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Current efficiency of the electrolysis of molten mixtures of alkali metal
chlorides with strontium chloride was investigated. In the case that the melts
are of low density in comparison with aluminium-based cathode, the current
efficiency depends on content of strontium in the alloy and on cathodic current
density. If the cathodic current density is higher than 5 A dm=? current
efficiency rapidly falls down.

H3yyeH BbIXO[ MO TOKY 3JIEKTPOJM3a PACIJIABOB XJIODHIOB LIETOYHBIX
METAJUIOB, COAEPXAaLIUX XJIOPUCTBIA CTPOHUMA. BbUIO HaiieHO, YTO mNpH
MCIOJIb30BAHNM PACIUIABOB, INIOTHOCTH KOTOPbIX HIDKE, YEM IJIOTHOCTb KaTO-
1a 06pa3yeMoro CIIaBOM aJIIOMHHMS, 3aBUCUT BBIXOJ, 3JIEKTPOJIN3A MO TOKY OT
coliepXXaHHUs CTPOHIMSA B CIUIaBe M OT IUIOTHOCTH TOKAa Ha Kartofe. Eciu
MOCJIEIHAS BbILIE, YeM 5 A [IM~2 BBIXOJ 10 TOKY PE3KO Majaer.

The most important commercial aluminium casting alloys used today contain
5—12 mass % of silicon which improves significantly the casting characteristics of
pure aluminium. However, if these alloys are used without ‘“modification” coarse,
plate-like primary crystals of silicon are formed through cooling. These particles
are brittle and owing to that the alloy loses its strength and ductility. Modification
process involves an undercooling of the alloy and selective inhibition of silicon
nucleation and growth of crystals [1]. The process results in formation of finely
dispersed Al—Si eutectic surrounding primary aluminium. Due to desired structure
marked improvement of mechanical properties of the alloy is evident. In the past
mainly metallic sodium in amount of 0.01—0.02 mass % had been added to
achieve the modification of aluminium—silicon alloys. Disadvantage of this
method of modification is that sodium burns violently during the addition and it
volatilizes through subsequent holding at molten metal temperature and therefore
the modification effect is only short lived. The problem cannot be solved by an
excessive addition of sodium because it leads to ‘“‘overmodification” caused by the
formation of coarse Al—Si—Na compounds.

An alternative modification process uses strontium instead of sodium. The
modification ability of strontium is similar to that of sodium but its oxidation is
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much slower and the alloy modified by strontium keeps approximalety five times
longer its desirable properties.

This paper deals with the preparation of master alloy of aluminium with
strontium by the electrolysis of molten salts. Also the electrolysis of molten
electrolyte is discussed which allows to deposit strontium directly into alumi-
nium—silicon alloy. The modification process is then more intensive if compared
with methods based on simple chemical reactions between aluminium—silicon
alloy and strontium salts [2, 3].

Experimental

The electrolytic deposition of strontium was carried out in graphite or sinter-corundum
crucibles of diameter 30 mm, height 50 mm. The crucibles were placed in a shaft furnace
heated by a resistor heating element. An inert atmosphere was assured and temperature
which was measured by PtRh10—Pt thermocouple was kept constant with precision 1 K. In
the begining phase of each experiment the cathode was formed by pure aluminium or by
aluminium—silicon alloy (containing 12 mass % of Si). For anode a graphite rod of diameter
4 mm was used. In the case of sinter-corundum crucibles current supply to the cathode was
given by tantalum wire insulated by sinter-corundum capillary. Potentiostat (Ple-60,
VPZ SVUOM, Czechoslovakia) working in a galvanostatic regime as a power supply was
used. The analysis of strontium was carried out by the method of atomic absorption
spectroscopy (Perkin—Elmer 305 A). The metallographic observations were carried out by
the metallographic microscope Epityp 2 (GDR).

Chemicals used were of anal. grade and they were dried at 650°C.

