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Introduction. The usual trouble experienced with aluminium ingot is 
the contamination or the formation of oxides. Hanson and SlaterM attributed 
the chief cause of the formation of pin-holes in aluminium cast to the action 
of steam, and it is well known that in corroded parts of aluminium ware 
oxides are always detected in their centers. This being so, the injurious 
effect of oxides contained in aluminium is generally even more serious than 
that of other metals contained as impurities. The oxides in aluminium can 
not be removed by reducing agents such as carbon or hydrogen which are 
usually effective in other heavy metals. In the case of aluminium, however, 
it can only be cleaned or deoxidised by means of fluxes, but the fundamental 
chemical reactions underlying this action have never been fully elucidated 
so far. 

I found that all the chloride fluxes have a decided cleaning power although 
in varying degrees, and that this deoxidising action is due chiefly to the 
chlorine gas liberated from these fluxes in contact with aluminium. Based on 
this knowledge, I made a systematic study of the action of chlorine gas and 
also of nitrogen gas on aluminium melt and was able to throw some light on 
the mechanism of cleaning. 

Chloride Fluxing. As chloride fluxes the following chlorides were em-

ployed in my experiments : sodium chloride, potassium chloride, ammonium 
chloride, lithium chloride, calcium chloride, magnesium chloride, barium 
chloride, nickel chloride, manganese chloride, zinc chloride, aluminium chlo-
ride, ferric chloride, cupric chloride, stannous chloride, silicon tetrachloride, 
titanium tetrachloride, and carbon tetrachloride. 

The aluminium ingot, 250 grams for each experiment, was melted at
700℃.in a graphite crucible, and each of the above fluxes in varying quanti-

ties packed in thin aluminium plate, was thrown into the melt kept at about

700℃.and pushed down to the bottom of the crucible by means of an iron

utensil so that the deoxidising action was as complete as possible. Liquid

(1) J. Inst. Metals, 46 (1931),187.
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chlorides were injected to the bottom part of this melt through an iron tube 
and well agitated. 

The molten aluminium acted upon by the fluxes was then cast. The 
specimen casts so obtained were then subjected to analysis and to metallo-

graphic examination. 

It is certain, however, that all these chloride fluxes have more or less 
deoxidising power depending on the kind and quantity used. Moreover, the 

general effect appears about the same regardless of the kind of metals of the 
chlorides. The conceivable reactions which may occur between these chlorides 
and aluminium are discussed below. 

Firstly, if the number of chloride molecules which decompose without 
entering into reaction with aluminium, either by heat, or by catalytic action 
of aluminium, or by some other causes, is taken as x, then

. (1).

where M denotes metal. 

Secondly, if the number of chloride molecules which decompose and give 

off chlorine that combines with aluminium is taken as y, then

(2).

where by = 3c, hence c = by/3. 

Lastly, if the number of chloride molecules which remain as such or go 
out of the sphere of reaction by sublimation or volatilisation, is taken as z, 
then

(3).

Although it is conceivable that a certain portion of the chloride forms 
double salts with aluminium or aluminate, such complex cases are not included 
in the formula (3) for the sake of simplicity. This omission, however, does 
not interfere much with the main discussion, for, as has been confirmed by 
experiments, no chloride remains in the cooled cast of aluminium. 

From the above three equations we obtain

(4).

If there is no chloride that has not undergone decomposition, or in the case 

z =0,



1935] On the Action of Chloride Fluxes on Oxides Contained in Aluminium. 381

(5).

Therefore, if we determine, after the treatment with a chloride, the amounts 
of M and Cl remaining in the aluminium and that of evolved chlorine, we can 
conjecture .the type of the reactions which actually took place during fluxing. 

For this purpose, the amount of chlorine liberated from the chloride 
thrown into aluminium was first determined, but it was soon discovered that 
the results obtained were not entirely reliable on account of several factors 
which made the determination very troublesome. Under the circumstances, 
the amount of metal remaining in the aluminium specimen was determined 
on one hand, and on the other hand the amount of chlorine liberated by the
decomposition of the chloride alone in a heated tube at 800℃. was estimated.

From the combined results of these determinations, the degree of decomposi-
tion of the chloride may be more accurately estimated. 

A fixed amount of each of the above-mentioned chlorides was thrown into 

the molten aluminium in a graphite crucibles, and the chlorine gas evolved 
was absorbed by normal solution of silver nitrate, the amount of chlorine 

absorbed being determined by titrating the excess of silver nitrate with 
normal sodium chloride solution. 

It must be mentioned that in order to obtain reliable figures in this 

experiment it is necessary to repeat the experiment at least 6 times-some-
times as often as 9 times-as it is exceedingly difficult to carry out the 

experiments under the same conditions exactly.

Fig. 1.

