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ABSTRACT OF THE DISCLOSURE 
The above-mentioned method which comprises dipping 

the lower end portion of a nonmeltable electrode rod as 
one single electrode in a bath of molten metal containing 
metallic aluminium; dipping in said bath as the other 
single electrode the lower end portion of a standard elec 
trode device having a solid electrolyte of aluminium used 
as an operating medium; determining at the known bath 
temperature the potential difference between both single 
electrodes constituting a concentration cell having alu 
minium ions used as an operating medium; and immedi 
ately ?nding the percentage content of metallic aluminium 
in said/‘bath by reference to a calibration graph prepared 
by operating the same type of concentration cell as de 
scribed above containing the different known concentra 
tions of aluminium under the same conditions each time. 

This invention relates to a routine analysis for the 
manufacture of aluminium alloys accurately containing 
the prescribed amount of aluminium, which permits the 
quick determination of aluminium content in a bath of 
molten metals without sampling to control the addition of 
aluminium by reference to the results of said determina 
tion, thereby attaining the e?icient production of said 
alloys. 
The prior art quantitative analysis for determining the 

content of aluminium in bath of molten metals has been 
carried out by the method which consists in crushing the 
solidi?ed sample taken from the bath, dissolving the pre 
scribed amount of said crushed sample in an acid solution 
and effecting the chemical analysis of said solution, or 
by the absorptiometric or atomic absorption method of 
determining the content of aluminium by measuring the 
absorbancy of said solution, or by the spectroanalytic 
method which comprises grinding the lumpy sample to 
the precribed shape and size, carrying out discharge with 
said sample used as one electrode and measuring the in 
tensity of the aluminium spectrum appearing as the result 
of said discharge, thereby determining the aluminium 
content. 

However, all those conventional analytic methods con 
sist in ?rst cooling molten samples taken from a bath for 
soli?ication, crushing, cutting, grinding or dissolving said 
solidi?ed samples as a preliminary step, and ?nally carry 
ing out a complicated, time-consuming analytic proce 
dure. Accordingly, one cycle of analysis requires a great 
deal of time and work. Moreover, said prior art analytic 
methods have the drawback that the content of nonmetal 
lic aluminium, for example, aluminium oxide, contained 
by chance in the samples appears in an analytic results as 
if it constituted an integral part of metallic aluminium, 

_ and consequently fail to be used in quick routine analysis 
required for accurate control of the aluminium content 
in manufacturing its alloys. Hitherto, therefore, ef?cient 
production of aluminium alloys having the prescribed 
quality has generally presented great difliculties. 

This invention has been accomplished in view of the 
above-mentioned circumstances. An object of this inven 
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2 
tion is to provide a method for directly analyzing the con— 
tent of aluminium from a bath consisting of its alloys 
without sampling. 
Another object of this invention is to provide a meth 

od which, in the manufacture of aluminium alloys, per 
mits the quick analysis of aluminium content in a bath of 
molten ‘metals to control the addition of aluminium by 
reference to the results of said analysis, thereby attain 
ing the e?icient production of high grade aluminium al 
loys_ accurately containing the prescribed amount of alu 
minium. 

The above objects can be attained by the method of 
this invention which comprises dipping the lower end 
portion of a nonmeltable electrode as one single elec 
trode in a bath of molten metal containing metallic alu 
minium; dipping in said bath as the other single elec 
trode the lower end portion of a standard electrode de 
vice having a solid electrolyte of aluminium used as an 
operating medium; determining at the known bath tem 
perature the potential difference between both single elec 
trodes constituting a concentration cell having aluminium 
ions used as an operating medium; and immediately ?nd 
ing the percentage content of metallic aluminium in said 
bath of molten metal by reference to a calibration graph 
prepared by operating the same type of concentration 
cell as described above containing the different known 
concentrations of aluminium ions under the same con 
ditions each time, said standard electrode device being 
constructed by using molten alumina or compounds main 
ly consisting thereof into a blind dense tube, placing 
molten pure metallic aluminium at the bottom of said 
tube and dipping the lower end of a nonmeltable elec 
trode rod in said molten mass of aluminium. 

