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The migration of potassium on model iron and alumina surfaces was studied with Auger electron 
spectroscopy. The extent of potassium migration at 670 K was found to be dependent on the gas- 
phase composition during treatment. In particular, the mobility of potassium was greater in hydro- 
gen than in oxygen, and the mobility in either gas was increased by the addition of H20. The 
kinetics of migration are consistent with a surface-stabilized potassium species. After initial vapor- 
phase transport of volatile, bulk potassium species, surface diffusion controls the migration. Potas- 
sium appears to be bonded with comparable strengths to iron and alumina surfaces. D 1985 Academic 

INTRODUCTION 

Alkali metal compounds have been used 
widely as promoters of heterogeneous cata- 
lysts. Examples of the use of such com- 
pounds include promotion of iron-based 
catalysts for ammonia synthesis (1) and 
Fischer-Tropsch synthesis (2), and modifi- 
cation of sulfur-resistant water-gas shift 
catalysts composed of cobalt and molybde- 
num (3). The role of the alkali metal in 
these, and other catalysts, is generally be- 
lieved to be that of a chemical promoter, 
i.e., an additive which modifies the cata- 
lytic properties per unit surface area. This 
is in contrast to the function of a textural 
promoter (such as alumina) which stabilizes 
a high surface area of the catalytically ac- 
tive phase. An important question related 
to understanding the mechanism by which 
an alkali metal functions as a chemical pro- 
moter is what is the proximity of the alkali 
metal to the catalytically active phase? Fur- 
thermore, the answer to this question may 
well be different for different catalysts and 
different reaction conditions. In this re- 
spect, the present paper focuses on model 
studies to probe the distribution of potas- 
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sium on iron-based catalysts for ammonia 
and Fischer-Tropsch syntheses. In particu- 
lar, emphasis is placed on studies of the 
migration of potassium on surfaces of iron 
and alumina. 

The distribution of promoters in iron- 
based catalysts for ammonia and Fischer- 
Tropsch syntheses has been studied by a 
number of investigators (4-9). After reduc- 
tion of these catalysts, the alumina and po- 
tassium are both segregated on the surface 
of the catalyst. Moreover, these promoters 
are distributed nonuniformly on the cata- 
lyst surface. For example, the alumina may 
exist as discrete crystallites of A&O3 and as 
a thin surface phase on the iron particles. 
The potassium may be associated with the 
iron and with both of these two phases of 
alumina. Microprobe analysis (7, 8) 
showed that the majority of the potassium 
is associated with alumina crystallites at the 
grain boundaries of iron. However, since 
this technique probes regions of the cata- 
lyst which are ca. 1 pm in diameter, it is not 
sensitive to the presence of surface phases 
of potassium. Studies of the surface distri- 
bution of promoters have been conducted 
using scanning Auger electron spectros- 
copy (4), with a spatial resolution of ca. 100 
nm. Prior to reduction of the catalyst the 
potassium was associated primarily with 
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alumina. In contrast, following reduction 
the potassium promoter was present on 
both the alumina and iron regions of the 
catalyst. In another study employing Auger 
electron spectroscopy (6), it was suggested 
that the potassium is associated exclusively 
with the alumina in iron-based ammonia 
synthesis catalysts. Indeed, since alumina 
is dispersed over the iron surface, it is not 
possible using Auger or scanning Auger 
electron spectroscopy (with a resolution of 
ca. 100 nm) to determine unambiguously 
whether potassium is associated with iron, 
alumina, or both. 

The above results illustrate the complex- 
ity of the distribution and interactions be- 
tween promoters in commercial iron-based 
catalysts. Furthermore, the distribution of 
promoters has been shown to change dur- 
ing the course of the reaction or during cat- 
alyst activation such as the reduction of an 
oxidized precursor. This is particularly true 
for the potassium, as described in the re- 
views by Mross (9), Dry (2), and Nielsen 
(8). Used styrene catalysts of iron oxide, 
for example, show gradients in the potas- 
sium distribution along the reactor length as 
well as within catalyst particles (9). It has 
also been shown that the potassium pro- 
moter can be added to the catalyst during 
the initial stages of catalyst preparation or 
added to an unpromoted catalyst as a sepa- 
rate potassium-containing phase (2). Both 
methods of potassium addition have similar 
effects on the catalytic properties of iron, 
suggesting that this promoter migrates over 
the surface during catalyst activation. 
However, it is not presently known at what 
stage of the catalyst activation the potas- 
sium promoter migrates over the catalyst 
surface. It should be noted that since potas- 
sium-promoted iron catalysts show long- 
term stability under reaction conditions (2), 
the potassium promoter is apparently not 
sufficiently volatile for all of it to be carried 
out of the reactor in the effluent stream. 

