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In our previous paper l we studied the kinetics of oxidation of cuprous chloride with a mixture 
of oxygen and hydrogen chloride in melts. We have ascertained that the oxidation rate of cuprous 
chloride does not depend on its concentration in the melt . This rmding was explained by assuming 
a reaction of oxygen with hydrogen chloride, taking place at the surface of the melt which causes 
that the composition of the contact surface layers is different from that of the bulk of the melt . 
The composition of contact layers changes only unsignificantly and consequently also the rate 
of reactions which is determined by absorption, is independent of the average concentration 
of cupric chloride in the melt. Under this assumption the oxidation of hydrogen chloride with 
oxygen should proceed in the given region at a practically constant rate, too. According to the 
presumed mechanism of catalytic effects of melts the rate determining step is the absorption 
of oxygen which is followed by the fast, practically irreversible reaction of the formed oxichloride 
with hydrogen chloride2 

-4. The formed cupric chloride is in equilibrium with chlorine in the 
gaseous phase. Since the governing factor in this equilibrium is the concentration of cupric chlo
ride at the interphase boundary, the oxidation rate of hydrogen chloride at the beginning of the 
reaction should be much greater than would correspond to the average concentration of cupric 
chloride in the melt. This could serve as a proof of the assumption that the concentration of cu
pric chloride at the surface of contact layer is greater. 

The second aim of the present study was to verify the kinetic equation of catalytic oxidation 
of hydrogen chloride by oxygen at the surface of molten copper chlorides, as it was derived by Ken
ney2. This equation is based on the assumption that the concentration of chlorine in the gase
ous phase, which is a function of hydrogen chloride conversion, i.e. of the reaction rate and of the 
partial pressure of hydrogen chloride, determines unambiguously the ratio of cuplic chloride 
to cuprous chloride in the melt. In this way it also determines the reaction rate, as the 
absorption rate of oxygen depends on the square of cuprous chloride concentration. Expe
rimental verification of this presumption, however, is not quite convincing, as in the steady 
state catalysis the ratio of cuprous to cupric chlorides is always greater than unity and changes 
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within relatively narrow limits. In the oxidation of cuprous chloride with a mixture of oxygen 
and hydrogen chloride the concentration ratio of cuprous to cupric chlorides changes during 
the experiments, ranging from 0 to c. 4. Therefore in this case the most decisive would be to verify 
the kinetic equation . 

EXPERIMENTAL 

Apparatus, chemicals used as well as analytical procedures were the same as described in our 
previous paperl . Unless otherwise stated, an equimolar mixture of oxygen and hydrogen chloride 
was used , at flow-rate 200 ml(min and at 500°C. 

RESULTS AND DISCUSSION 

A typical course of the oxidation rate of hydrogen chloride in the reaction of cuprous chloride 
with a mixture of oxygen and hydrogen chloride is shown in Fig. 1. The oxidation rate of hydrogen 
chloride, R, reaches within a few minutes a practically constant value which then increases only 
slightly up to 150 min . The experimentally determined reaction rate for this region (curve 1) 
differs from that which could be expected from the dependence of kinetics of tl"~mal decomposi
tion of cupric chloride in the bulk of the meltl. The theoretically derive'; .;ourse of oxidation 
rate of hydrogen chloride was plotted in the same graph (curve 2). Comparison of the experi
mental course of oxidation with that calculated according to our previous work reveals that the 
oxidation rate of hydrogen chloride is, in the first half of the experiment, much greater than 
would correspond to the theoretically assumed course. However, this finding agrees with the 
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mechanism of cuprous chloride oxidation in melts with a mixture of oxygen and hydrogen chlo
ride, as proposed in our earlier work. In order to explain the zero-th order of this reaction with 
respect to the concentration of cuprous chloride we assumed that oxygen reacts directly with the 
melt surface to form cupric oxichloride which is transformed into cupric chloride in a fast reac
tion with hydrogen chloride. This causes an increase in cupric chloride concentration at the 
interphase boundary melt-gas. Since the concentration of cuprous chloride on the contact surface 
which is decisive for the kinetics of oxygen absorption, does not change too mllch in the first 
half of the experiment, it is possible to explain the independence of the oxidation rate of cuprous 
chloride in the melt of its average concentration in the bulk of the melt. 

