WO 2011/124824PCT/FR2011/050692 PROCESS FOR THE SELECTIVE OXIDATION OF CARBON
MONOXIDE Field of the invention 5 The invention relates generally to the field of the production of
hydrocarbon derivatives from hydrocarbons in the gas phase in the presence of oxygen or of an
oxygen-compridify §83Mde4 §dcifically, the invention 10 relates tB@TBRES3 fof ABE §81@ctive
oxidation of carbon monoxide to give carbon dioxide present in a gas mixture comprising at least one
hydrocarbon or one hydrocarbon derivative, and to its incorporation in a process for the production of
hydrocarbon derRR8¢Es S FRROITEE aABLESTIGE (PEBRATION OF CARBON MONOXIDE
Numeroushydrocarbonderivativesareproduced industrially by partial oxidation of an appropriate 20
hydrocarbon in lgt}ee S 8?61% ian tbe\%reﬂs:?%ce of molecular oxygen or of a gas comprising molecular
oxygen and of M&M e, the main process for the production of 25 acrylic acid
is based o the oxidation of propylene and/or propane. The synthesis of acrylic acid by oxidation of
propylene comprises e stagesnthe-first isstarggtackatthe pxidation 9f the propylese torgive acrolein
and the second gt i oxidalion pf g A0-acroleln (. dive acpliaric This RyNssis is denerally
carried out in tvxﬁ) reactors using two"catalytic systems specific for eac of the oxidation stages, the two
stages being catfledtft irfthe présttiee dFoxygen BEESET6Rygeh-cOrRpAsHg §4s. 35 Irtthe same
way, methacrolexanshmethacryliciacid geespradoeed sskeistrially Hylcatalyticcoxidaton-dfasobutene
and/or teri-butangh 12 5 Anhydrides, sychas maleic aphyddds,Lanihe pradyced hy aronatic

hydrocarbons, such as of straight-chain hydrocarbons 5 butene. anhydride catalytic benzene or such
as or phthalic oKIRHER o85G of R-Bltdife 6F TRMoMitA& 1S HrdINEEE By chtldticIidation in
the gas phase of propylenecrypopanaby aitin theaspresenee dipdmoniabsuch 40 themame of

ammoxidation. gfisahiitang/isebuiene areastion hejng krowncunden Siplarhy, the.ammgxidation or

methylstyrene results , : .
yisty p%ocess for the production of hydrocarbon derivatives.

15

Prior art and technical problem

Numerous hydrocarbon derivatives are produced
industrially by partial oxidation of an appropriate
20 hydrocarbon in the gas phase 1in the presence of
molecular oxygen or of a gas comprising molecular

oxygen and of a suitable catalyst.

For example, the main process for the production of

25 acrylic acid is based on the oxidation of propylene
and/or propane. The synthesis of acrylic acid by
oxidation of propylene comprises two stages; the first
is targeted at the oxidation of the propylene to give
acrolein and the second at the oxidation of the

30 acrolein to give acrylic acid. This synthesis 1is
generally carried out in two reactors using two
catalytic systems specific for each of the oxidation
stages, the two stages being carried out in the
presence of oxygen or of an oxygen-comprising gas.

35
In the same way, methacrolein and methacrylic acid are
produced industrially by catalytic oxidation of

isobutene and/or tert-butanol.



respectively in methacrylonitrile and atroponitrile. These various processes are carried out in the gas
15 phase, in the presence of molecular oxygen or of a gas comprising molecular oxygen, generally in
the presence of air for economic reasons. Secondary reactions also take place during the catalytic
oxidation reactid¥f3, #tlddiAg #82feaction for the final oxidation of theCXY RRR-tdrit/ 50 KiH in the
formation of carbon oxides and water. Thus, these_vayious processes for the manufacture of
hydrocarbon derivatives by selective oxidation have in 25 common the fact that they generate the
formation of carbarydxitdldsscarbaunionoxide G2l &GarboraatopaxiteCO ds-withrespett o the CO2.
which are noncgtglcliggﬂapgfe ,30 pLessye cg%&g%gor@%gllyc%rgglwgg Inthe s s far tg%

recovery/purification of the hydrocarbon dérivatives. For this reason, they are discharged to the

atmosphere in RETBRH bf vENME TG RESRORerafibi Bf 8 sheRAfIYenfved dhvrG e protess, 35
with the disadvarftage tof ®hgittingdhrgenamopdtsoca@Oarte the smbsphere.n- Butagvantageous to
recycle sorge gas, fragtions generated during the manufacture of hydrocarbon derivatives, in particular
the gas fraction comprising the unreacted hydrocarbon, for obvious reasons of productivity and 5
profitability. In the case of the presence of carbon monoxide in these recycled gases, there is a risk of

this nonconden3&BTE korigouinbcactsniattiecedtinethe predessiancoesiuivig safetynproblems, in

particular risks gtless phgeestrolgf the sxisatienseaction e ia:ef explpsianiip thepxidatjan reactor,

carbon monoxi erg%i&g J@mon%able. Furthermore,,carbon morgoxide ﬂ‘ueaay have a harmful d(—:‘ffect on the
[ cludi

. . qmonla such a re on Il NOowIn 11 ex
oxidation catalysts; in particular, it Is a poison for many ca?éiys]ts, in n% tﬁe conventional catalysts

for the oxidatiorr 25 of §fBpylete RN AERTEIRTONSIBILtET fof ovéleemaipEscaishavantages
was provided incthe docsotent &f484:486.twhich deseribesr processferethe proguctiontof a

hydrocarbon derivafive. 20 comprising thefeydling:of the gas strgam tesultingfram the reaction, after

having successively extracted or separated, from this stream, the expected hydrocarbon derivative,
converted the CO present in this gas stream into CO2 and then withdrawn a portion 25 of the CO2
formed. The reGietstbstreamiisuisus prstresss depleted in @@anddCO2uT helreactioa fogthe oxidation

of the hydrgcarben isscarried eytinthe presence of ap inertdilllentin particylar iy the prgsence of
CO2, at contents sufficienl:rlly high {%&rﬁvent the formation of 30 iflammable mixture in the system.

The catalyst for tRe setéctive oxidation of the TEI5 COLEEHo3 f¥ronfcatdfysB Wi SR
nonoxidizing wif regpéct fethe ampaaméd hyrosamon phssepnfintie gasatieann yendrafly catalysts
based on copperArangsngse orRbrplagnupHaickel mixee oxidesy optienally stRpeItedRMsilica or
alumina. The examples ilistging Pis,roeess ag,caried oLyl 8,GO canverter sompysing a fixed
catalyst bed. In the case of a process for the

20 reactant, resulting in the formation of carbon oxides

and water.

Thus, these various processes for the manufacture of
hydrocarbon derivatives by selective oxidation have in
25 common the fact that they generate the formation of
carbon oxides, carbon monoxide CO and carbon dioxide
CO,. Carbon monoxide CO is generally produced in excess
with respect to the CO,. They are gaseous compounds
which are noncondensable wunder the temperature and
30 pressure conditions normally employed in the stages for
the recovery/purification of the hydrocarbon
derivatives. For this reason, they are discharged to
the atmosphere in the form of wvents for the
incineration of the streams removed during the process,
35 with the disadvantage of emitting large amounts of CO,

to the atmosphere.

As in the majority of industrial processes, it is



- 4 - production of acrylic acid from propylene, the tests indicate a degree of 80% for the conversion of
the CO but also a conversion of a portion of the propylene and propane, thus generating losses of
reactant in the 5 process. Another solution for overcoming these disadvantages was provided in the
document EP 1907 2@0b1kh&26 a high-yield process for the prodBEFFBRMblei® 30 &ARydride from
n-butane, consisting in bleeding off a fraction of the rgcycling gases, so as to prevent inert gases and
carbon oxides from accumulating, and in selectively oxidizing the carbon monoxide present in the
bleed stream toscarhart dipxidesin the presenceof adbeatglyst capableiafrselegtarebr-axidizing the CO

to CO2 in a gashiaving an 82/ CO:mokar sati of hetwaen). 3 and 3, Cajalystswhich gan b used in

this case for the selective oxidation of the CO to CO2 consist, for example, of supported precious

metals, such ad5F BRTHURE rbRfimRRnehimt bF BRIadRR BB cbhfertePcSRefetSoly of fixed
bed tubular typ&yFhecdectirnant EPol 434833 provides, ascatabfst for thibiseléstiveyoxidation of CO to

CO2 in a g&s Sieayh Xo:-¢AMRRSING atleashane-alkane, & catalyspeuhsirate, syeh asPh,bd, Pt-Fe or

Pd-Fe, on a silica support, pr,ovide§ with a virtually continuous coating of a material consisting of a
S i o 5 S TRect SecPt R Rberature

. m OX 1 .1 se C ase
molecular sieve. The selective oxidation of the CO IS cartied dut In
chosen so that fHelEatal2R 6B A6 ARVE any@HeerbA tha edkanel t tgprebesstiar thehroduction of

methacrylic acighfregeisebutang desciibeddn thedeeymept-bBASR504,135 usaiistnade after
separation of the. Qeg;_abi%g ctq_n rising th thacrylic acid, of a stage. of oxidation of the
CO presentin t é noncondensagle%as%oé%%ﬁ"l%% ogﬁéeeEt%eco%1>\}/y(-%r€%l %é%bf?oﬁlcog\svle%y%n% 5 - stage

of separatiBn ofthe &2 fifthetatbontd&nIfatide FoRR by aBssRion FRENGTId IRAPFLHR), for
example, a solutirgf poizssiuai tarboRatetard-an amine Gatatystsanmkieh €an heused for the

conversion 5 of the CO1o-CO2, withgut.oxidgtion of the isghutape, for eggrpg[@ygq;ggrisei@lladium

and/or platinum on a ,supﬁort, gold on a support, or manganese oxide. In order’to remove the heat of

the oxidation réaefidr A'reédictor of Multitdbulaf typR9s BEBd fof te CBRRY corfRIREYR Hese various
processes of therstdtedfntie &ftethe seleetive oridatiorrobthes€® td @O Zisecarietaut gither, on the

one hand; at |0W§p@§§p‘§i@i@3t%v§ive acrolein.

One solution for overcoming these disadvantages was
provided in the document EP 484 136, which describes a
process for the production of a hydrocarbon derivative
20 comprising the recycling of the gas stream resulting
from the reaction, after having successively extracted
or separated, from this stream, the expected
hydrocarbon derivative, converted the CO present in
this gas stream into CO, and then withdrawn a portion
25 of the CO, formed. The recycled stream is thus a stream
depleted in CO and CO,. The reaction for the oxidation
of the hydrocarbon is carried out in the presence of an
inert diluent, in particular in the presence of CO,, at
contents sufficiently high to prevent the formation of
30 a flammable mixture in the system. The catalyst for the
selective oxidation of the CO to CO, is chosen from
catalysts which are nonoxidizing with respect to the
unreacted hydrocarbon present in the gas stream,
generally <catalysts based on copper/manganese or
35 platinum/nickel mixed oxides, optionally supported on
silica or alumina. The examples illustrating this
process are carried out with a CO converter comprising

a fixed catalyst bed. In the case of a process for the



15 (generally less than 10 000 11-1), the space velocity being defined as the ratio of the flow rate of
reactants to the volume of catalyst, or as an inverse of the "contact time", or, on the other hand, for low
concentrations of CO at the inlet; in some cases, it 20 also results in a simultaneous conversion of the
hydrocarbon prééengilthé &8 Pie to the risks of flammability ass&SIaEERRIGL bE0Fres&ce of
hydrocarbons and oxygen, processes for the 25 prodyiction of hydrocarbon derivatives by catalytic
oxidation in the gas phase of hydrocarbons generally operate with low contents of hydrocarbons in
order to keep the:gaseous seacti@n mudyreiautsidei the Hasmapitipreiorns 30 therdertsdrcrease the

productivity of these,processes yihile bsepinggsafety consirainis, it s, Rassible o carry oubihe

reaction of the oxidation of the hydrocarbon in the presence of an inert gas with a 35 high specific heat
(also known as SB&cific RBafcapalify €9t e MbleR pRRditafify 8 valFatioRiEd R Brestlife), in order
to obtain better marpgementditize egothermicitynf the seactiorvdnd teamcrease thien - Gche
concentratign ofths hydeocarbon in the reaction mixture, the inert gas constituting a thermal ballast.
Thus, the document EP 293 224 provided for the addition 5 of 5 to 70% by volume of a saturated
aliphatic hydrocarbon of 1 to 5 carbon atoms, such as methane, ethane or propane, for the reaction of
the oxidation ofjoreyiene rsLiltingon atroleinvin laCoroisiggé pescesd fsettegprbdgetonvetaicrylic acid
by catalytic 10 gxddatingethe secondstagecansistingzin oxidizing thesacralain de agrylicacigd. Propane

is preferred as @/dr%carbopL (g\/hich can be usegl as th%%mal ballas 1iln hii% process. TQE is because 15

this gas ballast extibits égveral f&%ﬁ?asg%s With respec?'go aP bal asf ormed o?'lnert gasgé},csuch as
nitrogen dr&arbdRieXideerist ficréates eebetier fEmat bamsst 48 itd3pediicHea® f€p)ancreases
strongly with the tempearatiire rwhicd isaet/theicasedswih ngeogen. tvagdditerithasa degree of

chemical inertia%gpeeé thgﬁgndigggﬁggdeEygngSFPefgggiorg@&&ql%%iggﬂ%r) of propylene is carried

out and its possible reaction_products_are very similar in nature to those of the propylene. Finally, it

makes it 25 possfbté t-rbte Basiy HEARE cdittrai iR W mPESHsH Sfth® AFRETE relafed to the
guestion of the flamnmabdiyd by placng the reactom miktarel deovienthehsp per dammeability limit. By
virtue of the use.githis thermalhalipst, dhe ieedstackaupplying the3Q paci ferfhe oxidgtion of

propylene can be greater as fraction bg volume, which inCreases the_productivity of the conversion

while controlling-thehdi 3PofadN 1R bad o?i:é%?yé‘ig]aﬁﬁ thES pronrdting théseiectivity 8f e reaction.

