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Cyclic voltammetry has been used to determine catalyst gauze surface area and other related 
features characteristic of catalytic etching of platinum alloy gauzes used in ammonia oxidation or 
hydrogen cyanide production. Up until this point, surface areas of individual catalyst gauzes could 
not be accurately measured. The results show that the surface area of the top gauze in a catalyst 
pack is about 250 cm’ig compared to the bottom layer of the pack, which is about 35 cm’/g. 
Rhodium enrichment at the gauze surface is shown to be greater than 60%. Rhodium oxide can 
account for as much as 50% of the gauze surface area in normal catalysts and more than 90% in 
catalysts deactivated by rhodium oxide needle formation. It is proposed that the surface area of 
used gauzes is proportional to the reaction rate of ammonia and oxygen at the surface of the 
individual layer. The rate of growth in gauze surface area does not fit the current models available. 
However, the growth appears to be proportional to the logarithm of time. % 1988 Academic Prcs, Inc. 

INTRODUCTION 

The oxidation of ammonia to nitrogen ox- 
ides for production of nitric acid and the 
reaction of ammonia with methane for pro- 
duction of hydrogen cyanide via the An- 
drussow process are conducted over plati- 
num-based alloy catalyst gauzes. These 
gauzes experience a wide range of operat- 
ing conditions. The conditions for ammonia 
oxidation vary from 1 to 10 atm, from 800 to 
950°C for the bulk gas temperature, and 
from 10 to 12% ammonia inlet concentra- 
tions (I). The Andrussow process uses a 
pressure of 2 atm, a bulk gas temperature of 
1100 to 12Oo”C, and inlet concentrations of 
10 to 15%, for both ammonia and methane 
(2, 3). Under these conditions, platinum 
alloy gauzes quickly undergo extensive sur- 
face restructuring. The wire diameter will 
effectively increase by 50%, and the sur- 
face will roughen with numerous facets and 
pits. In addition to this restructuring, plati- 
num, in the form of platinum oxide, is lost 
from the surface. Such losses are con- 
siderable in high-pressure ammonia oxida- 
tion plants, but decrease accordingly in 
lower-pressure plants. Due to the net re- 

ducing environment in hydrogen cyanide 
plants, platinum losses are negligible. 

Gauze restructuring and platinum loss 
have been examined by a number of inves- 
tigations (3-12). McCabe er al. (4) have ex- 
plored effects of varying gas composition 
and sample temperature on the type of 
restructuring which occurs on platinum 
wires. They report that etching of the sur- 
face occurs much more rapidly in the pres- 
ence of both oxygen and ammonia than it 
does in the presence of either gas alone. 
Thus, they postulate that the surface reac- 
tion forms an activated platinum species 
which is mobile. This movement is due to 
either the gas-phase diffusion of platinum 
oxide or the diffusion of platinum atoms 
along the surface. 

Flytzani-Stephanopoulos and Schmidt 
(13) have developed a mathematical model 
to predict evaporation and deposition rates 
of platinum from a wire. Mullins (14, 15) 
also has developed a model to predict the 
rate of facet growth for either gas-phase or 
surface transport. 

To date, nothing has been published in 
the way of quantifying the structural 
changes which occur on these platinum sur- 
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faces. This paper describes a cyclic vol- 
tammetric method for accurately measuring 
surface areas of platinum-containing 
gauzes. 

Cyclic voltammetry has been used to 
study platinum electrodes and to determine 
their surface areas by hydrogen adsorption. 
This method of surface area measurement 
is based on the fact that hydrogen can be 
adsorbed and desorbed from a platinum 
surface in an acidic solution at electrode 
potentials between -0.19 and 0.20 V versus 
a saturated calomel electrode (SCE). The 
equation which describes this adsorption/ 
desorption phenomenon is 

Pt + H+ + e- * Pt-H (1) 

During a cathodic potential sweep, hydro- 
gen ions in solution are adsorbed on the 
platinum surface as hydrogen atoms with 
an electron being transferred. The process 
is reversed for an anodic sweep. This cur- 
rent can be accurately measured with a 
coulometer. It has been shown that the 
amount of charge passed is directly propor- 
tional to the surface area of the electrode. 
The accepted factor for both polycrystal- 
line platinum and rhodium is 210 @Z/cm* 
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FIG. 1. Diagram of cyclic voltammetric apparatus. 

