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Abstract : As a newly developing superplastic aluminum alloy , Al Ca alloy has been widely used in industry , however the

technology for preparing Al Ca master alloy and its influencing factors need to be further studied. Therefore the Al-Ca

master alloy was prepared by using liquid aluminum cathode and a mixture of 80 %CaCl,-18 % KCl-2 %CaF, as the molten

salt electrolysis in a laboratory electrolyte cell ; the effects of electrolysis te mperature , cathodic current density and elec-

trolytic duration on current efficiency and Ca content of Al Ca alloy as well were studied. Through laboratory experi-

ments , the parameters for smooth electrolytic reaction were proposed. The proper electrolysis technology is as follows :
with the 80 % CaCl,-18 %KCI-2 %CaF, electrolyte , the electrolytic te mperature is 973 K and the cathodic current density

is 0.8 A/ecm? | the electrolysis can go on smoothly and a calcium content of 17 .5 %( mass fraction) can be obtained. With

the increase of electrolysis duration, the calcium content in the alloy increases whereas the current efficiency decreases .
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1 INTRODUCTION

As a newly developing super plastic aluminum
alloy , Al- Ca alloy has not only good plasticity , but al-
so good mechanical property, good welding property
and strong resistance of corrosion after being formed.
Therefore , a lot of metallurgical scientists have devot-

~6]

ed to the research of Al Ca alloy[1 . In the litera-

turel 3> 41,

Qiu provided some parameters for the
preparation of Al-Ca master alloy .

For the preparation of the Al Ca alloy, a mixing
process was traditionally used in industry . Due to the
high reactivity of Ca, the metal Ca was easily oxided
and there was a big metal loss during the mixing pro-
cess, so the operation process should be protected
with inert gas. However, the mixing process was
complicated and it cost much . Molten salt electrolytic
preparation of Al Ca alloy in one step can simplify the
production technology, decrease the loss of calcium
and lower the production cost . In addition, the Al-Ca
master alloy produced by electrolysis has only few im-
purities and high quality .

As a supplement of the former literature”’“,
this present paper is devoted to the factors which af-
fect the electrolysis target and some proble ms in the
electrolytic process in order to determine a proper

technology for the preparation of AF Ca master alloy .

2 EXPERIMENTAL APPARATUS AND TECH
NOLOGY

Fig .1 illustrates the electrolysis apparatus for the
preparation of Al-Ca master alloy .
The electrolysis cell consists of a graphite cru-
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cible , which was lined with a corundum crucible . At
the bottom of the corundum crucible there was a
hole. Liquid aluminum was added to cover the hole
and served as the cathode . The anode was made of a
spectral purity graphite rod of diameter 20 mm . The
graphite rod was protected by a corundum tube . The
graphite crucible was placed in an outer iron crucible .
The iron crucible was used for electric connection to
the cathode . Che mical reagents used in experiments,
such as CaCl,, KCl, CaF, were dried at the te mpera-
ture 673 K for 4 h before electrolysis .

The electrolysis condition and its variables see
Table 1 .

3 RESULTS AND DISCUSSION

3.1 Calculation of current efficiency

Current efficiency is the ratio of the actual metal
quantity obtained and the theoretical metal quantity
during electrolysis , it can be calculated on the weight
difference of the metal before and after electrolysis,
the equation is as follows :

,7=f7’t”x100% (1)

But in the small electrolysis cell , due to the me-
chanical loss and che mical loss, the equation above
leads to bigger mistake . However, the current effi-
ciency in this paper adopts the following equation and
it has high precision[”. The calcium content in the
alloy can be measured by the atomic fluorescence

spectrometry .
m w(100 - w)
n= It x 100 % (2)
where m; —mass of Al added before electrolysis,

g; w— concentration of Ca in the alloy, %( mass
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Table 1

