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discovery is that the process by which 
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the melting of temporary snow in the 
dune may provide a mechanism for 
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planation for contortions on a scale of 
several meters and more. In fact, the 

apparent lack of eolian processes capa- 
ble of producing such deformation of 
cohesive sand masses has led some ob- 
servers to cite it as evidence for sub- 
aqueous deposition. 

Although I did not observe deforma- 
tion as large as that in some ancient 
eolian deposits, the contortion associ- 
ated with cornice sliding (5 m wide and 
0.5 m in amplitude) (Fig. 2) and the 
zone of brecciation (2 m wide and 0.3 
m high) associated with volume change 
due to the melting of interred snow are 
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The requirement that carbon monox- 
ide and hydrocarbons be virtually elimi- 
nated from the exhaust of 1975 and 
later model automobiles has generated 
considerable interest in the develop- 
ment of an oxidation catalyst suitable 
for this task. Precious metals, notably 
platinum and palladium, have been re- 

ported to be especially well suited for 

catalyzing oxidation reactions in the 
auto exhaust environment (1). How- 
ever, the high cost and relatively short 
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structures not observed in more com- 
monly studied warm-climate dunes (9). 

It is premature to relate large-scale 
deformation in ancient eolian sandstone 
to the incorporation and melting of 
snow in cold-climate dunes. Sufficient 
modern analogies have yet to be docu- 
mented. Furthermore, other mecha- 
nisms capable of producing these struc- 
tures should be sought in order to eval- 
uate the potential of such occurrences 
as paleoclimatic indicators. In any case, 
large-scale deformation in sand should 
not be interpreted as definite evidence 
of subaqueous deposition. 

JAMES R. STEIDTMANN 

Department of Geology, University of 
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supply of these metals have caused the 
search to continue for an oxidation 

catalyst which is inexpensive, plentiful, 
and as effective as the metals of the 

platinum group. Our studies of platinum 
and base metal catalyst systems have 
shown that the fundamental differences 
in their behavior have direct implica- 
tions for both laboratory comparisons 
and automotive exhaust applications 
since the choice of experimental condi- 
tions can determine the outcome of 
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the comparison. In light of this result, 
recent comparisons of various automo- 
tive emission control catalysts (2, 3) 
deserve some attention. 

The catalysts used to oxidize CO in 
our experiments were among the most 
active of their respective classes. The 
base metal catalyst was a combination 
of copper (~8 percent by weight) and 
chromium (-7 percent by weight) on 
an alumina support. Under the condi- 
tions of the experiments, these metals 
exist primarily in an oxidized form. 
The other catalyst, 0.3 percent by 
weight platinum on alumina, presum- 
ably retained the metallic state through- 
out the experiments. The catalysts were 
made by first impregnating 3-mm 
spheres of alumina with solutions of the 
appropriate metal salts and then dry- 
ing and calcining. 

Oxidation activity was measured in 
an integral flow reactor, with 7 cm3 
of catalyst placed in a 19-mm (inside 
diameter) stainless steel pipe enclosed 
in a tube furnace. A feedstream blended 
to simulate exhaust gas (typically 2 
percent CO, 2 percent 02, 0.05 percent 
C3H(, 10 percent H,O, 10 percent CO^, 
and the balance N2) was passed at 
flow rates ranging from 3.5 to 19 liter/ 
min through the catalyst bed as the 
furnace temperature was slowly raised. 
The exit stream was analyzed continu- 
ously for CO, 02, and hydrocarbons. 
Conversion and catalyst bed temperature 
were recorded simultaneously as the 
temperature increased. 

Data on the relation between con- 
version and temperature for various 
inlet gas compositions were fitted to 
integrated forms of several different 
rate equations to establish the concen- 
tration dependence of the CO oxidation 
reaction. The rate over the base metal 
catalyst is best described by the ex- 
pression 
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-d[COl]dt - k,,m[CO]0?7 -d[COl]dt - k,,m[CO]0?7 (1) (1) 

Symbols in brackets represent concen- 
trations; t is time; and the coefficient 
kb,, is the rate constant. These kinetics 
are in reasonable agreement with those 
reported earlier for oxide catalysts (4) 
and are to be expected if the slow step 
in the reaction sequence is the extrac- 
tion of an oxygen atom from the base 
metal oxide lattice by a CO molecule. 

