ%’r%ﬁﬁm?b#ﬁ/;tin, vanadium,tungsten,antimony,zirconium,titanium, chromium,
nickel, aluminum, phosphorus or gallium. As ammoxidation catalysts which may be used, mention may
especially be m@@@@&@jéggggﬁgs l%%sﬁedﬂgg ab;;%rggtcb mogbdate, mixed oxides gqntaining at least 7'e
and Sb, or at Ie%sjy angl or at least Sn and sh, or at ™ 5 F 162t MG ahd W apreltGr-WHND/Ti/Ta and/or
Te/Sb/Bi, and also the bxyhithdes toftainifty 8t fastthi antk PoOine advantage ofithis.embodiment
consists of a befterBthbice ofthecatalyst pakliuSpecificallyy the.dehydration reaction.requires acid
catalysts that canibe inhibited byche presence; of,ammania if they are 100 acidic. The separation of the
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10 conditions of each of the two dehydration and ammoxidation reactions. preferred embodiment of
the originating from the dehydration step is carried out intermediarily. to a step of dehydration to
acrolein, and a partial condensation of the water and of the heavy byproducts appended single figure,
the glycerol is first euhrected 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 glyceral solution and, on the other hand, from the water
produced by the?,deh)édration reaction. 30 The objective of the partial condensation step is to condense
a portion of the Watter Ay of tHe ProdUCES trattiaess Bigher boiling point than acrolein. It is therefore a
simplified separation, which produces two streams, the first containing acrolein, and the light 5
byproducts,suc_f?as ﬁgﬁ@@gbyd@mcp@@@l@ighgde,i acetone @qu%péggnaclj%inert ;g?se%hgo and
the second, whigh is,figh in water, containing the heavy byproducts such as phenol,
hydroxypropanone, and the - 16 - addition products ol acroieinglycerol (acetals), and products of the
polycondensation of glycerol, cyclic or non-cyclic glycerol ethers, propionic acid, acrylic acid. 5

the ammoxidation step of acrolein to acrylonitrile is

then carried out over an ammoxidation catalvst at a

emperature, in gs i ; 55
Wperature, 1n general, betwsen 300°C and =50°C and,
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The partial condensation unit may be an absorption column that may or may not be coupled to a
stripper, a heat exchanger, a condenser, a dephlegmator, and also any equipment well known to a
person skilled in the 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:rgactants and optionally diluting the reaction gas
with an inert gasmBay _[ef%rence to figure 1, the glycerol is introduced as (1), in the form of an aqueous
solution, into a first 25 dehyd¥ation re&A6Y ¢F0) FNidretilaioxygen (2 isralsointsaduced, for example
in the form of aifori thesfopivot.air éndehed withier:depleted;in nelecular oxygen. The dehydration
reaction is carried out in the gas phase in the reactor (10) in the presence of a 30 dehydration catalyst,
ata temperatur@@gt%g@geangl;ﬁg&gnd@unde,r, a pressure between 1 and 5 bar. The gas
stream, on gxitir):([;gttjhleC éeacto; (10)L|s cdrpp?sg%? é“rﬁﬁﬁjre compFiBHTY acroleinywatery glycerol and
byproducts. The bvproductSare hydroxyptcpaitiie propanaldehydesisically, +the

dehydration reaction reguires acid catalysts that can
be inhibited by *he presence of ammonia if thay av“; too
acidic., The separation ©f t*the two steps makes *:
possible to individuaily optimize thé operation
10 conditions of each of the TWo dehydratiogm W;nd

ammoxidation reactions.
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acetone, phenol, addition products of -- glycerol, polycondensation 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 most of the water is sent 20 to the ammoxidation reactor (12) that comprises a fixed
bed of the ammo%g[]é“ﬁ&? Catalystior the attoléinr Theieaction isicarded butiadbe presence of
molecular oxyge®\(®) viicknsaysbe irfthezfiorm efairy o625 45 the form of.air eprighed with or depleted
in molecular oxyggmat:q @@ntg@hw@ggﬂggor@ﬁ,&gg 1V0|g933r§l_§315t'Ve %q: (tth, |’n‘c,om|nqg stream, and in
the presence of acies mixture 5) comprising inért gases an ammonia. THE &t §asés necessary for
the process, 30 may optionally be completely or partly composed of cases (8) obtained at the top of the
absorption column (13). The ammoxidation reaction is carried out at a 35 temperature between 400C
and 500C, and ufitfer & préssure betneenskand:5 bar.:The £ffluent(7) from the &Lg@%;gation step
which is rich in acrylenitrie is-theapusified in aseparation unit (13)- in order to separate, on the one
hand, the light. (@aapdetggh%qgonyert%d chglién,mand, on %é other hénﬁ, tﬁé‘"déf‘ﬂ%n'[trilﬁ (-9), which
- may still contain C_I[rr%_ces of _heav?)ebyfprodué’ts. ceording fo dffGtherambodimenitot the mvention, the
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25 hvdras 1 react (10 ] Lac
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form of air enriched with or depleted in molecular
oxygen. The dehydration reaction is carried out in the
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and 350°C and under a pressure between 1 and § bar