(16). With this sensitivity, the surface area 
of a single wire can be measured, which is 
far greater than that obtainable with con- 
ventional BET instruments. 

In the following section, inherent advan- 
tages and disadvantages of this technique 
are discussed in view of the characteri- 
zation of platinum alloy gauzes. Data are 
presented for ammonia oxidation gauzes 
run under low-, medium-, and high-pres- 
sure conditions. Other data detailing sur- 
face areas of gauzes, as a function of time 
on-stream and position within a gauze 
pack, consisting of 4-25 randomly oriented 
gauze layers, are also given. For com- 
parison, a hydrogen cyanide gauze is also 
examined. 

EXPERIMENTAL 

Determination of Gauze Surface Areas 

A Princeton Applied Research (PAR) 
Model 173 potentiostat with a Model 376 
logarithmic current converter and a PAR 
Model 175 programmer are interfaced to an 
IBM Series 1 minicomputer. See Fig. 1 for 
a schematic diagram of the apparatus. Ap- 
proximately 1 cm2 of catalyst gauze, which 
is two orders of magnitude less than that 
needed for normal BET surface area mea- 
surements, is used in the surface area mea- 
surement. Gauze surface areas are mea- 
sured in the as-received condition and after 
a reduction step consisting of 3% H2 in N2 
at 400°C for 30 min. This is sufficient to 
reduce any metal oxides in the sample 
without substantially restructuring the sur- 
face. The weight of the gauze, typically 40- 
100 mg, is recorded. 

Several strands are partially separated 
from the sample and held by an alligator 
clip for electrical connection. Next, the 
gauze is placed into a 1 M sulfuric acid solu- 
tion, made with deionized water and Corco 
reagent-grade sulfuric acid. The acid solu- 
tion is deoxygenated by bubbling with ni- 
trogen. To ensure that chloride ions do not 
leak into the sample compartment from the 
saturated calomel reference electrode, the 
solution is changed regularly. 
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FIG. 2. (a) Representation of potential waveform used; (b) voltammogram of platinum wire; (c) 
voltammogram of rhodium wire. 

A potential of -0.20 V versus the SCE is the varying potential is recorded as a func- 
applied to the gauze. The potential is then tion of the potential. Sample voltammo- 
varied between -0.20 V and I. 10 V at a grams of platinum and rhodium are shown 
rate of 100 mV/s in the waveform shown in in Figs. 2b and 2c, respectively, with the 
Fig. 2a. The current produced as a result of regions of interest noted and annotated. 
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The surface area is obtained by measuring 
the charge associated with the hydrogen de- 
sorption peak (shaded area). All of the sur- 
face areas reported in this paper were mea- 
sured after the 31st cycle. 