35 3. Catalysts which can be used in this case for the
selective oxidation of the CO to CO, consist, for
example, of supported precious metals, such as

20 platinum, rhodium, ruthenium or palladium. The CO

converter is preferably of fixed bed tubular type.

The document EP 1 434 833 provides, as catalyst for the
selective oxidation of CO to CO, in a gas stream
25 comprising at least one alkane, a catalyst substrate,
such as Pt, Pd, Pt-Fe or Pd-Fe, on a silica support,
provided with a wvirtually continuous coating of a
material consisting of a molecular sieve. The selective
oxidation of the CO is carried out in a fixed bed at a
30 temperature chosen so that the catalyst does not have

any effect on the alkane.

In the process for the production of methacrylic acid
from isobutane described in the document EP 495 504,
35 use 1s made, after separation of the condensable
fraction comprising the methacrylic acid, of a stage of
oxidation of the CO present in the noncondensable gas

stream in order to convert it to CO,, followed by a



It is even more necessary to recycle the stream comprising the unreacted propylene (and the propane)
in the case of the use of a thermal ballast such as - 7 - propane, due to the cost of the propane, and
consequently the oxidation of the carbon monoxide in a stream rich in mixtures of hydrocarbons
becomes more #ifficaft1d Ca&§ 8R4 selectively. 5 The problem whichP88 ragd i Irdie A 2ntends to
solve is that of carrying out the conversion of the COd4o CO, in a stream rich in hydrocarbons or in a
mixture of hydrocarbons, without, however, oxidizing these 10 hydrocarbons. It is possible, in an
adiabatic fixed kedhgeevenfin agepatos of dre multitubtiss typEowith good hieat exchanege, fer selective

conversion of e G0up. st it e sspctiananieplaly yp ayey, whichoreappiesies the

temperature of the catalyst and 15 brings about the conversion of the other compounds present in the

stream. Specifidy, ifAPRedre QO tHETarGe amBLAR T ED pRRALREY t68A adiRbatic
increase in the temiperatuta sadly tad thelteniperaturebdorilse Stafiaf cameersion (igniddn20

tempera_turgs) o &l H}F‘ecqﬁ@“t%méé‘{? exeeedad: The exgthelyficity thtﬂé r%aé?éiﬁﬂtf,%ﬂ@‘?
conversion of CO to CO2 is characterized %/ AHr of 2%3 kJ/mol. Even if the exotheLmicity of the
reaction for the 58lectVE PP ERdatioRDf h§drodkthdn B B palstI € forRA@MBIE AHPR 341 kd/mol for

the conversion stpepylene wrdctolain, the kisletipobfthe eominatioareactiorraredmuchTaster. A

"conventional” teehralogyof thadudtitublaieactos iypethengdaesraldnakesit 30 nossiblg to
correctly control the temperature of q{e. atalyst. Under conditions where the temperature can be
controlled, the c%%%%rgs%% of’ #ue &8 8%8%%%‘% e cgz%{ﬁgd ottat a Fo%v%r teg%f)erag&ree thac(;gthe
temperatdr@ forXyRIOREST the hydrocarbon and thus it can be 35 carried out selectively. - 8 -
hydrocarbons are significant, it is theoretically possible to selectively oxidize CO to CO2 provided that

the reaction teniggrgg%% és @g_ﬂg@gd (g\gg%% Qle iggitigﬂge@gg%urgfoft gua&pptthattq{éhe other 5

constituents. By way of indication, the increase in the temperature of the gas during the combustion of
1000 ppm of imPEAifAh s MtdtakHIR theFollblitfng 99 tdiffe TSQubsBinSEREAESF out

either, on the one hand, at low space velocities S8vVs
15 (generally 1less than 10 000 h''), the space velocity
being defined as the ratio of the flow rate of
reactants to the volume of catalyst, or as an inverse
of the “contact time”, or, on the other hand, for low
concentrations of CO at the inlet; in some cases, it
20 also 1results 1in a simultaneous conversion of the

hydrocarbon present in the gas.

Due to the risks of flammability associated with the
presence of hydrocarbons and oxygen, processes for the
25 production of hydrocarbon derivatives by catalytic
oxidation in the gas phase of hydrocarbons generally
operate with low contents of hydrocarbons in order to
keep the gaseous reaction mixture outside the

flammability region.

30
In order to 1increase the productivity of these
processes while observing safety constraints, it is
possible to carry out the reaction of the oxidation of
the hydrocarbon in the presence of an inert gas with a
35 high specific heat (also known as specific heat

capacity Cp, the index p indicating a value at constant
pressure), 1in order to obtain better management of the

exothermicity of the reaction and to increase the



combustion kcal/mol Adiabatic temperature increase of the gas for 1000 ppm Benzene 750.6 103
Toluene 892.0 123 m-Xylene 1038.9 143 Methyl Ethyl Ketone 540.1 74 Methyl Isobutyl Ketone 843.0

116 Methanol 149.8 21 Formaldehyde 124.0 17
WO 2011/124824 PCT/FR2011/050692

- 6 -

concentration of the Thydrocarbon in the reaction

mixture, the inert gas constituting a thermal ballast.

Thus, the document EP 293 224 provided for the addition
5 of 5 to 70% by volume of a saturated aliphatic
hydrocarbon of 1 to 5 carbon atomsg, such as methane,
ethane or propane, for the reaction of the oxidation of
propylene resulting in acrolein in a two-stage process
for the production of acrylic acid by catalytic
10 oxidation, the second stage consisting in oxidizing the

acrolein to acrylic acid.

Propane 1is preferred as hydrocarbon which can be used
as thermal ballast in this process. This is because
15 this gas ballast exhibits several advantages with
respect to a ballast formed of inert gases, such as
nitrogen or carbon dioxide. First, it creates a better
thermal ballast as its specific heat (Cp) increases
strongly with the temperature, which is not the case
20 with nitrogen. In addition, it has a degree of chemical
inertia under the conditions under which the reaction
for the oxidation of propylene is carried out and its
possible reaction products are very similar in nature
to those of the propylene. Finally, it makes it
25 possible to more easily meet the constraints of
composition of the mixture related to the question of
the flammability by placing the reaction mixture above
the upper flammability limit. By virtue of the use of
this thermal ballast, the feedstock supplying the
30 reactor for the oxidation of propylene can be greater
as fraction by volume, which increases the productivity
of the conversion while controlling the hot spots in
the bed of catalysts and thus promoting the selectivity
of the reaction.
35
It 1is even more necessary to recycle the stream
comprising the unreacted propylene (and the propane) in

the case of the use of a thermal ballast such as



Acrolein 369.0 51 Acetic Acid 188.3 26 Butyric Acid 482.0 66 Ethyl Acetate 494.7 68 Phenol 690.0 95
m-Cresol 838.0 115 Acetaldehyde 257.8 35 Styrene 1005.0 138 Hydrogen sulfide 122.5 17

WO 2011/124824 PCT/FR2011/050692
- 7 -

propane, due to the cost of the propane, and
consequently the oxidation of the carbon monoxide in a
stream rich in mixtures of hydrocarbons becomes more

difficult to carry out selectively.

The problem which the present invention intends to
solve 1s that of carrying out the conversion of the CO
to CO; in a stream rich in hydrocarbons or in a mixture
of hydrocarbonsg, without, however, oxidizing these
10 hydrocarbons. It is possible, in an adiabatic fixed bed
or even in a reactor of the multitubular type with good
heat exchange, for selective conversion of the CO to
start but the reaction can rapidly run away, which
greatly increases the temperature of the catalyst and
15 Dbrings about the conversion of the other compounds
present in the stream. Specifically, in a fixed bed
reactor, the large amounts of CO present lead to an
adiabatic increase in the temperature such that the
temperatures for the start of conversion (ignition

20 temperatures) of all the constituents are exceeded.

The exothermicity of the reaction for the conversion of
CO to CO, is characterized by AHr of 283 kJ/mol. Even
if the exothermicity of the reaction for the selective
25 oxidation of hydrocarbon is comparable, for example AHr
is 341 kJ/mol for the conversion of propylene to
acrolein, the kinetics of the combustion reaction are
much  faster. A “conventional” technology of the
multitubular reactor type then does not make it
30 possible to correctly control the temperature of the
catalyst. Under conditions where the temperature can be
controlled, the conversion of the CO to CO, can be
carried out at a lower temperature than the temperature
for oxidation of the hydrocarbon and thus it can be

35 carried out selectively.

As the differences in ignition temperature between CO

and the wvarious constituents present in a stream of



Ammonia 76.2 11 Trimethylamine 531.0 73 Carbon Monoxide 67.6 9 - 9 - 5 In an atmosphere rich in
gas with heat than that of the air, such increase in adiabatic temperature lower. a higher specific as
propane, the is proportionally In this context, the applicant company has discovered that the use of a
fluidized bed to €8ng& HELZEBRACO?2 in a stream rich in hydrocarBsis/ ABRES & £928iBR20 solve the
various problems mentioned above and to 10 optimally meet the requirements of use of thermal ballast
and/or of recycling of reaction gas comprising an excessively high CO content, in processes for the
production of hydrécarxoriaera/ativassby selectiveimadetion of hydrosarbbohe oxtieigaslghase in the
15 presence of,oxygen, and more generallydnprecesses dordhe produstion,ofpydeecarhon derivatives
from hydrocarbons in the gas phase in the présence of oxygen. 20 The oxigation of CO using a
fluidized bed has SlreddiAformal th& SUBfett bPEfdiesS in Partichift ¥5istu ﬁﬁ&?ﬁ&inﬂﬁ%ﬁce of the
configuration ofitheeactor comppisirRtaispecific catelystof®t-Cdigl/7-%1203 nge ot trconversion
of the CO preseni il @:35,8ydregen-rich stream (M.P. Lobera et al., Catalysis Today, 157 (2010),
404-409). In this study, the treated stream comprises only hydrogen, so that the problems of selective
oxidation of CO in a complex mixture, such as a mixture of hydrocarbons, the oxidation of which has
30 to be avoideBly aféaibt pbsendheadiftt thé PreséRCRTEFoN IS thtld%o PRIMREE prcess for the
selective oxidatian ofcgarbogamonaxide: toccarbor dicxieowbichds easity incomporatea in 3% existing

industrial proceﬁ%%p{gge prj%alucgqr}of rlyéjroclaﬁ%%ggg\é%tg/es.&umg’@éy offtgﬁg\{;ﬂtjgn

table 1.

Substance Heat of Adiabatic
combustion temperature
kcal/mol increase of the
gas for 1000 ppm

Benzene 750.6 103
Toluene 892.0 123
m-Xylene 1038.9 143
Methyl Ethyl Ketone 540.1 74
Methyl Isobutyl 843.0 116
Ketone

Methanol 149.8 21
Formaldehyde 124.0 17
Acrolein 369.0 51
Acetic Acid 188.3 26
Butyric Acid 482.0 66
Ethyl Acetate 494.7 68
Phenol 690.0 95
m-Cresol 838.0 115
Acetaldehyde 257.8 35
Styrene 1005.0 138
Hydrogen sulfide 122.5 17
Ammonia 76.2 11
Trimethylamine 531.0 73
Carbon Monoxide 67.6 9

Table 1




- 10 - A subject matter of the present invention is thus a process for the selective oxidation of the
carbon monoxide present in a gas mixture comprising at least 5 one hydrocarbon or one hydrocarbon
derivative, said process comprising the stage consisting in bringing said gas mixture into contact with a
solid catalyst caB@brO3fla’ddiidg4he carbon monoxide to carbon dB%HBAFR 2SR AEMPerature,
characterized in that 10 said stage is carried out in adluidized bed. The fluidized bed technology
provides mixing of the solid and the gas mixture, and thus homogenization of the temperature of the
catalyst. By obtaiingra 15thameheneous terhpeiaturgait isthuhpossiblédbeontegb¢hel Selectivity of

the reaction for the pxidafign of g}paq:_arbgg mgﬁ%xidgf,pg to g@égnggrsde%; @gérr)olegﬂgs of

economic value, This homogeneity confers, on the fluidized bed, an undeniable advantage in 20
comparison with BF if&Fbedd whthHE GhherdifRBIEL W & higlf teMpeRIIre §aaiRAY, The

removal of the Heatexf the reaction can be provided by cooling pins positioned in the fluid bed. The
coefficient for transfer of heat between the suspension and the 25 exchanger tubes is very high, and
makes it possib&e toterlj[ficientlc)! k]:eat or cc& the ma&erial. 'I;:he process forhthe sglective oxid%tion of CO
according to the fhvention c%nrbeefﬁct)rporzﬁeaa ﬁ?anjycl‘%austrlacﬂmo}%)arrfr\"(’)cesassreqd‘lfﬁiﬁfy3 Y)Felé%lng of CO-
and/or CO for chBaficaF Feastf€ (isHibifonfafuhe FegadioRE Phisicat REBEORS (detgedse irfthe Cp of the
reaction gas) orcgafetynreasens-dlamnmalkilitylimits)3h-Apgthessubjgekmatter-of plae kwpnton is a
process for the prodygtion.of g, lvdiacarhon derivaive ampising ahleastons, stage of selective
oxidation of the carbon"monoxide present in a gas mixture comprising at least one hydrocarbon or

one hydrdcarbdrPderiadive ushfp flufdifed BEFEOFPRSRES sOIfd catBfyst EapalsiB ¥ Biblizing
carbon monoxidestol earbor dipkide atfa clwseniemperafurec@thercharpcteristiopand adyantages of

the invention will noge cleatly.emerag pgreading g defailed descyption which fellgws and the

nonlimiting implementational examples of the invention. Detailed déscription The gas mixture

subjected to thprRICRSS 167 the RblecHVE bRITRRBROf CHFALGHEMERE th&ihvefifior T5 tafprises at
least one hydrocarbdmtdraone bydrdashorrdeticative. The ytkocabonsaiediensaturatedeand linear

20 comprising fram L& hygroearbgs, vihieh eairbe §dad2-carhon atopis, salisatedermrono-or or
branched hydracgbons carhon atoms, o gromalc substited, comprsing fom . ¢y.on
hydrocarbons in the gas phase 1in the presence of

oxygen.

