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Unseparated Rare Earth Cobalt Oxides as Auto Exhaust Catalysts Unseparated Rare Earth Cobalt Oxides as Auto Exhaust Catalysts 
Since Meadowcraft (1) reported that 

strontium-doped LaCoO3 was compar- 
able to platinum as an oxygen elec- 

trode, the testing of the catalytic activ- 

ity of LaCoO3 on certain gas systems 
has been pursued by our group (2) 
and others (3, 4). In our study, this 

particular rare earth cobalt oxide again 
had activity which rivaled platinum. 
Also, earlier work by Broyde (5) 
showed that certain rare earth tungsten 
bronzes were active as fuel cell cata- 

lysts. Consequently, the compound was 

suggested as a candidate for auto ex- 
haust catalysis. As a next step, cobalt 
oxides with other rare earths have been 

prepared, and their catalytic activities 
have been compared. Little difference 
between them has been found. This 
result suggested that a catalyst, just as 
effective, could be made from the un- 

separated rare earths with substantial 
cost savings. Tests with the rare earth 
mixture as mined did give equally satis- 

factory results. 
The tests were made with a gas mix- 

ture of hydrogen (98.82 percent by 
volume) and cis-2-butene (1.18 percent 
by volume) at a total pressure of 1 
atm. The compounds were prepared by 
firing in air at 1000?C for approxi- 
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mately 24 hours and then were ground 
in a ball mill. To be certain that the 
firing process was complete, we checked 
the x-ray diffraction patterns of the 
products for significant peaks from the 
reactants. Samples (1 to 4 g) of the 
powders were supported on a glass 
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powders were supported on a glass 

wool plug in a Pyrex tube (0.8 cm in 

diameter) and subjected to a flow rate 
of the test gas at some 15 cm3/min. 
Various temperatures were used begin- 
ning at 100?C and progressing to 

4000C; the composition of the emerg- 
ent gas was determined on a 6-m gas 
chromatographic column (P,/'-oxydi- 
propionitrile) with a flame ionization 
detector. The surface areas of the 

powders before catalysis were measured 

by the BET (Brunauer-Emmet-Teller) 
method with N2. 

The data obtained are given in 
Table 1. For each rare earth cobalt 
oxide the temperatures (?C), weight of 

sample (g), surface area (m2/g), and 
contact time (seconds) are shown. 
The samples were freshly oxidized in 
air. 

Hightower (4), using a "reduced" 

LaCoO3 which had been heated in H2 
at 4200C for several hours, found little 
methane even at 419?C, the main 

products being the isomers and n- 
butane. Our earlier results (2) were 
similar. In our tests, water was observed 
to form at temperatures 300?C and 

above, so some reduction was occur- 

ring. Thus it seems that the strong 
hydrogenolysis reaction to produce 
methane, ethane, and propane which 

begins at about 300?C probably is as- 
sociated with the oxidized state of the 

catalyst. Further investigation is needed 
to clarify this point. In the proposed 
use as the oxidation catalyst for auto 
exhaust this effect should be minor. 

Our main conclusion is that the three 

wool plug in a Pyrex tube (0.8 cm in 

diameter) and subjected to a flow rate 
of the test gas at some 15 cm3/min. 
Various temperatures were used begin- 
ning at 100?C and progressing to 

4000C; the composition of the emerg- 
ent gas was determined on a 6-m gas 
chromatographic column (P,/'-oxydi- 
propionitrile) with a flame ionization 
detector. The surface areas of the 

powders before catalysis were measured 

by the BET (Brunauer-Emmet-Teller) 
method with N2. 

The data obtained are given in 
Table 1. For each rare earth cobalt 
oxide the temperatures (?C), weight of 

sample (g), surface area (m2/g), and 
contact time (seconds) are shown. 
The samples were freshly oxidized in 
air. 