The arrangement of the apparatus for the experiment is shows in Fig. 1. 
A tall refractory cylinder with a closed bottom (D) is placed inside an electric
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furnace (ABC) supported on a block (H) and the open end of the cylinder is 
covered tightly with a glass cap (I) provided with a hole and a branch pipe. 
The aluminium specimen (G) is melted in a graphite crucible (F) placed on the 

bottom of the refractory cylinder, and an iron pipe (E) passing through a 
hard rubber tubing (K), is inserted into the molten aluminium. A thick 
rubber tube (L) is attached to the top of the iron pipe and is provided with a 
regulating cock (J). The branch pipe of the glass cap is connected with a 

cooling tube protruding into a dust-catcher (N), which is followed by an 
empty bottle (O), a gas drying bottle (P) filled with concentrated sulphuric 
acid, bottles (R, R, R) containing normal silver nitrate solution, another empty 
bottle (O), and a washing bottle of sulphuric acid (P) connected with a filter 

pump (S). An extra bottle (Y) containing a known quantity of normal silver 
nitrate solution serves for determining the end point of the reaction by 
sucking a part of the gas through it toward the end of reaction. If no turbi-
dity occurs in this bottle the reaction may be considered as finished. In the 

case when the degree of decomposition of a chloride alone is to be examined
by putting it in a hot place heated at 800℃.,acylinder(W)instead of(D)is

used in which a thermo-couple is placed, the other parts being the same as 
the above-mentioned arrangement. 

A fixed amount of a chloride was thrown into the aluminium melt through 

the iron pipe (E) and the suction pump (S) was set to work, adjusting at the 
same time the cock (J) so that the absorption of the chlorine would be com-

plete. 

A great deal of attention is required for control of suction according to 

the nature of the chloride -whether it is volatile or fusible. Even volatile 
chlorides seldom reach as far as bottle (O) or (P) on strong suction, but are 

generally deposited in the cooling tube (M) and are mostly caught in the 
bottle (N). Three bottles of silver nitrate solution were found to be sufficient 

on actual experiment. No accident whatever occurred even in the case of 
liquid chloride. The results of experiments are given in Table 1. 

From these results it will be noticed that the various chlorides differ in 
their decomposition rates. The following chlorides were found to give off 
a comparatively large quantity of chlorine : NH4Cl, LiCl, MgCl2, ZnCl2, 
MnCl2, AMCl3, FeCl3, CuCl2, SiCl4, and TiCl4 . It is interesting to note that 
the decomposition of LiCl and FeCl3 is very much accelerated in the presence 
of aluminium. The following chlorides, on the other hand, suffer decomposi-
tion to a much less extent : NaCI, KCI, CaCl2, BaCl2, NiCl2, SnCl2, and CCl4, 
of which NaCl alone is enhanced in its decomposition rate when it is in contact 
with molten aluminium.
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Table 2. Analysis of the Original and Cleaned Aluminium Specimens.

(250grams aluminium kept at 750C°. for 5-10 minutes

after the flux is added.)

(A) Cleaning with Zinc Chloride. (A) (Concluded)

(B) Cleaning with Titanium Chloride.
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Taking the rate of chlorine evolution into consideration the following 
chlorides may be recommended as suitable fluxes for the evolution of chlorine : 
LiCl, AlCl3, FeCl3, SiCl4, and TiCl,. 

Now returning to the subject of the cleaning or deoxidising action of the 
chloride, it can be supposed that this is attributable to the action of either the 
chloride, i. e. Ma,Cla itself, or the products of decomposition, i.e. M or Cl, or 
AlCl3 newly formed. 

For example in the case of zinc chloride used as a flux, it is not likely that 
ZnCl2 itself or AlCl3 formed will reduce Al2O3 . Besides, in the cleaned alumi-
nium, chlorine is not detected. It is also not expected that the metallic zinc 
would have a deoxidising action on aluminium. Chlorine, on the other hand, 
is entirely non-reactive with the oxygen in aluminium, and yet the fact that 
cleaning has been effected is evident from the analytical results recorded in 
Table 2 (A). Similarly, titanium tetrachloride has also a cleaning power as 
shown in Table 2 (B). 

Here again, the cleaning action can not be ascribed to any chemical reac-
tion in connection with TiCl4 and aluminium. It is interesting to note that .

Fig. 2.

the cleaning action is not necessarily proportional to 
the amount of the flux added, and that in the case of 
zinc chloride, about 0.7%o of the flux gives the maxi-
mum efficiency or the condition approaches the case 
of equation (5) in which no chloride remains unde-
composed. This percentage of flux for the maximum 
efficiency, however, varies with the nature of chlorides, 
the quality of the aluminium, and the amount of the 
melt. 

Based on the results of the above experiments, 
that all the chlorides show more or less a similar 
cleaning effect, the present author was led to think 
that the chlorine gas set free from the chloride may 

perhaps be responsible,, directly or indirectly, for this 
deoxidising action. He, therefore, conducted experi-
ments by using chlorine gas alone in an apparatus as 
shown in Fig. 2. 

Chlorine gas, prepared from hydrochloric acid and 

potassium permanganate, is stored in bottles (C, C). 
By means of a water flow from a reservoir (W), whose 
water level is kept constant by an overflow device, the

chlorine gas, after being dried over sulphuric acid (S), is bubbled, at a 
constant rate through an iron pipe (T) having many small holes at one end,
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into the molten aluminium in a graphite crucible (G). N in the figure is a 
nitrogen bomb, and in case nitrogen gas is used instead of chlorine gas for 
comparison, this bomb is directly connected to the drying bottle (S). 