If the above explanation is valid, then also the concentration of cupric chloride at the contact 
surface undergoes no significant change in the first hali of the kinetic measurement. However, 
its value is much greater than is the average concentration of cupric chloride in tile bulk of the 
melt. The rate of cupric chloride decomposition of the oxidation of chloride ions by ions of bi
valent copper depends on the composition of the contact layer surface and therefore the oxidation 
rate of hydrogen chloride in the first stage of kinetic experimellt can be independent of the average 
concentration of cupric chloride in the bulk of the melt. This fact may serve as proof of the con
ception assuming a concentration gradient in the surface contact layers of the melt on which 
our mechanism of cuprous chloride oxidation by a mixture of oxygen and hydrogen chloride 
was based. 

We have calculated theoretical values of cupric chloride concentration at the surface of con
tact layer, being in equilibrium with the gaseous phase. The data are plotted in Fig. 2 (curve 2). 
It is evident from the comparison of the course of curve 2 with the experimentally found values 
of the average concentration of cupric chloride in the bulk of the melt that already within a few 
minutes the composition of the contact layer becomes different from the average composition 
of the m~Jt. This difference decreases in the course of the experiment, since the composition of the 
contact layer does not change significantly, whereas the average concentration of cupric chloride 
in the melt increases. [f the average concentration of cuprous chloride reaches the value, cor
responding to the composition of the contact mass, an increase in cupric chloride concentration 
takes place which in the further course of the experiment, is the same both in the contact layer 
and in the bulk of the melt. 

From this comparison it follows that a verification of the kinetic equation of catalytic oxida
tion of hydrogen chloride by oxygen on the surface of melts based on copper chlorides is im
possible in the region of lower cupric chloride concentrations. The relation, derived by Kenney 
for this process in a steady state, h2S the form: 

(1) 

where R is the specific reaction rate (mol (HCI)/s . cm2
), k is the rate constant, corresponding 

to the ahsorption rate constant of oxygen on melts of the copper chloride type, jK is the product 
of aCTivity coefficients and or" the equilibrium 'onstant of the reaction CuCI 2 = CuCI + ! CI 2 
and (I is the mole fraction of copper chlorides in the melt. In deriving this equation Kenney as
sumed the ahsorption of oxygen to be the rate determining step of the whole catalyzed process. 
Thus it can be stated concluded that relation (1) holds only for a steady state. From the practical 
point of view, this region is of course the most important one. 

By means of kinetic equation (I) it is now possible to compare our maximum values of the 
reaction rate Rr with the data of Kenney. In his paper2 some data, necessary for the calculation, 
are not presented and therefore we employed the values of specific absorption rate of o ~ygen, 

k3' from the earlier paper by Ruthven and Kenney3. The product of activity coefficients and 
of equilibrium constant was evaluated from thermodynamic data of systems, similar to which are 
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given by Ruthven and Kenney in another publication4
. The calculated values of specific reaction 

rate (Rs) together with our data (R,) are summarized in Table 1. These values cannot be com
pared directly, as in our experimental arrangement it is difficult to determine exactly the surface 
area of the contact surface. However, we can assume that the contact surface does not change 
in individual experiments, its value being of the order of tens of square centimeters. Consequently, 
the ratio R./ Rr should express the contact surface area; it is presented in the 1st column of Table I . 
From the values it is evident that a good agreement was obtained of our data with those calculat
ed using relation (1). Particularly in the case of melts containing neodymium chloride the ac
cordance is very good: the calculated value of Rr/ R s corresponds to the estimated contact surface 
area of our experimental arrangement. 