The migration of potassium under vari- 
ous gaseous atmospheres was monitored in 
the present study using Auger electron 

spectroscopy. The samples used in these 
studies were model materials chosen to rep- 
resent the iron and alumina regions of a 
promoted iron catalyst. These model sam- 
ples were composed of iron overlayers on 
flat films of alumina, onto which potassium 
was deposited. Indeed, these “geometri- 
cally designed samples” illustrate a general 
methodology for studying surface migration 
phenomena in heterogeneous catalyst sys- 
tems. 

EXPERIMENTAL 

Sample Preparation 

High purity aluminum foils (Alfa-Ven- 
tron, 99.999%) 12.5 X 12.5 X 0.0125 mm 
were rinsed in acetone, methanol, and dis- 
tilled water. The foils were then chemically 
polished in an orthophosphoric-nitric acid 
mixture at 350 K for 10 s (10). Subse- 
quently, films of A&O3 were grown anodi- 
tally on these foils in a 3 wt% ammonium 
tartrate solution. The final applied voltage 
during anodization was 22.4 V, correspond- 
ing to a 30 nm thickness of the alumina film 
(II). The samples were then calcined in ox- 
ygen at 870 K for 24 h to convert the amor- 
phous alumina film to y-AIZOs, as described 
in the literature (20). Finally, a 20-nm iron 
overlayer was deposited onto one half of 
one side of the sample using a vacuum 
metal evaporator. 

Potassium was deposited onto the above 
samples by atomization of an aqueous solu- 
tion containing 1.1 wt% KOH. This was ac- 
complished with 75 sprays at a distance of 
10 cm from the sample. During this pro- 
cess, one-half of the sample was masked, the 
orientation of this mask being perpendicu- 
lar to the mask used to cover one-half of the 
sample surface during deposition of the iron 
overlayer. In this way, a sample with four 
distinct quadrants was prepared. This is 
shown schematically in Fig. 1. Quadrants I 
and II are alumina surfaces, with and with- 
out the presence of KOH, respectively. 
Quadrants III and IV represent unpromo- 
ted and potassium-promoted iron surfaces, 
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FIG. 1. Sample geometry. Quadrant I: A&O3 + 
KOH; II: A&O,; III: Fe; IV: Fe + KOH. 

respectively. Auger electron analyses of 
these samples prior to thermal treatments 
indicated that the atomization procedure 
produced an uneven deposition of potas- 
sium due to the presence of droplets in the 
atomized spray which subsequently formed 
KOH crystallites on the sample upon dry- 
ing. In addition, the atomized spray was not 
always evenly distributed over quadrants I 
and IV. For example, more potassium was 
deposited on alumina than on iron for the 
samples presented in this paper; however, 
other samples were prepared where the re- 
verse was observed. The important point 
for the present paper is that the masking 
procedure was effective in eliminating the 
deposition of potassium on quadrants II 
and III during atomization. 

Sample Treatments 

Four different treatments of the above 
model samples were studied. The effects of 
each different treatment were investigated 
using a fresh sample for each experiment. 
All treatments were carried out at atmo- 
spheric pressure and, except where noted, 
were performed in a 1.9-cm-i.d. stainless- 
steel tube with a linear gas velocity of ca. 
0.7 cm/s. The temperature of each treat- 
ment was 670 K, and the time of treatment 
was normally 72 h unless stated otherwise. 
The details of the four treatments are out- 
lined below. 

Treatment 1. The sample was treated in 
flowing hydrogen. A Pyrex cell was used 
instead of the above stainless steel tube in 
order to eliminate the formation of water 
from the reduction of chromates present in 

the steel. The hydrogen was purified by 
passage through a palladium thimble (Sasa- 
fras) . 

Treatment 2. The sample was treated in 
an HzO/Hz gas mixture. The hydrogen was 
first passed through a deoxo purifier 
(Engelhardt) to remove oxygen, followed 
by an activated molecular sieve (13X) at 
room temperature. Approximately 530 Pa 
of water (i.e., 0.53 mole% Hz0 in Hz) was 
then introduced into the gas stream by 
passing the hydrogen through a water satu- 
rator at 273 K. 