The results of experiments, in which chlorine gas was passed into 250
grams of aluminium melt at 750℃. for varying durations are shown in

Table 3. 

Table 3. Analysis of Aluminium Treated with Chlorine Gas.

(250g. Al treated at 750℃., settled for 5-10 min.

after the gas passed.)

As obvious from these results, the chlorine gas alone is decidedly effective

for the cleaning action, and the Al2O3 content approaches the level of what

may be called the"limit of dissolved oxygen"with the prolongation of the

treatment. By this treatment, aluminium is attacked by chlorine and some

portion is lost as aluminium chloride.
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Table 4. Ignition Temperatures of 
 Various Metals in Chlorine Gas. 

(Sample taken, 5 grams.)

"White fume was observed , but no active 
ignition occurred at this temperature.

Table 4 shows the ignition 

temperatures of aluminium and 

other metals generally contained 

in aluminium as impurities in the 

atmosphere of chlorine, as deter-

mined by the author. The same 

table also shows the extinction 

temperatures and the duration of 

burning when 5 grams of each of 

the specimens were employed for 

the experiment. As all the metals, 

contained as impurities, have a 

higher ignition and extinction

Table 5. Analysis of Aluminium Treated with N2 Gas. (250 g. Al
treated at 750℃..and settled at the same temperature for

5-10 min. after the passing of the gas.)
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temperatures than pure aluminium, they are not materially reduced in 

quantity by the treatment with a chloride. 

During this treatment, the formed chlorides, the oxides, and other oc-

cluded impurities accumulate on the top of the melt and go into the slag, 

which amount increases with the duration of the treatment. By analysis, the 
cleaned aluminium was found to contain almost no detectable chlorine. As 

has already been confirmed, chlorine gas has no deoxidising action. Hence, 

the only possible explanation regarding the cleaning effect by chlorine must 
be sought mainly in its action of mechanical removal of the oxide at the time 

of its ascension through the molten aluminium. It is also conceivable that

Duration of Passing of Gas (min.) 

Fig. 3.

the undecomposed chlo-
ride or the newly formed 
aluminium chloride aids 
the removal of the im-

purities at the time of 
their sublimation or vol-
atilisation. 

If the above reason-
ing be correct, any kind 
of gas, which has no 
tendency to remain in 
aluminium as chlorine, 
should act in the same 
way. In order to test 
this point, I tried in a 
similar way with nitrogen 

gas for comparison, which 
has been found almost 
non-reactive with alumi-
nium. The results of ex-

periments with nitrogen 
gas are given in Table 5, 
which shows clearly that 
the above reasoning is 

justified. 

The cleaning effect 
of chlorine and nitrogen is 
shown diagrammatically

in Fig. 3 ; this indicates clearly that similar, if not the same, results are 

obtained with these gases.
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Original Aluminium Ingot

(Z 1) (Z 8)

(C 2) (C 8)

(N 1)
(N 9)

A:Macrograph ×7, B:Polished surface ×120, C:Surface etched with NaOH solution.

Fig.4.
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From the above experimental results, the author ventures to propose 
that any gas that is not likely to be occluded in aluminium or any compound 
which will liberate such a gas in molten aluminium would act as a cleaning 
agent. Its cleaning efficiency, however, depends on such properties as vis-
cosity between the gas and the metal, specific gravity of the metal, etc. 
For a chloride flux, it is, therefore, advisable to select a compound which 
decomposes easily according to the equation (1) and the liberated metal, 
when alloyed with aluminium, does not harm the properties of the resulting 
aluminium. 

Microscopical Examination of the Specimens. All the specimens ob-
tained in the present investigation were microscopically examined. In Fig. 4 

photographs of some representative specimens are shown. 

Conclusion. When aluminium ingot is treated with chloride fluxes, the 
content of oxygen in the aluminium is decreased. The cleaning action of 
these chloride fluxes is mainly due to the chlorine gas liberated from the 
chlorides, which, when escaping from the aluminium melt, conveys and 
removes the oxide and other impurities contained in the aluminium melt. 
Any other gas, such as nitrogen, which is not likely to be combined or occluded 

by aluminium, has also the same cleaning power if used alone or in combina-
tion with other gases. When fluxes other than chlorides have to be employed 
for cleaning purpose, one should select such compounds which do not remain 
unchanged in the aluminium or as their decomposition products. Or if they 
remain, they should give no harmful effect to the aluminium. Compounds 
that give off a comparatively large quantity of harmless gas in aluminium 
are suitable for cleaning fluxes, and LiCl, AICl3, TiCl4, and SiCl4 are recom-
mended for this reason. 

The author might take this opportunity to say that cleaning by chlorine 

gas is actually carried out in several aluminium works in this country, and is 
giving satisfactory results. 

(July 20th, 1934)


