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INTRODUCTION 

Perovskites, mixed metal oxides of the general formula AB0 , have been 
examined as catalysts for conversion of syn gas to oxygena2ed organic 
chemicals. Several of these perovskites have been found to provide 
moderate to high selectivities to oxygenated organics, particularly 
methanol and C20x (acetic acid, acetaldehyde, and ethanol). 

RESULTS AND DISCUSSION 

CATALYST EVALUATIONS 

The perovskites were prepared by co-precipitation with subsequent 
calcination in air to form pure crystalline phases. The resulting 
powders (pelleted with Si0 ) were evaluated in a U-tube vapor phase 
reactor. Catalysts were eviluated with 2:l H2:C0 at 1000 psig. 
Conclusions are based on results obtained in the CO conversion range 
of 1-20% (usually 1-10%). Results of catalyst evaluations are 
presented in Tables 1-111. 

Perovskites of La with late transition metals and other closely 
related perovskites were evaluated as syn gas conversion catalysts. 
The maximum oxygenate selectivities obtained with LaCoOj, LaNiO , and 
LaFe03 were in the range of 24-33%. 
observed with LaMnO . LaCoO and LaNiO underwent runaway 
methanation, but La3eO3 and iaMnO 
known as catalysts f o r  producing itydrocarbons (1, 2). 

Six substituted derivatives of the above ternary perovskites were 
evaluated in hopes of finding positive synergism. LaNi 5Fe0 s02tznd 
LaMn Ni 0 exhibited positive synergism (i. e .  highgf oxygen 
~ele$t?vi?3~taan the average f o r  the related ternary perovskites) . 
LaNiB.SCoo 03, L a m  5Coo 502, and LaMno 2Fep.5z3to 
exhi i ed Bit e r L ~ ~ e & ? % ~ i h  or neg%tive Pyn rgism when 
the related ternary perovskites. 

Partial substitution of La with Ce and Sr was examined as a means of 
modifying the catalytic behavior of LaCo03. 

were much lower than the resul?P*ob?A?ned with thg.$:$h$ sy2tem. 