Hightower (4), using a "reduced" 

LaCoO3 which had been heated in H2 
at 4200C for several hours, found little 
methane even at 419?C, the main 

products being the isomers and n- 
butane. Our earlier results (2) were 
similar. In our tests, water was observed 
to form at temperatures 300?C and 

above, so some reduction was occur- 

ring. Thus it seems that the strong 
hydrogenolysis reaction to produce 
methane, ethane, and propane which 

begins at about 300?C probably is as- 
sociated with the oxidized state of the 

catalyst. Further investigation is needed 
to clarify this point. In the proposed 
use as the oxidation catalyst for auto 
exhaust this effect should be minor. 

Our main conclusion is that the three 

Table 1. Catalytic activity of rare earth cobalt oxides. The test gas was H2 with 1.2 percent 
(by volume) cis-2-butene; the pressure was 1 atmosphere. The composition of the hydrocarbon 
was: 96.7 percent cis-2-butene (c-2); 3.1 percent trans-2-butene (t-2); 0.1 percent 1-butene 
(b-1); 0.1 percent n-butane (n-b). 

Percentage of feed hydrocarbon converted to product 
T 

(Co) A A A A A A A A 
c-2 t-2 b-i n-b propane ethane methane other 

LaCoO.-1.23 g of 2.86 m2/g; 5.0 seconds contact 
400 -95.8 -3.1 -0.1 0.9 0.1 0 97.7 
300 -94.3 -2.9 0 12.9 1.7 3.8 78.3 
200 -3.5 1.7 0.8 0.7 + + 0.1 * 

NdCoO.--1.36 g of 1.4 m2/g; 7.3 seconds contact 
400 -95.6 -3.1 -0.1 2.8 0 0 95.8 
300 -87.1 -0.5 0.6 11.1 4.2 + 71.7 t 
200 - 4.3 2.3 1.0 0.9 0 0 0 

DyCoO.,- .91 g of 0.52 rnm/g; 7.0 seconds contact 
400 --95.8 -3.0 -0.1 0.8 0 0 97.8 
300 -94.4 -2.4 0 10.1 1.5 5.3 80.4 t 
200 - 9.7 3.8 1.5 4.2 0 0 0 

RCoO,-1.17 g of 171 m2/g; 4.0 seconds contact 
400 -95.3 --3.0 -0.1 0.2 0 0 96.8 t 
300 -92.1 -1.6 0.4 3.8 0.8 3.7 83.5 ** 
200 - 3.3 1.5 0.4 1.0 + - 0.1 
* Trace C.,H,. Trace n-pentane. t Trace isobutane. 
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pure rare earth compounds, DyCoO3, 
NdCoO3, and LaCoO3, are strikingly 
similar to each other and to RCoO3 
where R (6) is the natural rare earth 
mixture as mined. 

We suggest, therefore, that the un- 
separated rare earth oxides can be used 
to make a cheap auto exhaust oxidation 
catalyst. 

LEE A. PEDERSEN 
W. F. LIBBY 

Department of Chemistry and 
Institute of Geophysics and Planetary 
Physics, University of California, 
Los Angeles 90024 
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Passive Ventilation in Benthic Annelids? Passive Ventilation in Benthic Annelids? 

Vogel and Bretz (1) have recently 
suggested that passive ventilation is of 
respiratory importance to burrowing 
intertidal worms, and that the sponta- 
neous rhythmic bursts of irrigation ac- 
tivity so widespread in the group serve 
some sort of function in burrow main- 
tenance. They propose that boundary 
effects of water currents flowing past 
burrow openings result in the passive 
flow of water through the burrow, 
which serves to furnish oxygen to the 
animal. They suppose that the active 
pumping of water through the burrow 
may serve to maintain such burrow 
structures as the head shaft by 
preventing the excessive packing of 
the sandy sieve that fills it. We would 
like to point out that existing knowl- 
edge of ventilatory behavior in annelids 
does not support these arguments, that 
annelid pumping activity clearly serves 
a respiratory function, and that passive 
flow can be of little importance to 
annelids. 

