
JOURNAL OF SOLID STATE CHEMISTRY 28, 133-136 (1979) 

Mechanism of the Solid State Reaction NaCl+ KF -+ NaF+ KCI 
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The mechanism of the solid state displacement reaction NaCl+KF+ NaF+KCl was investigated, 
employing diffusion couples (single crystals), in air at 550°C. 

The product layer obtained was formed with NaF and (Na, K)CI solid solution. 
From cation concentration profiles, photometrically determined, for the NaCI(KF and NaCllKCl 

systems after annealing at 55O”C, and from X-ray diffraction analysis on product layer surfaces for the 
NaCllKF system, it was possible to state that the overall process is governed by a cation-counterdiffusion 
mechanism. 

A comparison between the diffusion coefficient evaluated through the rate constant and that calculated 
by means of the Boltzmann-Matano analysis for the system NaCl-KC], allows one to deduce that the 
cations Na’ and K’ are transported in the (Na, K)CI solid solution. 

Introduction 

The present paper, dealing with the kinetic 
study of the soIid state displacement reaction 
NaCl+KF+NaF+KCl, is a part of a 
research undertaken on reactions of the 
same type between univalent metal halides 
(1, a. 

The overall process represents the meta- 
thetical reaction of the reciprocal ternary 
system Na, K/Cl, F (3), where the tempera- 
ture minimum at which the liquid phase 
exists is 582°C and corresponds to a ternary 
eutectic, the only invariant point of the 
system. Moreover the reaction product KC1 
forms solid solutions with NaCl over the 
whole concentration range. 

The kinetics were investigated at 550°C on 
the reacting system NaCllKF using single 
crystal disks (K. Korth; diameter 8 mm, 
thickness 2 mm) cut parallel to the (100) 
plane. In every diffusion couple the reaction 
interface was marked with Pt powder. 

The determination of the cations concen- 
tration profiles in the product layer (as a 
function of spatial coordinate) was carried 
out by means of a flame photometer (Corn- 
ing EEL-loo), while the trend of the X-ray 
diffracted intensity, pertinent to the principal 
reflection of the four components, was also 
determined as a function of the same coor- 
dinate. 

Finally, for the system NaCllKCl at 550°C 
the chemical diffusion coefficient fi accord- 
ing to the Boltzmann-Matano analysis was 
estimated on the basis of the cation concen- 
tration profiles. 

The techniques employed were already 
described (2). 

Results and Discussion 

Figure 1 reports, for the system NaCllKF 
(after 168 hr at 55O”C), the concentration m 
(m = cation mass per mass unity of analyzed 
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FIG. 1. Cation concentration profiles of the NaCljKF reacting system. (T = 550°C; t = 168 hr.) 

sample) of Na’ and KC as detected in the 
product layer; the m values were determined 
photometrically on sections obtained by 
progressively slicing off substance from the 
annealed couple. 

From the concentration trend one may 
assume that the reaction products NaF and 
KC1 preferentially grew in two layers at both 
sides of the original interface (as individu- 
ated by marker position), the former consis- 

ting mainly of NaF, the latter of KCl, in 
contact with KF and NaCl respectively. 

In order to single out the phases present in 
the product layer, X-ray diffraction 
measurements at room temperature on a 
couple NaCllKF immediately after the 
thermal treatment (168 hr at 550°C) were 
also carried out. 

Figure 2a reports the (200) peak intensi- 
ties (arbitrary units) of KF, KCl, NaF and 
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FIG. 2. (a) NaCl[KFdiffusion couple after 168 hr at 55OT; trend of the intensities (at 25°C) of the (200) 
KF, KCI, NaF and NaCl reflections. (b) NaCl concentration in the residual (Na, K)Cl solid solution for 
O<x<325 firn. 
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NaCl as a function of the spatial co- 
ordinate. 

From an accurate analysis of the angular 
positions of the KC1 reflections on several 
sections it was possible to individuate a resi- 
dual solid solution (K, Na)Cl, the relevant 
composition of which (in molar fraction of 
NaCl, XNaCI) was evaluated by means of the 
Vegard additivity rule (4) for 0 <x < 325 km 
(Fig. 2b). 

From Fig. 2a it is apparent that the reac- 
tion products are present in the whole 
observed thickness, even if they show 
intensity maxima in two distinct regions of 
the product layer, in agreement with the 
photometrical results. 

Therefore it can be assumed that the 
overall process develops through a cation 
counter-diffusion. 

From Figs. 2a and 2b it can also be 
deduced that the reagent NaCl too is present 
through the whole layer: for 0 <x < 275 km 
only as a component of the solid solution 
with KC1 and for x > 275 km also as demix- 
ing product of the solution itself. 

In order to obtain more information on the 
reacting system, photometric determinations 
on the couples NaCl(KC1 after annealing at 
550°C for 42 to 168 hr were performed; the 
resulting molar fractions of the components 
are related to the coordinate A =xJt 
(cm set -1’2) as shown in Fig. 3. 

FIG. 3. Diffusion profiles of NaCllKCl system. The 
molar fractions are plotted against A = n/A (T = 
550°C). Open circles: KC1 data; filled circles: NaCl data. 

The composition dependent chemical 
diffusion coefficient fi can be now calculated 
by means of the Boltzmann-Matano equa- 
tion 

ti(C 

c 

A dc 

co 

with the following initial conditions: 

c = co forA =--00 

c=o for A = +ac 

and the additional condition: 

I A dc =O. 

co 

The calculated d values, the trend of 
which is reported in Fig. 4, range between 
1.5 . 10-l’ and 1.9 * 10-l’ cm2 set-’ with a 
maximum at XKcl = 0.35. A similar behavior 
was observed for the system KCl-RbCl by 
Schmalzried and coworkers (6, 7) who cor- 
related the maximum in the ti values with a 
corresponding maximum in the curve of 
cation vacancy concentration, (c,(,+J vs KC1 
molar fraction, the cation mobility being 
constant. 

By considering that Barret and Wallace 
(8) obtained a maximum value for c,(,+), at 
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FIG. 4. Trend of the diffusion coeffic;ents as a 
function of (Na, K)CI solid solution composition (T = 
SSO°C). 
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Xk,, ~0.3 (for Schottky defect con- 
centration at 63o”C), the same correlation 
may be assumed also for the system 
NaCI-KCl. 

The kinetic constant of the reaction 
NaCl+ KF + NaF+ KC1 was determined at 
550°C employing the couples NaCllKF for 
30 < t < 168 hr; the thickness of the product 
layer was evaluated both through micro- 
scopical observations and by X-ray 
diffraction measurements. The parabolic law 
x2 = 2kt was satisfied, with k= 
1.5 . 10e9 cm2 sect’. 

Using the value of 6418 cal mall’ (9) for 
rhe molar standard free energy of the consi- 
dered reaction, it is possible to obtain 
(10, 11) the following average value of the 
diffusion coefficient for the rate determining 
ion: D = 3.8 . lo-“’ cm2 set-‘, which is of 
the same order of magnitude as those 
determined at the same temperature in the 
solid solution (Na, K)Cl by the Boltzmann- 
Matano method. 

It can be therefore deduced that the NaF 
and KC1 formation is governed by a 
mechanism which involves the Na’ and K’ 
diffusion in the (Na, K)Cl phase. This 
conclusion is supported also by a comparison 
between the cation migration enthalpy 
values (12) in NaF, NaCl, and KC1 
phases. 
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