Treatment 3. The sample was treated in 
oxygen. The oxygen was purified by pas- 
sage through an activated molecular sieve 
(13X) at 195 K. 

Treatment 4. The sample was treated in 
an H20/02 gas mixture. This gas mixture 
was prepared by passing purified oxygen 
through a water saturator at 273 K, giving a 
water pressure of 530 Pa. 

Finally, a sample of iron on alumina 
which did not contain potassium was 
treated in a separate experiment. This sam- 
ple was placed in the stainless-steel tube 
approximately 5 cm downstream from a ti- 
tanium boat which contained 0.08 g KOH. 
The sample was heated in an H20/H2 gas 
mixture (see Treatment 2) for 8 h at 670 K. 
This will be denoted as Treatment 5. A 
blank experiment was also carried out in 
which an iron on alumina sample was 
treated in H20/H2 in the absence of the boat 
containing KOH. 

Auger Electron Spectroscopy (AES) 

Auger electron spectra were collected us- 
ing a Physical Electronics (model 548 
ESCA/Auger) spectrometer. All samples 
were exposed to air prior to study by AES. 
Spectra were collected, with a beam cur- 
rent of 20 PA and beam energy of 3 keV, in 
all four quadrants of each sample. Multiple 
scans of the potassium peak at 252 eV were 
taken as the beam was moved across the 
sample surface, from one quadrant to an- 
other. The size of the spot analyzed in each 
Auger electron spectrum is about 0.2 mm. 
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RESULTS 

Figures 2 and 3 show the potassium peak- 
to-peak height for Auger electron spectra 
collected as a function of position on sam- 
ples subjected to the various treatments 
outlined above. These peak heights have 
been normalized to the maximum height of 
the potassium peak for each sample. In this 
way motion of the potassium between the 
alumina and iron regions of the sample, as 
well as motion across each region individu- 
ally, can be monitored. Since the electron 
beam was moved manually across the sam- 
ple to collect these data, the distances 
shown in these figures are approximate 
only (+0.3 mm). It should be noted that 
while each of the curves shown in Figs. 2 
and 3 represents data from a single experi- 
ment, the shapes of each of these curves 
have been reproduced by a number (ca. 3- 
5) of repetitive experiments. Finally, the 
approximate potassium to aluminum 
atomic ratios given in the figure captions 
are based on standard sensitivity factors of 
0.82 for K at 252 eV, 0.5 for 0 at 503 eV 
(ZZ), and a factor of 0.156 for Al at 1378 eV 
chosen to give the proper stoichiometry for 
A&03. These K : Al ratios are given for 
qualitative purposes only. 

DISTANCE, mm 

FIG. 2. Potassium distribution by quadrant versus 
distance from the quadrant boundary. (A) After treat- 
ment in H2 for 72 h at 670 K, K : Al = 2.5; (B) after 
treatment in HrO/Hr at 670 K for (A) 80 h, K : Al = 
1.2, and (0) 1 h, K : Al = 1.2. 

DISTANCE, mm 

FIG. 3. Potassium distribution by quadrant versus 
distance from the quadrant boundary. (A) After treat- 
ment in Or for 72 h at 670 K, K : Al = 1.1; (B) after 
treatment in H20/02 for 72 h at 670 K, K : Al = 2.2. 

The data of Fig. 2A show the distribution 
of potassium on the iron/alumina surface af- 
ter treatment in hydrogen (Treatment 1). 
The maximum K : Al ratio is 2.5. A surface 
concentration gradient exists on both the 
iron and alumina halves of the sample. Ap- 
parently, an equilibrium distribution of po- 
tassium over the surface has not been es- 
tablished after this 72 h treatment. It is also 
noteworthy that the AES peak height of po- 
tassium is greater on the alumina half of the 
sample. This is due largely to the greater 
potassium peak height on this half of the 
sample prior to thermal treatment; how- 
ever, this difference persists on the alumina 
and iron halves of the sample which did not 
contain potassium prior to Treatment 1. 

