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Two series of potassium ferrites, KFeO, and K,,, Fe,,O,, (x = O-l), were prepared by several methods 
and their leaching process was studied. Because of its structural characteristics, KFeO, can be easily 
hydrolyzed and its structure can be completely destroyed during leaching in water, whereas for 
Kl+xFe,,017 only a portion of the potassium ions shifts out of the system and its structure still remains 
after soaking in water. The kinetic parameters for potassium leaching from the K,+xFe,1017 system 
have also been determined. It is suggested that both types of potassium ferrites coexist in fused iron 
catalysts for ammonia synthesis: KFeO* occurs at boundaries, while Kl+xFel1017 mainly remains in 
the crystal grains of the catalyst. The former belongs to the so-called soluble and the latter to the 
insoluble potash of the catalyst. The catalytic activity largely depends on the latter. 0 1990 Academic 

Press, Inc 

Introduction 

Since the beginning of this century when 
Haber and Bosch developed a practical pro- 
cess for ammonia synthesis, fused iron cata- 
lysts have been of industrial and theoretical 
importance. These iron catalysts are still in 
use today; such promoters as K,O, A&O,, 
and CaO are varied according to industrial 
demand, and other oxides, such as, some 
rare-earth oxides and cobalt oxide, are often 
added. It is very important to understand the 
forms, properties, and roles of promoters 
which, although introduced in small 
amounts, greatly improve the function of 
the catalysts. 

The promotional action of potassium is 
generally ascribed to its acceleration of dis- 
sociative nitrogen adsorption due to a lower- 
ing of the local work function. Recent re- 
sults issued by Paal et al. (1) showed that a 
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composite Fe-O-K adlayer is probably the 
actual surface phase under operating condi- 
tions of the iron catalyst (when iron is in the 
reduced state), rather than any known bulk 
potassium compound. The catalytic proper- 
ties of potassium are still more controversial 
than those of A&O, (2, 3), particularly its 
chemical state in the unreduced catalyst. 

Nielsen (4) presented electron micro- 
probe results of a triply promoted catalyst 
(K,O-AlzO,-CaO) in the unreduced state, 
in which potassium occurs mainly at the 
grain boundaries of the unreduced magne- 
tite. Modern surface spectroscopic tech- 
niques have provided many new ap- 
proaches for exploring the microscopic 
structure of the catalyst (5, 6). An XPS 
study on the chemical nature and composi- 
tions of the surfaces of the fused iron 
catalyst was carried out by Ertl and Thiele 
(6). They encountered a strong enrichment 
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of K and Al at the surface of the unreduced 
catalyst. On the other hand, Kobayashi 
and Nishijima (7) indicated that the potash 
existing in the unreduced catalyst could be 
divided into two components, a part solu- 
ble in water and a part insoluble in water, 
and that the larger the content of the 
latter, the greater the activity for ammonia 
synthesis. Later Uchida and Todo (8) con- 
cluded from electronic images that there 
are three kinds of potash-rich regions, i.e., 
grain boundaries, particularly interfacial 
grains, and some subgrains into which the 
parent grains are divided. They believed 
that potash in the subgrains is probably 
insoluble in water and contributes most to 
the activity for the ammonia synthesis as 
described by Kobayashi. In our previous 
work, it was also noted that insoluble K 
exists in the unreduced catalyst, despite 
the high concentration of K at the surface 
(9). Therefore, it is still an outstanding 
problem to determine the chemical com- 
position of the insoluble potash and to 
determine the reason for its insolubility in 
water. 

On the other hand, two series of potas- 
sium ferrite with different structures, 
KFeO, and K,+,Fe,,0,7 (x = O-l), have 
been studied. Tomkowizc and Szytuka (IO) 
reported on the preparation of potassium 
ferrite of the KFeO, type and determined its 
crystal and magnetic structure by neutron 
and X-ray diffraction and Mossbauer spec- 
troscopy. In addition, the properties of the 
potassium ferrite of the Kl+xFel1017 type 
(x = O-l), among which the more typical 
compounds are K,Fe,,O,, (x = 0.83), 
K,Fe,40,, (x = 0.57), and K,Fe,,034 (x = 
0), have been described elsewhere in detail 
(11-23). However, we found no report in 
the literature on these two systems as pro- 
moters of the fused iron catalyst for ammo- 
nia synthesis. 

