


EQUILIBRIUM DECOMPOSITION PRESSURES OF K,TiClg!

.
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ABSTRACT

The quilibrium decomposition pressures of K:TiCls were measured at temperatures
between 370° and 530° C, using a glass-bellows mercury manometer.
[he pressure-temperature relationship was found to obey the equation

login P(cm of Hg) = —{(5.774X10%)/T} + 9.120
and the heat of the.renction
KeTiClsy = 2KCl,, + TiClyg,
was found to be .
' Al = 426.441.3 kcal/mole.

INTRODUCTION

Because of its relatively high degree of stability at room temperature, the compound
K. TiClg olfers interesting possibilities as i source of TiClg for the clectrolytic preparation
of titanium in {used salt baths. Indeed, K TiCl may be an intermediate in the chain of
chemical reactions proceeding in electrolytic cells which are supplied with gascous TiCly
and contain KCI as a constituent of the hath.

K TiClg has been prepared by wet chemical methods involving the dissolution of the
mincral ilmenite (IFcO.Ti03) in aqueous sulphuric acid, and the salting out of K.TiClg

by HCL in the presence of IKCL (1) at 0° C. Unsuccessful attempts have been made to-

prepaue the compound in an autoclave at about 300° €, by the direct reaction of KCI
with TiCly (2).

At higher temperatures, the direct reaction of IKCHwith TiCly has been used success-
fully in these laboratories to prepare Ko TiCle for use in studies of the potentials of the
various titutium ions in molten salt solutions. In this preparation, which was reported
in a previous paper (3), the experiments were done at temperatures from 230° to 500° C.
It was observed that the rate of reaction was relatively slow at teniperatures up to about
300° C, and attained a maximum rate at about 410° C. At temperatures substantially
above 400° C, at which the rate of reaction might have heen expected to increase, the
rate of reaction decreased. It scemed probable that the conmpound K TiClg was becoming
increasingly unstable as the temperature was increased.

T'o confirm these implications, and to establish some of the thermodynamic properties
of KaTiClg which might be of interest in evaluating it as a possible source of titanium
tetrachloride for clectrowinning cells, it was decided to study the equilibriunt decomposi-
tion pressures of titanium tetrachloride over the compound.

Since our previous experience in preparing the compound had suggested that this
solid-gas state reaction was relatively slow to establish equilibrium, a static method,
rather than a dvnamic method, of measuring the decomposition pressure was selected.

EXPERIMENTAL

The compound K:TiCls was prepared in a 1-in. diaumeter tube, bent in a right angle,
and sealed at one end. Purified titanium tetrachloride was introduced into the closed
vertical arm and was frozen with liquid air. A silica boat containing potassium chloride
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From Table I it may be seen that the decomposition of K.TiCls begins ata temperature
of about 350° C, and that the decomposition pressure of TiCl, at about 530° C is 1 atm.
The equilibrium constant for the decomposition of K,TiCls,

KgTiCls(S) = QKCI(!) + TiCh(g),

is given by the equation
Kp = PTICH'

The results shown in Table I were used to calculate log K, and 1/7, and when these
were plotted, the straight-line relationship shown in Fig. 2 was obtained by applying
the least-squares method. It is evident from Fig. 2 that the linear relationship holds
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F1G. 2. The variation of log P with the reciprocal of the absolute temperature.
reasonably well for pressures between 2 and 76 cm. From Fig. 2, the variation of pressure
with temperature corresponds with the equation

logio P(cmof Hg) = — {(5.774X10%/T} + 9.120.
' The average error, a, of a single observation, as calculated by the least-squares method,
1S
log a = 4£0.045.
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The heat of reaction was calculated from the slope of the straight line in Fig. 2 in
accordance with the van’t Hoff equation

AH = +426.441.3 kcal/mole.

This is in good agreement with +27 kcal/mole obtained by Ehrlich and Framm (2)
from their experiments using the isoteniscope method.

Free energy and entropy changes for the decomposition were calculated at selected
temperatures. The results are shown in Table II.

TABLE 11

Thermodynamic functions for the reaction
KzTiCla(,) = 2[{Cl(s) + TiCl;(g)

Temp. Ky AH - AF .. AS
°C) (atm) (kcal/mole) (kcal/mole) (e.u.)
350 9.36 X103 +26.40 +5.77 33.6
400 4.56X10? +26.40 +3.88 33.4
450 1.79X107 +26.40 +2.52 33.0
500 5.88 %10t +26.40 +0.81 33.1

CONCLUSIONS
Since the reaction
I(zTiCle(s) = QKCI(S) + TiClqz)

is endothermic, the formation of the compound is promoted at lower temperatures.
However, from kinetic considerations (3) it appears that the rate of reaction at tempera-
tures below 300° C is slow; this would explain the inability of Ehrlich and Framm (2) to
prepare I, TiClg in an autoclave at 300° C.

Furthermore, the thermal stability of K;TiCls in the temperature range of 300-400° C
indicates that the compound might be used as a constituent of a low-melting-point fused
salt bath, e.g. KCI + LiCl, for the production of titanium metal by electrolysis. Indeed,
it appears that the accepted practice of using fused salt baths at high temperatures, e.g.
KCl 4+ NaCl at 700° C, would hinder the introduction of gaseous titanium tetrachloride
into the melt, under circumstances where the introduction depended upon the formation
of K.TiCls. '
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