The distribution of potassium on the sam- 
ple subjected to the treatment in HzO/H2 
(Treatment 2) is shown in Fig. 2B. The up- 
per curves (filled triangles) in each half of 
this figure were obtained after treatment for 
80 h, whereas the lower curves (open cir- 
cles) were collected after a 1 h treatment. 
The maximum K : Al ratios are both 1.2. It 
can be seen that the distribution of potas- 
sium over the surface is fairly uniform after 
the 80 h treatment. Indeed, the initially 
higher concentration of K in quadrant I 
over quadrant IV, as well as the concentra- 
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tion gradients across iron (quadrants III 
and IV) and alumina (quadrants I and II) 
have been eliminated by this treatment. 
Hence, high mobility of potassium with no 
preference for alumina or iron is evident. 
Comparison of the results of Figs. 2A and B 
indicates that the presence of 0.53 mole% 
water in hydrogen markedly increases the 
mobility of potassium. Additional studies at 
a lower water concentration of 0.005 
mole% also showed increased potassium 
mobility compared to dry hydrogen but de- 
creased mobility compared to the higher 
water concentration in hydrogen. Specifi- 
cally, the smallest potassium AES signal on 
the sample after treatment in 0.005 mole% 
Hz0 for 72 h was 0.5 of the maximum AES 
signal on the sample, compared to values of 
0.2 in the absence of water and 0.9 at the 
higher water concentration. Finally, the 
AES data in Fig. 2B collected after treat- 
ment in H20/H2 (0.53 mole% H20) for 1 h 
show that a potassium concentration gradi- 
ent exists on the alumina and the iron 
halves of the sample. These data will be 
used to estimate the rate of potassium mi- 
gration. 

Figure 3A shows the potassium distribu- 
tion on the surface after treatment in oxy- 
gen (Treatment 3). The maximum K : Al ra- 
tio is 1.1. It is clear that essentially no 
migration of potassium takes place during 
this treatment. The concentration of potas- 
sium on the iron half of the surface prior to 
the treatment in oxygen was particularly 
small for this sample. All samples studied, 
however, showed the absence of potassium 
on either the alumina or iron halves of the 
surface following treatment in oxygen. In 
contrast to this behavior, Fig. 3B shows 
that the addition of water to oxygen (Treat- 
ment 4) increases the mobility of potas- 
sium. For this sample the maximum K : Al 
ratio is 2.2. This is evidenced by the pres- 
ence of potassium on the portions of the 
sample which did not contain potassium 
prior to this treatment. In fact, the potas- 
sium concentration gradient after treatment 
in HzO/Ol is similar to that after treatment 

in Hz for the same period of time (i.e., 72 h). 
The above results indicate that the mobil- 

ity of potassium is greater in the H20/H2 
gas mixture than it is in HZ, O2 or the H20/ 
O2 gas mixture. Treatment 5 was designed 
to test whether gas-phase transport .of po- 
tassium took place in this H20/H2 gas mix- 
ture (i.e., from the KOH in the titanium 
boat to the iron-alumina sample). In short, 
a measurable amount of potassium was de- 
tected on the sample after this treatment 
(e.g., K : Al atomic ratio of about 0.3 on the 
alumina half of the sample). In addition, the 
potassium appeared to be deposited with- 
out preference on either alumina or iron. 
No potassium was present on a sample af- 
ter treatment in H20/H2 but in the absence 
of the boat containing KOH. 

DISCUSSION 

The results of this study have confirmed 
the mobility of potassium at 670 K on 
model surfaces of iron and alumina. This 
migration appears to be most extensive in 
H20/H2 gas mixtures. The possible mecha- 
nisms for transport of potassium will be dis- 
cussed below. 

Bulk thermodynamic calculations are 
useful to provide insight into the possible 
nature of the potassium phases present as a 
function of the gas atmosphere over the 
sample. The following potassium phases 
were considered in these calculations: Kc,, , 
Kk) 9 KZ@) 3 W,, 7 KOH(s, 7 KOH(I, 7 KOH(,, , 
K20w 9 KO(,t 3 K202(s), K203(s) 7 Uhc,, , and 
K03(,). Values of AGf at 670 K were ob- 
tained from tabulations of thermodynamic 
data (13, 14). These values are summarized 
in Table 1. 