In this paper we report on the preparation 
of two types of potassium ferrite under con- 
ditions similar to those for the production of 

the fused iron catalyst. We also report the 
kinetics of leaching out potassium in an at- 
tempt to correlate these with soluble and 
insoluble potash as promoters in the fused 
iron catalyst. 

Experimental 

1. Preparation of Samples 

According to the methods described in the 
literature (IO-13), both types of potassium 
ferrite can be prepared by calcinating K&O, 
or KN03 together with Fe,OJ at 800, 1000, 
or 1200°C in several stages while not exceed- 
ing 1300°C. In our studies, KNO,, Fe,O,, 
K,CO,, and a-Fe,O, were employed as 
starting materials and calcined in a corun- 
dum crucible above 1500°C in order to fol- 
low the preparation condition under which 
the typical commercial catalyst for ammonia 
synthesis is produced. 

The following samples were prepared: 

Sample A: a mixture of a-Fe,O, and 
K&O, with a molar ratio of 1: 1 was heated 
to 1000°C in 2 hr and maintained at this tem- 
perature for 0.5 hr. 

Sample B: a mixture of Fe,O, and K&O, 
in an atomic ratio of K : Fe = 1 : 1 was 
heated following the procedure used for 
sample A. 

Samples C, D, and E: a-Fe,O, and 
K&O, with atomic ratios of K : Fe = 1 : 11, 
1:7, and 1:6 for samples C, D, and E, 
respectively, were ground and pressed into 
tablets. They were calcined as follows: 
For sample C, tablets were maintained at 
1100°C for 1 hr. The product was crushed 
and heated again in the form of tablets at 
1300°C for 5 hr, then rapidly cooled to 
room temperature. For sample D, the tab- 
lets were heated at 800°C for 1 hr. After 
cooling, the product was heated again in 
the form of tablets at 800°C for 3 hr, at 
1000°C for 1 hr, and at 1200°C for 3 hr; 
then it was cooled slowly to room tempera- 
ture. For sample E, the first calcinating 
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3. X-Ray Diffraction and Mhsbauer 
Spectroscopy 

The X-ray diffraction data were recorded 
on Rigaku-XRD (D/MAX-3B) with CuKcv or 
Cr& radiation. The Mossbauer spectra at 
room temperature were taken from an 
AME- Mossbauer spectrometer using a 
j7Co source in Pd. An a-Fe foil 25 pm in 
thickness was used as a standard to calibrate 
the velocity scale of the spectrometer. The 
counting rates of the spectra varied between 
0.3 and 0.4 x lo6 counts per channel. The 
absorber density was 8 mg of natural Fe/ 
cm2. 

FIG. 1. Mtissbauer spectra of KFeOz: (a) when fresh, 
(b) exposed for a time in air, (c) exposed in air for 24 
hr or soaked in water at 70°C for 0.5 hr. 

temperature was also 800°C for 1 hr, and 
the second calcinating temperature was 
1200°C for 5 hr. The product was rapidly 
cooled, as for sample C. 

For Sample F, the pure magnetite with 
10 wt% KNO, and 5 wt% pure iron powder 
(atomic ratio of K : Fe = 1 : 11) was 
pressed into tablets and calcined in an 
air-tight crucible at 1550°C for 3 hr. The 
product was slowly cooled to room temper- 
ature . 

2. Soaking Samples in Water 

Each of samples was crushed and sieved 
to 20-40 mesh, 100-120 mesh, and ~200 
mesh, respectively. Five grams of the sam- 
ple was accurately weighed out and trans- 
ferred to a conical flask with a ground stop- 
per which had been filled with 100 ml of 
ion-free water. The flask was placed in a 
thermostated water bath so that the water 
temperature could be controlled. After the 
sample had been soaked for a proper time, 
2 ml of the water solution in the flask was 
pipetted out for analysis of K,O, using a 
flame photometer. 