Electrolysis condition and variables

Composition of electrolyte/ % Al cathode/ g

Electrode gap/cm

Te mperature/ K Cathodic current density/ ( A*cm” )

with the alloy forming rate ,A/ cm?; de/ dx —concen-

Cadl, KCl CaF,
80 18 2 15.0%0.1 3.0~3.5 943 ~1033 0.6~2.0
+ inner part of liquid aluminum cathode .
So the step (4) is the controlling step of the
L whole electrode process and decides the rate of the
[ - whole process. In order to make calcium atoms dif-
fusing into the inner part of the cathode and forming
alloy, the metal calcium part produced at unit area
p gxr:r:&alumccx:’l: and unit time (the producing rate, shows in the ca-
%LElecmfumace thodic current density i,) must match with the rate
gs ] Graphite anode of calcium diffusing to the inner part and forming al-
’/é Iron crucible loy( the alloy forming rate iy alloy) , it may be ex-
/ L/// Graphite crucible pressed as follows :
2 = _ de
. = Electrolyte ix = ik, aoy = - Dar dx 4 (3)
T3> \; | Cathodic aluminum where ik’auoy —cathodic current density matching
7

Fig.1 Apparatus of electrolysis cell
fraction) ; C—electroche mical equivalent of Ca,
0.74771 g/ A*h; I —current, A; t —electrolysis
time, h.

3.2 Influence of cathodic current density
The electrode process for the preparation of Al
Ca alloy by liquid Al cathode can be supposed as fol-
lows!®!:
(1) calcium ions transfer to the surface of cath-
ode by ionic migration ;
(2) calcium ions release electrons at the surface
of aluminum cathode and reduce into calcium atoms ;
(3) calcium atoms diffuse on liquid aluminum
surface and into liquid alu minum(some dissolve in the
liquid , others form Al Ca compounds(see Fig.2)) ;
(4) dissolved calcium and Al Ca compound dif
fuse at a slow rate from the aluminum surface to the
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Fig .2 Aluminum-calcium binary phase diagram

tration gradient of calcium atoms at the diffusion layer
of the cathodic inner part , g/ cm?; D g —diffusion co
efficient of calcium atoms in the liquid aluminum,
cm?/s; g —electroche mical equivalent of Ca, g/( A*
s) .

From the alloy forming process, it shows that
when i, < iy, alloy » the whole alloy forming process
can go on effectively and s moothly .

It is obvious that the cathodic current density has
an important influence on the calcium content and the
current efficiency when the te mperature is at 973 K,
the electrolyte is 80 % CaCly-18 % KCl2 % CaF, , the
experimental results are shown in Fig .3 and Fig .4.

As seen from Fig.3, the current efficiency is
very low at lower cathodic current density; when the
current density reaches 0.8 A/cm?, the current effi-
ciency has a maximum value ; when the current densi
ty increase slowly after 0.8 A/cm? , the current
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Fig.3 Influence of cathodic current density

on current efficiency



- 248 - Trans . Nonferrous Met. Soc. China Apr. 2000
20 20
16} 16
R .
12 12
“~ R
© =
~ st
® S g
8
4}
4t
0 " 1
0.6 0.8 1.0 1.2 1.4 . )
Cathodic current density/(A+cm™2) 940 960 980 1000 1020
Electrolysis temperature/ K
Fig .4 Influence of cathodic current density on
calcium content in the Al Ca alloy Fig .6 Influence of te mperature on calcium

efficiency decreases a little, however, the current ef-
ficiency will decrease apparently at very high current
density . Seen from Fig .4, the calcium content in the
alloy increase with the increasing of cathodic current
density and it can reach as high as 17 .5 %( mass frac-
tion) . The calcium content and current efficiency will
decrease apparently when i, reaches a certain degree .
It is due to the fact that the alloy forming rate falls
behind the the calcium producing rate, so as to make
the re maining calcium dissolve in the electrolyte and
react with oxide and so on, and leads to the decrease
of current efficiency .

3.3 Influence of electrolysis temperature

Te mperature is one of the important factors
which affect current efficiency. The cathodic current
density in the experiment is 0 .8 A/cm?. The experi
ment results about electrolysis te mperature are shown
in Figs .5 and 6 .