The rate over the Pt catalyst is best 
described by the expression 

-d[CO]/dt = kpt[O2]/[CO] (2) 

This expression is also in agreement 
with previous work (5), and it is in 
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Exhaust Catalysts: Appropriate Conditions for 

Comparing Platinum and Base Metal 

Abstract. There are fundamental differences in the behavior of alumina-sup- 
ported samples of a platinum and a copper-chromium catalyst for oxidation of 
carbon monoxide in a simulated automotive exhaust stream. Ignoring such dif- 
ferences can result in inappropriate comparisons between oxidation catalysts for 
automotive application. 
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Fig. 1. Effect of space velocity (cubic 
centimeters of gas per cubic centimeter 
of catalyst per hour) on the temperature 
required to oxidize 90 percent of the 
CO in the "standard" inlet stream (2 
percent CO, 2 percent 02, 0.05 percent 
C.H-, 10 percent H20, 10 percent CO.,, 
and the balance N2). 

accordance with a rate-determining step 
that involves adsorption of oxygen on 
a surface nearly covered with CO. 

The rate constants kbm and kpt, al- 
though independent of CO and 02 con- 
centrations, are sensitive (to varying 
degrees) to changes in the concentra- 
tions of H20, CO2, and propylene in 
the feedstream. Because of these inter- 
ferences, the rate equations were de- 
rived with the use of the same con- 
centrations of HO2 (10 percent), CO2 
(10 percent), and CaH6 (0.05 percent) 
in all experiments. 

The rate equations apply until, at 
high temperatures, mass transfer rates 
begin to influence the conversion. Over 
Pt, the kinetics will also change when 
the CO concentration has been reduced 
considerably so that CO can no longer 
inhibit the adsorption of 0,; the reac- 
tion then becomes positive order in 
CO concentration (6). 

Increasing the space velocity, that is, 
decreasing the contact time, was detri- 
mental to the performance of the base 
metal catalyst. The Pt catalyst, on the 
other hand, maintained its efficiency 
remarkably well over more than a five- 
fold increase in gas flow rate (Fig. 1). 

Carbon monoxide conversions as a 
function of the temperature of the 
gas slightly upstream from the catalyst 
are shown in Fig. 2. The curves for the 
two types of catalyst are different. Thus, 
the oxidation started at a lower tem- 
perature over the base metal, but the 
Pt catalyst yielded conversions near 
100 percent (as required in the auto- 
motive application) at much lower 
temperatures than the base metal. 

These results should be considered 
when oxidation catalysts of widely dif- 
fering characteristics are compared. 
First, the kinetic expressions show that 
increasing the oxygen concentration 
increases the efficiency of a Pt catalyst, 
but does not affect the base metal's 
performance. Also in accordance with 
Eqs. 1 and 2, a high concentration of 
CO decreases the initial oxidation rate 
when Pt is the catalyst, but increases 
the rate when a base metal is the cata- 
lyst. These effects of reactant concen- 
tration, to say nothing of the inter- 
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actions and inhibitions that occur when 
hydrocarbons, H^0, and CO2 are pres- 
ent at typical concentrations, make 
extrapolations from a pure reactant 
stream to automobile exhaust quite 
uncertain. 

There are additional ways in which 
experimental conditions can influence 
catalyst comparisons. A relatively low 
space velocity of 20,000 hr-l (Fig. 1) 
results in an apparently modest dif- 
ference between the Pt and the base 
metal catalyst, whereas a space velocity 
of 160,000 hr-l shows Pt to be con- 
siderably more effective in reaching 90 
percent conversion. 

The level of conversion chosen for 
the experiments can also influence the 
outcome of a catalyst comparison. For 
base metal and Pt oxidation catalysts 
(Fig. 2), the effectiveness of the latter 
becomes most obvious at high conver- 
sions. In general, the automotive ap- 
plication necessitates conversions above 
90 percent to meet the legislated re- 
quirements. 

