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MONOLITHIC La, Pt MnO; AND LaMn, ,Pt,O;
PEROVSKITE CATALYSTS FOR THE OXIDATION
OF METHANE AND CARBON OXIDE

The substitution of 0.1-0.2 mol of lanthanum in LaMnO; by platinum enhances the activity of
the perovskite in CO oxidation, and the Lag oPt, ;MnOs-based catalyst was found to be most active in
this process. When the CO oxidation involves the temperatures higher than 270 °C, the catalysts
based on LaMn, ¢Pt; O3, Lay gPty ,MnO; and Lag gsPty ;sMnO; perovskites do not differ in activity. In
CH, combustion, the Lagy¢Pty;MnO; and LaMn, ¢Pty ;05 catalysts display a higher activity than the
LaMnQj; catalyst does. When the Pt content in LaMnOs is higher than 0.1, its activity in CH,4 com-
bustion and the resistance to thermal shocks decrease. When some part of La in the LaMnOs perov-
skite is substituted by Pt, the specific surface area of the perovskite decreases from 8.6 m%/g
(LaMnOj) to 3.1 m%/g (Lag Pty ,MnO;).

1. INTRODUCTION

Of the noble metals, Pd, Pt and Au display the highest activity in CH, and CO
combustion [1]-[2]. Perovskite oxides of the generalized formula ABO; show good
catalytic activity in these processes and a high thermal resistance. Catalytic activity is
ascribed to the metal in position B, while the ion in position A is responsible for the
thermal resistance of the catalyst [3]-[5]. LaBO; perovskites with Mn, Fe, Co, Ni or
Cr as metal B are also efficient catalysts for CH, and CO oxidation. Their activity
decreases in the following sequence: LaCoO;>LaMnO;>LaNiO;>LaFeO;, LaCrO;
[3], [5] and depends on the method of perovskite preparation. Also perovskites of
AFeO; type with La, Nd or Sm as metal A are active catalysts for the oxidation of
CH,4 and CO [4].

Partial substitution of the metal in position A or B by a metal of a different va-
lence changes the structure of the perovskite and enhances its activity [5]—[8]. Prom-
ising results are obtained by substituting the metal in position A by Ag [5]-[6] or the
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metal in position B by Pt or Pd [7]-[9]. The research into the effect of a partial sub-
stitution of La in LaMnO; by Ce, Sr or Ag has revealed that the activity of each of
them in CO and CH, oxidation decreases in the order Ag>Ce>Sr>La and is the high-
est when 0.3 mol of La has been substituted (La;;M3;MnQO;) [5]. The activity of the
perovskite in the oxidation of hydrocarbons and CO can be enhanced by Pd deposi-
tion onto its surface (Pd/Lag¢Cey1Cog4Fe)s0;, Pd/LaFe;sC0,0;) [6]-[7] or by par-
tial substitution of Fe by Pd (LaFeq;7Cog17Pdo0sO3) [7]. A high activity in CH4 and
CO oxidation can also be achieved when Pd or Pt is deposited onto the surface of
hexaalumina (LaAl;;O;53 or LaMnAl;;Oyo) [8].

2. METHODS OF CATALYST PREPARATION AND EXAMINATION

Monolithic catalysts were prepared on supports made of heat-resisting 00H20J5
foils. The supports were cylindrical in shape (70 mm in length and 26 mm in diameter).
They had a honeycomb cross-section of a density of 112 channels/cm” and a wall thick-
ness of 0.05 mm. The support was washcoated with Al,O;—Ti0,—La,0; using the sol-gel
method. The quantity of the washcoat was 2 wt.% in relation to the support mass. The
oxides of perovskite type, LaMnO;, La, ,PtMnO; (x = 0.05-0.2) or LaMnyyPt;,0s5,
were obtained by mixing appropriate amounts of La(NOs);:6H,0, Mn(NO;),-4H,0 and
H,PtCls. The mixtures were dried at 120 °C and calcined for 6 h at 750 °C. The active
layer was deposited by immersing the support in the suspension of an appropriate perov-
skite in citric acid. The catalysts were calcined at 500 °C for 3 h. The catalysts and
perovskites are characterized in the table.