The gas stresam, on exiting the reactor (I6y, is
compesea of  a migture comprising  acrolein, water,
35  unconverted glveerol and byproducts. The byproducts are
especially nvdroxypropanone, propanaldehyde,
acetaldehvde, acetone, phencl, addition broducts of
acrolein to  glycercl, polycondensation products of



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 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_thesmal ballast may be introduced together with the
glycerol, 25 or when the dehvdration and ammoxidation steps are Seoarate, it may be introduced
between these steps *Fife théirival sallast, sech as propane isceptionallyyecavered and recycled. 30
The products from the reaction may be recovered in the effluent gases by any suitable means. For .

example, the effluent gases may;pass.into a condenser that contains dilute sulfuric acid in order to
neutralize the ungonverted ammonia. The gases may then pass throtigh a cooled abssrbent column in

order to condense the acrylorjtfile, the aceforlifiiciand thé Kydiotyanic acidhit is:thenpassible to

isolate the dcryldniitriie frdi the Byprotiucts byssuceessive distillation:, -9 « e other

nand, & straap idy rich in acrolein that contains the
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light bypr t bRoty: Lz ldel
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5 resource such as propylene 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 particular, 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 pgstyrene and acrylonitrile (SAN resins) 20 The
products thus o'mgg]gdicﬁontqwm qQrganic carbon derived from a renewable resource that corresponds to
the concept of gréen chemistiy - = The examples beweillystiatecthe present 25 without however
limiting the scopé&'therebt EXAMPLES inventions Exaeple 1 {with refergnge o figure 2)30 A
simulation using!ABREN:software was used,to illustrate the process according to the invention. The
values are given,in kmol/haut, For il %éake?olg clarit %ﬁo;nlfyrtpg_evrﬁgih cgnéﬁﬁléh@gre%ﬁ&icated. A gas
stream at 3§1005%9c1 at g{l}é}cerol,%?, mol/hwater, (13RMBifRdxyGen)iSsent whick may