20 The oxidation of CO using a fluidized bed has already
formed the subject of studies, in particular for
studying the influence of the configuration of the
reactor comprising a specific catalyst of Pt-Co-Ce/y-
Al,0; type on the conversion of the CO present in a

25 hydrogen-rich stream (M.P. Lobera et al., Catalysis
Today, 157 (2010), 404-409). In this study, the treated
stream comprises only hydrogen, so that the problems of
selective oxidation of CO in a complex mixture, such as
a mixture of hydrocarbons, the oxidation of which has

30 to be avoided, are not posed.

The aim of the present invention is thus to provide a
process for the selective oxidation of carbon monoxide
to carbon dioxide which 1is easily incorporated in
35 existing industrial processes for the production of

hydrocarbon derivatives.

Summary of the invention




Mention may be made, as examples of hydrocarbons, for 25 example, of ethylene, propane,
propylene, n-butane, isobutane, isobutene, butene, butadiene, isopentene, benzene, o-xylene,
methylstyrene or naphthalene. Preferably, the hydrocarbon is chosen from propylene or propane,
alone or as a mifura 033 1ha48afocarbon derivative can be a prod®§iTf FRR paitia bREARon of a
hydrocarbon and it can then be chosen from anhydriggs, such as phthalic anhydride or maleic
anhydride, aldehydes, such as acrolein or 35 methacrolein, unsaturated carboxylic acids, such as
acrylic acid or methacrylic acid, unsaturated nitriles, such as acrylonitrile, methacrylonitrile Or

atroponitrile, or their mixtures. Preferably, the 412 - hydracarbon derivative is acrolgi gndéor acrylic
acid. The hydrocarbon 5(%%vative can alsé?%le a prod%%:yt of ?ﬁg aggitiong# oxyg%:n or a%alogen

compound to aP5UrRafirafedhydrBarbdf LT exBfmpl € EtHAEBxide Spropyfene GRidRe8r
1,2-dichloroetharsn dMertmnprasbamade, as spdid catakists eapabieofiexidizing ttafbeasuonoxide to

carbon dioxjde which ¢an10be.ysed indhe pragess ageydingo-thedpyantion; of knowy catalysts for
the selective oxidation of CO, such, as, for example, without this list being limiting, catalysts based on
noble metals, sEATSS Pratint S atRaRn, Mdgium GFatherian Sigpsited Bn %ﬁig%o?ganic
support, such asailida, Jikaniunmi vkideezirtomiom oxites atlumivigbr slicaite; ot catalystsyssed on

copper, mangaressssebalt orickekardion pptiopaly inthedygsenee ok atleast gnedqpbigsmetal, such
as platinum, paléadium rhod{um or %Jtheniurg, in 20 the form ofﬂwixed gxides or, of, aIIoXiogtionally
jo0Xx1de a a  cnogen m ature, . arac erlze% ll’]l =X - .
supported on an inorganic support, sugh‘as sﬁcg,etﬁamum OX|§e,_2|rcon|um oxide, aluminaor silicalite.
Highly suft&ble Eatafystsare forexamipie esblids bvitiha Jovl EHarezsihl®Gsm or palladium (for
example of 25 the order of 2%) on a support of silicalite or sodium silicate type. The catalyst employed

in the process aggarding,f9 e Inyention isJa {hg, formLof sglidparicles wilh 3,30 pagticlg size ranging
from 20 to 1000 microns, preferably from 40 to 500 microns, more particularly from 60 to 200 microns.

The size distrib§fIn-6f tA8 Partitfes $aF bB Hetdthfine PR ofdiNG toh PRSI FREthSHS, i particular
according to a simple metoely 35 sueh as Sievirigewithca sedyence offsrevesof alecieasingsmesh sizes,

or determjnation Gy laser difffaction, far.example with deviges of ;psé\éq'm@ hrandos 43 s According
to the invention, the temperature of the fluidized bed is between 20C and 400C, preferably between
70C and 300C, Miste f)?égf‘atb})y bERvesh 100 adF250¢ 8 PF&Erablia hiqe is%ﬁosen

which is lower th&e theetighition" tepmeeratifie ot hydrocarbonlamdior of thestiydrycarbbe derivative
present in the gas naixturecthalris t-sayslpwer thantbe temperafisgsosespendisgnrers,

on the fluidized bed, an wundeniable advantage in
20 comparison with the fixed beds, which are generally
subject to a high temperature gradient. The removal of
the heat of the reaction can be provided by cooling
pins positioned in the fluid bed. The coefficient for
transfer of heat between the suspension and the
25 exchanger tubes is very high, and makes it possible to

efficiently heat or cool the material.

The process for the selective oxidation of CO according
to the invention can be incorporated in any industrial
30 process requiring Dbleeding of CO, and/or CO for
chemical reasons (inhibition of the reaction), physical
reasons (decrease in the Cp of the reaction gas) or

safety reasons (flammability limits).

35 Another subject matter of the invention is a process
for the production of a hydrocarbon derivative
comprising at least one stage of selective oxidation of

the carbon monoxide present in a gas mixture comprising



10 to the start of the reaction for the oxidation of the hydrocarbon and/or hydrocarbon derivative. For
example, in the case of propylene, there is generally at least approximately 20C and preferably at 15
least 30C difference between the ignition temperature of CO (beginning of combustion of the CO) and
the ignition temp&ragné bf bedABA4ne. This difference is sufficient to BEErFHREE tdibR8HERRof the CO
without having combustion of the propylene. If the igpition 20 temperature of propylene is reached, the
reaction becomes difficult to control due to the high oxygen and propylene content of the gas to be
treated. The fluklizetdldestcanraperatahatelmisa obeordimeiotsii 25 semibatcluvise at apen).
Preferably, the RLOCESS agco@ﬂg&@gdnv%%@n @o%@?% Qﬂgcorginuggﬂ/dTh'&sa@gf{}gL&se, given

the ease of withdrawal of solid particles from the fluidized bed and of addition of solid particles to the
fluidized bed dUFMGARIS0 Gferafdit 1fd Rl ArRFcdrPROESAUERy TR degired. The
catalyst bed cam maintairoae nnvarmyirg-activity over time if deactivated catalyst is continually
withdrawn in order to replace it with fresh catalyst. The emptying and the cleaning of the 35 fluidized
beds take place v rg easily, as for a water tank. The withdrawal o era{ion can be carried out
continuously or%??\ a4 dét %E%‘fb@ﬁ&&ﬁ&ﬁ%uﬁﬂ r gafﬁ%aé% tivated" ?alﬂsrf\é%lﬂtojpﬁgnally be -
14 - reactivatedwix ditu by ary appopridie teehaiggie, incarder &Rldd Babseduentlyiedinjedred into the
reactor. Mentiog &ay-he fiadle, asdechniguesten 1eagtivatigmef the watalystnwithautheinglimiting, of
redispersion 5 af ntlhﬁ erergnetrallg,acgc ].'Eg% é:;iltal satmkrln]gla redggiq%reegmveent,tvi/a%hing the catalyst in order to
remove the con%arﬁlnan?s, Or reimpregnatio of the cata yset with & fresh charge of the active metals of
the catalys?. 10 Reference may be made to the document on fluidization techniques in Techniques de
1" ingenieur [Tepbrigues of thestrgipeedw3 390 1 to 20. Advantageously, mild oxidation conditions
are used, 15 that is to say a combination of a relatively inactive catalyst (comprising a low charge of
active metal), a moderate temperature (for example from 80C to 180C) and a fairly short contact time
(for example of 168 th8RDnESetontlf AlRHRARER S IovPredidéncdthie 28 makes it pbE&ible to
envisage a highes lempératurefdrdagiven catilystoAdvantageously tuse thmadeoka micgerate
pressure jnsthe fujgizedbed reacter farexamwlegifigiween dand,253, harnaagd-8 Jaify short
residence time, which is reflected by high space velocities. In the case where the conditions related to
the process reqafi& higier Bressures, it is then preferable to combine a relatively inactive catalyst with
a temperature which 30 is as low as possible in order to limit the reactions for the oxidation of the other

constituents of the-gas Htkeard cEhesliaar velpeity of thewgasapidure inthe flujdized 35 beg can range
from 0.1 to 80 cm/s. For fluidige beds 8f in?ustrial size,itc rang%frgm !%O g) 80 cn‘}és. In the case of
t e ons

shorter fluidize ﬁélélssjalln lﬁgﬁlc% ar Ifb%ratorylﬁlueléﬁged Sé:ds, 16 finear veloc?fy oFthe

20 comprising from 2 to 6 carbon atoms, or aromatic

hydrocarbons, which can be substituted, comprising from

6 to 12 carbon atoms.

Mention may be made, as examples of hydrocarbons, for
25 example, of ethylene, propane, propylene, n-butane,
isobutane, isobutene, butene, butadiene, isopentene,
benzene, o-xylene, methylstyrene or naphthalene.
Preferably, the hydrocarbon is chosen from propylene or

propane, alone or as a mixture.

30
The hydrocarbon derivative can be a product of the
partial oxidation of a hydrocarbon and it can then be
chosen from anhydrides, such as phthalic anhydride or
maleic anhydride, aldehydes, such as acrolein or
35 methacrolein, unsaturated carboxylic acids, such as

acrylic acid or methacrylic acid, unsaturated nitriles,
such as acrylonitrile, methacrylonitrile or

atroponitrile, or their mixtures. Preferably, the



- 15 - gases is generally between 0.1 and 10 cm/s. Generally, the flow rate by volume of the gas
stream will be adjusted to the volume of catalyst and 5 consequently to the size of the reactor, so as to
achieve very high space velocities SVs, expressed as hourly flow rate by volume of reactants with
respect to the valOm03flcAt¥8240 TheprocessaccordingtotheinveRtaiBR2I0aAtAQBO0BSR carried out
with high space velocities SVs, for example ranging {from 1000 1-1-' to 30 000 1-1-1, preferably greater
than 10 000 hu, or better still ranging from 10 000 h-1 to 30 000 h-1. The process 15 according to the

invention is partigedadewelbstited 10 gas streams comiyising maig than A& Roe of earpon monoxide
at the inlet and preferably more than 1 mol % of carbon monoxide. 20 Another subject matter of the
invention is a process for the production of a hydrocarbon derivative comprising at least the following

stages: a) at ledStBnBHARSFBOR aftG okygérn B af Dxygers 2 EoRphdiRg'yas afd bioght into
contact with an aggiapriate catalystyxgsidiing ivra gas mhdareseamprisingatleast ane hydrocarbon

derivative, gncopyeded hydrocarhon, exganand cadion mangxide, 30). the lydracarhan derivative
: i )

is separated or extracted from the reaction stream resulting from stage a), c) the carbon monoxide
present in the gBE FrEARTS tHEA LBnPértdd fo SR WG EHEMg a fluidized bed 35 comprising a

solid catalyst capable of oxidizing carbon monoxide to carbon dioxide at a chosen temperature,
producing a gagstheameplgied incamhonanongxidey 5116 - ) said steeam deplateddn cagbon
monoxide is rec%/}({:g{egitgirgactigg z;age a). Itis cl arI)é understood trlgft this process can comprise 5
other stages preliminary, ifterniediate anaror su %equoenf fthoSe MeRtignEd ABBVEWhithare well
known to HOperdth skilRd id theldre AREOrdTF toHE PFrEders of thetihventioriestagem) isaD carried
out under approgiisie: ceaditions i padiculaisegarding-theanatwenfthe catsdystdhe terpperature and
the optional presgnce n ipert as thermal ballast, according to processes knawn to a person
skilleg in thepartg v%hichgrélgkegltg &Y)%Z?tﬁé toﬁ%%rﬁaﬁgfac%&le%thegdle%re eyldrrlgcaf{):jérﬁld%:'ﬁl\}gﬂvz. The

reaction carriedGthEaneantFitdiorrRacith b a FiaoR for i AtdiBEn o bRFGEHIB an
unsaturated hygratagubinug( In ahadteunative formrofttherndvention sstpge aj) ésicarsed ouwnn the

presencesqf a theymal hallast whighds inert undey the conglitipns of the. fgaglion carried gut. 25
zirconium oxide, alumina or silicalite; or catalysts
based on copper, manganese, cobalt, nickel or iron,
optionally in the presence of at least one noble metal,
such as platinum, palladium, rhodium or ruthenium, in

20 the form of mixed oxides or of alloys optionally
supported on an inorganic support, such as silica,
titanium oxide, zirconium oxide, alumina or silicalite.
Highly suitable catalysts are, for example, solids with
a low charge of platinum or palladium (for example of

25 the order of 2%) on a support of silicalite or sodium

silicate type.