Our results have a bearing on the 
recent work of Voorhoeve et al. (2), 
who reported that rare earth oxides of 
manganese and cobalt "rival platinum" 

100 
/' 

/ Platinum 

_~~ 75~ |~Base metal 
en I I 

II 

50- 
r_ 

0 

25 1 

200 300 400 

Inlet temperature (?C) 

Fig. 2. Carbon monoxide conversion as a 
function of the temperature above the 
catalyst bed. Standard feedstream; 85,000 
hr-1 space velocity. 

for the treatment of CO in auto ex- 
haust. We are not surprised that, as 
reported, under their experimental con- 
ditions all the catalysts they tested be- 
haved similarly for CO oxidation; how- 
ever, their test conditions were not 
relevant to the automotive emission 
control application. Their feedstream 
did not contain H2O or CO2, both of 
which are important components of 
exhaust gas and have significant effects 
on the catalytic oxidation of CO (7). 
More importantly, oxygen was not in 
excess, and the CO concentration was 
20 to 100 times higher than that en- 
countered in auto exhaust; these condi- 
tions would undoubtedly make platinum 
appear less effective in a comparison 
with an oxide catalyst. 

The maximum space velocity reported 
by Voorhoeve et al. was about 900 
hr-l (30 cm3 of gas per minute over 
2 cm3 of catalyst); that value is 20 to 
200 times lower than the space veloci- 
ties of interest for an automobile cata- 
lytic converter. Platinum's effectiveness 
at high space velocity (or, equivalently, 
small catalyst volume) is an important 
consideration for a practical catalyst 
because a small catalytic converter is 
best able to heat up quickly. Rapid 
catalyst warmup is essential if a system 
is to even approach future federal emis- 
sion requirements. 

The application requires conversions 
near 100 percent, but the maximum re- 
ported in (2) was 20 percent. The 
assumption that the ranking of the 
catalysts would not change with in- 
creasing conversion is not justifiable in 
view of the fundamental differences in 
the chemistry of the CO oxidation proc- 
ess over metal and oxide surfaces. Such 
differences are evident in our work 
reported here and in the kinetics re- 
ported by others (4, 5). 

We have pointed out some of the 
uncertainties and biases that can occur 
when experimental results are applied to 
situations far removed from the actual 
laboratory conditions. We have shown 
why the extrapolation made by Voor- 
hoeve et al. from their laboratory re- 
sults to automotive application was not 
appropriate, nor was their reference 
to auto exhaust in the title. Libby's 
references to auto exhaust (3) were 
also not pertinent, since his feedstream 
contained only hydrogen and butenes. 

J. C. SCHLATTER 
R. L. KLIMISCH, K. C. TAYLOR 

Physical Chemistry Department, 
General Motors Research Laboratories, 
Warren, Michigan 48090 
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The Apollo 15 and Apollo 16 mis- 
sions carried a group of orbiting geo- 
chemistry experiments, including an al- 
pha-particle spectrometer (1), an x-ray 
spectrometer (2, 3), and a gamma-ray 
spectrometer (4). These instruments, lo- 
cated in the scientific instrument module 
bay of the service module, were oper- 
ated in orbit during the lunar stay of 
each mission. This report is an account 
of the preliminary findings of the 
gamma-ray spectrometer experiment. A 
gamma-ray spectrometer was previously 
operated in lunar orbit aboard Luna 10 
(5). 

This experiment was designed to 
mieasure the concentrations of the most 
important natural gamma-ray emitters, 
Fh, U, and K, in the surface layers of 
the region overflown. The instrument is 
also capable of measuring the concen- 
trations of other elements which give 
rise to characteristic gamma-ray lines 
under cosmic-ray bombardment. The 

Apollo instrument consisted of a scin- 
tillation detector and a 511-channel 

pulse-height analyzer. The sensing 
element of the detector was a cylindrical 
scintillation crystal (7.0 by 7.0 cm) of 
NaI(Tl), coupled to a photomultiplier 
tube 7.6 cm in diameter. In order that 
the instrument reject signals produced 
by charged particles, the NaI(Tl) crystal 
assembly was surrounded by a plastic 
scintillator coupled to a photomultiplier 
tube 3.8 cm in diameter. The entire in- 
strument was contained within a cylin- 
drical thermal shield and mounted on a 
boom which was extended 7.6 m during 
prime periods of operation to remove 
the detector froti the vicinity of gamma 
radiation produced in the spacecraft. 
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The details of the instrumentation have 
been discussed elsewhere (4). 