At this point, it is useful to briefly de- 
scribe the intricacies of cyclic voltammetry 
relevant to platinum and rhodium. First, 
this technique only measures contributions 
from metallic species in the first atomic 
layer which are in electrical contact with 
the sample holder. In the as-received 
samples, this phenomenon excludes any 
contributions from islands of rhodium ox- 
ide present on the surface. However, after 
the reduction step, these areas become ac- 
cessible. Second, some dissolution of the 
metal species on the surface takes place. 
During potential cycling, the equivalent of 
two to three monolayers of rhodium are re- 
moved from the gauze. In fact, rhodium 
dissolution is approximately 10 times faster 
than platinum dissolution (17). Third, the 
surface undergoes some restructuring dur- 
ing the potential cycling (18). This should 
be kept in mind when making interpreta- 
tions on an absolute scale. Fourth, because 
the peaks in the voltammograms of plati- 
num and rhodium overlap and make the es- 
tablishment of a baseline difficult, the sur- 
face area measurements were based on the 
hydrogen desorption peaks, contrary to the 
use of the hydrogen adsorption peak in the 
literature (16, 18-20). This was found to be 
acceptable, since the adsorption and de- 
sorption peak areas are essentially equal for 
platinum and rhodium alone. Finally, the 
degree of coverage of hydrogen on plati- 
num and rhodium is between 80 and 90% of 
a monolayer (16). None of the data reported 
in this paper have been adjusted for this 
effect. The surface area of a virgin piece of 
gauze is determined to be 26 cm*/g with an 
accuracy of approximately +lO%. This 
compares to a value of 25 cm’/g based on 
the geometric area. A roughness factor of 
1.25 is expected on these wires and would 
be accounted for with a full monolayer cov- 
erage . 

Catalyst Gauze History 

Four commercial catalyst gauzes were 
characterized and are designated A-D. 
Their operating pressures varied from 1.5 
to 8 atm and their time on-stream varied 
from 3 months to 1 year. All other gauzes 
were run in Engelhard’s laboratory pilot 
plant. This pilot plant is capable of operat- 
ing between 4 and 9 atm at flow rates of up 
to 7.90 liters/s (1000 SCFH). The ammonia 
concentration is variable over the range 
5-15%. The air is preheated to 200-300°C 
prior to entering the combustion chamber. 
The gauze samples are 3.18 cm (1.25 in.) in 
diameter with the exposed area being 2.54 
cm (1 in.) in diameter. The gas exit tem- 
perature is monitored by a thermocouple 
placed 2.54 cm (1 in.) below the gauze 
pack. The NO, yield varied between 89 and 
99% depending upon the operating param- 
eters. 

The gauze alloy compositions were either 
90/10 (weight percent) Pt/Rh or 90/5/5 Pt/ 
Rh/Pd. No attempt was made to distinguish 
between the two alloys. Samples from the 
gauze packs were separated into individual 
layers. During this separation process, 
some particulate matter was lost from the 
gauzes, which was a problem with some 
samples from commercial plants. However, 
the particulates tend to be rich in nonpre- 
cious metals and therefore do not signifi- 
cantly impact the surface area measure- 
ments. Electron micrographs were taken 
with an ISI DS 130 scanning electron micro- 
scope (SEM). 

RESULTS 

A number of different aspects of the sur- 
face of these gauzes can be studied by cy- 
clic voltammetry and each will be con- 
sidered in turn. These include enrichment 
of rhodium on the gauze surface, presence 
of rhodium oxide on the surface, changes in 
gauze surface area with position and time 
on-stream, effects of reactor pressure and 
throughput, crystallographic orientation of 
platinum, and a comparison of HCN and 
AMOX gauzes. 
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FIG. 3. Cyclic voltammograms of a platinum/rhodium gauze after Ist, 6th, 1 Ith, and 31~ cycles 
Positions of the oxide reduction peaks for platinum and rhodium are noted. 

All surface area data are reported in units 
of square centimeters per gram, based on 
the weight of a new gauze, thereby putting 
all gauzes on the basis of measured surface 
area per unit frontal area of gauze. Except 
where noted, all surface area data and volt- 
ammograms are from reduced gauzes. 

Rhodium Enrichment 

By following the pattern of the cyclic vol- 
tammograms from the 1st to the 31st cycle, 
several observations can be made for an un- 
reduced gauze. These can be seen in Fig. 3. 
The first cycle is indicative of a high- 
rhodium-content alloy. For pure rhodium, 
the rhodium oxide reduction peak occurs at 

subsequent atomic layers. Contributions 
from at least two peaks can be seen in cycle 
6. This is because some areas of the gauze 
have higher rhodium contents than others. 
Depending upon the amount of rhodium en- 
richment in the gauze surface, the final scan 
will resemble that of platinum with contri- 
butions from any patches of rhodium-rich 
alloys that may have accumulated on the 
surface. Baker et al. (17) have observed 
similar results in their studies of platinum- 
rhodium alloys. 