The catalyst employed in the process according to the
invention is in the form of solid particles with a
30 particle size ranging from 20 to 1000 microns,
preferably from 40 to 500 microns, more particularly
from 60 to 200 microns. The size distribution of the
particles can be determined according to numerous
methods, in particular according to a simple method,
35 such as sieving with a sequence of sieves of decreasing
mesh sizes, or determination by laser diffraction, for

example with devices of the Malvern brand.



Stage b) consists in recovering the hydrocarbon derivative according to conventional methods using
techniques such as absorption in a solvent followed by extraction, distillation, crystallization, 30
condensation. On conclusion of this stage b), the gas stream, freed from most of the hydrocarbon
derivative, genewilly2dbhipiisid® Aconverted hydrocarbon, oxygen, RETNFFR 9d@Eor0 meafases, such
as nitrogen and argon, carbon monoxide and carb_orhgioxide, is brought into contact with a solid
catalyst capable of oxidizing the carbon monoxide to carbon dioxide at a chosen temperature, in - 17 -
a fluidized bed (stager-el) ndepleted thearbonvraamraxds, acqosdingdarstage d).4o aptionalyeafter
having bled 5 c%rlt_)}g dijg)éige fgggfedjL Jesy '@geigrzfl sygam WQH)(Q can Qgéecyg:gg t@learg%%;ion stage
a), it of a portion of the Tn a specific embodiment of the invention, the process for tfhe production of a

hydrocarbon deRS&HfREMcPoratifgd stfe’ S of Pakifal BiGHrPEHE0 6 19802 d4Rg & fluidized

bed relates to thenhamsiferature of acrylic acid by catalytic oxidation of propylene using oxygen or an
oxygen-comprising mixture and in the presence of propane as thermal ballast. 15 This reaction,widely
operated industrially.is generally carried out in the gas phase and generally in_two stages: The first

stage carries oﬁ’fﬁggﬁﬁ%ﬁtialﬁl SERREARENE oxidatiol SFfe Bropylend tat giveandedlein-rich
mixture, in whichithe atnylic atichis arminor component, andethen during the secort) stage €arries out

the selective oxidation o the-agnelain tp-give ackylis agide 2erithergaction conditigns efthese two
stages, carried glgllt iQ two rgactggs in s(gariee]% or i[l,l a s'{q?ée Eeeact%r com[%risin%the 2 reacéion stages in
series, are differetit an%lsreql?ire cgta}ys\f]s appropriate to the 38 rlefggt}%)n? h%w%{:/grsﬁtolg Aot ﬁecessary to
isolate thé first-Stagé Berofdif garif thid®vorsiagé pescefer the oxidation of the

hydrocarbon and/or hydrocarbon derivative.

For example, 1in the case of propylene, there is
generally at least approximately 20°C and preferably at
15 least 30°C difference between the ignition temperature
of CO (beginning of combustién of the C€CO) and the
ignition temperature of propylene. This difference is
sufficient to guarantee combustion of the CO without
having combustion of the propylene. If the ignition
20 temperature of propylene 1is reached, the reaction
becomes difficult to control due to the high oxygen and

propylene content of the gas to be treated.

The fluidized bed can operate batchwise or continuously
25 (semibatchwise or open). Preferably, the ©process
according to the invention is carried out continuously.
This i1s because, given the ease of withdrawal of solid
particles from the fluidized bed and of addition of
solid particles to the fluidized bed during its
30 operation, the solid phase can be continually replaced
as required. The catalyst bed can maintain an unvarying
activity  over time if deactivated catalyst is
continually withdrawn in order to replace it with fresh
catalyst. The emptying and the cleaning of the
35 fluidized beds take place very easily, as for a water
tank. The withdrawal operations can be carried out
continuously or  with a degree of periodicity.

Furthermore, the deactivated catalyst can optionally be



The reaction conditions of these two stages, carried out in two reactors in series or in a single reactor
35 comprising the 2 reaction stages in series, are different and require catalysts appropriate to the
reaction; however, it is not necessary to isolate the first-stage acrolein during this two-stage process. -
18 - The reactoW€arR P L(bpRER dith a propylene feedstock of low BEAHE Bl IsLt0P$R/&bnprising
propane, such that the propane/propylene ratio by vplume is at least 5 equal to 1. As the large gas
ballast formed by the propane results in a better management of the exothermicity of the reaction, the
reactor can be seppltetvwitied feedstedk moigycoacgntratgeiompropylenecinadrdeciceincrease the

productivity of t@?é&pr%eS%T@u%Q@%@HeQ?ﬁ% ohtheseagtiverstream,eanhe, ingg,compounds,

such as nitrogen or argon, water and 0x egen. e gas mixture resulting from the reaction for the 15
fpgﬁi c

oxidation of acrSfeHT toRsiZRY apirt e abftf O HGHRESOMIBunES i akeRdhcBhdensable
under the tempehaturearalipressure’ tohditionsasormllyl 20 Eriplayedofiitrogeh, Lrebavarted oxygen,

unconverted prgpyleng, Rrepanepresentin the propylanersy agdded asdhernal ballasteearbon

monoxide and carbon dioxide, which are f rm%d in a_ small amount b&/ final oxidation orgging around
. . was ]rl’l . he cata S lnb o#?er Q i remO\{.e e
in 25circles, by recyc |na, in the procéss, of‘condensable light compounds: In particular, water

generated by tifCriaRToRIGtRe oRidalic BPPRPYRNECINEInVERE Gitidik Siight 38 ldehydes,

such as formaldehysle anthaceialsiehyde, acids. wichasacetisfacithdhe aainympurity generated in
the reaction section,  of heavy compounds: furfuraldehyde, benzaldehyde, 35maleic acid, maleic
anhydride, benzoic acid, 2- butenoic acid, phenol, and the like. - 19 - The second stage of the
manufacttfe, cBRESESHHiRY fBPstadeth) M e e actBriiMF o theinvehtid Rt dhsistdin
recovering the aewylie: agidspresent rethiergaseoss effluentistretam ¢esul{irgefromithe ©xidation
Sreaction. This s{age-can he casrieshoutdly goyntercyrrentwise absorption. For this, the gas resulting
from the reactor is introduced at the bottom of an absorption 10 column, where it encounters,
countercurrentwise, a solvent introduced at the column top. The light compounds, under the
temperature andidpressweasonditions ol indlly enigleyadrespectivehi mote thare50C8%@d less than 2

X 105 Pa),sre remevedat the taRy a combination of a relatively inactive
catalyst (comprising a low charge of active metal), a
moderate temperature (for example from 80°C to 180°C)
and a fairly short contact time (for example of less
than one second). Alternatively, a low residence time

20 makes it possible to envisage a higher temperature for

a given catalyst.

Advantageously, use 1is made of a moderate pressure in
the fluidized bed reactor, for example of between 1 and
25 3 bar, and a fairly short residence time, which 1is
reflected by high space velocities. In the case where
the conditions related to the process require higher
pressures, it is then preferable to combine a
relatively inactive catalyst with a temperature which
30 1is as low as possible in order to limit the reactions
for the oxidation of the other constituents of the gas

stream.

The linear velocity of the gas mixture in the fluidized
35 bed can range from 0.1 to 80 cm/s. For fluidized beds
of industrial size, it can range from 50 to 80 cm/s. In
the case of shorter fluidized beds, 1in particular

laboratory fluidized beds, the linear velocity of the



15 of this absorption column. The solvent employed in this column is water. The water could be
replaced by a hydrophobic solvent having a high boiling point, as is described, for example, in the
BASF patents FR 2 146 386 or US 5 426 221, and in the patent FR 2096/14397. The operating
conditions of thi¥@b38Atibh%t8F are as follows: 25 The gaseous rBERUGTRADAHAOE HfiARIuced at the
column bottom at a temperature of between 130C apd 250C. The water is introduced at the column
top at a temperature of between 10C and 60C. The respective amounts of water and gaseous reaction
mixture are such3O=that theowatertiyhclacicveatio by, weight islbetwreén.1/1 and 1/4. The operation is
carried out at atmospheric pressure. An agueous mixture of acrylic acid in water (ratio by 35 weight
from 1/1 to 4/1) freed fram most of the unconverted acrolein and light compounds, in particular

noncondensabl&FGRt EompounddSinéitaihg Bt Ss s V20 mGhtaihed fis Fikture geh@flly being
referred to as "eride aciydic asid).UHtis@rudecacryiecacid/islither subjéctedadalsy sombiaation of

stages whigh candiffegintheirsequenceraccrding tosthe pracess-dehydratiogwhich reppves the
water and the f%rg%lalger%d%égfehy rat%d acr lic acidg,lrem%val of tg% Iighté)roducts ig particular the
acetic acid), removal of the hee?(/y g %rodug sc,:%pti\énaﬁf rermoval of gértaln}ﬁ%%%?iﬁes bya&]emical
treatment. The §agskEarh @fingrremitie prdesting Stafeast extrastion shtheerpgictacicbby
countercurrentwige 15cahsaeption, ydteh gemsists mainly of unconverted propylene, unconverted
oxygen, propane, CO and CO2, and other minor inert gases or light impurities, is brought into contact

with a solid catalyst capable of oxidizing carbon monoxide to carbon dioxide at a chosen 20
temperatd, inlgiﬁuidizé?f BEG SRsultifg P& StBdm depfted iRR@rbonHYE&EdEWhich £8n be
recycled to the sehctionstage;opfiorallyafted having kiédht oh aqiortiopaaféhevedrbon dioxide formed.

25 In an alternadiye formf the,pracess qg@l%mgnt'@poﬁll arpsdt gf thegas syegpmexiting from the

unit for the conversion of carbon monoxide to carbon dioxide is sent to a selective permeation unit in
order to separat¥ & fiFtEeam Prédorfihaniy 2Bmptling the™0 ineRonistunds, sGéhas co, coz,
nitrogen and/orzaganrend & segondistrédm pretontimantcohddriding. propyiene mnd pecrsane. The

permeatign unitbRMBleY$Rfeto the invention is particularly well suited
to gas streams comprising more than 0.5 mol% of carbon
monoxide at the inlet and preferably more than 1 mol%

of carbon monoxide.

20 Another subject matter of the invention is a process
for the production of a hydrocarbon derivative

comprising at least the following stages:

a) at least one hydrocarbon and oxygen or an oxygen-
25 comprising gas are Dbrought into contact with an
appropriate catalyst, resulting in a gas mixture
comprising at least one hydrocarbon derivative,

unconverted hydrocarbon, oxygen and carbon monoxide,

30 b) the hydrocarbon derivative is separated or extracted

from the reaction stream resulting from stage a),

c) the carbon monoxide present in the gas stream is
then converted to carbon dioxide using a fluidized bed
35 comprising a solid catalyst capable of oxidizing carbon
monoxide to carbon dioxide at a chosen temperature,

producing a gas stream depleted in carbon monoxide,



or more semipermeable membranes having the property of separating the inert compounds from the
hydrocarbons. 35 This separation generally takes place at a pressure of the order of 10 bar and at a
temperature of approximately 50C. Use may be made of membranes based on hollow fibers
composed of a FENrA8RanHdseh8Rdm: - 21 - polyimides, polymers ofR&ENMRR ekl BeEsAPpe,
polysulfones,polyamides,polyesters,polyethers, palygetherketones,polyetherimides,polyethylenes,
polyacetylenes,polyethersulfones,polysiloxanes, 5 polyvinylidene fluorides, po lybenzimidazoles,
polybenzoxazoles, palyacrdemitdes, poyazoatonatics anddhe eopolymess afthesa-pelymers. Said
second stream enriched ip ipégp)ggg%é&ng jpropane is 10 advantageously recycled to the reaction stage
without accumulation of CO2 and other inert gases, such as argon, in the recycling loop. In a second
alternative form of the process of the 15 invention, all or part of the gas stream entering the unit for the
conversion of carbon snaricadel to carBem slivxide istsent befose lparebtosa selectivieopgrmieation unit,

such as thaf deggrined aboyg, 19 sgparatg,at 1east,apastion of the CQ2.4hg 9as stream egtering the
20 CO converter then beinﬁ depleted in CO2 and uncon\gted oxygen. Qther characteristics and

advantages of tREIRERNGH Wwill BRcome SSparbrt i fFeSSkpetitdiiial BRrt hicR S8willfofidw.
EXPERIMENTAINPARTIEx@MPRIEGD idaticrfitests Whee earfied out on pure compounds using a
catalyst from Johnson Matthey (2% Pt on Ce02) in a reactor comprising a bath of molten salt with an

internal diametei Coé 2§.d4imm ggd %‘@}Q a cra(gglggts heg%ht Sé)f ?’la(r)1 &gnn(:i.edn164 N -ezza- IS t{egted
individually) in a fixture gfginitrogen anopoxygen (2 mol&o . For some %estg, a porﬁon o1>the nitrogen

was replaé@d by #aterg20 PA0BINERE fRIBRANP EdAcehtiEBAS TARIRE refieserithé Biderof

magnitude regarding the nature of the catalyst, the temperature
and the optional presence of an inert gas as thermal
ballast, according to processes known to a person
skilled in the art which make it possible to

15 manufacture the desired hydrocarbon derivative.