First, in the cases examined (2), the 
oxygen consumption of worms in tubes 
parallels exactly the spontaneous irri- 
gation activity recorded and observed 
when the animals are in their tubes or 
burrows. There is a low rate of oxygen 
consumption during rest and a rapid 
uptake during bursts of burrow irriga- 
tion. The increased oxygen uptake is 
greater than that required to reoxygen- 
ate the small volume of water remain- 
ing in the tube at the onset of pumping 
activity, and bursts of activity last for 
much longer periods than would be 
required to flush the burrow (2, 3). 
During the pumping, the organs of gas 
exchange are ventilated and the res- 
piratory pigment is oxygenated (2). 
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Moreover, a respiratory function has 
been demonstrated directly by measure- 
ment of a lower oxygen content in the 
excurrent than in the incurrent stream 
generated by spontaneously irrigating 
worms (4). And the surprisingly high 
velocities of currents generated by an- 
nelids suffice to account for their res- 
piratory needs (2-5). 

Although spontaneous rhythmic irri- 
gation in annelids was originally char- 
acterized from a closed system (6), 
several more recent studies have been 
made of animals placed in moving sea- 
water (3, 5), and one very ingenious 
investigation on Arenicola marina was 
conducted in the worm's natural habi- 
tat (7). Therefore, both active pumping 
and its cessation occur in the presence 
of water current flow overhead. 

Second, when Arenicola [the exam- 
ple cited by Vogel and Bretz (1)1 is 
resting in its burrow between bursts of 
pumping activity, its body shortens and 
thickens, effectively plugging the bur- 
row (8) and thus making passive flow 
by any mechanism impossible. The 
same is true of Glycera dibranchiata 
(2), several species of Clymenella (3), 
Amphitrite ornata, and many other 
sedentary species. The ventilation cur- 
rent in infaunal worms is often gener- 
ated by the progression of peristaltic 
waves of muscular contraction in either 
direction, with the direction dependent 
upon the orientation of the worm. Dis- 
tortion of the body is usually restrained 
by the walls of the tube or burrow, and 
hence the action of pumping also oc- 
cludes the burrow along the length of 
the shaft. Although passage of peristal- 
tic waves ceases during rest, local con- 
tractions of the longitudinal muscles are 
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sustained, thus maintaining the points of 
contact when the worm is not physically 
plugging the whole diameter of the 
burrow. 

A different mechanism of generating 
currents is employed by errant species, 
but the habit of most of these worms 
violates the physical requirements men- 
tioned by Vogel and Bretz (1). Indeed, 
epifaunal quill worms of the genus 
Hyalinoecia actively prevent passive 
flow through their tubes by constructing 
one-way valves at either end (9). 

Perhaps most important, it is not 
clear that passive ventilation would be 
quantitatively important for any aquatic 
animal that actively generates currents. 
Although the mechanism may be appli- 
cable to sponges and other groups, its 
significance must be assessed on the 
basis of its magnitude. In any event, it 
is clearly inapplicable to annelids. The 
respiratory function of irrigation ac- 
tivity has been demonstrated, and rest- 
ing worms plug their burrows and pre- 
vent passive flow through them. 

RICHARD J. HOFFMANN 
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Stanford University, 
Stanford, California 94305 
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We agree with Hoffman and Man- 
gum that for any species the significance 
of passive ventilation will be evident 
only upon determination of the magni- 
tude of the phenomenon and its ener- 
getic benefits. We plan to make such 

sustained, thus maintaining the points of 
contact when the worm is not physically 
plugging the whole diameter of the 
burrow. 

A different mechanism of generating 
currents is employed by errant species, 
but the habit of most of these worms 
violates the physical requirements men- 
tioned by Vogel and Bretz (1). Indeed, 
epifaunal quill worms of the genus 
Hyalinoecia actively prevent passive 
flow through their tubes by constructing 
one-way valves at either end (9). 

Perhaps most important, it is not 
clear that passive ventilation would be 
quantitatively important for any aquatic 
animal that actively generates currents. 
Although the mechanism may be appli- 
cable to sponges and other groups, its 
significance must be assessed on the 
basis of its magnitude. In any event, it 
is clearly inapplicable to annelids. The 
respiratory function of irrigation ac- 
tivity has been demonstrated, and rest- 
ing worms plug their burrows and pre- 
vent passive flow through them. 
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