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ABSTRACT

This study was carried out with the aid of a Ti-Mo oxide base catalyst. The
influence of transition elements additives on the Ti-Mo catalyst was stud-
ied. The results obtained showed that the activity of the catalyst in the
oxidation of propylene depends not only on the concentration of molybde-
num but also on the temperature aswell as acidic and basic properties that

can be regulated by adding specific additives.
© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

The search for more efficient and more economi-
cally viable methodsfor the preparation of acetone by
catalytic oxidation of propyleneisimportant for many
industries. Most methods used in industriesto obtain
acetonearemulti-step. Thesingle-step method for the
oxidation of propyleneby an activeand sdlective cata-
lyst to obtain acetoneis subject to much research.

Thisstudy isfocused on the catal yti c oxidation of
propyleneinto acetonein one step in the presenceof a
modified Ti-M o oxide base catalyst. Oxidation cata-
lystsof ethylene hydrocarbonsinto acetonewerefirst
of adl Mg, V, W oxides and complex compoundsof B,
Al, Si, Ce, Zr, Sni*3. Theoutput of acetone, att =200
°C, was hardly more than 10 % with a selectivity of 75
%. The by-productswerealiphatic acid and CO,,. In
theoxidation of propylenewith theuseof complex com-
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pound catalysts like HPO,-H,BO.-H,M00,-Ag,0,
propylene conversion rate was 37% and acetone out-
put, 25%47, By-products are acetal dehyde, diphatic
acid, acrolein, CO, and water.

The system of Ti-Mo oxide base used asoxidation
catalyst of propylene into acetone was reveaded in
197289, Oxidizing propyleneinto acetonewiththeuse
of aTi-Mo catadyst composedintheratio Ti-Mo=3:1,
at t = 130°C and pressure of 0.1 to 2 Mpa, acetone
output was 12 % and conversion rate, 15 %. The by-
products obtained were acetic aldehyde, acetic acid
and CO, Thelow mechanica stability and variableun-
modified Ti-Mo catdyst incited ustol ook for other more
efficient catdyds.

For the catalytic oxidation of propyleneinto ac-
etone, the Ti-Mo system modified with iron and potas-
sumionsisof great interest and characterized by ahigh
stability and good activity in the process. It possesses
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Figurel: Infrared spectrum of theTi-M o-Feoxide catalyst
without potassum (K) addition (curveland 2) and with potas-
sium (K) addition (curve3and 4)

moreover, ahigh mechanica resstanceandissmpleat
theend of preparation.

MATERIALAND METHODS

Reactions of the oxidation of propyleneinto ac-
etonewerestudied in thelaboratory with glassreactors
20mmwideand 180mm long. Andysisof matter and
reaction productswas donewith an LXM-8MD chro-
matograph equipped with acal orie conductivity detec-
tor. Two chromatographic columnswere used in the
analysis. The gas vector was hydrogen and the col-
umnsthermostatically fixed a 70°C had each an output
of 1.5litres/hour. The catarhometre temperaturewas
100°C and analysis sensitivity 0.01 mol %. The cata-
lyst synthesis method used was that described by
Gasanovaet a.*% and Adjamov et d.™. The appara-
tuswas equi pped with almm thick nicke filter. Spec-
troscopicinfrared analysis of the catalyst was carried
out with theaid of aUR-20 spectrophotometer of the
1300-3300 cm* wavelength range.

RESULTSAND DISCUSSION

Physical and chemical study of thecatalyst

Thestudy was carried out withtheaid of amodi-
fied Ti-Mo oxide base catayst with the following %
composition by mass: TiO,=18.0; MoO,=0.25; WO,
=0.23. Theresult of theinfrared spectrum, of absorp-
tion aswel| askineticsenabled usto reach the conclu-
sionthat the Ti:Mo=3:1 oxidebasecatdy<, cacined at
500°C for 5 hours, is a heterogeneous system contain-
ing TiO,, MoO, and asmadll solid quantity of Ti andMo
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Figure?2: Rate of formation acetone (curve 1), acetic acid
(curve2) and carbon dioxidefor mation (curve3) asafunction
of theconcentration of iron in the oxidation of propyleneat
200°C using the Ti-Mo-Fe oxide base catalyst

formed during the subgtitution of titaniumionsby Mo*
andMo>*intheTiO, network. Analysisby infrared spec-
troscopy (Figure 1) suggested that the catal yst did not
changewhileit wasinthereactor.