Table
Characterization of La; Pt MnO; (x = 0.05-0.2) and LaMn, ¢Pt; ;O3 perovskites
. . Amount of SSA of Mean pore Micropore
Composition of active . . .
hase active phase perovskite powders diameter surface area
P (%) (M peronsiie) (nm) (m/g)
LaMnO; 14.6 8.58 35 0.95
La0_95Pt0_05Mn03 13.2 7.72 30 0.30
LayoPty ;MnO; 12.2 3.89 15; 60 0.84
Lao_g5Pt0_ 15MH03 14.2 3.93 30 0.27
Lao'gPto_zMnO3 12.2 3.10 30 0.33
LaMIlo_gPt()'103 13.2 3.15 38 0.72

BET specific surface areas (SSA) were determined from the nitrogen sorption
isotherms measured by the static volumetric method at liquid nitrogen temperature,
using an Autosorb-1-C/TCD instrument. Pore distribution values were determined
from the desorption isotherm, using the BJH (Barrett, Joyner, Halenda) method.
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The catalyst samples were tested for their resistance to thermal shocks by passing
them through 4000 cycles of heating to 1000 °C and cooling to room temperature.
Heat resistance was expressed as the relative change in the mass of the catalysts, cal-
culated as the ratio of the mass change in the catalyst after a certain number of cycles
to the initial total mass of the catalyst.

Oxidation was carried out in a laboratory flow reactor placed in a heater (heating
ramp: 3 °/min). Activity tests involved combustion of 1 vol. % CH, or 1 vol. % CO in
air over monolithic perovskite catalysts of a 37.15 cm’ volume. The hourly space ve-
locity of total gas was fixed at 5800 h™' for CH, and at 10,000 h™' for CO. A Sniffer
analyzer (Bacharach) was used to measure CH, concentration; that of CO was meas-

ured with a Monoxor II analyzer (Bacharach) and an automotive emission analyzer
MEXA-574GE.

3. RESULTS AND DISCUSSION

When the amount of La substited by Pt increased, the SSA of the perovskites de-
creased from 8.6 m2/g (LaMnOs) to 3.1 mz/g (LagsPty,MnQO;) (table). The perovskites
were characterized by an isotherm of type III in the classification of Brunauer,
Deming, and Deming and Teller, as well as by a small hysteresis loop in the adsorp-
tion—desorption curves for nitrogen. No hysteresis loops have been detected for the
LayoPty;MnO; and LaMn, ¢Pty ;O3 perovskites.
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Fig. 1. Methane conversion as a function of temperature for La, Pt MnO; and LaMn, ¢Pt, ;MnO;
catalysts. Catalysts: 1 — Lay gPty,MnOj, 2 — Laj 5Pty 1sMnOs, 3 — Lag Pty ;MnOs,
4 — La()'95Pt()'()5MIlO3, 5-— LaMnO3, 6— LaMIlo_gPt()'103
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The monolithic Lagy Pty ;MnO;-based catalyst was found to display the highest ac-
tivity in CH4 oxidation. The perovskite shows a large micropore surface area (0.84
m’/g) compared to the total BET surface area (3.89 m’/g), and also has macropores
averaging 60 nm in size. The activity of the La; ,Pt,MnO; (x = 0.05, 0.15 and 0.2)
catalysts in CH,4 oxidation did not exceed the activity of the LaMnQO; catalyst (figure 1).
This is due to the considerable decrease in the SSA of the perovskite, which results
from the increase in the Pt content (table). When the Pt content is high, residual chlo-
rine from the decomposition of H,PtCls can persist in the perovskite (XPS). In CH,4
oxidation, the activity of the monolithic LaMn, 4Pty ;05 catalyst is higher than that of
the LaMnO; catalyst (at the temperatures higher than 645 °C) and lower than that of
the Lag oPty;MnO; catalyst (figure 1).