The reaction carried out can be an oxidation reaction
or a reaction for the addition of oxygen to an

unsaturated hydrocarbon.

20
In an alternative form of the invention, stage a) is
carried out in the presence of a thermal ballast which
is inert under the conditions of the reaction carried
out.

25
Stage b) consists in recovering the hydrocarbon

derivative according to conventional methods using
techniques such as absorption in a solvent followed by
extraction, distillation, crystallization,

30 condensation.

On conclusion of this stage b), the gas stream, freed
from most of the hydrocarbon derivative, generally
comprising unconverted hydrocarbon, oxygen, water
35 vapor, inert gases, such as nitrogen and argon, carbon
monoxide and carbon dioxide, 1is brought into contact
with a solid catalyst capable of oxidizing the carbon

monoxide to carbon dioxide at a chosen temperature, in



5 of the concentrations expected for each of the reactants in a real stream) were tested under SV
conditions of 25 000 h-1, the conversion of the compound being determined as a function of the
temperature: 10- CO:2.8 mol% Propylene:0.75 mol% Acrolein:0.75 mol% Propane:50 mol%
optionally water"i® 2Rdse’ é@ddifdns correspond to conditions for thBGHEIdRHMIG/RE/ERe in the
presence of propane as thermal ballast. 20 The chapge in the oxidation of the pure compounds as a
function of the temperature, respectively in the presence of water and in the absence of water, is
reproduced in figurés diahiz2dn figede 1( $wegenversion ofrthe @ is1§00%nfora tesmperature of 180C

25 and the oxidafign of the propylene begins,significantly afa temperature.of 235C. \nfigyre 2, curve 1

corresponds to acrolein, curve 2 to CO and curve 3 to prop%lene. 30 The 'ignition" temperatures

corresponding A8 SEESf tHePoxiG &R T reattion GPthe Plite coFASOUNIR ard ©f&ted table 2
below. In this tatxe; theadmperatires showmnicgrebpent to theatEmperatargsiapplied to thereactor and

not those af the-gatalyst. 3o &ampounds=Q Propylene Acrolein Propane Ignition temperature225C
265C285C WO 2011/124824PCT/FR2011/050692 - 23 - without water

In a specific embodiment of the invention, the process
for the ©production of a hydrocarbon derivative
incorporating a stage c¢) of partial oxidation of CO to
10 CO, using a fluidized bed relates to the manufacture of
acrylic acid by catalytic oxidation of propylene using
oxygen or an oxygen-comprising mixture and in the

presence of propane as thermal ballast.

15 This reaction, widely  operated industrially, is
generally carried out in the gas phase and generally in

two stages:

The first stage carries out the substantially
20 quantitative oxidation of the propylene to give an
acrolein-rich mixture, in which the acrylic acid is a
minor component, and then during the second stage
carries out the selective oxidation of the acrolein to
give acrylic acid.
25
The reaction conditions of these two stages, carried
out in two reactors in series or in a single reactor
comprising the 2 reaction stages 1in series, are
different and require catalysts appropriate to the
30 reaction; however, it is not necessary to isolate the

first-stage acrolein during this two-stage process.

The reaction conditions of these two stages, carried
out in two reactors in series or in a single reactor
35 comprising the 2 reaction stages 1in series, are
different and require catalysts appropriate to the
reaction; however, it 1s not necessary to isolate the

first-stage acrolein during this two-stage process.



Ignition temperature with water ¢ 180C 235C > 300C Table 2 With the pure compounds, the ignition
temperature of the reaction is significantly different (difference 5 > 30C), showing an advantage for
sufficient evacuation of the energy to keep the reaction temperature at temperatures where the
selectivity is god#R Ex@iriblé 2488rhparative) 10 Example 1 is reprod®@atRRRIO e/ iedieised of catalyst
and a stream comprising the mixture of the compaunds CO, COZ2, propane, propylene, acrolein, water
and oxygen with the following concentrations, in which it is 15 desired to selectively oxidize the CO to
CO2: C0O:2.8 mol% Propylene:0.75 mol% Acrolein:0.75 mol% 20- Water:20 mol% Oxygen:3 mol%

Propane:50 molgs I h%é%%ﬁ&?”@&o%éh%‘ﬁé\?%éiéfhthvevﬂﬁseé‘cgz%é&hel%%é“'?%%‘s’ft%’c%pou”dfs’
complete combustion of the reactants Is observed as long as the oxygen is available, in the following
mderdﬁewﬁwﬂf low purity, that is to say comprising propane, such
that the propane/propylene ratio by volume is at least
5 equal to 1. As the large gas ballast formed by the
propane results in a better management of the
exothermicity of the reaction, the reactor can be
supplied with a feedstock more concentrated in
propylene in order to increase the productivity of the
10 process. The other components of the reactive stream
can be 1inert compounds, such as nitrogen or argon,

water and oxygen.

The gas mixture resulting from the reaction for the
15 oxidation of acrolein consists, apart from acrylic

acid:

- of light compounds which are noncondensable under

the temperature and pressure conditions normally

20 employed: nitrogen, unconverted oxygen,
unconverted propylene, propane present in the
propylene or added as thermal ballast, carbon

monoxide and carbon dioxide, which are formed in a

small amount by final oxidation or going around in

25 circles, by recycling, in the process,

- of condensable 1light compounds: 1in particular,
water generated by the reaction for the oxidation
of propylene, unconverted acrolein, light

30 aldehydes, such as formaldehyde and acetaldehyde,
acids, such as acetic acid, the main impurity

generated in the reaction section,

- of heavy compounds: furfuraldehyde, benzaldehyde,
35 maleic acid, maleic anhydride, benzoic acid, 2-

butenoic acid, phenol, and the like.



CO > propylene > acrolein > propane 30 The temperature is not controlled: a hot spot can be
measured where the temperature reached in the catalytic bed is greater by 150C at least than that of
the oven. Consequently, this difference being much greater than - 24 - that measured between the
ignition temperafifred &k /& paRRSubstances, all the oxidation react®@E AF& 2R e3P AEAG same time,
increasing even more the overall exothermicity. Theaxidation reactions are 5 found to be slowed down
only when the oxygen has been consumed. The test was reproduced with dilution of the catalyst by
90% by weight mith inestoaterialssgmbta/sitica bbeats-anigieatingdiamn SadnidGalkaimoThe

diluting of the cgt@g?:é h%th%gquﬁgéﬁ r gggiggéhea@égl;_zg(‘iﬁativi%ofy%% regg;%m:qrgﬁr to exert

better control over its operating temperature. Thus, the reactor was filled with 70% by weight of the

initial 15 cataly SIRRRGI by WeiGBT STt thatdifal S dhsguRaieht RERARGF cltalysts inert
materials. The giasisalso te tistrlute thethestfromehe bxidagiontrezmtiontayerca grsatararaction
volume. The hegt from; the reaction is removed by heat transfer by the wall; 20 the inert solid provides
a greater number of points of contact between the catalyst and the wall and should thus make possible
better control of the temperature in the catalytic bed. Despite high dilution of the catalyst (which
amounts to a stENFincteagein tRn25ispaceavaiocity), thetdifferenceym taiiseratae hébdeen the hot
spot of the catalyishegh-anshthe tepperattiesof theravendasthergaition texmperatdse of ghe-reaction of
the oxidation of CQ) remains greater than the difference in ignition temperature of CO and 30
propylene. Undgﬁﬁéég%oﬁ&tio%%%%%%ﬁgé%ioﬁfcreael%qﬁ%nr}%%% %Twac))/s cgrﬁltrof%g %ﬁg%ﬁ'eo&luting of

the catalys? witls fireateridlie@®% bl werdHtPHIES RSt makROWEEFEIEBIERG ¥bRR the Broblem.
Here again, theszsitalysids inageguaiected theareactohtechaolbgysed dpxamplias: Plepgihation of

catalysts for thecgglggtjl\é@dé 25 - Qdation ofgggoon rygﬁgéiggfdggaratigg&f a yst A 200 g of

porous silica spheres with a’diameter of 80 microns are impregnated, by nascent humidity

impregnation, WitRR36REBR cIiiTidnd 0. SHRERMAE acid T2 § o {eraanmfiREplatifami)
hydrogencarbosatedcemgrisieg 50.6860f Patnu), $g)10 ehimniéhniteate aonahydrateand 103.5 g

of demineralized watgr Sentleheatingwith,strFing isfusedstoevaporaledhe sxgesswatgs dhe solid
being kept rotated_in a rotating oven in order to prevent agglo ger%on. in 1{/i th% p%wder is dried at
105C 15 and theR taEed tind&? 5 at 500t for"2 h5trs. rlég1 ration of a'¢ataryst B ~X catalyst is

prepared by impregnaibrbi Puretdy(erSCOAZS-180 hilghin®frohi Sasaratesrdirio #se following
protocol: described, for example, in the BASF patents FR

2 146 386 or US 5 426 221, and 1in the patent FR
20 96/14397.

The operating conditions of this absorption stage are

as follows:

25 The gaseous reaction mixture 1is introduced at the
column bottom at a temperature of between 130°C and
250°C. The water is introduced at the column top at a
temperature of between 10°C and 60°C. The respective
amounts of water and gaseous reaction mixture are such

30 that the water/acrylic acid ratio by weight 1is between
1/1 and 1/4. The operation 1s <carried out at

atmospheric pressure.

An aqueous mixture of acrylic acid in water (ratio by
35 weight from 1/1 to 4/1) freed from most of the
unconverted acrolein and light compounds, in particular

noncondensable light compounds, including CO, 1is thus



300 g of alumina are introduced into a 3 1 jacketed reactor heated to 100C and flushing with air is 25
carried out in order to fluidize the alumina. A solution of 15.3 g of citric acid, 30.3 g of
tetraammineplatinum(ll) hydrogencarbonate (comprising 50.6% of platinum), 12 g of iron nitrate
nonahydrate anioL530g &f #8ffedralized water is then continuously BTNt 8<iAg A8 Anp. The
ratio targeted (weight of metal / weight of final catalysg) heing 0.5% Pt-0.5% Fe % by weight, the
duration of addition of the solution is 2 h. The catalyst is subsequently left at 105C in an oven for 16 h
and then calcinetha 506€,fort36 2 hudrst Wwe 2QEL$24824P CI#ER0 KEO5ABS- 268> saface and
porosity characteristigs irgﬁge}qgg below BET surface (m2/g)148 Hg total pore volume (cm3/g)0.87 5
DSO: apparent mean diameter of 50% of the population of the particles: 85 m Porosity peak (nm): 9
Example 4 10 Example 2 is reproduced but using a fluidized bed. The catalysts A and B are employed
in a fluidized beéthsupplicd with a srearhiravingthé composifibRles&iBete fttable3 bétow and
preheated 0 1QQ¢mpfihis stream prevides fasdke fluwidization ehthe catalysir The fotal presstre in the
gefgggri'i i-frg%%&ﬂtehn%!é”eé‘i‘é yelogity of the ggses qf 10 cry/s. Malay Gampositign %, é\cefpldehyde
' removes the water and the formaldehyde (dehydrated
acrylic acid), removal of the 1light products (in
particular the acetic acid), removal of the heavy
10 products, optionally removal of certain impurities by

chemical treatment.

The gas stream exiting from the preceding stage of
extraction of the acrylic acid by countercurrentwise
15 absorption, which consists mainly of unconverted
propylene, unconverted oxygen, propane, CO and CO,, and
other minor inert gases or light impurities, 1is brought
into contact with a solid catalyst capable of oxidizing
carbon monoxide to carbon dioxide at a chosen
20 temperature, in a fluidized bed, resulting in a stream
depleted in carbon monoxide which can be recycled to
the reaction stage, optionally after having bled it of

a portion of the carbon dioxide formed.

25 In an alternative form of the process of the invention,
all or part of the gas stream exiting from the unit for
the conversion of carbon monoxide to carbon dioxide is
sent to a selective permeation unit in order to
separate a first stream predominantly comprising the

30 inert compounds, such as CO, CO,, nitrogen and/or
argon, and a second stream predominantly comprising
propylene and propane. The permeation unit employs one
or more semipermeable membranes having the property of
separating the inert compounds from the hydrocarbons.

35 This separation generally takes place at a pressure of
the order of 10 bar and at a temperature of
approximately 50°C. Use may be made of membranes based

on hollow fibers composed of a polymer chosen from:



0.24% H20 2.43% 02 10.26% Argon 1.99% CO 3.95% CO2 23.90% Propane 53.87% Propylene
1.67% Acetic acid 0.00% Acrylic acid
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polyimides, polymers of cellulose derivatives type,

polysulfones, polyamides, polyesters, polyethers,
polyetherketones, polyetherimides, polyethylenes,
polyacetylenes, polyethersulfones, polysiloxanes,
5 polyvinylidene fluorides, polybenzimidazoles,

polybenzoxazoles, polyacrylonitriles, polyazoaromatics

and the copolymers of these polymers.

Said second stream enriched in propylene and propane is
10 advantageously recycled to the reaction stage without
accumulation of CO, and other inert gases, such as

argon, in the recycling loop.