Influenceof temperature

The catalyst used, showed itsactivity at tempera-
turesvarying from 115to 130°C. Selectivity of the ac-
etoneformed was 87 %. With anincreasein thetem-
peratureto 200°C, output of acetone increased while
itssalectivity decreased by 75 %. Theresults obtained
areshowninTABLE 1.

Therate of formation of acetone reached apeak
whentheTi:Moratio was 1:3. Highest acetone output
was obtained at atemperature of 200°C. At tempera-
turesof >200°C, acetone output diminished while that
of CO, and CH,COOH increased. Increasing the con-
centration of Mointhecaadys, therateof formation of
acetoneincreased and reached apeak when Mo =15
t0 22 % (at.) and then dropped (Figure 2).

Influenceof additives

Theinfluenceof fourth period transitioneement ad-
ditives(V, Cr, Mn, Fe, Ni, Co, Cu, Zn) ontheTi-Mo
oxide base catalyst in the oxidation reaction of propy-
leneinto acetonewas studied (TABLE 2).

TABLE 2 showsthe peak output of acetone and
acetic acid obtained during the oxidation of propylene
usingtheTi-Mo catayst without and with different ad-
ditives. Contact timewas 2 secondsand initid compo-
sition of thereaction mixturewasasfollows, propylene
: oxygen: water vapour = 1:11:3. Inany case, theatomic
ratio of thecationsof Mo: Ti : M wasmaintained at 3:
1:0.15.
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TABLE 1: Oxidation of propylenewiththeuseof Ti:Mo=3:1
metallic oxidebasecatalyst at different temperatures. Spe-
cificspeed =600 h; initial concentrationinmol % : CH =
20; H,0=30; O,=20and N, =20

—=> Fyl] Peper

TABLE 2: Influenceof additiveson theactivity of Ti-Mocata-
lyst and onthesdectivity of theoxidation of propylene. Volumic
speed= 600 h™: initial concentrationin mol % : C.H,=20:
H,0=30:0,=20and N,=20

115 130 145 160 172 185 200
1,900 4,100 8,200 12,400 14,300 18,000 20,70C

Temperature, °C

Conversion rate, %

Selectivity in products, %

CH3COCH3 86,000 87,000 84,900 82,200 86,000 76,700 75,00C
CH3CHOHCH;5 16,000 8,500 4,700 3,500 2,000 1,050 0,650
CH3CHO 0,000 6,700 3,850 3,150 2,080 2,300 2,200
CH3COOH 0,000 0,000 1,400 2,100 2,400 3,000 3,700
CO 0,000 0,000 0,000 1,200 1,100 3,000 3,700
CO, 0,000 0,450 5,950 8,900 12,750 14,750 17,95C

Apart from cobalt oxide, al additivesintroduced
increased the catayst selectivity in theacetoneforma:
tion reaction. Peak yield in acetonefor the modified
catalyst varied. Inintroducing Cu, Zn, Mnand V ox-
ides, peak yield in acetonewas|ower than that of the
unmodified Ti-Mo oxide catalyst. Theaddition of Cr,
Ni and especialy iron oxidesincreased acetoneyield.
Apart from Feoxide, al other oxide additivesreduced
output and acetic acid selectivity. Itislikely that the
addition of ironionsinthe composition of the Ti-Mo
oxidebasecatays regularized not only thesurfaceacid-
ity of the catalyst but a so caused theformation of new
active centresfor the partia oxidation of propylene.

I nfluence of water vapour and oxygen

Increasing thepartia pressure of thewater vapour
(P.,,,) inthereaction mixtureto 50 kilo-Pascal (KPa)
caused anincreasein the conversionrate of propylene.
However, further increasein thepartia pressureof water
vapour (P,,,) caused adecreasein the propylene con-
versonrate. Thisisdueprobably to the competition of
H.O moleculeswith C_H,_ absorbed on the same ac-
tive centre of the catalyst. The use of water vapour is
positivesinceit participatesdirectly intheformation of
acetone. Using the mixture (propylene and water
vapour) without oxygen through the catalyst 1ayer, the
oxidation of propyleneinto acetone was observed for
only 30 mn, then the output of acetonedropped to zero.
The phenomenon isal so noticed when the quantity of
oxygenusedinthemixtureissmaler thanisrequired by
the stoi chiometry of the oxidation of propyleneinto ac-
etone.