In hydrogen at atmospheric pressure and 
670 K, the thermodynamically stable form 
of potassium is Ku, if the partial pressure of 
water is lower than ca. 10m4 Pa. Under 
these conditions, the vapor pressure of me- 
tallic potassium is approximately 530 Pa 
(13). If the partial pressure of water be- 
comes greater than ca. 10m4 Pa, then 
KOHu, becomes the stable phase of potas- 
sium. The vapor pressure of KOH at 670 K 
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TABLE 1 

Free Energy of Formation of Potassium Phases 
at 670 K” 

Phase 

K(I) 
FB) 
K2w 

KH(s, 
KOH,,, 
KOHu, 
KOH, 
K2%) 

AG 
(kJ/mol) 

0.0 
29.2 
55.3 

1.53 
-324.71 
-324.52 
-232.09 
-268.51 

Phase 

KO, 
KzOzw 
K203(s) 

KO2w 

K03w 

H2% 

H Z(S) 
our, 

AGr 
(kJ/mol) 

0.80 
-345.5 
-310.8b 
-201.98 

(- 104)b.C 
-210.40 

0.0 
0.0 

a Reference (13). 
b Reference (14). 
c Extrapolation from an equation valid only from 

336 to 500 K. 

can be estimated to be about lop2 Pa (13, 
15). The above statements regarding the ef- 
fect of the water pressure in determining 
the stable phase of potassium are in agree- 
ment with the calculations of van Ommen 
et al. (16). In oxygen at 670 K, the most 
stable phase of potassium is KOZ(~). The va- 
por pressure of this phase at 670 K is not 
known. If the partial pressure of water in 
oxygen exceeds 200 Pa, then the stable 
phase of potassium becomes KOH. 

Order of magnitude estimates of the rate 
of potassium migration can be made by ana- 
lyzing the experiments carried out in Hz01 
H2 for the two different lengths of time, i.e., 
1 and 80 h. The mobility of potassium under 
these conditions was more extensive than 
under Hz, 02, or HzO/Oz. It can be seen in 
Fig. 2B that a characteristic distance, L, for 
the migration of potassium (e.g., the dis- 
tance over which the potassium surface 
concentration decreases to one half of its 
maximum value) is about 0.2 cm over a per- 
iod time, t, of 1 h. This corresponds to an 
apparent diffusivity of 10m5 cm% (L?t). 
The diffusion coefficients for migration of 
potassium in H2 or H20/02 are approxi- 
mately 10 to 100 times smaller than this 
value, while the migration in 02 was too 
slow to be measured in the present study. 
Diffusion coefficients for transport in the 

gas phase are typically 0.1-l cm% (Z7), 
while diffusion coefficients for surface dif- 
fusion are typically in the range from 10e9- 
10e4 cm2/s (18). The diffusivity estimated in 
the present study, therefore, suggests that 
(i) the transport of potassium takes place 
via surface diffusion, and/or (ii) the vapor 
pressure of the species which diffuses 
through the gas phase is very low. Concern- 
ing this second possibility, the surface of 
the sample would become covered with a 
monolayer of potassium in 1 s if the vapor 
pressure of potassium were 10m4 Pa and the 
sticking coefficient of potassium were 
unity. Since the potasium coverage in quad- 
rants II and III remains significantly less 
than one monolayer after treatment for 1 h, 
the effective vapor pressure of potassium 
can be estimated to be less than ca. lo-’ Pa 
under the conditions of this study. 

In general, one may anticipate that the 
primary mode of potassium transport may 
be dependent on the state of potassium on 
the sample. For example, potassium may 
well be bonded more strongly to the iron 
and alumina surfaces than it is bonded on 
the surfaces of bulk potassium compounds 
(29, 20). Accordingly, for submonolayer 
quantities of potassium on iron and alu- 
mina, the vapor pressure of potassium may 
be lower than that over bulk potassium 
phases. This has been used in the literature 
to explain the observation that potassium is 
not lost from iron-based catalysts under re- 
action conditions for prolonged periods of 
time (20). This would also suggest that the 
primary mode of potassium migration is via 
surface diffusion. During the initial stages 
of catalyst preparation, however, the potas- 
sium may not be uniformly dispersed over 
the iron and alumina surfaces in sub-mono- 
layer amounts. Instead, crystallites of bulk 
potassium phases may exist (e.g., K, 
KOH). This applies for both high surface 
area samples and the model samples of the 
present study. The primary mode of trans- 
port of potassium associated with these 
crystallites may be via the gas phase. This 
is demonstrated in the present study by the 
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experiments in H*O/Hz which showed the 
gas-phase transport of potassium from a ti- 
tanium boat filled with KOH to a sample of 
iron on alumina. 