Results and Discussion 

1. KFeO, before and after Water 
Treatment 

Figures la and 2a show the Mossbauer 
spectrum and XRD diagram of KFeO, pre- 
pared according to methods A and B, re- 
spectively. The Mossbauer parameters ob- 
tained by computer fitting of the spectra are 
listed in Table I. When fresh, samples A and 
B exhibit the same characteristic magnetic 
splitting in their Mossbauer spectra and 
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FIG. 2. X-ray diffraction patterns of KFeO, : (a) when 
fresh, (b) exposed for a time in air. (c) exposed in air 
for 24 hr or soaked in water at 70°C for 0.5 hr. 
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TABLE I 

M~SSBAUER PARAMETERS 

Sample 
IS 

(mmhec) 
QS 

(mmisec) (KEe) 

KFeO, : talc . 0.19 0.03 495 
Ref. (10) 0.152 2 0.015 0.037 f 0.015 501 r 5 

p-FeOOH: talc. 0.34 0.67 
(small particle) Ref. (24) 0.315 -c 0.025 0.690 -+ 0.055 

Note. IS vs a-Fe. 

same X-ray diffraction pattern, which are 
consistent with those reported in Refs. (10) 
and (24). These results suggest that Fe,O, 
or Fe,O, together with K,C03 as starting 
materials might form potassium ferrite of 
the KFeO, type when the atomic ratio of K 
and Fe is close to 1 : 1. For sample B, the 
oxidation of Fe,O, to Fe,O, precedes the 
formation of KFeO,. 

A new doublet having an isomer shift (IS) 
of 0.34 mm/set and a quadrupole splitting 
(QS) of 0.67 mm/set, emerged in the para- 
magnetic region of the Mossbauer spectra 
and gradually intensified while the samples 
were exposed to air. When samples were 
exposed to air for a sufficiently long time 
(about 20 hr), the original six characteristic 
magnetic peaks of KFeO, were replaced by 
two paramagnetic peaks. At this point the 
X-ray diffraction pattern of the samples also 
disappeared (see Figs. lb, lc, 2b, and 2~). 
When fresh samples were soaked in water 
at 70°C for 0.5 hr, most of the potassium 
in them was dissolved into the water; their 
Mossbauer spectra and X-ray diagrams also 
showed the same patterns as those in Figs. 
lc and 2c. Evidently the fresh potassium 
ferrite of the KFeO, type absorbs moisture 
and is very easily hydrolyzed into amor- 
phous Fe,O, . xH,O and KOH. 

The KFeO,-type potassium ferrite has the 
same cristobalite structure as that of NaAl 
SiO, (10, 15, 16). Each iron ion occupies 
an equivalent site surrounded by four O*-, 

composing a tetrahedron. Every potassium 
ion is in an interstitial position formed by 
12 oxygen ions. The interatomic distances 
in the idealized structure are as follows: 
O-O = 2.82 A, Fe-O = 1.73 A, and K-O 
= 3.32 A. The last is larger than the sum of 
roz- ( = 1.33 A) and rk+ (= 1.4 A). Unavoid- 
ably, the cristobalite structure of KFeO, is 
very loose and the bond between K+ and 
O*- is very weak so that it can be readily 
attacked by water or moisture. 

2. Kl+xFe,,0,7 before and after Water 
Treatment 

The analyses of K in samples C, D, and 
E after calcination were consistent with the 
original chemical mixture, i.e., K : Fe = 
1: 11, 1: 7 and 1 : 6, respectively. The X- 
ray diffraction diagrams and the Mossbauer 
spectra are shown in Figs. 3 and 4, and ap- 
pear to be similar, in spite of the weak six- 
line overlapping peaks in the Mossbauer 
spectrum of sample C, which are ascribed 
to a small amount of unreacted Fe,O,. The 
XRD diagram is in good agreement with that 
of K2Fe22034 indexed in PDF (14), and the 
patterns of the Mossbauer spectra are also 
reported by Howe and Dudley (17). 

Potassium ferrite of the K, +.Fe,,O,, type 
has the same structure as potassium /3-alu- 
mina (K,O * llAl,O,) and differs greatly 
from that of KFeO,. Kl+xFel1017 contains 
spine1 blocks involving four layers of oxy- 
gen ions; all iron ions are separated by layers 
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FIG. 3. Mksbauer spectra of the Kl+xFel1017 series 
before water treatment: (a) K,Fe,20,9, (b) KZFej40z2, 
(4 KZF-Mh4. L 

of potassium and oxygen ions. Within the 
stoichiometric unit cell of K,Fe,,034, iron 
occupies 12 spinel-type octahedral sites and 
four spinel-type tetrahedral sites in the lay- 
ers, as well as two octahedral sites and four 
tetrahedral sites within the spine1 block. The 
Mossbauer spectrum of Kl+xFeu0,7 at 
room temperature was resolved into four 
six-line hyperfine splittings that were corre- 
lated with the four sites, respectively. For 
X > 0, the excess x of potassium ion may be 
distributed in the mirror plane. The excess 
potassium ions in the mirror plane of this 
configuration will not result in a transforma- 
tion of the spine1 blocks and will have little 
effect on the XRD and MES diagrams of the 
samples because these ions are relatively 
free. 