Gauze Surface Area by Layer 

The surface areas of a number of gauze 
sets are shown in Fig. 4. It can be seen that 

0.16 V versus the SCE; for platinum, the 
oxide reduction peak occurs at 0.53 V ver- 300 

sus the SCE. The position of the minimum I PLANT PRESSURE ,&TM 
corresponding to the oxide reduction peak . A 15 ^. 
on the first cycle is 0.27 V. A linear interpo- $ 2oo _ 
lation between the pure oxide reduction i ! 
peaks shows a rhodium content on the sur- 
face of 70% for this sample, considerably 

ei 
w ,oo 

higher than the bulk concentration of the z 
alloy. The rhodium concentration at the Z 
surface varies from about 60% to as much 
as 100% on a metal basis for severely deac- 0 ~.,~‘~~,~‘~~~,‘~(~~‘.~~L 6 II 16 21 i 
tivated samples. As the gauze potential is GAUZE LAYER 

cycled, the rhodium layer is dissolved into FIG. 4. Gauze surface area versus position within 
solution revealing more platinum in the the pack for three ammonia oxidation plants. 
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FIG. 5. Electron micrographs of Plant “C” gauze: (a) 1st layer, 100x; (b) same, 1000x; ( 
100x ; (d) same, 1000x; (e) 10th layer, 100x; (f) same, 1000x. 

:c) 5th layer, 
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FIG. S-Continued. 
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the top gauze in the gauze pack has the 
highest surface area. Its surface area has 
increased by an order of magnitude from 
that of a fresh gauze. The surface area de- 
creases through the gauze pack with the 
lower layers showing only a moderate in- 
crease in surface area. There is a modest 
upturn at the bottom of the pack due to the 
presence of a small number of rhodium ox- 
ide needles. 

The micrographs shown in Fig. 5 illus- 
trate the change in the surface morphology 
as a function of layer. In the first layer, the 
surface of the gauze has numerous growths 
protruding from the wire surface. As a re- 
sult, the effective wire diameter has almost 
doubled. Photographs of the 5th and 10th 
layers show smaller and fewer growths 
which would be in agreement with a lower 
surface area. The facetting of the surface is 
also less noticeable on the lower layers. 

There are several areas where growths 
appear to be missing. These are places 
where the adjacent gauze layers were touch- 
ing or where growths had been attrited 
during use or separation of individual 
gauzes from the gauze pack. 

Pressure Effects on Surface Area 

Figure 4 also compares surface areas ob- 
tained for a gauze from a typical high-press- 
ure plant (8 atm), a medium-pressure plant 
(5 atm), and a low-pressure plant (1 atm). It 
can readily be seen that surface area drops 
off much more rapidly in low-pressure 
gauzes than in higher-pressure gauzes. This 
is because the percentage conversion is 
higher on the initial layers of a low-pressure 
gauze than that for a high-pressure gauze. 

Rhodium Oxide Contributions 

With the surface of the gauze being 
covered to a large extent by rhodium and 
rhodium oxide, it is not surprising that is- 
lands of rhodium oxide would complicate 
the interpretation of the results. Rhodium 
oxide is nonconducting. Thus, portions of 
the surface are electrically isolated and do 
not contribute to the total surface area. 

This can be seen most readily in samples 
covered with a thick layer of rhodium ox- 
ide. If the surface area of a gauze is mea- 
sured after the reduction step, it may in- 
crease by a factor of 2 to 3 times that of the 
unreduced surface area. By examining the 
ratio of these two surface areas, it may be 
possible to determine the degree of gauze 
deactivation by rhodium oxide formation. 
SEM examination of surface morphology 
shows that surface structures do not change 
as a result of the reduction step. Therefore, 
it can be expected that surface area results 
are indicative of the rhodium oxide content. 