The oxidation rate of hydrogen chloride in melts containing admixture of neodymium chloride 
is rather high and in this region the kinetic equation derived by Kenney may be unvalid. Using 
the thermodynamic data for the equilibrium of reactionS 

(A) 

we calculated the value of equilibrinm conversion of hydrogen chloride and from this also the 
value of the maximum possible reaction rate Rr which at the given composition of the gaseous 
phase and at 500a C was equal to 500. 10- 7 mol (HCI)/s. Comparing the values of Rr with the 
above value we found that in melts containing neodymium chloride the conversion of hydrogen 
chloride amounts to 66 to 86% of the maximum possible values . Analysis of kinetic equation (1) 

allows to conclude that this relation cannot hold in the region of high values of hydrogen chloride 
conversion, as it does not comprise the rate of the reverse reaction and therefore it is not thermo
dynamically consistent. However, the comparison indicates the possibility to employ kinetic 
equation (1) even in the region where the conversion of hydrogen chloride exceeds 70% of the 
maximum possible value. 

At lower partial pressures of hydrogen chloride the values of R,/ Rs were considerably lower, 
owing to the fact that a practically constant conversion was reached and the oxidation rate 
of hydrogen chloride did not correspond to relation (1), being limited by the thermodynamic 
equilibrium of reaction (A). ' .-.... 

TABLE I 

Rate of Oxidation of Hydrogen Chloride with Oxygen in the Steady State CRr) and SRccific Reac
tion Rate (Rs) 

500a C, P02 = P HC1 = 0'5 atm. 
-- - --- - --

KCl NdCl 3 Rr .107 
R s ·10

7 
Rr/Rs = A 

mol % mol % mol S-l mol s-l cm- 2 cm2 

.---------_._----- --- --- -.- - ._ .• -

30 0 133 4'3 31 
40 0 125 2·6 48 
50 83 1·4 59 
27·3 384 8·1 47 
36'4 433 8·3 52 
45·5 366 7'5 49 
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The effect of addition of rare ear ths chlorides to the melts used for cata lysis is most distinctly 
manifested with equimolar mixture of potassium and cu'prous chl o rides. In this case the oxida
tion rate of hydrogen chloride is a bout5 times greater. Contrary to this the absorption rate of oxy
gen increases by the addition of rare earths chlorides 20 times. This apparent diproportion can be 
explained by the fact that increasing partial pressure of chlorine causes a decrease in the value 
of rate of hydrogen chloride oxidation according to rela tion (1) . At high conversions of hydrogen 
chloride the oxidation rate is practically indirectly proportiona l to the partial pressure of chlorine, 
as J PC I 2 ~ jK. Consequently the effect of rare earths on the oxidation rate of hydrogen chloride 
is less than in the case of absorption rate of oxygen. 

An interesting point is the quantitative interpretation or the effect of concentration of rare 
earths chlorides on the oxidation rate of hydrogen chloride. We have tried to express the relation 
between he rate constant and the concentration of lanthanum chlo ride, as taken from the data 
of Kenney3, in terms of an empirical equation. We have found that the rate constant can be 
correlated in the form 

(2) 

where k denotes the rate constant from Eq . (1) , B' and D' are empirical constants and NLnCl , 

is the mole fraction of lathanum chloride in the melt. The values of B' and D' at 500°C are 10 . 
. 10- 7 and 4.95.10 - 3 , respectively. 

Rare earths chlorides can thus be assllmed to form an associate with cuprous chloride, the 
reactivity of which in the course of oxygen absorption is greater by the order of magnitude than 
the reactivity of cuprous chloride and the concentration of which is proportional to the products 
of mole fractions of cuprous chloride and rare earths chloride. The great reactivity of this hypo
thetical associate is probably caused by the different configuration (sterical arrangement) of cop
per atoms, favourable for binding oxygen molecule. 
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