In contrast to KFeO,, potassium cannot 
readily be dissolved out from K,+xFel,017 
by water. Figure 5 shows the percentage of 
potassium ion dissolved into water at 70°C 
vs time corresponding to different potas- 
sium ferrites. The amount of K,O derived 
from K,+,Fe,,O,, is less than 35% of the 
total content, even when the samples were 
ground to 200 mesh and soaked in water for 
48 hr at 90°C. It is particularly noteworthy 

k! 
5 

1!034 K2 FE22 03 

I I I $ 

I (a) 

25 45 65 I 30 

PB(degree) (0) 

FIG. 4. X-ray diffraction of the Kl+xFel1017 series 
before water treatment: (a) K,Fe,,O,, . (b) K,Fe,,02,, 
(4 KZFedA4. 
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FIG. 5. Plots of percentage of potassium ion dissolved 
out into water at 70°C versus time: (a) KFe02, (b) 
K2Fez20g, (c) KzFe140u, (d) K2Fe12019 (the size of 

that there are relatively few visual changes samples is below zoo mesh). 
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mm/s 

FIG. 6. Mijssbauer spectra of K,+xFe,,0,7 series after 
having been soaked in water at WC for 48 hr: (a) 
K2Fe12019, (b) K2Fe14022I (4 K&2034. 

in the MES and XRD diagrams of the sam- 
ples after they have been soaked in water 
(see Fig. 6), suggesting that the removal of 
potassium from phases of K,+xFel,017 has 
very little effect on their structure. 

The different stability of the two types of 
potassium ferrites in water can be attributed 
to their individual structures. In Ki+, 
Fe,,O,, , the K ions are enclosed by the spi- 
nel cells composed of Fe3+ and O*- and the 
spine1 blocks are relatively firmer. It is then 
difficult to shift K+ out from the solid phase, 
and the p-alumina structure remains funda- 
mentally intact, whereas removal of K+ ions 
from KFeO, is accompanied by a hydroliza- 
tion process that is fairly facile in the looser 
cristobalite structure. KFeO, can thus be 
wholly broken down in water or in moisture. 

3. Rate of Potassium Leaching from 
Potassium Ferrite 

The leaching process for each of the sam- 
ples, which were crushed and sieved to 
20-40 mesh, loo-120 mesh, and <200 
mesh, respectively, has been studied over 
the temperature range 27-90°C. As ex- 

pected, the removal of potassium ion from 
KFeO, is very rapid in the initial soaking 
period at each temperature; a dissolution 
balance is reached in roughly 1 hr. The 
higher the temperature of the water, the 
more rapidly the potassium dissolves out. 
After a near-equilibrium state is reached, 
the remaining potassium, which may be at- 
tributed to adsorption of amorphous Fe,O, , 
is less than 5 wt%, which implies that po- 
tassium ferrite of the KFeO, type no longer 
exists. For potassium ferrite of the Ki+, 
Fe,,O,, type, the leaching process at such 
different temperatures as 27, 50, 70, and 
90°C follows a same trend. The leaching 
rate of potassium is much lower than that of 
KFeO, ; only 20-30% of the potassium has 
been lost. The leaching rate is slightly faster 
at higher water temperatures and increases 
with the reduction of the crushed sample 
size. 

We have presented (18) a kinetic equation 
for the leaching process of potassium in an 
industrial spherical fused-iron catalyst for 
ammonia synthesis, as shown by 

& kc-~ z= y ' 
(1) 

where the integrated form is 

c ln(c - y) + y = -kt + c In c, (2) 

where k is a rate constant, t is the time, y 
is the amount of K,O leached out per unit 
weight of catalyst with respect to t, and c is 
the highest amount of K,O that can be 
leached out per unit weight of catalyst. 