Rhodium oxide needles form as a result 
of operating at a low temperature and high 
oxygen partial pressures. These needles 
tend to form preferentially on the lower lay- 
ers and can yield surface areas of 1000 
cm’/g or more after they have been re- 
duced. 

Figure 6 illustrates how rhodium oxide 
on the surface affects surface area. The 
lower curve corresponds to the as-received 
gauze. Once the sample is reduced, the sur- 
face area increases as shown in the upper 
curve. If rhodium oxide needles have not 
formed, the topmost layers experience the 
largest percentage increase in area. 

Surface Area Changes with Time 

Figure 7 illustrates the changes which oc- 
cur in surface area of a gauze as a function 
of time on-stream. The surface area of the 
first layer changes quite rapidly during the 
first hour of pilot plant operation, increas- 
ing by a factor of 3 within the first 15 min 
alone. At the end of 20 h, the surface area 
has increased to about 70% of its final va- 
lue. On subsequent layers, the rate of in- 
crease is lower. Within 1 week the surface 
is almost fully sprouted. This agrees with 
the experience of plant operators. Gauzes 
in commercial plants are expected to be 
fully activated in 4 to 5 days. 

The photographs in Fig. 8 show the 
change in surface morphology with time. 
Figure 8b depicts the down-stream side of 
the top layer after 15 min of operation. 
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FIG. 6. A comparison of surface areas obtained for reduced and unreduced Plant “C” gauzes 

Since the boundary layer between the 
gauze surface and the gas stream is smallest 
at the front face of the gauze and increases 
toward the back face, the edge of the gauze 
shows the greatest amount of etching in this 
micrograph. Regions near the intersection 
of the wires, and at the center of the wire 
surface where the boundary layer is thick- 
est, show the least amount of etching. As 
the time on-stream increases, the number 

of growths decreases with a corresponding 
increase in their size. 

Crystallographic Orientation of Platinum 

The voltammograms of platinum single 
crystals have been studied by Will (18) and 
more recently by Ross (20). They show that 
each crystalline face has a unique cyclic 
voltammetry pattern. The (1 II) and (I 10) 
crystal faces contribute strongly to the 

FIG. 7. Surface area of first and fifth layers versus time on-stream. 
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FIG. 8. Electron micrographs of top layer versus time on-stream: (a) new; (b) 15 min; (c) 30 min; 
(d) 1 h; (e) 4 h; (f) 19.5 h. All photographs at 1000x. 
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FIG. 8-Continued. 
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lower potential peak at -0.121 V, while the 
(100) face contributes to the higher poten- 
tial peak at 0.012 V. 

Differences have been seen in the rela- 
tive intensities of the two hydrogen desorp- 
tion peaks as a function of time on-stream 
and position within the catalyst bed. How- 
ever, since rhodium dissolution and plati- 
num surface restructuring occur during po- 
tential cycling, no definitive conclusions 
can be made. 

HCN Gauze versus Ammonia Oxidation 
Gauzes 

Due to the brittleness and the tendency 
of the gauze layers to fuse together, individ- 
ual layers of the HCN gauze could not be 
separated. The top five layers were mea- 
sured as one piece, and the surface area 
was determined to be 114 cm2/g. This 
agrees well with the value obtained by Pan 
(8) by gas adsorption techniques, but the 
basis for comparison is uncertain, since he 
may have measured the entire pack or may 
have had a different gauze geometry. No 
direct comparison can be made between the 
HCN gauze and the ammonia oxidation 
gauzes because of the vast differences in 
the operating conditions, but the surface 
area is similar to that expected for ammonia 
oxidation gauzes. 

Examination of the voltammograms for 
rhodium enrichment reveals an entirely dif- 
ferent result than that seen for ammonia ox- 
idation gauzes. The oxide reduction peak 
on the first cycle consists of two peaks at 
0.31 and 0.49 V, which correspond to alloy 
compositions of 60 and 10% rhodium, re- 
spectively; the 10% peak is the major. This 
is expected since HCN gauzes experience a 
net reducing atmosphere, and as a result 
the amount of rhodium oxide formation and 
platinum oxide volatilization is minimal. 