Methane oxidation over perovskite catalysts involves high temperatures (up to
800 °C). Temperature variations in the course of the process may be responsible for
cracking and fall-off of both washcoat and perovskite from the support surface. Tests
for the resistance of the Lay Pty ;MnO; and La,gPty,MnOj; catalysts to alternate heat-
ing and cooling have revealed a reduction in the catalyst mass with the increase in the
number of heating and cooling cycles. After 4000 cycles the relative change in the
mass of the catalysts was —1.2%. With the increase of the Pt content in the perovskite
the catalyst resistance to thermal shocks decreased (figure 2).
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Fig. 2. Resistance of La;_ Pt MnO; (x = 0.1 and 0.2) catalysts to thermal shocks

As for CO oxidation, the activity of the LaggsPtoosMnOs catalyst exceeds that of the
LaMnOs; catalyst only above 260 °C. La; Pt MnO; (x = 0.1, 0.15, 0.2) catalysts display
a higher activity compared to that of the LaMnO;. The activity of the catalysts was
found to decrease when the substitution of La by Pt increased from 0.1 to 0.2 (figure 3).
Higher activity of the LaMnOs perovskite after partial substitution of La by Pt results
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from the presence of Pt, the most active catalyst in CO oxidation. Below 270 °C, the
LaMn, Pty ;O; catalyst shows a lower activity in CO oxidation than La; ,PtMnO;
(x = 0-0.2) catalysts. The activity of LaMn,¢Pty;0; equals that of the LajgPt),MnO;
and Lay 5Pty 1sMnO; catalysts at temperatures exceeding 270 °C (figure 3).
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Fig. 3. Oxidation of CO over monolithic La; Pt MnO; and LaMn ¢Pt, ;MnOj; catalysts.
Catalysts: 1- La()_gPt()'QMHO& 2— Lao_g5Pt0_15MHO3, 3- Lao_gPto,anO& 4 — La0_95Pt0_05Mn03,
5-— LaMnO3, 6— LaMH()'gPt()_ 103

4. CONCLUSIONS

The substitution of La by Pt in the LaMnQO; perovskite reduces its SSA from 8.58
m?/ g (LaMnO;) to 3.1 mz/g (Lag gPtyoMnQO3).

When 0.1 mol of La in the LaMnO; catalyst is substituted by Pt, its activity in CH,
oxidation increases. If the Pt content is higher than 0.1, this reduces the activity of
LaMnO; in CH, oxidation and its resistance to thermal shocks.

For CO oxidation the substitution of 0.1-0.2 mol of La by Pt in LaMnQO; enhances
the perovskite activity. The LagoPty;MnOs catalyst shows the highest activity in this
process. The activity of the LaMng Pty ;05 catalyst equals that of the LaygPty,MnOs
and La, gsPto 1sMnQOj catalysts at temperatures higher than 270 °C.
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MONOLITYCZNE KATALIZATORY PEROWSKITOWE LaMnO;
Z DODATKIEM PLATYNY W UTLENIANIU METANU I MONOTLENKU WEGLA

Jesli w perowskicie LaMnOj; zastapi¢ od 0,1 do 0,2 mola lantanu platyna, to zwigksza si¢ aktywnos¢
tego perowskitu w utlenianiu CO. Najwyzsza aktywno$¢ w utlenianiu wykazuje katalizator z perowskitem
Lay 9Pty ;MnOs. Metan jest efektywniej utlaniany, gdy 0,1 mola lantanu w katalizatorze LaMnOj; zaste-
puje si¢ platyna. Wigksza zawarto$¢ platyny w perowskicie LaMnO; obniza zaré6wno jego aktywno$é
w utlenianiu CO, jak i odpornos$¢ katalizatora perowskitowego na naprzemienne zmiany temperatury.
Zastapienie czgSci lantanu w perowskicie LaMnO; platyna zmniejsza powierzchni¢ wtasciwa perowskitu
z 8,58 m*/g (LaMnOs) do 3,1 m*/g (Lag gPty,MnO3).