tain tracaes of heavy byproducts., -
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Ceording to another embodiment of the invention, <+he
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© giycerol 1s carried our in
the presence of & ] ' he
i & - 8 gas that contains propylens. The
10 o 7 meontat e e ] ) o e
Propy-.eng-containing gas may  be  co-f
T mmr e i ; g
giycerol, or it may be fad after <the glycerol
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
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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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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, then tal& flash chamber that separates the gas phase (28)
from the liquid phase (19). This liquid phase (19) Ws sent back to the top of the absorption column
(11). At 15 the bgttom of the absorption column, a liquid phase (3) at 103C (1067 kmol/h water,4
kmcl/h acetic acid:® oY f&HAMiE2RTd) % drawn offiTkistiiquid phase {3) is,sent;torthe tgp of a
stripping columrP{20) comprising Soplatesy into the-bottem.qf which air:(21) 20i§ injected at 90C. and at
1.7 bar. At the bpiteguet 1 v$ sirjpRIRg £olumn, an agueaus stream (22) (550C; 976 kMot water, 4
kmol/h acetic acid, 4. 1/h formic acid) is Lecovered. e gas streant (23)Tetvered &t $h€ top of the
stripping column is mixed with the GasPhAase' (245 from theffashi erarmbet destribed previously (79C,
426 kmol/h N2, 145 KHofh2R%0leiv 78 RidaiVhioxygen, 27kmolbavatesr : 8:kmol/h acetaldehyde,
25 kmol/h carbohdionssizte; 181 stanalirecarbondiexide} and with.a gas, stream.(6)(923 kmol/h
nitrogen, 30 38d@n@lﬂm@xyggﬁ@g%gmpv@omm%er,r@i k;npyh cg,[bgrn Slioxigmq,“:S kr‘ﬁ_él/h tarbon
monoxide) to whigh a stream of ammonia (178 k_mo_rlﬁf i5'added, THE miXtare'isTeRéafed to 300C,
then injected into a second multitibulaF Feadof fL2PEorfiprising ereammexidation catatyst At the
outlet of this reactor, a°gas streais(7#aE 1. (2630-kriokH nitragen;:830mmakia water, 498 lemol/h
acrylonftrile, 52 Reddifir-6%ygen, 155 kmolfn carbon dio 'de, 85 kmolih carbon monoxide) is obtained. -
21 - This stream is cooled to 157C then -:14 ected into the bottom. of the absorption. column (13). At
the top of this cqug]nag}evggg_s;r,,eﬁam ish a_r'giglly condensed in the heat exchanger (24), then sent to a
separator pot 5 _25) which produces a liuid phaSe* 265 andP& Gasptrase (8)(nitiogen= oxygen, water,
carbon dioxide, caTbdit Gioxide). The ligniceshiasen(26} is.sant back te the column (13). The gas
phase (8)-is parially feeyeled upstregmrof the regctor £12) viathe stream %5} At the 10 bottom of the
absorption columm{l3):a eoneentrated; strgam (9) of aézcr’yj%gi;rjle QJ%ZhGﬁlgﬁmc /ﬁ_acry?oﬁlltrire, 587 kraci4h
water and otherhyproductg) is obtained. or o TATTT mePEES, synthetlc
) IIL f LOmers, r resins such as copolymers of
scry-omitrile, butadiene and styrene (ABS resins) or
copolymers o©f styrens and acrylonitrile ¢

20 The iuct } tai 3 tmin
108 progucts  thus  obtained contain o
aerived from ;i i

g4 Lrom a renswable resource tha- corresponds o
the concept of green chemistry.

- . .. ,
ine examples bpelow 1liustrate +h
i 1lin te

, e S pressent invention
Z5 Without nowever limiting the score thersof
EXBMPLES
e
Example 1 (with ref L]
o8+ (WILh reference to figurs 20
30
A simulation  using  ASPEN scftware  was used o
o re a2E 25e ol
illustrare =} r ;
<Llustrate the process according to the invantion., The
- T4 - - 2 M o
vaiues are given in kmol/hour. Tor the sake of claricy
] B “ o i iRl S LYy
only The maln constituents are indicated
35
e - TN W 3
A gas stream at 331°C and at 2.0 bar {188 kmol/n
glycerol, 9€3 kmol/h water, 426 kmol/h nitrogen
j L Ll L =Ll
213 kmol/n 0 ; ! i
i1 mal/h Eygern = int il !
OXygen) is sent 1IMTo a Tixed-bed



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). Inthe examples that follow, the conversion of glycerol, the acrolein selectivity and the
yields of 25 various products are defined as follows: Conversion of glycerol- 21nnumber of moles of
glycerolremaining/numberof molesofglycerol introddcéed: 30 Yield of acrolein (8) = number of moles of
acrolein produced/number of moles_of glycerol introduced. . _Acrolein selectivity (8) = 100 x number
of moles of 2 2,%fdiéiﬁ%§é§%ed7ﬁudrﬁ%éf of ‘n%gl’gs of GlycerBi-fehcted. "S55 T V&M 6F cetaldehyde
(%) = 2/3 x numBEFEFIbeS bf acetatiehyde prodircedifuniver ol htolesaf glyserohintréduced., 5
Yield of phenol (8= 2 xuumber Gf4holes ofiplignol protiueed/numbek of motes:ofiglycersl introduced.
All the results argzexpressed in malar percent relative 10 to the glycerohintroduced . Example 2
Acrolein preparatipn %%bt}lgr rggg;qrec_c%mpqs%ed J\;?f a wpe hgylnga length of LE-. cm and an
internal diameter of 22 mm is used 10 Garry out the dehydration reattion-6f glycersiinthé gas phase at
atmospheric presSure! Thidtenctor i€placedin Heatéd etismiber malitained at thereaetion
temperature, whichise300C; uhlessotherwiseR:indieated: iHae catafyst yged isanilled and/or pelleted
in order to obtainparticles 6f.0.540 1.0 mg%gmlco{ c%x&{rgrq gpgrgcer% in tggﬁgiagt% fo form a
catalytic bed haying,a length of 5 C@-«I@§ bequig bégléggt gg ggren rgqcet‘ionnggmpera;tqﬁre for Sto 10
minutes before the TUUTRs poseEs. ane gesTsLream ob) that exits at