DISCUSSION 

Surface Area Variation with Position 

In the plot of surface area versus gauze 
layer, the surface area decreases monoto- 

nically in much the same manner as the am- 
monia concentration would be expected to 
decrease. Therefore, the reaction profiles 
were calculated for each gauze set based on 
a method presented by Satterheld and Cor- 
tez (21) and Shah and Roberts (22). The fol- 
lowing equations were used to determine 
the relative yield per layer for a mass 
transfer controlled reaction. The Reynolds 
number is calculated by 

d . Go 
Nze = - 

6y.b’ 

where d is the wire diameter, Go is the su- 
perficia1 velocity of the reactants, Al. is the 
viscosity, and 6 is the fractional open area 
and is defined by 

6 = (1 - N . d)2, (2) 

where N is the wire mesh density. In all 
cases, the starting wire diameter was used 
in the calculations and was assumed to re- 
main constant. The Reynolds number was 
used to calculate the j factor, according to 
the relationship determined by Shah and 
Roberts, 

jD = 0.644Ni~.“. (3) 

Thej factor is also related to the percentage 
conversion by the equation 

jD = (N~~/AT) ln(CiIC,), (4) 

where Nsc is the Schmidt number, AT is the 
surface area of the gauze per square cen- 
timeter of frontal area, and Ci and C, are 
the inlet and outlet concentrations of the 
limiting reagent, respectively. A value of 
0.81 was used for the Schmidt number (21). 
A surface area of 1.56 cm2 used in the cal- 
culations was based on the initial wire di- 
ameter and wire mesh. This approximates 
the mass transfer area across the boundary 
layer and provides better results than if the 
real surface area was used. All of the other 
parameters were estimated from the nomi- 
nal operating parameters of the plants. 

The fractional conversion of the feed 
stream per layer, dYr, is given by 
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The conversion on the subsequent n layers 
can be determined by 

where the first term represents the fraction 
of ammonia unreacted before the nth layer. 
The mass transfer controlled reaction rate 
is given by 

k, . r . x,, dY, . GO . C, 
R,= M = M 

(mol/cm*/s), (7) 

where k, is the mass transfer coefficient, r 
is the gas density, xn is the weight fraction 
of ammonia unreacted on the nth layer, M 
is the molecular weight of ammonia, G is 
the mass thruput of the reactor, and C, is 
the initial weight fraction of ammonia in the 
gas stream. 

In Fig. 9, surface area data are plotted 
versus the reaction rate for each of these 
gauzes. The correlation for the high-pres- 
sure plants is very good. The lower-pres- 
sure plants show some curvature. This 
could be due to the model predicting higher 
reaction rates on the leading gauzes than 
actually occur. 

There are a number of sources for error 
associated with the calculation of the reac- 
tion rate. First, the real surface area, the 
percentage open area for each gauze layer, 
and the effective wire diameter are all 
changing as a function of the gauze posi- 
tion. Second, the error associated with the 
calculation of thej factors themselves is ap- 
proximately 10%. Third, the temperature of 
the gas was taken to be the gas exit tem- 
perature. In the initial layers, the gas tem- 
perature will be less than that at the gauze 
exit, particularly in the case of high-pres- 
sure gauzes. This affects the gas viscosity as 
well as the density term in Eq. (7). Fourth, 
the flow distribution and mixing of the am- 
monia are also important in this calculation. 

-0.0 1.0 2.0 3.0 4.0 5.0 6.0 

REACTION RATE (x10-~ moles/cmZ/s) 

FIG. 9. Gauze surface area as a function of the cal- 
culated reaction rate. 