Results and discussion

Having the data on Gibbs energy of formation of NaCl, KCl, and SrCl, [4, 5] it is
possible to calculate the following values of standard decomposition potentials of
these compounds at 1000 K: E°(NaCl) = 3.286V, E°(KCl) = 3.529V,
E°(SrCl,) = 3.493 V. So the standard decomposition potential of strontium
chloride is about 0.2 V higher than the standard decomposition potential of sodium
chloride. Therefore, should strontium be the primary cathodic product of the
electrolysis of melt of the system NaCl—KCl—SrCl,, the cathodic process has to
include a depolarization effect of about 0.2 V. It was confirmed by experiment that
at low content of strontium in cathodic alloy (lower than 3 mass % Sr) and at low
current density (less than S A dm™) it is really strontium which is primarily
deposited on the cathode. The remarkable depolarization in the process of
electrodeposition of strontium into aluminium cathode can be explained by the
existence of compound ALSr [6]. In the phase diagram of the system Al—Si—Sr
[6] three compounds can be seen: ALSr, SrSi,, and SrSi. If only the binary system
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Al—Sr is considered then the depolarization of 0.2 V corresponds to Gibbs energy
of formation of AlSr equal to —38.6 kJ mol™"'. (The relation AG®=nFE° was
used ; n means the charge number of the reaction, which equals 2 for strontium ions
and F is the Faraday constant.) Calculation of the phase diagram Al—Sr [7]
confirmed that this value of Gibbs energy is consistent with the experimental phase
diagram.

All experiments were carried out at temperature of 1000 K. Composition of
the melt was determined by two aspects, both phase diagram of the system
NaCl—KCl—SrCl, [8] and density of melts of this system [9] were taken into
account.

The first series of experiments were done with electrolyte of the binary system
KCI—SrCl, (50 mole % KCl+ 50 mole % SrCl,). However, the obtained results
were unsatisfactory. The aluminium cathode contained only ca. 0.015 mass % of
strontium regardless of current passing through the cell. This result can be
explained by a small difference in density of metal and the melt (0.09 g cm™)
which resulted in bad contact between graphite cathode and aluminium. Probably
happened that simultaneously with strontium also potassium was deposited.
Mechanism of electrode processes is apparently similar to that in the case of
production of strontium by the electrolysis of the melt KCI—SrCl, [10].

In further experiments melt having composition 35 mole % NaCl+ 35 mole
% KCl+ 30 mole % SrCl, was used. Density of the melt at 1000 K is 1.98 g cm™,
which is about 0.3 g cm™ lower value than for aluminium. Results of electrolyses
carried out at different current densities and duration of electrolysis are summari-
zed in Table 1. Repetition of experiments at the same conditions allowed to
evaluate relative dispersion of current efficiency + 5%. From the obtained results
it follows that a high current efficiency of the electrolysis can be achieved if both
content of strontium in alloy and cathodic current density are low.

Table 1

Dependence of current efficiency (n) on current density (j) and duration of electrolysis (¢)
Composition of electrolyte : 35'mole % NaCl + 35 mole % KCl + 30 mole % SrCl,
Temperature 1000 K, aluminium cathode

j/A dm™ t/min mass % Sr in Al n/%

1 30 0.49 90.4

4 30 2.16 102.3

4 60 3.49 84.2

4 120 5.06 61.4

4 240 495 30.0

8 30 1.96 30.0
16 30 0.0025 0.02
16 60 0.0025 0.01
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If the cathodic current density exceeds 5 A dm™2, current efficiency of electrode-
position of strontium sharply decreases. This phenomenon can be explained by
slow transport of strontium from the surface of cathode into the bulk of metal.
From the phase diagram of the system Al—Sr can be seen that at 1000 K the solid
compound AlSr coexists with melt containing 5 mole % of strontium (14.6 mass
%). It allows to explain why the increasing content of strontium in alloy and/or the
increasing current density influences unfavourably current efficiency of electrode-
position of strontium. If the activity of strontium in surface layer of the cathode
increases the depolarization effect is diminished and primary product of cathodic
reaction appears to be sodium the solubility of which in aluminium is low.

Recently, papers on the electrode processes in the system Zn (resp.
Zn—Sb)—melt NaCl—KCl—SrCl, [11, 12] have been published. Concerning
current efficiency and electrode potentials the authors observed some phenomena
which are qualitatively similar to those reported here. The authors explain their
observations by the existence of Sr** and Sr* ions in the melt. The existence of Sr*
ions in this system seems to be unprobable. We suggest that the data published in
[11, 12] can be explained in a similar way as in this paper, namely by the
depolarization caused by the formation of intermetallic compounds in the system
Zn—Sr [13].

The results obtained with cathode formed by aluminium—silicon alloy were
principally the same as those obtained with aluminium cathode. It is obvious that
this result can be utilized for the preparation of Al—Si—Sr master alloy or for
direct modification of Al—Si alloy if a small desired amout of strontium is
electrodeposited. In comparison with simple treatment of Al—Si alloys with
strontium salts the electrolytic process is substantially faster [14]. In the former
case the concentration of 0.01 mass % Sr was achieved in 4 h but the electrolytic
process allows to accomplish modification in several minutes. Besides, the content
of strontium can be higher than in the case of currentless process.
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