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IXTRODUCTION

The possibility of the hydrolysis of molten halides at high temperatures
pas been suggested from time to time to explain the loss of halogen observed
when such halides were heated for extended periods of time. For example
Eastman and Duschak (3) report a ready reaction of lead chloride with
moist air to yleld hydrogen chloride at low temperatures and chlorine at
higher temperatures. The loss of hydrogen chloride from magnesium
chloride hexahydrate when heated is well known.

Munger (7) found that, when mixtures of potassium metaphosphate
and potassium fluoride are held in a molten condition for extended periods
of time, there is an extensive loss of fluorine. This has been attributed
by some to a hydrolytic decomposition of the melt. Most recently Hill and
Andrieth (4) have explained the loss of fluorine from molten mixtures of
sodium fluoride and sodium metaphosphate as being caused by a high
temperature hydrolysis.

Finally Briner and Roth (2) have made an extensive study of the
high temperature hydrolysis of alkall halides with and without the ad-
mixture of such substances as kaolin and silica. Briner and Roth report
considerable hydrolysis.

The present study was undertaken to measure the extent of hydrolysis
of molten alkali halides under controlled conditions.

EXPERIMENTAL

Two different experimental apparatuses were used In these studies.
The first was a dynamic system, patterned after that of Briner and Roth,
In which steam or a gas containing water vapor could be passed over the
molten alkali halide. The effluent gas stream was allowed to pass through
an efficlent gas wash bottle. In the second experimental set up a sample
of the molten salt could be subjected to atmospheres of known composition.
This was a static system. In both arrangements it was possible to analyze
both the alkali halide and the gas phase.

The tirst experiments were made using the flow system. The first
hlhdy tried was lithium fodide. As soon as the temperature reached about
199°C. & coplous liberation of lodine occurred. Since oxygen had not been
::riuded from the system this result should have been expected in view
S the reaction of lithium fodide with oxygen previously reported by
Simmons and Picket (9). These investigators reported that the reaction

10LAI 4+ 60,~>2L110,+ 4L1,0+ 41,

Wi’y occurs when lithfum fodide is heated in the presence of oxygen.
‘r"‘ there is some question as to the correctuess of this interpretation by
‘1 ons and Picket of the experimental data (see theoretical discussion

n ' :?rm can be no question that lithium jodide is unstable when heated

e ":f‘i the remaining oxperiments lithjum bromide was used. Lithium
" - "" Was used for two reasons. First, the melting point is low enough
U It may be melted in apparatus constructed of pyrex gilass. Second,

‘'etracted tn part from the M.S. thests of R. 7. Jehanses. (1961)



PROCEEDINGS OF THE OKLAHOMA

‘thermodyssmical computations indicate that lithium bromide is more easiiy
‘Rydrolysed than other alkali halides except lithium jodide. :

After finding that it was not possible to force pure water vapor at
about atmospheric pressure through the tube containing the molten halide
gas saturation method was devised. In the modification used, a gas; tirst
and later nitrogen, was allowed to pass through a pair of gas wash
which were kept at constant temperature (about 50°C.) in a thermo-
This gas, saturated with water at the temperature of the thermostat,
then aliowed to pass through the heated tube containing the molten
lithifum bromide. The gas was washed with water and the wash liquid
analysed for bromide fon, free bromine, and total acid.

In the first experiment using the carrier gas technic air was used 1o
carry the water vapor into the reaction tube. Dry air was allowed to
flow through the reaction tube until a temperature of about 560°C. was
reached. Then the air stream was allowed to pass through the water
saturators held at about 45°C. before entering the reaction tube. Large
quantities of free bromine were produced. No bromide was detected in the

eoffluent gases.

In the next experiments the air was replaced .-by commercial nitrogen.
As long as only dry nitrogen was used no free bromine or bromide was
found in the effluent gas. When wet nitrogen was used a very small amount
of free bromine was sometimes detected in the effiuent gas. Only a trace
of bromide was found in the effluent gas. The dynamic system was aban-
doned when it was found that some of the water vapor taken up by th:
carrier gas in the saturators was not reaching the reaction chamber. Thus
the actua) vapor pressure of water in the reaction tube was not known.
Further it was found that the salt vapor from the open gold boat was
attacking the glass tube.

Two different kinds of static experiments were made. In the first
the molten lithium bromide (at 560° C.) was subject to water vapor at
about 8mm and 760mm pressure. The system was evacuated to about 0.5mm
prior to being exposed to the water vapor. The lithjum bromide was
contained in a graphite tube, which was closed in such a manner that the
water vapor could easily get in but only a very amall amount of the salt
vapor could contact the pyrex tube. The residue in the graphite tube, after
reaction, was analysed for bromide and tested for free bromine. No free
bromine was found. The average amount of bromide lost in eight exper:
ments was 0.4+0.2 per cent. This is not considered significant in view
of the ditficultion of handiing a hydroscopic salt such as lithium bromide.

in the second group of static experiments the graphite tude containing
the lithium bromide was sealed into a heavy pyrex tube and evacuated.
known weight of water was condensed into the tube by immersing the ead
ol the tube in a dry ice bath. The tube while being cooled was connected
to & small bulb of degassed water for the length of time necessary to alio¥

L of water to be transferred. By this method sufficieat
water was transferred to the reaction tube to give water pressares o
abost four and twelve atmospheres at the temperature of the reactios
The heated to 547°C. and held for 30 minutes. In e
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at the melting point of lithium bromide (547°C.). Lithium bromide does
not react with dry air when heated up to about 560°C. Oxygen and water
vapor, when together, react with lithium dbromide to produce free bromine.
THEORETICAL DiscussioN