The differences between the rates of po- 
tassium migration during the various sam- 
ple treatments must now be explained. The 
order of decreasing rates of potassium mi- 
gration in the various gas atmospheres was: 

H20/H2 > HZ, H20/OZ > O2 

In short, the mobility of potassium is 
greater in H2 than in 02, and the presence of 
water increases the mobility of potassium 
in both H2 and OZ. It should be noted that 
this latter observation is in agreement with 
other studies which have shown that sinter- 
ing of metallic particles (a process which 
also involves surface migration) is facili- 
tated by the presence of water (28, 21). 

The lower mobility of potassium in O2 
compared to Hz indicates stronger bonding 
of potassium to the surface under oxidizing 
conditions. During the treatment in 02, the 
iron and aluminum are both present as ox- 
ides (FezOJ and A&03. In addition, the po- 
tassium is present in an oxidized state (e.g., 
KOz). Indeed, a K to 0 ratio of 0.5 was 
found on the (111) face of Pt (22). The sur- 
faces of iron and aluminum oxides appar- 
ently provide sites for strong bonding of po- 
tassium oxide. In hydrogen, iron is present 
in the metallic state, and potassium may ex- 
ist in the metallic state or as a reduced ox- 
ide (e.g., as KO,, with x less than two). 
Removal of oxygen from the system now 
apparently leads to a decrease in the 
strength of potassium bonding to the sur- 
face. This is in agreement with other stud- 
ies which have indicated that the presence 
of oxygen increases the strength of potas- 
sium bonding to iron surfaces (19, 20, 23). 

The increase in potassium mobility ob- 
served upon introduction of water into ei- 
ther H2 or O2 can be explained by the for- 
mation of hydroxylated (or hydrated) forms 
of potassium on the surface. Upon addition 
of water to either oxygen or hydrogen un- 
der the conditions of this study, the stable 

phase of potassium becomes KOH. Thus, 
the presence of water may disrupt the 
bonding of potassium to the surface by in- 
sertion of hydroxyl groups. For the case of 
water addition to oxygen, the surfaces of 
A1203 and FezOJ will also become hydroxyl- 
ated, further reducing the strength of the 
potassium-surface bonding. During the 
treatments in HZO/H2 employed in the 
present study, the stable phases of iron and 
aluminum are metallic iron and A1203, i.e., 
addition of H20 to HZ did not change the 
bulk states of iron and aluminum. How- 
ever, the metallic iron surface may contain 
adsorbed water and the surface of alumina 
will become hydroxylated during treatment 
in H20/H2, and this may be another origin 
of increased potassium mobility in the pres- 
ence of water. Comment must also be made 
regarding the observation that the mobility 
of potassium in H20/H2 is significantly 
greater than that in H20/02. This is proba- 
bly related to the greater ease of hydroxyl- 
ation of potassium in the former gas mix- 
ture, since the formation of bulk KOH 
occurs at much lower partial pressures of 
water in the presence of H2 ( 10m4 Pa) than in 
the presence of O2 (200 Pa), as discussed 
earlier. 

Finally, within the experimental limits of 
this study, no particular preference of po- 
tassium for either iron or alumina could be 
discerned. That is, the mobilities of potas- 
sium on both of these surfaces appear to be 
similar in each of the gas atmospheres in- 
vestigated. In addition, the amounts of po- 
tassium which were transported onto these 
surfaces were comparable after the various 
treatments. 

CONCLUSIONS 

A model sample was prepared by depos- 
iting iron and potassium onto different re- 
gions on an alumina surface. This “geome- 
trically designed sample” was effective in 
monitoring the migration of potassium on 
iron and alumina during treatments at 670 K 
in HZ, HzO/Hl , 02, and H20/02. The results 
of this study confirm the suggestions from 
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previous studies of potassium promoted 
catalysts that potassium can become highly 
mobile during catalyst activation at ele- 
vated temperatures. Moreover, potassium 
was found in this study to be more mobile in 
hydrogen than in oxygen, and the presence 
of water was observed to increase the mo- 
bility of potassium in both gases. Potassium 
transport via the gas phase and by surface 
diffusion were both demonstrated. The pre- 
dominant mode of transport is believed to 
depend on the dispersion of potassium pro- 
moter phase, larger crystallites of the po- 
tassium promoter favoring gas-phase trans- 
port. 
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