Other important objects and advantageous features of 
this invention will be apparent from the following descrip 
tion and an accompanying drawing, wherein, for the 
present purpose of illustration only, speci?c embodiments 
of this invention at set forth in detail. 

In the drawing: 
FIG. 1 is a schematic longitudinal sectional view of a 

concentration cell used in the method of this invention; 
FIG. 2 is a schematic longitudinal sectional view of a 

modi?cation of said concentration cell used in the same 
as above; and _ 

FIG. 3 is a calibration graph prepared by operating the 
concentration cell of FIG. 1 or 2 and measuring the po 
tential difference between both single electrodes of said 
concentration cell derived from three kinds of molten 
aluminium alloy samples containing different known con 
centration of aluminium ions respectively. 
There will now be described by reference to FIG. 1 

the construction and function of the concentration cell 
used in the method of this invention. A bath 2 of molten 
aluminum alloy is held in a cell vessel 1. A nonmeltable 
electrode rod 3 has its lower end portion dipped in said 
bath as one single electrode. This rod 3 is made of moly 
bdenum, tungsten, rhodium or platinum. On the other 
hand, a standard single electrode device 4 is prepared as 
follows. A dense blind tube 6, which is constructed by 
using a molten substance of alumina, spinel-type com 
pounds such as MgO-AlzOa, MnO-Al2O3, FeO-Al2O3, 
COO-A1203, NiO-Al2O3 and CuO-Al2O3, or multi-type 
compounds such as Zn-Al2O4 and 3Al2O3-2SiO2, has its 
bottom ?lled with molten mass 5 of lpure aluminum or its 
alloy, for example, Cu-Al, Zn-Al or Fe-Al, containing 
a sufficient amount of aluminum to indicate a certain de 
gree of its chemical potential. A nonmeltable electrode 
rod 7 is inserted into an insulating porcelain pipe 8, with 
the lower end portion of said electrode wire 7 dipped in 
the aforesaid mass 5 of molten aluminum or its alloy. The 
standard single electrode device 4 thus arranged has its 
lower end portion dipped in the previously described bath 
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2 of molten aluminum alloy. The concentration cell of. 
FIG. 1 consists of the above-mentioned two single elec 
trodes 3 and 4 with trivalent aluminum iOns used as an op 
erating medium. A slug 9 ?oating on the surface of the 
bath 2 of molten aluminum alloy prevents the oxidation 
of said surface or a decline in the temperature of said bath 
2. On the other hand, the mass 5 of pure aluminum or 
its alloy has its surface hermetically sealed with cement 
mortar 10 so as to prevent the ef?ux of said mass 5 and 
securely ?x the insulating porcelain pipe 8 in said Standard 
single electrode device 4. 
A millivoltmeter 13 connected to the two electrode 

rods 3 and 7 through lead wires 11 and 12 measures the 
potential difference between said electrode rods 3 and 
7. If, in this case, the standard free energy with which 
aluminum can be dissolved in a bath of molten metals at 
the temperature of said bath and the transport number of 
aluminum ions constituting a solid electrolyte are previ 
ously known, then it will be possible to determine the un 
known content of metallic aluminum in said bath of 
molten metals from the potential differences measured 
with the millivoltmeter 13, using complicated electro 
chemical calculations. However, determination of the un 
known content of aluminum directly from the measured 
electromotive force of the concentration cell instead of 
making such complicated calculations can be effected most 
quickly as well as most practically by previously provid 
ing the undermentioned calibration graphs, and carrying 
out said determination by reference thereto. 