The above equations successfully de- 
scribe the leaching process of potassium 
from the K,+,Fe,,O,r series. When c was 
equated with the quantities of K,O to be 
dissolved out in 48 hr per gram of each sam- 
ple into water at 90°C and when we set w  = 
cln(c - y) + y,straightlinesofwvstwere 
obtained, in which intercept (6) (Table II, 
Column 4) is c In c and the slope (k) is the 
rate constant (Column 3). A comparison of 
the value c In c assumed (Column 6) with 
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TABLE II 

TEMPERATURE DEPENDENCE OF LEACHING RATE 
CONSTANT CORRESPONDING TO SAMPLES OF THE K, +I 
Fel,Ol, SERIES 

We&,, 27 0.42 89.1 27.1 89.2 24.5 
50 0.85 89.1 
70 1.41 89.1 
90 2.31 89.2 

WeI& 27 0.38 74.6 23.6 74.6 25.1 
50 0.77 74.6 
70 1.31 74.6 
90 2.14 74.7 

W%d-h, 27 0.25 45.8 16.4 45.9 26.6 
50 0.54 45.9 
70 0.95 45.9 
90 1.61 45.8 

Note. The size of samples is 100-120 mesh. 

the value b obtained from the intercept 
shows that the relative deviations remain 
below 1% in the temperature range 27-90°C. 
These results show that the kinetic equation 
can fit the leaching process of K,+xFe,,0,7 
well and that the values for c are reasonable. 

In order to determine the activation en- 
ergy (E), the Arrhenius equation was used: 

k = k,, exp( - EIRT). (3) 

The temperature dependence of the rate 
constants is shown in Fig. 7. The activation 
energies obtained from the slopes of the 
lines are all within the scope of diffusion 
as expected (see Table II), and they are in 
agreement with those reported in Refs. 
(22-13, 19). The rate constant decreased 
and the activation energy increased with a 
reduction in the K/Fe ratio. These results 
confirm that the leaching process of K1+, 
Fe,,O,, involves a slow diffusion process of 
potassium ion. 

It is significant that if one plots c (the 
highest leachable amount of KzO) versus x 
in Kl+xFe,10,7 and In y versus l/T (T is 
Kelvin temperature) when y is small, two 
straight lines are obtained. Such a result 
bears some analogy to electronic conductiv- 

ity of K,+xFel10,7 as a function of the po- 
tassium excess x and as a function of tem- 
perature, described in Ref. (11), where two 
nearly straight lines were also presented. 
This analogy implies that there is some un- 
known relationship between the removal of 
K+ caused by water and the electronic con- 
ductivity produced by the mobile species in 
K,+xFel10,7 samples. 

4. The Existence of Potash in the 
Unreduced Iron Catalyst for Ammonia 
Synthesis 

In order to follow the fusion process of 
the typical commercial catalyst for ammonia 
synthesis, sample F was investigated. Puri- 
fied magnetite rather than ar-Fe,O, was used 
as the starting material and the fusion tem- 
perature was increased to 1550°C. It was 
found that the calcined product consisted of 
Fe,O, and of potassium ferrite of the K, +x 
Fe,,O,, type (see Fig. 8). However, when 
magnetite containing 5.6 wt% K,O (with a 
proper amount of iron powder) was fused at 
over 1600°C in an electric-resistance furnace 
for about 1 hr and the fused mass was cooled 
in air, the XRD analysis showed that the 
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FIG. 7. Plots of In k versus l/T: (a) K2Fe,20,9, (b) 
K2W&, (cl Wed&. 
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FIG. 8. X-ray diffraction diagram of sample F. 

product consisted of three phases: magne- 
tite (Fe,O,), Wiistite (Fe,-,O), and potas- 
sium ferrite of the KFeO, type (see Fig. 9). 
The problem now arises as to which type of 
potassium ferrites might exist in the unre- 
duced iron catalyst for ammonia synthesis. 
Since the potassium promoter is usually be- 
low 2 wt% in the current industrial catalyst, 
difficulty is encountered in examining its 
form in the catalyst. From the present re- 
sults we believe that its form largely de- 
pends on the preparation conditions. As a 
general rule, potassium ion has a stronger 
tendency to segregate out from the spine1 
phase of Fe,O,. It would seem likely, how- 
ever, that the potassium ferrite of the K1+, 
Fe,,O,, type is preferentially formed within 
Fe,O, , because the spine1 structure of mag- 
netite is very similar to that of K, +,Fe,1017 
with spine1 blocks, and the small potassium 
content in the catalyst conforms to the com- 
position of K,+xFel,0,7. In addition, rapid 
quenching in air or in water in place of slow 
annealing during preparation of the catalyst 
leads to rapid cooling of the fused mass. The 
process favors freezing out of Kl+xFe,10,7 
in the catalyst (20). Therefore, these two 

types of potassium ferrite might coexist in 
the catalyst in a certain ratio. It could be 
expected that KFeO, occurs as a separate 
phase together with K,O, KAlO,, Wiistite, 
etc. at the boundaries of crystal grains of 
magnetite, but Kl+xFe,1017 would be ex- 
pected to form mainly a solid solution with 
magnetite. 