LaCoO 5 R ~ 0  LaNiO 2Ru8.S02i and LaFe RU 0 were evaluated to 
deterlhine t e ffect 6 p K i substitu?ih 8 f 5 ~ 5  for Co, Ni, and Fe 
and the selectivity patterns typical of Ru in these perovskite 
lattices. The maximum oxygenate selectivities obtained with these 
materials (3-14%) are much lower than those obtained with related 
ternary perovskites. Ru is apparently a poor catalyst for converting 
syn gas to oxygenates which is consistent with reports that Ru is used 
in Fischer Tropsch synthesis for producing higher hydrocarbons ( 2 ) .  

~~~hP$f!T~oB2f2cts of pa$€?alOPzb$titution of the B cations by Ti( IV). 
Both of these materials provided significantly lower oxygenate 

No oxygenated products wer2 

did Jot. Co, Ni, and Fe are best 

mp r 

The maximum oxygenate 
selectivities obtained with La Ce Coo3 and La coo ( 7 - 8 % )  

0 and LaFe Ti 0 were evaluated to determine the 
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selectivities than the related ternary perovskites. 

were evaluated to determine the 
erovskite lattice. Both materials 

exhibited high methanol selectivities (37-38%, maximum). These 
results suggest that Cu is the catalytic metal in these systems, 
probably in reduced form. Cu is used in commercial methanol synthesis 
catalysts. 

NdNiO , NdFe03, and NdCo03 were evaluated to determine the catalytic 
effeczs of replacing La with closely related Nd. 
oxygenate selectivities obtained with these perovskites (0-10%) are 
much lower than those obtained with the analogous La perovskites 
(24-33%). 

Perovskites of barium with platinum group metals were also evaluated 
as catalysts for syn gas conversion. These materials were prepared by 
Professor B. L. Chamberland (U6 Conn.). 
temperature calcination ( <  400 C) were amorphous by XRPD6 
prepared by re-calcination at higher temperatures ( 2  600 C) were pure 
crystalline phases by XRPD. 

High oxygenate selectivities (almost exclusively methanol) were 
obtained with BaRhO and BaPtO (maximum, 62% and 5 4 % ,  respectively). 
Maximum oxygenate sslectivitiez obtained with BaIKO and BaRuO were 
39% and 14%, respectively. 
reported for the related LaRhO by Bartley ( 3 )  and by Watson and 
Samorjai ( 4 ) .  
selective catalysts for methanol synthesis (2). Supported Ir has been 
reported as catalysts for both methanol and hydrocarbon synthesis (2). 
Ru Fischer Tropsch catalysts ( 2 )  and our own La-Ru perovskites are 
mainly hydrocarbon producing catalysts. 

The maximum 

Materials prepared by low 
Materials 

High methanol selectivisies have baen 

Supported-Pt cagalysts have been reported to be 

CATALYST CHARACTERIZATION 

Catalysts were characterized to determine the crystalline phase purity 
of starting materials, to determine if perovskite phases were 
preserved OK decomposed (by reduction) under reaction conditions, and 
to determine the nature of catalytic sites in these materials. 
Catalyst samples were characterized by XRPD, EXAFS, XANES, AND ESCA. 
Results zre presented in Table IV. 

The "A" cations in these perovskites (La(III), Nd(III), and Ba(I1)) 
are stable to reduction and catalytically inactive under these 
conditions. Therefore, the stability of these crystalline lattices to 
reductive decomposition and the catalytic activity of these materials 
depends on the late transition metal "B" cations. 

The ternary perovskites of La with Co, Ni, Fe, and Mn were pure 
crystalline phases prior to catalyst testing. EXAFS and XANES results 
indicated the expected +3 bulk oxidation state for the "B" metals. 
ESCA analysis of surface "B" atoms indicated oxidation states > 0, but 
specific oxidation state (i. e. +2 OK +3) could not be assigned. 

Recovered materials exhibited a consistent trend. Perovskite lattices 
of materials not exposed to runaway methanation were preserved. Ni 
and Co perovskites not exposed to runaway methanation appeared to have 
been partially reduced (ca. one electron) to form oxide deficient 
perovskite lattices. Fe and Mn perovskites were unaffected. The 
oxidation state of surface "B" cations in all of these recovered 
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catalysts was > 0 . 
Perovskite lattices of materials exposed to runaway methanation were 
destroyed by reduction. During runaway methanation catalyst bed 
temperatures exceed 500°C. 
perovskite lattices of LaCo03 and LaNiO were destroyed. Ni was 
reduced from +3 to a mixture of +1 and a, and co was probably 
comparably reduced. These results parallel those of Hall and 
cowgrkers who reported that hydrogen reduces LaCo03 by one electron at 
400 C and by three electrons at 500°C (5). 
did not undergo runaway methanation under the conditions employed. 

Based on these data it appears that the catalytic sites for these 
materials are higher valent ( >  0), late transition metal, surface "B" 
cations in a perovskite or perovskite-like lattices, so long as 
runaway methanation does not occur. This conclusion applies also to 
substituted perovskites of La and Nd with Mn, Fe, Co, and Ni. 

Six perovskites of the general formula LaM M' 0 (M # M' = Mn, Fe, 
Co, and Nil were characterized after catal$$? tP&?i?g. LaNi 5Cog.503 
was exposed to runaway methanation and its crystalline l a t t i h  wa 
decomposed. The other materials were not exposed to runaway 
methanation, and their crystalline lattices were preserved. 

La Ceo 2Co0 and La Sr 2Co0 were exposed to runaway methanation, 
ane'@he trystilline lP€@ic8$ of 80th materials were destroyed. 

LaCoOa5Ru0.503 was not exposed to runaway methanation, but 
LaNi 5Ru0 and LaFe 0 were. Yet, the perovskite lattices 
of a91 three materials %?pBt5sarved. 
behavior of LaNiO which underwent lattice decomposition under these 
conditions. RU aaparently confers added stability to these lattices. 

LaNi Ti 0 and LaPe Ti were not exposed to runaway 
me thinst i 8n5 3As expec t8d: ti6 pe rovsk i te lattices we re preserved . 
The catalytic sites for these materials appear to be higher valent 
surface cations of Ni and Fe in perovskite lattices. 

Neither of the Cu containing perovskites were exposed to runaway 
methanation. The perovskite structures of both materials were 
preserved, albeit, with partial reduction. The stability of these 
lattices is probably due to the reductive stability of Ti(1V) and 
Mn(1V). The catalytic sites for these materials appear to be lower 
valent surface atoms of Cu in a perovskite or perovskite-like lattice. 

NdNiO , NdCo03, and NdFeO all underwent runaway methanation. Like 
the aaalogous La compoundg, the Ni and Co perovskite structures were 
destroyed , but the perovskite structure of NdFe03 was preserved. 
The crystalline barium platinum metal perovskites were all pure 
crystalline phases prior to catalyst testing. The bulk oxidation 
states of the platinum metals were the expected +4. However, all of 
these materials except BaRuO contained surface platinum metal cations 
in lower oxidation states ingtead of, or in addition to the +4  state. 

Both crystalline and amorphous barium platinum metal perovskites are 
unstable to syn gas and its products. Platinum metals were reduced to 
the elemental state, and Ba was converted to BaCO . It appears that 
these materials after an induction period are traasformed to zero 
valent platinum metal crystallites on BaC03. 

After exposure to runaway methanation the 

The Fe and Mn perovskites 

This contrasts with the 
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CONCLUSIONS 

Seven hasc  mptnl lonthaniim perovhkites that provide 20-40% selectivity 
to oxygenates have been found. All of the lanthanum metal perovskites 
are stable to reductive decomposition f not exposed to runaway 
methanation and some are stable even i exposed to runaway conditions. 
The catalytic sites in these materials are thought to be late 
transition metal surface "B" atoms in higher oxidation states ( >  0) 
and in perovskite or perovskite-like lattices. Two platinum metal 
barium perovskites that provide > 50% selectivity to oxygenates 
(mainly methanol) have also been found. These materials are unstable 
under reaction conditions and are converted to elemental platinum 
metals and BaC03. After an induction period, the catalytic sites for 
these materials are thought to be the mainly zero valent platinum 
metal crystallites on BaC03. 
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