Namely, if the electromotive force of the same type of 
concentration cell as that of FIG. 1 is measured in ad 
vance with respect to a plurality of aluminum alloy 
samples whose aluminum contents are accurately known, 
and a calibration graph is previously prepared to indicate 
the interrelationship of the aluminum content with the 
potential difference between the two single electrode rods 
of said concentration cell, then it will be possible to deter 
mine immediately the aluminum content of unknown sam~ 
ple from the measured potential difference by reference 
to said calibration graph. 

FIG. 2 illustrates a modi?ed type of the standard elec 
trode device. The concentration cell shown in FIG. 2 has 
the same arrangement as that of FIG. 1, excepting that 
electrode rod 7, insulating porcelain pipe 8 and hardened 
cement mortar 10 of FIG. 1 are replaced by a carbon rod 
15 provided with a guard lid 14 at the top. 
The method of this invention enables a routine analysis 

to be completed in less than 30 seconds, permitting the 
efficient production of aluminum alloys of constant qual 
ity. 

This invention will be more fully understood by refer 
ence to the following example. 

In a concentration cell constructed as shown in FIG. 
1, a platinum electrode rod had its lower end portion 
dipped in a bath of Cu-Al alloy containing an unknown 
amount of aluminum, the temperature of said bath being 
1100° C. There was also dipped in said bath a standard 
electrode device constructed by holding 50 g. of molten 
pure aluminum in a blind dense alumina tube and dipping 
the lower end portion of a platinum electrode wire in said 
molten pure aluminum, whose temperature was also 11000 
C. At this condition, the electromotive force of the con 
centration cell was measured. The millivoltmeter attached 
to the cell indicated 350 mv. in about 10 seconds after the 
cell was started, and later maintained this voltage. 

Prior to the above-mentioned determination of elec 
tromotive force, there had been provided a calibration 
graph. The cell was previously operated under the same 

10 

20 

25 

35 

40 

45 

50 

60 

65 

4 
condition each time to measure its electromotive forces 
corresponding to three kinds of molten Cu-Al alloy sam 
ples containing 0.02%, 0.5% and 1.0% by weight of 
aluminum respectively, the resultant electromotive forces 
indicating 510 mv., 205 mv. and 140 m-v. respectively. 
Said electromotive forces plotted on a graph provided a 
calibration curve A shown in FIG. 3. Reference to the 
calibration curve A immediately determined the aluminum 
content corresponding to the afore-mentioned measured 
electromotive force of 350 mv. to be 0.09 weight percent. 
What we claim is: 
1. A method for quick quantitative analysis of the con 

tent of metallic aluminum in a bath of molten metals 
which comprises the steps of 

(a) providing a concentration cell containing a non 
meltable electrode rod and a standard electrode de 
vice, both of which have the lower end portions 
dipped in a bath of molten ‘metals, said standard 
electrode device substantially consisting of a blind 
dense alumina tube, a molten mass of metallic 
aluminium received at the bottom of said alumina 
tube, and another nonmeltable electrode rod having 
its lower end portion dipped in said molten mass; 

(b) measuring the potential difference between the two 
nonmeltable electrode rods in the step of (a); and 

(c) determining the unknown content of aluminum in 
the bath of molten metals with reference to a calibra 
tion graph previously prepared from data on the 
different known aluminum concentrations in a plural 
ity of samples by operating the same type of con 
centration cell as described above under the same con 
ditions each time. 

2. The method according to claim 1, wherein the non 
meltable electrode rods are made of a metal selected from 
the group consisting of molybdenum, tungsten, rhodium 
and platinum. 

3. The method according to claim 1, wherein the non 
meltable electrode rod in the standard single electrode 
device is made of carbon. 

4. The method according to claim 1, wherein the blind 
dense alumina tube is made of a spinel-type compound 
selected from the group consisting of A1203, MgO-Alzos, 
MnO'Al2O3, FGO'AlgOg, NiO'A1203, cuO'Ai203 and 
ZnO'A1203. 

5. The method according to claim 1, wherein the blind 
dense alumina tube is made of 3Al2O3-2SiO2. 
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