In a second alternative form of the process of the
15 invention, all or part of the gas stream entering the
unit for the conversion of carbon monoxide to carbon
dioxide is sent beforehand to a selective permeation
unit, such as that described above, to separate at
least a portion of the CO,, the gas stream entering the
20 CO converter then being depleted in CO, and unconverted

oxygen.
Other characteristics and advantages of the invention
will become apparent in the experimental part which

25 will follow.

EXPERIMENTAL PART

Example 1
30

Oxidation tests were carried out on pure compounds

using a catalyst from Johnson Matthey (2% Pt on CeO;)

in a reactor comprising a bath of molten salt with an

internal diameter of 25.4 mm and with a catalyst height
35 of 30 cm (i.e., 164 g).

The test consisted in monitoring the conversion of the

pure compound (conversion test where each constituent



0.01% Nitrogen 1.56%  Pressure(bar) 2.2 Temperature(C) 40 20Table 3 - 27 - The products are
collected at the reactor outlet and are analyzed by chromatography after having condensed the water.

5 The results obtained appear in table 4 ;belo Catalyst Conversion of the CO (%) Conversion of the
propylene WO 2011/124824 PCT/FR2011/050692

- 22 -

is tested individually) 1in a mixture of nitrogen and
oxygen (3 mol%). For some tests, a portion of the
nitrogen was replaced by water (20 mol%). The following
concentrations (which represent the order of magnitude
5 of the concentrations expected for each of the
reactants 1in a real stream) were tested under SV
conditions of 25 000 h™', the conversion of the compound

being determined as a function of the temperature:

10 - CO: 2.8 mol%
- Propylene: 0.75 mol%
- Acrolein: 0.75 mol%
- Propane: 50 mol%

- optionally water
15
These conditions correspond to conditions for the
oxidation of propylene in the presence of propane as
thermal ballast.

20 The change in the oxidation of the pure compounds as a
function of the temperature, respectively in the
presence of water and in the absence of water, is
reproduced in figures 1 and 2. In figure 1, the
conversion of the CO is 100% for a temperature of 180°C

25 and the oxidation of the propylene begins significantly
at a temperature of 235°C. In figure 2, curve 1
corresponds to acrolein, curve 2 to CO and curve 3 to

propylene.

30 The “ignition” temperatures corresponding to the start
of the oxidation reaction for the pure compounds are
collated in table 2 Dbelow. In this table, the
temperatures shown correspond to the temperatures
applied to the reactor and not those of the catalyst.

35

Compounds CO Propylene | Acrolein | Propane

Ignition
temperature 225°C 265°C 285¢°C




(%) Conversion 1 Conversion of theof the acroleinpropane A 905 31 B 100 4 1na Table 4 Example 5
10 The catalysts C, D and E defined below are obtained in the form of granules and were milled to a
particle size of less than 315 microns. 150 g of this powder are sieved in order to select the fraction
between 80 and¥5 260 hiiég@h82¢&atalyst C: ND-520 catalyst from RETCERARAL MAAMIiAa, in the
form of 3 mm beads, with a density of 0.74 kg/l. 20 Gatalyst D: DASH 220 catalyst from N.E. Chemcat,

0.5% Pt/alumina,.in the form of 3.2 mm granules, with a specific surface of 100 m2/g. 25 Cat

lyst E:

ND103 catalys

t¥rorndLE. Ghemeat, O. 5% Pd/alumlna, in the form of beads with a dlameter a

f 3 mm,

with 250 m2/g
stainless steelt
immersed in &

% c%?“d catalyst were placed in a fluidized bed. 30 The fluidized bed co
e WI

a diameter of 41 mm and a total height of|790 mm. The fluidized bec
fﬁﬁg}g@gggﬁg%awth < 180°C 2359C = 300°C

nsists of a
1is

water

10

15

20

25

30

Table 2

With the pure compounds, the ignition temperature of
the reaction 1is significantly different (difference
> 30°C), showing an advantage for sufficient evacuation
of the energy to keep the reaction temperature at

temperatures where the selectivity is good.

Example 2 (comparative)

Example 1 is reproduced with the fixed bed of catalyst
and a stream comprising the mixture of the compounds
CO, CO,, propane, propylene, acrolein, water and oxygen
with the following concentrations, in which it is

desired to selectively oxidize the CO to CO;:

- CO: 2.8 mol%
- Propylene: 0.75 mol%
- Acrolein: 0.75 mol%
- Water: 20 mol%

- Oxygern: 3 mol%

- Propane: 50 mol%

The tests carried out show that, in the presence of the
mixture of compounds, complete combustion of the
reactants 1s observed as long as the oxygen is

available, in the following order of reactivity:

CO > propylene > acrolein > propane

The temperature is not controlled: a hot spot can be
measured where the temperature reached in the catalytic
bed is greater by 150°C at least than that of the oven.

Consequently, this difference being much greater than



- 28 - heated by electrical elements installed inside the bath. Three thermocouples recorded the
temperature gradient along the tube. A stream with the molar composition described in table 5 below
was supplied at 5 a flow rate of 1760 ml/min (standard conditions), i.e. a linear velocity of the gases of
approximately 2W0crafsl bélkid¢ 82%brous metal plate which distributeB e BRS aitioss3he giameter of
the reactor. 10 The total pressure in the fluidized bed js 1 bar and the temperature is maintained at
approximately 100C. :Molar composition of the gas entering the ;fluid bed ;Acetaldehyde 0.12%
IAcrolein 0.31%1n3202:68%1@24 . 3%wAEgONth85%gh€ O3 % cGP22 3349 LProganedR. 73%
;:Propylenel.939 '%geticsﬁgggggg% éAcryI' alcidOt%Je% 'Igi}t{rogg(? l:Lé24% rPrg% ure rgl:s):ar)1(_11'£eezamperature
(C)50 Table 5 15 The products are coﬂecte&at the Iuidizedlbe out?et ang, a erOhaving condensed
the water, are aR&KZE88HY liGlid AIBMERHRaphy Mhe réSificastamed syséar fPESBle bilow: WO
2011/124824PCHERZDL1/05069Re 20icGatalyst The oxidation reactions are

5 found to be slowed down only when the oxygen has been

consumed.

The test was reproduced with dilution of the catalyst
by 90% by weight with inert materials (alumina/silica
10 beads originating from Saint-Gobain). The diluting of
the catalyst has the object of reducing the catalytic
activity of the reactor in order to exert better
control over 1its operating temperature. Thus, the
reactor was filled with 10% by weight of the initial
15 catalyst and 90% by weight of inert materials for an
equivalent volume of catalyst + inert materials. The
aim is also to distribute the heat from the oxidation
reaction over a greater reaction volume. The heat from
the reaction 1is removed by heat transfer by the wall;
20 the inert solid provides a greater number of points of
contact between the catalyst and the wall and should
thus make possible better control of the temperature in
the catalytic bed. Despite high dilution of the
catalyst (which amounts to a strong increase in the
25 space velocity), the difference in temperature between
the hot spot of the catalytic bed and the temperature
of the oven (or the ignition temperature of the
reaction of the oxidation of CO) remains greater than
the difference in ignition temperature of CO and

30 propylene.

Under these conditions, the oxidation reaction is not
always controlled and the diluting of the catalyst with
inert materials (90% by weight) does not make it
35 possible to solve the problem. Here again, the catalyst

is inadequate for the reactor technology used.

Example 3: Preparation of catalysts for the selective



Conversion of the CO (%) Conversion of the propylene (t) Conversion i Conversion | of the'of
the acroleinpropane 1 (%)(%)' C82310D90410E6531

WO 2011/124824 PCT/FR2011/050692
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oxidation of carbon monoxide

Preparation of a catalyst A

5 200 g of porous silica spheres with a diameter of 80
microns are impregnated, by nascent humidity
impregnation, with a solution comprising 10.2 g of
citric acid, 20.2 g of tetraammineplatinum (II)
hydrogencarbonate (comprising 50.6% of platinum), 8 g

10 of iron(III) nitrate nonahydrate and 103.5 g of
demineralized water. Gentle heating with stirring is
used to evaporate the excess water, the solid being
kept rotated in a rotating oven in order to prevent
agglomeration. Finally, the powder 1is dried at 105°C

15 and then calcined under air at 500°C for 2 hours.

Preparation of a catalyst B

A catalyst is prepared by impregnation of Puralox® SCCA
20 5-150 alumina from Sasol according to the following

protocol:

300 g of alumina are introduced into a 3 1 jacketed
reactor heated to 100°C and flushing with air 1is
25 carried out in order to fluidize the alumina. A
solution of 15.3 g of citric acid, 30.3 g of
tetraammineplatinum(II) hydrogencarbonate (comprising
50.6% of platinum), 12 g of iron nitrate nonahydrate
and 155 g of demineralized water 1is then continuously
30 injected using a pump. The ratio targeted (weight of
metal / weight of final catalyst) being 0.5% Pt-0.5% Fe
% by weight, the duration of addition of the solution
is 2 h. The catalyst 1is subsequently left at 105°C in
an oven for 16 h and then calcined at 500°C for
35 2 hours.

This alumina has, at the start, grains having a median

diameter of approximately 85 pum and exhibits the



0 Table 6 Example 6: Preparation of catalysts 5 Three series of tests were carried out starting from
the following catalysts: 0.5Pt catalyst (corresponding to 0.5%Pt and
100.5%Fe/onaluminaAl203),bulkdensity 0.78 g/ml, mean particle size 114 Rm. 1.5Pt catalyst
(corresponding ¥ 1204¢ 33d 8 3b6Fe/onaluminaAl203), bulkdensitf 5@ FBf it/ 0P8 &&talyst
(corresponding to 2% Pd/on zeolite D/URfromEngelbgrd/BASF),bulkdensity 0.55 g/ml, mean particle
size 144 Rm. The first two catalysts were prepared according to the protocols below and the third
catalyst is a catalyst sokdl ynBASEr Ihedatterhaas ased as is withoutspeifedmbdification apart from a
predrying. The catalysts for the selective oxidation of CO were prepared by impregnation of the
precursors in solution (Pt and F ﬁxts on the Sasol alumina Puralox SCCA 5- 150. - 30 - bed tests
were prepared BY ha gﬁtﬁﬁﬁigﬂ/ rﬁéregnation. The platinum and irohSalts and also citric acid were
5 weighed out &iw disselvendra beakenwithavates) The 0.5%Pt/0.5%°F8/alumina catalyst was
prepared by mixing . 0 948-0-eteitrigacid, £:0984 g.0f tatrasgmmine platiupyp). hydrogencagbonate
(comprising 50.6;’1/'(:_;3 of gt t(l).c:%Pe% of ge,%rric nitrate hydrate, 8.10 g 10 of water and 9.9 g of alumina. The
total volume of the sbltition was calculated in order to be equal to the total pore volume of the support
(0.87 ml/g). Th®SsRESS WaRSSUbselentlygradually added to the support while stirring vigorously. It
was completely 15 incorporated by the support and no liquid was detectable at the surface or between
the particles. T I ting, paste was dried at 110-120C for 24 h and then calcined in the air at
485-520C for 2 . )For the tests in a larger reactor, another technique was employed where
the imprejg‘ﬁation took place in a fluidized bed, the method described above not being very applicable
to 200 g of catalysimiplgartcular foepeasbinsest Hontogeneity. hé followirg @5kaethod was used to
prepare 200 g of 0.5%Pt/0.5%Fe/AlI203. The same precursor salts and the same concentrations were

used as for the preparations described ahove. The solutign of precursor and of citric acid ig 30
supplied dropwiseabove e Shfpdtt fRCedin & employeld in e Tluldized Ped

supplied with a stream having the composition described
15 in table 3 below and preheated to 100°C. This stream
provides for the fluidization of the catalyst. The
total pressure in the reactor is 2.2 bar, with a linear

velocity of the gases of 10 cm/s.

Molar composition %

Acetaldehyde 0.11%
Acrolein 0.24%
H,O 2.43%
O4 10.26%
Argon 1.99%
CO 3.95%
CO;, 23.90%
Propane 53.87%
Propylene 1.67%
Acetic acid 0.00%
Acrylic acid 0.01%
Nitrogen 1.56%
Pressure (bar) 2.2

Temperature (°C) 40

20 Table 3



cylindrical quartz tube heated to 105-125C and fluidized with air. The liquid flow rate was calculated
and maintained at 0.5-1 ml/min. The injection nozzle was placed at approximately 10 cm above the
bed. The 35 air was used as fluidization gas and the flow rate was adjusted in order to maintain an
ebullating bed stite 20873@ #B3rtler to prevent pneumatic transpof&ofF&aAe bAPRIE? T he solid
thus obtained was dried at - 31 - 120C for 24 h and $§hen calcined at 500C. Two levels of charging
were carried out for the tests in a microreactor (10 grams of 1.5Pt/1.5%Fe/AlI203 and 5 10 grams of
0.5Pt/0.5%Fe/At2(3) andqust one fordhe-othee tastsl indhe larger resotard20bgraias of and
0.5PU0.59F o/AZS)..naExmpledy Tests dnthe-liidizad migreacier siatinad iomdg catalysts
of example 6 Use was made of a microreactor corisisting of a quartz tube with an internal diameter of
7 mm in which £3%%&EYst was arranged on a sintered glass (20 pm) 15 placed in the middle of the
tube acting as distributor. The entire assembly is computer controlled and it is possible to record all the

relevant experirpgatal- parareterss, e mpematurgse g2s flowratas). 20Jbedgsts were carried out under
40 ml/min for 15 min. This corresponds to a space velocity SV of approximately 3000 1-1-1.  The

composition ofthe-irlet-gas-supphied-to-the-25-microreactoris-as-felews—Ar02-e3H6-CO-CO2 C3HS8
FGas % vol. Catalyst Conversion | Conversion | Conversion | Conversion
of the CO of the of the of the
(%) propylene acrolein propane
(%) (%) (%)
90 5 3 1
B 100 4 1 na
Table 4
Example 5
10

The catalysts C, D and E defined below are obtained in
the form of granules and were milled to a particle size
of less than 315 microns. 150 g of this powder are
sieved in order to select the fraction between 80 and

15 160 microns.

