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Reductions using solutions of calcium in molten salts. 

Many attempts have been made to reduce the oxidation state of 

silicon in silica or the silicates, with the object of producing mono-

1 silane. For example Jackson, Marsh and Muetterties used hydrogen under 

(1) Jackson, Marsh and Muetterties, J, Inorg. Chem., ~~ 43 (1963). 

a pressure of 400 atm. at 175° to reduce ·silica in aluminum chloride/ 

sodium chloride eutectic (m.p. 120°), in the presence of aluminum metal. 

Silane of at least 99% purity was obtained in good yield. At much 

higher temperatures (up to 8oo0
) the yield of SiH4 becomes very low 

owing to its thermal instability. This reduction process is not con-

venient owing to the high pressures which must be used. --. 

Other'methods of producing silane involve reaction of silica or 

silicates with lithium aluminum hydride in, for example, lithium chloride/ 

potassium chloride eutectic at temperatures in the vicinity of 450~ 

silane being carried away in hydrogen~ Japanese workers have recently 

(2) H. Clasen, R. Joppen and v. Sauga, Ger. Pat. 1,150,959 (Cl. i2i), 

July 4, 1963, Appl. June 8, 1961. 

reported the direct syntheses of silanes from silicon and hydrogen under 

high pressure and at high temperatures, with hydrogen sulphide and heavy 

metal sulphides as catalysts~ 

(3) Kenkichi Tachiki and Yutaka Yamashita, Japan Pat. 21, 507 (1961). 
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In the present investigation, it was decided to use hydrogen in 

the presence of calcium dissolved in calcium iodide/potassium iodide 

eutectic, as reducing agent, with helium as carrier gas. 

Method 

Solid lumps of (fused) calcium iodide hexahydrate were mixed with 

about half their weight of potassium iodide and an equal weight of 

ammonium iodide. The mixture of salts was heated to remove water of 

crystallization, the purpose of the ammonium iodide being to prevent 

hydrolysis of the calcium iodide. The dehydration was carried out either 

0 by heating in vacuo, first at 200 then at a higher temperature until 

anhydrous and molten; or by heating small batches of the mixture in an 

evaporating dish in the strong draft of a fume cupboard to remove ammonium 

iodide and water. Anhydrous salt mixtures of melting points between 350 

and 375° vlere thus obtained. 

The calcium iodide/potassium iodide solids were stored in a 

desiccator above silica gel until required. As they were extremely 

hygroscopic it was found difficult in practice, to exclude a small amount 

of water pickup during subsequent transfer to the reaction vessel. The 

salt system was selected because its melt is a good solvent for' calcium 

metal and its melting point is reasonably low. 

The calcium iodide/potassium iodide anhydrous solid mixture was 

loaded into a Pyrex reactor together with solid pieces of calcium metal 

(turnings). Different concentrations of calcium metal had no apparent 

effect on the course of the reaction. Usually between 2 and 5 mole per-

cent calcium metal was used although as high as 10 mole percent was used 

in one run. The reactor was heated in an electric furnace in vacuo at 

.. 
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200° until the small quantity of water in the system was distilled over 

into the liquid nitrogen cold trap. Helium was then admitted through a 

mercury bubbler and the temperature of the reactor was raised until the 

salt mixture melted. After further bubbling of helium through the melt 

for 40 minutes, the temperature of the reactor was raised to its final 

operating temperature. In different runs, different temperatures between 
. 0 

350 and 550 were used, without causing any apparent difference to the 

products. 

Hydrogen was admitted into the gas stream and a vigorous reaction to 

form calcium hydride ensued. Helium was cut-off and hydrogen then used 

as carrier gas. Silica powder was shaken into the inlet gas stream from 

a side tube and was carried by the gas flow into the reaction mixture. 

In early experiments silica gel or in some cases, "precipitated silica" 

(silicic acid) previously heated to 150° for 24 hours, was used. In later 

runs the.silica gel was previously heated to ?50° for 12 hours in vacuo, 

before use. The latter method of dehydration appeared to effect a better 

yield of final product. 

