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Catalysis of Perovskite-type Oxides for Propylene Oxidation

Yasutake TERAOKA, Yoshitaka TANOUE,*
Noboru YAMAZOE and Tetsuro SEIYAMA

In order to clarify the promotion effects of perovskite-type oxides, the catalyses of
perovskite-type oxides and their component oxides were investigated in propylene oxida-
tion. The catalytic activities of perovskite-type oxides (ABO,;) have been shown to be
intimately correlated with those of component B oxides (BO,). In some oxides such as
LaCoO, and LaFeO; the activities of B oxides were enhanced by forming perovskite-
type structure (positive promotion effect), while in others such as LaMnO, and LaNiO, the
reverse phenomena were observed (negative promotion effect). The close investigation
on LaCoO,; showed that propylene oxidation proceeded by the interaction of adsorbed
propylene with dissociatively adsorbed oxygen. It turned out that the positive promotion
effect in LaCoO, originated from increases both in stability of trivalent Co ions and in
resistance to the propylene poisoning which was seriously observed on Co,0,.
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Fig. 1 Structure of perovskite-type oxide
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Table 1 Preparation methods for perovskite-type oxide catalysts

Surface area

Catalyst Starting materials Calcination conditions —;:;1—
LaCoO, La;0;+Co30, 900°C~1100°C, 16h in air 0.7
LaMnO, La,0,+MnCO, 1100°C, 40h in air 0.5
LaCrOg La,0;+Cr,04 900°C, 20h in air 1.3
LaVvo, La,0;+V,0, 1200°C, 40h in vacuo 0.6
SrvVO0,.s SrO+V,0, 1100°C, 24h in vacuo 0.4
LaFeO, La,0,+Fe,0, 1200°C, 20h in air 0.6
LaNiQ, La(NOy);+Ni(NO,), 900°C, 24h in air 3.5
Lag.esWO; . 0.8
Lao..sWO, La,0;+WO;+W 1100°C, 24h in vacuo 0.7
CuTaO4 CuO+Ta,04 1100°C, 40h in air 0.06
CaTiO; CaCO,+TiO, 1000°C, 15h in air 2.1
SrTiO, SrCO;+TiO, 1100°C, 5h in air 1.9
SrFeO, SrCO;+Fe,04 1200°C, 12h in air 0.7
SrSnO, SrCO;+Sn0, 1100°C, 15h in air 3.5
SrCe0;, SrCO;+Ce0, 1200°C, 24h in air 0.8
La,.551,.5C00, La(NOy);+Sr(NOy),+Co(NO;),) | 950°C, 24h in air 2.0
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Fig. 2 Arrhenius plots of the rates of pro-
pylene oxidation over La-based
perovskite-type oxides.
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Fig. 3 Comparison of catalytic activities
for propylene oxidation of perovs-
kite-type oxide (ABO,) and compo-
nent B oxide (BO,). T; temperature
at which the rate of propylene oxi-
dation reaches 10785 molem2es™!
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Fig. 4 Arrhenius plots of the rates of pro-
pylene and methane oxidation over
Co-containing oxides.
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Fig. 5 Reduction of Coz0, and LaCoO; with
propylene at 350°C.
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Table 2 Reduction of Co;0, and LaCoO, with propylene
catalyst Temperature ro? Product Degree of reduction?
‘C #mol~0,em~2-min~1 at £,=0 at 1,=0
Co,0, 350 27 co, <3
320 3.4 CO, 0.3
300 1.3 CO, 0.1
260 0.08 Co, 0.01
LaCoO, 350 0.6 CO, 0.05
1) rate of reduction at the initial stage of reduction
2) in unit of surface monolayer '
6.0 LaCo04 X
v, 30T (200°0)
w
o
1
-
~ -7.0f g 20k
' 01\2 _ < Py (Po,=0.2 atm
G = * P, (Pey =0.1atm
- N () [t 10 1 1 L L L :
g2 -8.0 £ 8P o0, o Py (P =0.2 atm)
= 3 (200°C) B
é‘ 5 X 5 -0 P02 (Pc3H6‘0-05 atm)
- Y
LaCo03 ©
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2
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Fig. 6 Rates of propylene oxidation under
catalytic (O, [J) and reduction
(&, B conditions.
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Fig. 7 Effects of the partial pressures of
propylene and oxygen on the rates
of oxidation.

B BRALAAF T & 0 BLRM T TOMEMIL B DT/

. THITEMBILICER SN2 BRESIMERTE
RTREBLBRBERFTHLCLETRBLTNS. #Ek
LD REBRRITEBRGKEETBEECTH L C
LBFMONTEY®, ceTcHBohiERbIhE—
KIE5EDTH5.

3.4. HERAVRET

3.2 it~ X Sic LaCoO; 27 v L vl
E A2 VBALICBOTRE » HBEAEERT. 20D
HRZ I OhICT 3 oI EERIIE BEHE T -
71z,

Fig. 7 i 200°C jzH1r3 LaCoO; ¥kt¥ Cos0,
EToFo L VvBRLEED S nE LY AEFEB LU
ELNFREETH . 2o0fiick 1) 2 HESHERE
i3, e yaEREES Co0p TiRALID,




— 14 —

fu72h4 P BBREHOMEER

Table 3 Kinetic parameters for propylene and methane oxidation reactions
Reaction order* Adsorption equilibrium constant/atm™!
m n Kyc Ko,
C3H; oxidation
Co40, (200°C) <0 0. 42 120 1.8
LaCoO, (200°C) 0.27 0. 30 2.7 1.2
CH, oxidation
Co,0, (280°C) 0.59 0.22 1.3 0. 41
LaCo0, (360°C) 1.0 0.18 L1 0.7
* Rate=k Pjc P3, (HC=CH, or CH,)
(HC)g (02)g Peng / Ot
Q 0.1 0.2 0.3 0.4 0.5 0.6
o 0.6 T T T T T 0‘6
Kec Ko, 7 5
1 e o0.5f o
slow .
(HC)aa + (0)aa——=C0, + H,0 & <
;/ 117777 & oy ’ o
Catalyst & ] a2 o5 &
111 e e
/ - A~ [) E;'
. . 2 - 5
Fig. 8 Reaction mechanism > 02 z
3 < N
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e 0.1 0.4 e
3J” e §O“’
[=™ .
TRk BEEENELNCETHSE. —F 0 . . . . . 0
0 0.3 0.4 0.5 0.6 0.7 0.8
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LT THB LN SERERE Fig. 8 {ORTL 52K
BEroE Ly LIRS L BRE S ORER G %S
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Fig. 9 Adaptability of equations (2) and
(3) for the rate of propylene oxi-
dation over LaCoQO,. P and R repre-
sent the partial pressures and the
rate of oxidation, respectively.
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