0 10z¢

C at the top of this abscrprion column is sent o a
partial condenser (17) which cools it to 78°C, “hen to

a flash chamber (18) that separates the gas phase (28]

F e F T4 4R . i na . ) [ i
from the .iquic phase {19)., This liquid phase 197 is

sent back to the top of the absorption column i1

)
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the bottom ¢f the absorption column, a Liguid phasse |

e o . . L
at 103°C {1067 kmol/h water, 4 kmcol/h acetic acid,
4 kmol/h formic acid) is drawn off. This liguid whase
7 il N - o . oL . g e . b

(2} 1s sent to the top of a stripping column (200

comprising 8 plates, into the bottom of which air (21)

20 is indected at 90°C and ar

the top of the stripping column is mixed with the gas

-z . : . .

£33 bha T miber described previously
(797C, 426 kmol/h Ny, 145 kmel/h acreoielin, 78 kmol/n
oxygen, 270 kmol/h water, 18 kmol/h acetaldehyde,

25 kmol/h carbon monoxide, 13 kmol/h carbon dioxide!

and  with a gas stream (6 (923 kmol/h nitrogen,

J

30 38 kmol/h o=xygen, 134 kmol/h water, 41 kmol/h carbon

dioxide, B3 kmol/h cerbon monoxide) to which & s

Tream

of ammonia (178 lmol/h; is  added. The mixturs is
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reheated o 300°C, Then injected into & szcond

muititubuiar reactor (12) comprising ar ammoxidation
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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 vapor proportion is
6/4.5/69.5. The aqueous glycerol solution is vaporized in the heated chamber, then passes over the
catalyst. The calculated contact time is of the order of 2.9 s. After reacting, the products are
condensed in a trap cooled with crushed ice. mass balance. Similarly, the products formed are
analyzed by chromatography. The products thus"qtfa‘hti’ﬁed are unreacted glycerol, the acrolein
formed., and theryproduets.such as hydroxypropanone, accefggkgegxg%b Q’réngagaigghyéd% acetone and
phenol. In this eé%cﬂnpilje;ﬂ thaefczaﬂtgl%st é;,L\O mi ;estgd is a 10tung{sﬂta'ged zlvconia (Efb.?% fr92-9.3%
WC93) from Cenci Kigenso (supplier retsfence H14%%67) Fhe chtalyst fscharéctetized By an ignition
loss at 1000C of 17896 and & spetific sifFcciareasof 4794 maigy(SET ypointhderha:restults are
indicated in the follewig:itablexTotal giycerddntroduced(q) £1:CatalystTungs-ated zirconl7 ¢
Conversion®f glycero.l Yield of. acrolein.Acvolen selectivity 100 55,100 53.0 53 LYi%@&‘Q;
hydroxypropanorﬂg)iYie;ITd“.,er%cqe,gglde%d\?ﬁgeld ?th,grcpana[aeﬂvdje’ Y(feqa of _a?iétbneiz.. e
[II1Trogen, IVgern, acver, <caroon dioxiade, carpon
monoxide) . The liguid phase (26) is sent back te <he
columr {13). The gas phase (8) is partially recycled
upstream of the reactor (12} via the stream (6)

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

0]

Trean (9) of acrvionitrile

&
67 kmol/h water and other byproducts) is obtained.

g2l
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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 rzactor (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
glvcercl remaining/number of moles of glycerol

introduced.

30
I L= ; -
tiesd ol acrodein (%! = number of moles of acroleir
produced/number of moles of glveerol introduced
- H o e e e o g ] - =
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



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.  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 isz not optimized for this

Yield of acetaldshyde (%) = 2/3 x number of moles of
acetaidehyde produced/number of moles o©f glycerol
introduced.