Variation of the partial pressureof oxygen (P_,) in

(fni(i;teiv;f) Outputin  Selectivity in  Selectivity in  Selectivity in
X = 6,1 CH3COCH3,% CH3COCH3,% CH3;COOH,% CH3;COOH,%
\ 9,500 58,200 6,400 24,000
Cr 11,020 55,400 16,200 37,800
Mn 5,900 52,100 6,600 23,000
Fe 19,400 82,100 39,000 59,000
Co 10,000 42,600 6,400 22,600
Ni 11,000 57,000 12,700 21,000
Cu 8,000 56,100 12,700 21,000
Zn 6,200 47,000 10,500 21,000

10,250 42,000 20,500 42,000

the5to 30 KPainterval did not have any influenceon
the output of acetone. With anincreasein thepartia
pressure of oxygen (PO,) aconstant increase in the
output of CO, and CH,COOH was noticed. Conse-
quently the selectivity in acetone dropped.

Comparing the speeds of oxidation of propylene,
of acetone, of isopropyl alcohol and of acetic acid by
theTi-Mo oxidebase catayst, it could besaid that the
addition of iron positively influenced theformation speed
of isopropyl acohol and of acetoneresulting from pro-
pyleneoxidation.

By introducingfirst group dementsintothe Ti-Mo-
Fecatalyst composition, itsactivity and especidly its
selectivity increased. Peak activity wasobtained with
the catalyst that contained 0.70 % of potassium.

Adding alkainemeta sinto the composition of the
Ti-Mo-Feoxidebase catalyst reduced itsacidity. The
morethebaseaddition wasincreased themoretheacid-
ity decreased.

CONCLUSION

Withanincreasein acidity, rate of formation of ac-
etoneincreased and then decreased. On the other hand,
therate of formation of acetic acid and CO, continued
toincrease. Increasing the concentration of thebasein
the catalyst increased therate of formation of acetone
and reduced the oxidation rate of propylene.

According totheresultsof theinfrared spectrum
(Figurel) thesurface of the Ti-Mo-Feand Ti-Mo-Fe-
K catdystscontaned of titanium, molybdenum and oxy-
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genionswhilethose of iron and potassium were ab-
sent. Thissuggeststhat their presenceintheMoO, struc-
tureismore advantageous.

Deoxidisngthemodified catay, thedegreeof oxi-
dation of molybdenumionsvaried whilethat of thetita-
niumionsdid not change. Ontheinfrared spectrum of
thedeoxidised Ti-Mo-Fecatayst werefound wesk S g-
nalsrelated to Mo®. Thestability of theMo5*- Olink
islower than that of the MO®*- O as the presence of
the potassium (K) ionincreased the stability of theMo-
Olink. From every evidence, theakaline meta sthat
arelinked tothevariation of the degree of molybdenum
oxidation wereresponsiblefor the appearance of new
active centres. These active centresfacilitated the par-
tial oxidation of propyleneinto acetone.

Thus, the Ti-Mo oxide catalyst, modified with ox-
idesof iron and other dkaine meta sat atemperature
of 200 °C, can realise the oxidation of propylene into
acetone, withasufficiently high selectivity. TheTi-Mo
catalyst usedinthisstudy isapoly-phased e ement and
itsactivity, excludingitsduration, dependsonacidicas
well asbasic propertiesthat can beregulated by add-
ing specific additives.

REFERENCES

[1] FB.Kasmov,A.K.Hammamedova; J.Cinet.Chim.et
Catdl., 22, 1574 (1981).

[2] M.Makato, S.Kanji, V.Funico; Bull.Chem.Soc.Japan,
3, 648 (1980).

[3] T.GAlhazov, F.M.Polonov; J.Petrochimie, 1, 87
(1998).

[4] S.Mota, J.C.Volta, GVorbeck, J.A.Dalmon; J.Cinet.
Chim.et Catal., 193, 319 (2000).

[5] N.H.Allahferdova, F.B.Kasimov, T.GAlhazov;
J.Cinet.Chim.et Catal., 3, 684 (1994).

[6] H.Duclusand, JM.Millet, S.Borditch; JAppl.Catal.,
200, 89 (2000).

[7] PA.Tesner, M.S.Nemiroski, D.N.Matilh; J.Cinet.
Chim.et Catdl., 5, 1232 (1998).

[8] Brevet USA, 3636156 (1972).

[9] Brevet Japonais, 11734 (1972).

[10] K.Y.Adjamov, T.GAlhazov, F.M.Paladov; React.
Catdl., 1, 65 (2002).

[11] N.A.Gasanova, A.E.Lisofscki, T.G.Alhazov,
K.Y.Adjamov; J.Cinet.Chim.et Catal., 99, 104
(1999).

Onganic CHEMISTRY o
Au Tudian Yournal