Equilibrium constants for the hydrolysis. of the fiuorides, chiorides,
bromides and iodides of lithium, sodium and potassium have heen com-
puted from the free energy of the reaction using conventional thermo-
dynamic methods. The necessary free energy values were taken, whenever
possible, from the extensive tables being prepared by the National Bureau
of Standards. (8) The free energles of formation of lithium and sodium
hydroxides were recalculated using modern data for the absolute entropies
of the hydroxides. The entropy of lithium hydroxide has been determined
by Bauer, Johnston and Kerr (1) while that for sodium hydroxide was
determined by Kelly and Snyder (5). The entropies of potassium hydroxide,
lithium bromide and lithium iodide have not been measured; these values
were estimated. The values used were KOH 8°=16.6, LiBr 8°=16.7 and
Lil 8°=18.0, all in cal./deg. mole. These values agree closely with those
which one would estimate using the empirical method recently published
by Latimer (6). The errors in these estimated values is probably less than
one entropy unit. The negative logarithm (pK) of the equilibrium
constant for the reaction: MX(8)+4H.0(g)—>MOH(8)+HX(g) {for a tem.
perature of 26°C. is given in Table I.

TABLE 1
Equilibrium Constants, pK, for the Reaction:

' MX(8) +H,0(g)>MOH(8) + HX(g) at 26° C.

== F CL Br
I -
Li 17.58 13.35 12.94 9.82
Na 20.73 23.97 24.84 28.11
K 19.90 28.77 31.03 30.61

TUTTEETI. TONRRI TR TOTISTT L ST MRS T T R et ]

At 25°C. none of these reactions would be expected to yleld sufficleut
halngen halide to easily detect. All of these reactfons are endothermic and
consequently increasing the temperature will increase the equflfbrium con-
stant. To make an exact calculation of the Influence of temperature requires
knowledge of the varfation of the heat of reaction with temperature as well
As the heats of fusion of the alkali salts. The necessary data are not
Avaflable for the mafority of the substances involved. However, in the case
of sodium chloride the data are available for an exact calculation. It was
found that fust above the melting point of sodfum chloride (800°C.) the
heat of the hydrolytic reaction is 30.894 Kcal compared with 31.983 Keal
At 25°C. Thus a change of about § per cent is produced in the heat of the
Maction when the temperature is increased almost 800°. It thus appears
:gn'_» satisfactory to compute the effect of temperature on the assumption
vy the heat of reaction is constant up to the melting poiut of the aikall
m.-h. The values of the equilibrium constant have been computed st

" C. 'lor each reaction. The results of these calculations are given In

T.'! Y 1 .
~ TABLB I
Equilibrium Constonts, pK, for the Reaction:

“MX(1iq) + H,0(g) SMOH (11a.) £ FIX (8) at 1000°C.

X=x F CL . Bz 1
M ‘ _ '
U, 44 38, . 81 29

. Na 52 [Vt .88
K 61 3 1% 18
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: From thess calculations one may estimate the partial pressure of
halogen halide In equilibrium with the salt and water vapor. The
‘equilibrium expression for this reaction may be written:
Quouw . (Ous K
Gz T Gup
where the o’s are the activities of the various substances. If it is assumed
that the two saits form an ideal liquid solution and that the gases are ides!
then we may unite this expression as follows:
Zwo
Tux
where the z's are mole fractions and the p's are partial pressures. If the
extent of the reactfon is small then the mole fraction of the alkall halide
would be approximately unity. If the amount of salt hydrolyzed were
a8 great as one per cent, which is twice as great as our experiments indicate,
and the partial pressure of the water vapor 10 atmospheres than the partial
pressure of hydrogen bromide in the lithium bromide hydrolysis would be
approximately Imm at 547° C. At lower waler vapor pressures, such as
were actually used i{n the flow experiments, the partial pressure ot HBr
would be very much less than this. These calculations would appear to
eliminate any extensive high temperature hydrolysis.
Thermodynamic computations have also been made of the equilibrium
constants for the reaction:

2MX+H,0(g) + %0,~2MOH + X, (g)
The results are summarized in Table III.
TABLE 111
Ecullibrium Constants, pK for the reuction:

IMX + H,0(g) +',0,—2MOH+ X, at 25°C.

. Pnx
. u,or'K

X= F Ct. Br 1
Lt 894 19.3 4.2 —18.3
Na 972 430 294 9.7

K 96.6 51.7 41.9 24.8

These caiculations indicate that both lithium bromide and lithivs

lodide would be unstadle when heated in moist air. Sodium lodide

probably would aiso tend to decompose when heated in moist afr. The

very marked instability of lithium fodide is worthy of note as well as th¢
sreat stability of the fluorides.

It has been suggested by Briner and Roth that the addition of silies
or alumina to the salt will facilitate hydrolysis. A calculation for sodium
chloride, silicon dioxide and water to yleld sodium metasilicate asd
hydrogen chloride shows that at 25°C. the equilibrium coustant would M
about 10*. Since the reaction is endothermic increasing the temperature
will tend to increase the equilibrium constant.

THeoreTICAL COXCLUSIONS

Thermochemical calculations indicate that the hydrol of sl
halides at high temperatures is poesible but that the e:{cnt :f“:ho res: tio
rmuhmymnummnmrmotmentervua vefy
* Mgh. The stability increases in the sequence lithium, sodium and potaseie®-
The (incrides of sodium and potassiom are less stable than the other ba i¥¢
mngmm,mnmummmmmmanmm
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Both lithium bromide and lithium iodide are unstable in the presence

of oxygen and water vapor when heated. This is in agreement with the
experimental conclusions of this study. .
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