Prime data for this experiment could 
be collected only after the separation of 
the lunar module from the orbiting 
spacecraft, because of the presence of a 
radioisotope thermoelectric generator 
used to power surface experiments. Dur- 
ing the Apollo 15 mission, 74 hours of 
lunar data were collected with the 
gamma-ray boom fully extended. Be- 
cause of the comparatively high latitude 
of the landing site, the orbit of the 
spacecraft was inclined about 30?, 
which, in combination with the monthly 
rotation of the moon, allowed a con- 
siderable fraction of the lunar surface 
to be investigated. This instrument 
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Fig. 1. Apollo 16 pulse-height spectrum, 
270-minute accumulation, over 1? to 73?W. 
(Upper curve) Transmitted data; (mid- 
dle curve) featureless continuum; (low- 
er curve) net line spectrum. 
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drifted in gain rather rapidly at first. 
We compensated for the total decrease 
in gain of 32 percent while in lunar 
orbit by commanding an increase in 
the high voltage supplied to the larger 
photomultiplier tube. The energy res- 
olution (full width at half maximum) 
for the 1:17Cs line at 0.662 Mev was 
8.6 percent. The Apollo 16 mission cov- 
ered a different region of the moon, 
with more intensive coverage of a 
smaller area. Useful lunar data were 
collected for 71 hours. The drift in gain 
was only 9 percent in lunar orbit; the 
energy resolution was also notably bet- 
ter, about 7.4 percent. 

The total areal coverage achieved on 
both missions was about 20 percent of 
the entire lunar surface at altitudes of 
100 to 120 km. Regions at the east and 
west limbs were flown over on both mis- 
sions, and data for these regions provide 
a cross-check of results. 

A typical Apollo 16 pulse-height spec- 
trum is shown in Fig. 1. The upper 
curve shows the transmitted spectrum; 
most of the events of the upper curve 
are part of a smooth continuum (mid- 
dle curve) containing little useful chemi- 
cal information. In the lowest spectrum 
of Fig. 1 our best present estimate for 
that continuum has been removed, and 
the line structure shows more clearly. 
The net line pulse-height spectrum must 
be unfolded (6) to obtain the incident 
photon spectrum from which concen- 
trations can be calculated. 

Quantitative values for the concen- 
trations of the nine elements detected 
to date will not be reported here since 
the full matrix inversion analyses re- 
quired are not yet complete. However, 
some major results are already avail- 
able. In the energy region above the 
positron line at 0.51 Mev (which is 
attributable to many sources and con- 
tains little chemical information) up to 
and including the highest-energy line 
due to radioactivity, namely, the 2.61- 
Mev line due to Th, the regional dif- 
ferences in count rate are over- 
whelmingly attributable to the varying 
intensities of the lines of the radioactive 
elements Th, U, and K. This is a 
fortunate circumstance, since the statis- 
tical precision of the total count rate in 
this region (fixed in practice at 0.55 to 
2.75 Mev) is excellent, and we can 
thus obtain the best possible areal res- 
olution. At a nominal altitude of 100 
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Lunar Surface Radioactivity: Preliminary Results of the 

Apollo 15 and Apollo 16 Gamma-Ray Spectrometer Experiments 

Abstract. Gamma-ray spectrometers on the Apollo 15 and Apollo 16 missions 
have been used to map the moon's radioactivity over 20 percent of its surface. 
The highest levels of natural radioactivity are found in Mare Imbrium and Oceanus 
Procellarumn with contrastingly lower enhancements in the eastern maria. The 
ratio of potassium to uranium is higher on the far side than on the near side, 
although it is everywhere lower than commonly found on the earth. 
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