-} .
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of phenol (%) = 2 » number of molas

C
produced/number of moles of glycercl introduced.
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2 35 cm and an internal diameter of 22 mm is used <o
carry out the dehydration reaction of glveerel in the
gas phase at atmosgpheric presgssure This reactor is
praced in a heated chamber maintainsd at the reactior
temperature, which is 300°C, unless otherwise

<0 indicated. The catalyst used iz milled and/or palileted
in order to obtain particles of 0.5 to O mm. 10 ml of
catalyst are charged in the resactor to form & catalytic

ped having & length of 5 cm. This bed is brought %o the
reaction tfemperature for 5 to 10 minutes befors the
25  introduciion of the reactants. The reactor is fed with

a 20 wt% aguecus solution of glycercl with an average
# /

invention In thisz cass the relative O./vaporizsed
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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 test installation. The temperature of the catalyst is regulated at
420C and the HSV is adjusted to 1200 h1.1. The reactor is fed with a gas mixture of 4.5%
acrolein/8.7% oxygen/5.4% ammonia/ (remainder) heliumkrypton/15% water, The helium-krypton gas
mixture contains 4.92% krypton which serves as arviaternal 2C.) standard. Use is made of the
water-acrolein mjxture fro ample 2,. lized upstream of the reactor, after concentration. The
effluents are corlrllé?%;qu at t%legg)?utlet of t l_e 25 Teactor by %eice-géé)l‘éacﬁ’a“p ar%’ e Servohitrile produced
is assayed by chtomatGgraphic GhARRRE" THEXEIA-of acrylonitrile is 60%. - 25 - CLAIMS 1) A process
for manufacturing acrylonitrile by an ammoxidation reaction of glycerol in the gas phase. 2) The
process as claimeckin slaim,Lxcharactesized in that use is;made;of pure glyceral or. glycerol in the form
of an aqueotls solytion Q\gygl%gtncon%%g%t&on ran ing from 1Q% to 100%. 10 3) The process as
claimed in claim 1 or 2, characterized in that the glycerol'is firs SHbjBEtEd o a dehydration reaction. 15
4)The process a&'daimed BRI chardtténzsd i that &7 iitermédiate step efpartakcondensation
of the water and®fdheirssrsy-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 glycetol is.cartied. outjn fhe presgnce of a.gas containing propylene.

10 Cungstated zirconia (95.7% Zr0,-%.3% WOst from Deiichi
Eigenso (supplier reference H1417). The catalvst 1is
characterized by an lgnition loss at 1000°C of 1.75%
and & speciilc surface area of 47.4 /g (BET, 1
poLinT) The results are indicated in  ths following

13 table

‘
| Tote glvcercol introduced (gl | 21 22

S P = 3
cConversion of glyesrol % 160 100G
i i
1 £ oacroled s 3
Yield of acrolein i 5d.g 53.0
i H
| acrolein selectivity ! 54 573 |
Yield of hydroxypropanone e 0.0 |
| b
Yield of acetaldehvde L 5.8 e.7
3 ! : !
| Yield of propanaldehyds i 2.1 1.4 |
T o T s ey o | - - E
Yieid of ac=atons s .1 .1 i
- |
vield of phenol 0.0 0.0
oy e e ] = I
Material balancs " . 97,9
LR 3 ‘ E
| Imass collected/mass introduced) |

The acrolein produced contains neither hydroxypropanonea
nor phenol.,
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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
novel way to synthesize acrylonitrile from a renewable raw material and more particularly relates to a
method for producing acrylonitrile by the ammoxidation of glycerol in gaseous phase. The method can
be implemented in a single step, or the glycerol can be previously submitted to a dehydration step.
The acrylonitrile thus obtained meets the requirem fits of green chemistry. (No suitable figure)

©.578 g of catalyst for the oxidation of propylens o
acrolein which is produced by Nippon Shokubkai - with
refersnce RLF4, used in this example as an ammoxidation
catalyst  although it 'is  not Opéimized for  thie
5 reaction, diluted with 7 ml of silicon carbide having =

particle size of 0.125 mm. Charged next are beds of
gilicon carbide having a particle size of 0.125 mm in
an amount ©f 2 mwl, and then 7 ml of C.5 mm. And Tinally

the reactor l1s completed with 1.19 mm silicon carbide

10 up tc the top of the resactor.

15
The reactor is fed with a gas mixture of 4.%%
acrolein/8.7% oxygen/5.4% ammonia/(remzinder) helium-
krypton/15% water. The nelium-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
25  reactor by & ice-cooled trap and the acrylonitrile
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1) A process for manufacturing acrylonitrile by an

ammoxidation reaction of glycerol in the gas phase.

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%.

3) The process as claimed in elainm 1 or 2,
characterized in that the glycerol is first subjected

to a dehydration reaction.

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.

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.

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.