Catalyst C: ND-520 catalyst from N.E. Chemcat,
Pt/alumina, in the form of 3 mm beads, with a density
of 0.74 kg/l.

20
Catalyst D: DASH 220 catalyst from N.E. Chemcat, 0.5%
Pt/alumina, in the form of 3.2 mm granules, with a

specific surface of 100 m?/g.

25 Catalyst E: ND103 catalyst from N.E. Chemcat, 0.5%
Pd/alumina, in the form of beads with a diameter of
3 mm, with 250 m®/g.

150 g of solid catalyst were placed in a fluidized bed.
30 The fluidized bed consists of a stainless steel tube
with a diameter of 41 mm and a total height of 790 mm.

The fluidized bed is immersed in a fluidized sand bath



5.53% 7.61% 1.69% 5.19% 10.6% 66.79% Between two tests, 40 ml/min of argon were sent in order
to purge the reactor for 10 min. Argon is also 30 the inert material of choice during the heating periods.
In order to have an idea of the exothermicity of the oxidation reaction, monitoring of the temperature
was 35 carried @ d0theAahR2dture of the oven and not on that oP#R/ERAR3LHEE F? 2ach
experiment carried - 32 - out, the operating conditioag were kept constant during the 15 min of the
test. The gases at the outlet of the reactor were analyzed by 5 an inline mass spectrometer. Figure
3 is presented as-ait edanipje and givesitbe conlastitantef theroutlel gas aftenreagéion and also the

change in the tsyperaturgf dhe catali bed, AI0 the experiaients garried gyl dhe same ype

of profile with stationary levels. It is from these data that a mean conversion was calculated. The

tests carried ouB rffeSicro@achy aré 48 suiarizedin BHE? BeldW o the molar
2011/124824PCHR2014 1050692 s 33ibEke limestinlbbid ¢haracters are thesexperireehtsifor which

the oxidatign of CQ yas cpmpletg @and seleGHYemin (standard conditions), i.e.
a linear velocity of the gases of approximately
2.2 cm/s, below a porous metal plate which distributes

the gas across the diameter of the reactor.

10 The total pressure in the fluidized bed is 1 bar and

the temperature is maintained at approximately 100°C.

Molar composition of %
the gas entering the

fluid bed

Acetaldehyde 0.12%
Acrolein 0.31%
H,0O 2.68%
O, 4.39%
Argon 1.95%
CO 5.31%
CO, 13.34%
Propane 68.73%
Propylene 1.93%
Acetic acid 0.00%
Acrylic acid 0.01%
Nitrogen 1.24%
Pressure (bar) 1
Temperature (°C) 50

Table 5
15 The products are collected at the fluidized bed outlet
and, after having condensed the water, are analyzed by

ligquid chromatography.

The results obtained appear in table 6 below:



These tests have shown that the selective oxidation of 5 CO in the fluidized bed is highly efficient, with
conversions of 100% and the absence of oxidation of propylene and propane, at well controlled
temperatures, since the increase in temperature in the bed was minimal. 10 It is therefore entirely
possible to envisgyethblsal@dR4oxidation of CO in a fluidized bed RFT BRgOAIAS povAded that
mild oxidation conditions and good heat transfer are pgovided. Starting from 15 mathematical
principles using kinetic constants, it is then entirely possible to determine the optimum operating
conditions to be employed on the industrial scale. 20 Example 8- Tests in a fluidized bed reactor A
fluidized bed of graqier size makes JLhassible ta.carny aut iests g Arauns ofcataysbubich have
reached 300 g. The metal reactor is divided into two 25 sections: a reactive section %aameter 3.5cm,
height 60 cm) {and a withdrawal RigibRgdiEmeter £5 dhcheight 48%crhieThe lgasé< afé*Supplied and
regulated via flow regulators. These taake it possilgytdcachieve acmaddanum floweatedaevolume in this
plant of 4 1/min. Control 30 ofithe temperature is provided byan extgrpal sand bath yhich makes it
possible to pragvide good homopgeneity of the temperature in the reactor. Four measurement points for
the temperature werenstalled-insidethe reagtor (tw& in-the Pata!yticlbed and-two-inthe withdrawal 35
section). A valve wasmlso installed agothe outlet line #n order {to be able to raise the eactor up to the
desired pressure. A pgmp of HPLC tyge introduces ap uncha{nging flow of an aqueoys acrolgin
solution - 34 -directly into the catalytic bed- An ir?grlgelgnags Spectrometer makes it possibieto

Example 6: Preparation of catalysts

5
Three series of tests were carried out starting from
the following catalysts:
- 0.5Pt catalyst (corresponding to 0.5%Pt and
10 0.5%Fe/on alumina 21,05), bulk density
0.78 g/ml, mean particle size 114 pm.
- 1.5Pt catalyst (corresponding to 1.5%Pt and
1.5%Fe/on alumina Al-0:), bulk density
15 0.79 g/ml.
- 2Pd catalyst (corresponding to 2% Pd/on zeolite
D/UR from Engelhard/BASF), bulk density
0.55 g/ml, mean particle size 144 pum.
20
The first two catalysts were prepared according to the
protocols below and the third catalyst is a catalyst
sold by BASF. The latter was used as 1s without
specific modification apart from a predrying.
25
The catalysts for the selective oxidation of CO were
prepared by impregnation of the precursors in solution
(Pt and Fe salts) on the Sasol alumina Puralox SCCA 5-
150.
30

1) In a first step, the catalysts for micro-fluidized



guantify the products. A line heated to 110C connects 5 the mass spectrometer to the assembly and
thus prevents any condensation of water. Filters installed on the outlet line prevent the particles from
exiting from the reactor and prevent the lines from becoming blocked. 10 Four different gas
compositions wi#@ te8fell/dritt8R4summarized in the following tablePSTVIRR&&1s d€30€4 Ti were
carried out under 2.2 bar absolute, while the tests_dgnpted T2 were carried out at atmospheric
pressure. Each Test, Ti or T2, was carried out "dry" or 15 "wet" (in the presence of water vapor). In ?E
Ar C3H4 . CO Kz@2 C2t#:€2;1440d 120! grdpaz8dl 184.4 | ixE26419 0 OAumidity

impregnation.

The platinum and iron salts and also citric acid were
5 welghed out and dissolved in a beaker with water. The
0.5%Pt/0.5% Fe/alumina catalyst was prepared by mixing
0.049 g of citric acid, 0.0987 g of
tetraammineplatinum(II) hydrogencarbonate (comprising
50.6% of Pt), 0.36 g of ferric nitrate hydrate, 8.10 g
10 of water and 9.9 g of alumina. The total volume of the
solution was calculated in order to be equal to the
total pore volume of the support (0.87 ml/g). The
solution was subsequently gradually added to the
support while stirring vigorously. It was completely
15 1incorporated by the support and no liquid was
detectable at the surface or between the particles. The
resulting paste was dried at 110-120°C for 24 h and

then calcined in the air at 485-520°C for 2 hours.

20 2) For the tests in a larger reactor, another
technique was employed where the impregnation took
place in a fluidized bed, the method described above
not being very applicable to 200 g of catalyst, in
particular for reasons of homogeneity. The following

25 method was used to prepare 200 g of 0.5%Pt/0.5%Fe/Al,0;.
The same precursor salts and the same concentrations

were used as for the preparations described above.

The solution of precursor and of citric acid is
30 supplied dropwise above the support placed 1in a
cylindrical quartz tube heated to 105-125°C and
fluidized with air. The liquid flow rate was calculated
and maintained at 0.5-1 ml/min. The injection nozzle
was placed at approximately 10 cm above the bed. The
35 air was used as fluidization gas and the flow rate was
adjusted in order to maintain an ebullating bed state
and also 1in order to prevent pneumatic transportation

of the particles. The solid thus obtained was dried at
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120°C for 24 h and then calcined at 500°C.

Two levels of charging were carried out for the tests
in a microreactor (10 grams of 1.5Pt/1.5%Fe/Al,0; and
10 grams of 0.5Pt/0.5%Fe/Al,0;)
other
0.5Pt/0.5%Fe/Al,0;) .

and Jjust one for the

tests in the larger ©reactor (200 grams of

Example 7: Tests in the fluidized microreactor starting

from the catalysts of example 6

Use was made of a microreactor consisting of a quartz
tube with an internal diameter of 7 mm in which 1 g of

catalyst was arranged on a sintered glass (20 um)

placed in the middle of the tube acting as distributor.
The entire assembly is computer controlled and it is
record all the relevant

possible to experimental

parameters (temperatures, gas flow rates).
The tests were carried out under 40 ml/min for 15 min.

This corresponds to a space velocity SV of

approximately 3000 h™'.
The composition of the

inlet gas supplied to the

microreactor is as follows:

Gas Ar (OF C3Hg CO CO, C.Hg
% vol. 5.53% 7.61% 1.69% 5.19% 10.6% 66.79%
Between two tests, 40 ml/min of argon were sent in

order to purge the reactor for 10 min. Argon is also

the inert material of choice during the heating

periods.

In order to have an idea of the exothermicity of the
oxidation reaction, monitoring of the temperature was
carried out on the temperature of the oven and not on

that of the catalyst bed. For each experiment carried




63.6 3.0 7.3! Table 8 The tests were carried out on 150 g of 0.5Pt catalyst 20 prepared according to
example 6. The flow rate by volume of the gases was maintained at approximately 600 ml/min for 15
to 40 minutes (depending on the test and on the time for stabilization of the outlet concentrations) for
the tests and foFthe2@digé3 2645 argon in order to provide good RAdiZERSP dRIEEAAes. This
represents an hourly space velocity of approximately 180 1-1-1. It was not possible to operate with
higher gas flow rates, in order to achieve much shorter contact times and a greater hourly space 30
velocity, withoubbringingeabopéeatraingnentvofitheicatalyseasa kesuit afdhe saratll diametey of the
reactor. Neverthelgss,thgse resultsiare rgpresentative of the tests which a person skilled in the art is
wo 2011/124824PCT/FR2011/050692 - 35 - capable of extrapolating for a unit of greater size, with
greater gas linear velocities and greater hourly space velocities. 5 A mean conversion was calculated
over the whole Bhthegt548 rainutdscofalié test. cfhehssults dgrttest Wagagriedodtyasder ypressure of

2.2 bar, angl test 2, canrigckoutynies spressuierefA0 1 bar, are summarized in tables 9 and 10
respectively. Test 1

Figure 3 1is presented as an example and gives the
composition of the outlet gas after reaction and also
the change in the temperature of the catalytic bed. All
10 the experiments carried out give the same type of
profile with stationary levels. It is from these data

that a mean conversion was calculated.

The tests carried out in the microreactor are

15 summarized in table 7 below.

Temperature of Maxmum | Temperature of
Test Cata]yst the bed at the start!| 4] of the the oven (°C) AT X prapylens (%) ¥ propam: i
of the test (°C) bed (°C) (constant)

H 137 § 1i8) 5 8
ps 1 il (S0 4% &
134 iy |29 &2 &

1 4% 8 {3 TR 3
5 6.5P LT b [E i ]
6 - 172 HE 1540 M [ [
7 Ix3 12 164 10 i i
[ 195 14 174 144} it [l
& DM i ) wis 1934 i 5
i 217 36 153 [JoH 34 12
il 20% 37 i 104 48 27
1 Fe7 ® | iky i4 3 [
i1 LEPY L2 E 1§45 q2 {3
14 [ & 120 104 [ [
iE 152 I 34 TR 12 8
if 32 X3 |4 1663 4 HE
17 173 R | &4x L a3 i
i% |5 KL 164 FRE | S5 i
I 1M i 174 PO 4% H
P 2457 2 18 L] <5 Hj
21 pe ) 52 Jatx FRE RN i
T S 5 B 1k i ‘ i
23 1i= n.a, fith 7 ) (s G
24 131 1.3 110 1o i L
25 142 n.a. 124 HHl i [}
26 155 1.4, 130 1063 s 15

X7 Srd Ll 1.4a. |4 JERG g 4

24 170 n.a. L3 1003 i |4
2y &5 n.a. 162t 1613 12 ]
30 n.a. 1760 10K} N 1]
3 n.a 134 100 3 o
531 4 n.4a. ) 5 10K} 23 [
235 1n.a. sty 17K: kY ]

n.a. for not available
20 Table 7



2.2 bar ITempera- ture of the bed at the MaximumDuration AT ofof the theexperi- bedment Con-
version of the CO(%) Con- version of the propylene Con- version of the propane start of the test
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The lines in bold characters are the experiments for

which the oxidation of CO was complete and selective.

These tests have shown that the selective oxidation of
5 CO in the fluidized bed is highly efficient, with
conversions of 100% and the absence of oxidation of
propylene and propane, at well controlled temperatures,
since the increase 1in temperature in the bed was
minimal.
10
It 1is therefore entirely possible to envisage the
selective oxidation of CO in a fluidized bed on a
larger scale provided that mild oxidation conditions
and good heat transfer are provided. Starting from
15 mathematical principles using kinetic constants, it is
then entirely ©possible to determine the optimum
operating conditions to be employed on the industrial

scale.