The carrier gas was passed through two cold traps, the first in solid 

COiacetone and the second in liquid nitrogen, before being allowed to 

escape into the atmosphere through a mercury bubbler. In the co2/acetone 

cold trap, 2 to 3 drops of a neutral liquid condensed during each run. 

This was shown to have the same vapor pressure as water and it was con-

eluded that water is a reaction product although there is still the 

possibility that a small trace of water may be present in the initial 

reactants. Nothing was condensed in the second cold trap during any 

run - hence the desired product, silane, was not obtained. 
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After the completion of a reaction (approximately 1 hour), the 

hydrogen flow was cut off and helium bubbled through the melt to sweep 

out hydrogen. Yne reaction tube was then capped, removed from the fur-

nace, tipped onto its side and allowed to cool. The solidified melt was 

stored in a desiccator over silica gel until required for testing. 

The solid product \'ras in all cases brownish black and heterogeneous. 

Part of it reacted vigorously with acids or water evolving hydrogen and 

leaving a brownish black gelatinous solid· Calcium hydride was always 

present in excess. 

After leaching the products of two runs with 5N hydrochloric acid, 

the remaining solids were filtered off, washed well with distilled water 

and dried at 170~ The brownish black povrder which was thus obtained 

dissolved in hydrofluoric acid and on heating in air, produced a white 

powder, silica. The product was thus silicon together with an unknown 

amount of silica. Unfortunately, X-ray analysis was not able to assist 

in its identification as it was non-crystalline and gave no well defined 

X-ray diffraction pattern. 

In reductions using excess of calcium dissolved in calcium iodide/ 

potassium iodide et•.tectic without the use of hydrogen, reduction to form 

silicon was not attained. The brownish solid reached with water or 

hydrochloric acid to give silica and a flamable gas. 

Analysis of Results (Calculations are given for convenience at 8o0°K). 

Possible reactions in the presence of hydrogen are: 

(1) 

(2) 

Ca(s) + H2(g) ~ 

CaH2(s) + 2 Si02(q) ~ 

CaH2(s); 6 FBOOoK = -17,062 cal. 

CaSi0
3

(s) + H20(g) + Si(s) 

0 
6 F8oOoK = -2,100 cal. 
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Under the experimental conditions, reaction (1) would always go 

to completion. Reaction (3), although thermodynamically feasible, was 

not observed to take place. This is because the standard free energy of 

formation of SiH4(g) at 8o0°K is +24.1 Kcal per mole - hence a negligibly 

minute pressure of SiH4 would be present at equilibrium with its decompo

sition products except as very high pressures of hydrogen. Reaction (2) 

is thermodynamically feasible and takes place under the experimental 

conditions. 

Reactions bet\>reen caldum and sili~a ( \>ti thout hydrogen) 

Possible reactions are: 

(4) 2 Ca(s) +3 Si02(q) -+ Si(s) + 2 CaSi0
3
(s); 1::.. FBoOoK = -123,8o0 cal. 

(5) 2 Ca(s) + Si(s) -+ Ca2Si(s); 1::.. FBoOoK = -50,000 cal. (approx.). 

The free energy of reaction (5) is not known but is estimated at approx-

imately -50 Kcal by Professor Brewer. 

It is clear from the free energies involved, that reduction using 

calcium metal solutions without the presence of hydrogen, will go to 

completion initially to produce silicon which will react with excess of 

calcium to form a calcium silicide. In these experiments calcium was 

always present in excess - hence no free silicon was obtained as product. 

Reaction of the calcium silicides with water or hydrochloric acid pre-

sumably gave silanes or silyl polymers (together with hydrogen from 

reaction of uncombined calcium with water or hydrochloric acid). 

The investigation, although not producing the desired product silane, 

indicates some of the potentialities of reactions using molten salts as 

solvents. Such reactions, and in particular the possibility of producing 
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pure silicon by such methods, would appear to merit further investigation. 

I wish to thank Professor Brewer for arranging financial support 

and for making available to me the facilities of the Inorganic Materials 

Research Division; also for helpful comments and suggestions throughout 

the course of the investigation. 
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and for many helpful discussions. 
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