A gauze pack with an uneven flow distribu- 
tion across its face will have different Rey- 
nolds numbers at various points and, as a 
result, different reaction rates for the same 
nominal flow rate. Fifth, nominal operating 
conditions of the plants were used in the 
calculations. The actual operating condi- 
tions may not correspond to these values. 
With these things in mind, the correlations 
presented in Eq. (7) are reasonable. 

Surface Area Variation with Time 

Mullins (15) has developed a model to de- 
scribe facetting which may occur by gas- 
phase diffusion or by surface diffusion of 
the metal atoms. In his model, Mullins con- 
cludes that the growth rate of the depth and 
width of a facet by gas-phase diffusion is 
proportional to the cube root of time. The 
rate of surface diffusion, on the other hand, 
is proportional to the fourth root of time. 

In an analogous manner, the surface area 
of a facet should vary in much the same 
way and behave according to the equation 

S - K . tm + S,,, (8) 

where S is the measured surface area, K is a 
derived constant according to Mullins, t is 
the elapsed time, m is a fractional power, 
and So is the initial surface area. In Fig. 10, 
the log of the change in surface area is plot- 
ted versus the log of the elapsed time. A 
least-squares fit was obtained over the en- 
tire range of time on-stream. The roots for 
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FIG. 10. A fit of surface area data to the fractional power of time. 

the first and fifth layers are 0.14 and 0.20, 
respectively. Both roots are lower than 
those values predicted by Mullins. If times 
on stream of less than about 4 h are used, 
values intermediate to one-third and one- 
fourth are obtained. Over the time span in 
which these experiments were conducted, 
it is quite likely that the surface area is ap- 
proaching a steady-state value and forcing 
the power dependence to an artificially low 
value. 

This steady-state condition consists of 
the mechanism of facet growth being coun- 
terbalanced by the increased losses of sur- 
face area by oxide volatilization and sur- 
face sintering. Growth of a rhodium oxide 
barrier, loss of platinum and rhodium from 
the surface, effects of bulk diffusion, and 
development of thermodynamically stable 
crystal faces all contribute to establishing 
this steady-state condition. 

From Fig. 10, it can be seen that a better 
fit to the data would be a simple logarithmic 
dependence on time, as 

s = K . log,&) + so, (9) 

where S is the surface area, K is a constant, 
t is the time on-stream, and So is a constant. 
There is no model in the literature which 
predicts this type of behavior. The only 
theory which gives an analogous behavior 
is the Elovich isotherm (23). 

SUMMARY 

It has been shown that a number of dif- 
ferent aspects of catalytic etching can be 
and have been addressed by cyclic volt- 
ammetry. They are the following. 

(i) The powerful technique of cyclic volt- 
ammetry has been applied to the study of 
catalytic etching of platinum alloys with 
great success. This opens the door to many 
far-ranging studies concerning the use of 
electrochemical techniques to probe mech- 
anisms of catalytic etching on noble metals. 
While the use of cyclic voltammetry to 
study platinum etching will be most useful 
and yield the best data, other noble metals, 
such as rhodium and iridium, are amenable 
to this type of study. 

(ii) The surface area of a gauze is directly 
proportional to the reaction rate on its 
surface. 

(iii) The rhodium concentration in the 
gauze surface can be measured and is typ- 
ically 60-100% of the outer atomic layer 
for ammonia oxidation gauzes. HCN 
gauzes, on the other hand, show little en- 
richment with the majority of the surface 
having the same composition as the bulk. 

(iv) The surface coverage of rhodium ox- 
ide can be determined and can possibly be 
used to estimate the degree of gauze deac- 
tivation. 
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(v) The change in surface area with time 
can be fit to either a power dependence or a 
logarithmic dependence on time. 

Additional topics for investigation by this 
technique include the effects of alloy com- 
position on surface area and orientation, 
the effects of different reactions and heats 
of reaction on the surface area, and the ef- 
fects of fuel rich reactions mixtures on the 
catalytic etching process. A number of 
these studies have already been presented 
in the literature, except that the surface 
area was not determined. 
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