20 Example 8: Tests in a fluidized bed reactor

A fluidized bed of greater size makes it possible to
carry out tests on amounts of catalyst which have
reached 300 g. The metal reactor is divided into two
25 sections: a reactive section (diameter 3.5 cm, height
60 cm) and a withdrawal region (diameter 4.5 cm, height
40 cm). The gases are supplied and regulated via flow
regulators. These make it possible to achieve a maximum
flow rate by volume in this plant of 4 1/min. Control
30 of the temperature is provided by an external sand bath
which makes it possible to provide good homogeneity of
the temperature in the reactor. Four measurement points
for the temperature were installed inside the reactor
(two in the catalytic bed and two in the withdrawal
35 section). A valve was also installed on the outlet line
in order to be able to raise the reactor up to the
desired pressure. A pump of HPLC type introduces an

unchanging flow of an agueous acrolein solution



Dry 100 33527 101 Dry110 4330 100 17 1 Wet1l00 <1 2516 1 2 Wet 110 48 40 100 26 5 Table 9:
Test 1 (2.2 bar)
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directly into the catalytic bed.

An inline mass spectrometer mwmakes it possible to
quantify the products. A line heated to 110°C connects
5 the mass spectrometer to the assembly and thus prevents
any condensation of water. Filters installed on the
outlet line prevent the particles from exiting from the

reactor and prevent the lines from becoming blocked.

10 Four different gas compositions were tested and are
summarized in the following table 8. The tests denoted
T1 were carried out under 2.2 bar absolute, while the
tests denoted T2 were carried out at atmospheric

pressure. Each Test, Tl or T2, was carried out “dry” oz

15 “wet” (in the presence of water vapor).
In % Ar O, C3Hg CcO CO, C3Hg C;H,0 H,0
Tl dry 3.8 11.3 1.7 4.4 23.9 54.9 0 0]
Tl wet 3.4 10.1 1.5 4.0 21.4 49.2 2.7 7.7
T2 dry 3.2 4.5 1.8 5.5 14.0 71.0 0 0
T2 wet 2.9 4.0 1.6 4.9 12.6 63.6 3.0 7.3
Table 8

The tests were carried out on 150 g of 0.5Pt catalyst
20 prepared according to example 6. The flow rate by
volume of the gases was maintained at approximately
600 ml/min for 15 to 40 minutes (depending on the test
and on the time for stabilization of the outlet
concentrations) for the tests and for the purges with
25 argon in order to provide good fluidization of the
particles. This represents an hourly space velocity of
approximately 180 h™'. It was not possible to operate
with higher gas flow rates, in oxrder to achieve much
shorter contact times and a Jgreater hourly space
30 velocity, without bringing about entrainment of the
catalyst as a result of the small diameter of the
reactor. Nevertheless, these results are representative

of the tests which a person skilled in the art is



Test 2 1 bar Tempera- ture of the bed at the Maximum AT of the bed Duration of the experi- ment
Con- version of the CO(%) Con- version of the propylene Con- version of the propane start of the test
(C) (min)
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capable of extrapolating for a unit of greater size,

with greater gas linear velocities and greater hourly

space velocities.

5 A mean conversion was calculated over the whole of the

15-40 minutes of the test.

The results for test 1, carried out under a pressure of

2.2 bar, and test 2, carried out under a pressure of
10 1 bar, are summarized in tables 9 and 10 respectively.
Test 1 | Tempera- | Maximum | Duration Con- Con- Con-
2.2 bar | ture of AT of of the |version| version | version
the bed the experi- | of the of the of the
at the bed ment CO (%) | propylene | propane
start of (eC) (min) (%) (%)
the test
(eC)
Dry 100 3 35 27 10 1
Dry 110 43 30 100 17 1
Wet 100 < 1 25 16 1 2
Wet 110 48 40 100 26 5
Table 9: Test 1 (2.2 bar)
Test | Tempera- | Maximum | Duration Con- Con- Con-
2 ture of AT of of the |version| version |version
1 bar | the bed the experi- of the of the of the
at the bed ment CO (%) | propylene | propane
start of (°C) (min) (%) (%)
the test
(°C)
Dry 100 2 15 39 0 0
Dry 120 4 20 93 0 0
Dry 140 4 20 100 0 0
Wet 110 1 15 27 1 1
Wet 120 1 15 12 1 1
Table 10: Test 2 (1 bar)
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The duration of the reaction was adjusted so as to
achieve a stationary state for the outlet

concentrations.

No conversion of propylene or of propane was observed
under 1 bar, even at temperatures above 140°C.
Furthermore, the increase in temperature in the bed was
very limited, indicating very good heat transfer in the
fluidized bed.
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CLAIMS

1. A process for the selective oxidation of the

carbon  monoxide present in a gas mixture
comprising at least one Thydrocarbon or one
hydrocarbon derivative, said process comprising
the stage consisting in bringing said gas mixture
into contact with a solid catalyst capable of
oxidizing the carbon monoxide to carbon dioxide at
a chosen temperature, characterized in that said

stage 1s carried out in a fluidized bed.

The process as claimed in claim 1, characterized
in that the hydrocarbon is chosen from saturated
or mono- or diunsaturated and linear or branched
hydrocarbons comprising from 2 to 6 carbon atoms,
or aromatic hydrocarbons, which can be

substituted, comprising from 6 to 12 carbon atoms.

The process as claimed in c¢laim 1 or 2,
characterized in that the hydrocarbon derivative
is chosen from anhydrides, such as phthalic
anhydride or maleic anhydride, aldehydes, such as
acrolein or methacrolein, unsaturated carboxylic
acids, such as acrylic acid or methacrylic acid,
unsaturated nitriles, such as acrylonitrile,
methacrylonitrile or atroponitrile, or their
mixtures, ethylene oxide, propylene oxide or 1,2-

dichloroethane.

The process as claimed in any one of claims 1 to
3, characterized in that the catalyst is in the
form of solid particles with a particle size
ranging from 20 to 1000 microns, preferably from

40 to 500 microns.

The process as claimed in any one of the preceding



1512 1 1. Table 10: Test 2 (1 bar) - 36 - The duration of the reaction was adjusted so as to achieve a
stationary state for the outlet concentrations. 5 No conversion of propylene or of propane was
observed under 1 bar, even at temperatures above 140C. Furthermore, the increase in temperature in
the bed was ve®QinAfeHL iHRdRRl very good heat transfer in the 1 AHAFRRAPS 059E 9 AIMS 1.A
process for the selective oxidation of the 5carbon_mggoxide present in a gas mixture comprising at
least one hydrocarbon or one hydrocarbon derivative, said process comprising the stage consisting in
bringing said gas mixtarksintoscontatibwiile aesolidedtalyst capadote ot b@ oxichzing theeccarthen

monoxide to carbon digxide.at achogen lemperature,charactgrized inthat 3aid stage s cafried out in
a fluidized bed. 2The process as ¢laimed in claim 1, characterized 15in that the h;{droc,arbon is chosen

from saturated or mondSor BitAsatirted aRdihRar BPbranched Hylroc’Fbors sttty from 2 to 6
carbon atoms, or aronsatietwdrechrbonsiwhicletgabesubstitoted; comprisingsfrem Bitoa2 carbon

atoms. 20 3. The process as claimedingdaim il e-Srcharactsrized in thahihe,Rydracsgpanderivative
is chosen from anhydrgdﬁigg%h as phthalic.anhydride or malelccg%r% ride, aldeh d%s, sglglh as 25

) e 1 e T sth agse . )
acrolein or methacrolein, unsa urateqrcarlgaoxﬁllc aci s,’suc(ﬁ as acryli gu% or methacrylic acid,

unsaturated nitriles, sWwPPERSHerylomBRganesRcryloffia b atroporithifel or tR&ir mikiees, ethylene
oxide, propylene oxide-gi-1.2n30dighlorpethaneps<Eeepeocess as claigaskin any oaepfielaims 1 to

3, characterized in th%%—kea%atalyss& jjsnin @g folr)rpaqjls&qg pargglﬁ g\é%%par%%a%&&%gging from
20 to 1000 microns, preferably from™ ' '
10 ruthenium, in the form of mixed oxides or of
alloys optionally supported on an inorganic
support, such as silica, titanium oxide, zirconium

oxide, alumina, sodium silicate or silicalite.

15 6. The process as claimed in any one of the preceding
claims, characterized in that the temperature of
the fluidized bed is lower than the temperature
corresponding to the start of the reaction for the
oxidation of the hydrocarbon and/or hydrocarbon

20 derivative.

7. The process as claimed in any one of the preceding

claims, characterized in that the space velocity

SV, expressed as hourly flow rate by volume of gas

25 mixture with respect to the volume of catalyst, is
between 1000 h™* and 30 000 h™*.

8. A process for the production of a hydrocarbon
derivative comprising at least one stage of

30 selective oxidation of the carbon monoxide present
in a gas mixture comprising at least one
hydrocarbon or one hydrocarbon derivative using a
fluidized bed comprising a solid catalyst capable

of oxidizing carbon monoxide to carbon dioxide at

35 a chosen temperature.

9. The process as claimed in claim 8, comprising at

least the following stages:



40 to 500 microns. - 38 - claims, characterized in that the catalyst is chosen from catalysts based on
noble metals, such as platinum, palladium, rhodium or ruthenium, supported on an inorganic support,
such as silica, 5 titanium oxide, zirconium oxide, alumina, sodium silicate or silicalite; or catalysts
based on coppe¥omaRdaifdsit 83falt, nickel or iron, optionally in the® FRoSEREA bt 4P R8EPGNne noble
metal, such as platinum, palladium, rhodium or 1Q rutgenium, in the form of mixed oxides or of alloys
optionally supported on an inorganic support, such as silica, titanium oxide, zirconium oxide, alumina,
sodium silicate or silicalite. 15 6.The process as claimed in any one of the preceding claims,

characterized in that the temperafiye of t@%guid}';}%@z&gﬁdai}gggwer thap thgtemperatyte cyyresponding

to the start of the reaction for the oxidation of the ydrocarborband/o(glhydrocarbon 20dterivative. 7. The
process as claimed in 87y BRB Sf & précddhg ERiims 2dharateny8dtin thtt e spat-diseity SV,
expressed as hourly flowrate &y vohprebE gas 25mxtaewsth regsgect 16 imgvolime of gaglyst, is

between 1@00 h-1 and30:000- 8. A pragessdenthe praductiassefa hygrecarhopdesivatiyg,gomprising
at least one stage of 3Q selective oxidation of At\}% ggrbé)n ré]oggéigg Igg%%ent in ?}%as mixtur

comprising at least one %%r\f)ac%%%erf or 8ﬁg%ydrocar on d&rivative usingd a fltiich éaéibe&rclomprising a

solid catalyst capable 6P3%8RITE ERBAAMOoNoxide to carbon dioxide at 35a chosen temperature. - 39
- a) at least one hydrocarbon and oxygen or an oxygen-comprising gas are brought into contact with

an appropriate catalys£5 )re%qgng M’%g&% a@ggétur%gmgﬁigg@t legst ogg@gggoggg)onoqe.rivative,

unconverted hydrocarbon, oxy%en an i ) the hydrocarbon derivative is

carbon monoxide, ‘
separated 8r 10extracdTFGHh tRE rddciBn ShEarm F8SHEMG S Eage &F S the R8rbbh Ponoxide

present in the gas streatmige¢hen converted to carbon dioxide using a 15 fluidized bed comprising a
solid catalyst capable of oxidizing carbon monoxide to carbon dioxide at a chosen temperature,
producing a gas stream depleted in carbon monoxide, 20d) said stream depleted in carbon monoxide

is recycled to reaction Stage’®). T8 prEcEsEas ClaitetP R traim™ or'Y: cRAActEHZStHN that all or

part of the stream igs then converted to carbon dioxide wusing a
15 fluidized bed comprising a solid catalyst capable

of oxidizing carbon monoxide to carbon dioxide at

a chosen temperature, producing a gas stream

depleted in carbon monoxide,

20 d) said stream depleted in carbon monoxide 1is

recycled to reaction stage a).

10. The ©process as claimed in «c¢laim 8 or 9,
characterized in that all or part of the stream

25 entering or exiting from stage c¢) is subjected to
a separation 1in a selective permeation unit,
resulting in the removal of at least a portion of

the carbon dioxide present in said stream.

30 11. The process as claimed 1in c¢laim 9 or 10,
characterized in that stage a) 1is carried out in
the presence of a thermal ballast which is inert

under the conditions of the reaction carried out.

35 12. The process as claimed in any one of claims 8 to
11, characterized 1in that the hydrocarbon 1is
propylene and the hydrocarbon derivative is

acrylic acid.



25 entering or exiting from stage c) is subjected to a separation in a selective permeation unit,
resulting in the removal of at least a portion of the carbon dioxide present in said stream. 30 11. The
process as claimed in claim 9 or 10, characterized in that stage a) is carried out in the presence of a
thermal ballast WRich 3 inek2d8d the conditions of the reaction caRfEE/FR293 10FA6 Brocess as
claimed in any one of claims 8 to 11, characterized igdhat the hydrocarbon is propylene and the
hydrocarbon derivative is acrylic acid. - 40 - 13. The process as claimed in claim 11 or 12,
characterized in that propane is used as thermal ballast.

13. The process as claimed in c¢laim 11 or 12,
characterized in that propane is used as thermal

ballast.