The question arises whether all of the pot- 
ash in the fused iron catalyst can be leached 
out. Kobayashi and Uchida (7, 8) intro- 
duced the concept of water-insoluble potash 
and indicated that the activity of the catalyst 
for ammonia synthesis largely depends on 
the potash content. In our previous work 
(28), it was found that even if the catalyst 
was ground to ~200 mesh and soaked in 
water at 70°C for 24 hr or boiled for 4 hr, it 
seemed impossible to extract the last rem- 
nant of potassium, which is around 0.4 wt% 
in the catalyst. This verifies that some wa- 
ter-insoluble potash does exist in the fused 
iron catalyst for ammonia synthesis. If so, 
we deduce that the insoluble potash should 
be attributed to potassium ferrite of the 
K,+.Fe,,O,, type but not to other types of 
K compound. This results from the fact that 
removal of potassium from K,+xFe,10,7 is 
not easy because of the highly dispersive 
distribution of K,+,Fe,,O,, within the mag- 
netite grains. Conversely, because other 
types of potash occur in the boundaries 
among crystal grains, they are easily hydro- 
lyzed by water. 

55 50 45 40 35 30 25 20 

ZO(degree) (01) 

FIG. 9. X-ray diffraction diagram of the magnetite 
containing 5.6% K20 after fusion. 
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Krabetz and Peters (21) studied the water- 
insoluble potassium dependence on the 
cooling rate during preparation of the cata- 
lyst. They found that samples cooled more 
rapidly contain a greater proportion of the 
water-insoluble potassium before reduc- 
tion, a higher potassium concentration on 
the surface, and a greater free-iron surface 
area after reduction than those of samples 
cooled slowly. On the basis of the above 
discussion, their conclusion appears to be 
easily explained. 

Another question that arises is this: 
Which potash, soluble or insoluble, does the 
catalytic activity mainly depend on? In fact, 
potassium ion in various phases of the unre- 
duced catalyst will redistribute itself and 
segregate at the surface during the reduction 
process. Therefore, the form of potassium 
existing before reduction will be closely re- 
lated to the surface state of the catalyst after 
reduction. It seems that the excessive solu- 
ble potash massing within boundaries of the 
unreduced catalyst, such as K,O, KOH, 
KFeO,, KAlO,, K,CO,, etc., may obstruct 
some pores and channels and close these to 
the passage of gases, as well as interfering 
with the role of the active centers of a-Fe 
after reduction. Consequently, even if K 
compounds are partly leached out by water, 
the catalytic activity will not fall off but may 
even rise to some extent (9). In this connec- 
tion one should note PaBl’s investigation (1) 
that a medium surface concentration of K in 
the adlayer of the working catalyst surface, 
of roughly lOI K atoms/cm* (equivalent to 
0.2% of the K,O content in weight in the 
current industrial catalyst) optimized cata- 
lytic activity. This quantity is close to the 
figure of 0.4 wt% of insoluble potash, as 
reported in Ref. (7). This rough equality sup- 
ports the suggestion that the insoluble pot- 
ash contributes most to the catalytic activ- 
ity. However, early work on the promoter 
also showed that the role of the soluble pot- 
ash cannot be completely ignored (18, 22). 
In a patent (23), for example, a catalyst was 

reported which was prepared by impregnat- 
ing a prereduced iron catalyst containing 
O-O.5 wt% K,O and suitable amounts of 
other promoters, in KOH or alkali metal 
solution. The relative activity of the catalyst 
for ammonia synthesis was thereby in- 
creased by l&25%. The role of potassium 
promoter decisively depends on its state and 
on the sites it occupies after reduction where 
it can participate in the catalytic activity, 
rather than on its solubility in water before 
reduction. From PaBl’s conclusion, an ad- 
layer with a well-distributed and medium 
coverage of K should be of greatest benefit 
to the catalytic activity under real working 
conditions. The insoluble potash usually ex- 
ists within the magnetic grains; therefore, 
after reduction of the catalyst the potassium 
ions can distribute themselves uniformly 
and thereby decrease the electron-escaping 
work function of a-Fe. Naturally, when the 
soluble potash is introduced into the avail- 
able site of the reduced catalyst, it will 
equally promote the activity of a-Fe. 
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