As seen from Figs.5 and 6 ,the highest current
efficiency and the highest calcium content can be ob-
tained in the temperature range of 953 ~ 993 K.
When the temperature is below 953 K or above
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Fig .5 Influence of te mperature on

current efficiency

content in the Al Ca alloy

993 K, the current effiency and the concentration of
calcium decrease a little . At lower te mperature , calci-
um diffuses in the aluminum at lower rate and the al-
loy forming rate decrease, therefore the current effi-
ciency decrease ; at higher te mperature, the loss of
calcium increases , calcium dissolves in the electrolyte
or reacts with O,, carbon and forms hard dissolved
compounds before it forms alloy with the aluminum
cathode, therefore , the concentration of calcium de-
creases especially rapidly at higher temperature.
However, the proper te mperature for the preparation
of Al Ca alloy on liquid aluminum cathode is at 953 ~
993 K.

3 .4 Influence of electrolysis duration

This experiment is carried out at 973 K and the
cathodic current density is 0.8 A/cm?. The experi
ment results are shown in Fig.7 and Fig .8 .

As seen from Figs .7 and 8, an increase of elec
trolysis duration will cause the current efficiency de-
crease whereas the calcium content in the alloy in-
creases . Because with the increase of electrolysis du-

ration, the calcium product and the calcium content
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Fig .7 Influence of electrolysis duration

on current efficiency
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Fig .8 Influence of electrolysis duration on
calcium content in the Al Ca alloy

in the alloy increase , the calcium diffuse rate in the
liquid aluminum will rapidly decrease, the dissolution
of Ca into the molten cell will also rapidly increase ,
therefore , the current efficiency decreases .

3.5 “Inactive’ during the alloy forming process
During the process of forming Al- Ca master alloy
with liquid aluminum cathode, if the condition has
not been controlled properly , it will lead to “inactive”
and the alloy forming rate will decrease rapidly or
even stop, the electrolysis will worsen, the electrolyte
target such as current efficiency will decrease serious-

ly .

Reasons which lead to “inactive” during alloy
forming process are supposed as follows :

(1) The dehydration of the agent CaCl, may not
have been complete . The presence of moisture leads
to the electric discharge of hydrogen ion and the
molten CaCl, being oxided, loss of current and cur
rent efficiency, deformation of electrode , and worsen
also the electrolysis process .

(2) Hard melting calcium carbonate and calcium
oxide cover on the surface of aluminum cathode and
cause the decrease of iy o -

(3) The actual cathodic current density i, >
ik’am,y, metal calcium forms solid calcium-rich con-
taining compound and covers the surface of cathode .

(4) The te mperature of cathodic zone is too low
to make the diffusion rate of calcium atoms in the alu-
minum decrease .

(5) With the continuous electrolysis , the calci
um concentration gradient at the inner part of alu-
minum cathode will decrease and iy alloy Wil decrease
too. So when the actual cathodic current density iy
keeps constant, whereas the gap between i, and
ik’au(,y will be larger and larger, so during the later

«

period of electrolysis the “inactive” phenomenon will

appear easily .

However, in order to make the aluminum cath-
ode keeps “active” during electrolysis, some steps
must be adopted: Control suitable cathodic current
density ; raise the te mperature of cathodic zone prop-
erly ; control quantity of cathodic aluminum and make
aluminum not too thick; control impurities (such as
water noirdissolved compounds, carbon content in
the electrolyte) and so on. In this way it can keep the
electrolysis process smooth .

4 CONCLUSIONS

1) During the preparation of AFCa master alloy
by liquid aluminum cathode, cathodic current densi-
ty, electrolysis temperature, electrolysis duration
have much effect on current efficiency and calcium
content. The proper electrolysis target can be ob
tained at 973 K, with the 80 % CaCl,-18 % KCI-2 %
CaF, electrolyte and the cathodic current density 0.8

A/cm? . A calcium content 17 .5 %( mass fraction) in
the Al Ca alloy can be obtained .

2) In order to make the alloy forming process go
on smoothly , some steps must be done : control suit-
able cathodic current density , raise the te mperature of
cathodic zone properly , control quantity and thickness
of cathodic aluminum, and control i mpurities content
in the electrolyte .
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