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Abstract An experimental method to calculate average metal ions charge by electrolysis at different temperatures is
proposed. Direct electric current and anode mass decreasing were measured during electrolysis into concentrated
NaCl solution at room temperature and 100°C. Average charges of copper, iron, and aluminium ions were
calculated using Faraday’s law of electrolysis: +3 for aluminium; +2 for iron; and +1 for copper at room
temperature, and +3 for aluminium; +2 for iron; and +1.5 for copper at temperature 100°C.
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1. Introduction

The container which consists of an outer copper canister and an inner carbon steel (Fe) tank is
used to dispose of spent nuclear fuel [1]. Copper (Cu) coatings on an aluminium (Al) wire, that
are widely used in the automobile and aerospace industries to reduce of total weight of the electric
wires, can be quickly destroyed during working since they are heated up to 200°C [2]. We have
planned to analyse the average charge of Cu, Fe, and Al ions that dissolve into an electrolyte at
room temperature and 100°C.

2. Method of average metal ions charge calculation by electrolysis at different
temperatures

The rate of cylindrical anode dissolving into electrolyte can be calculated using Faraday’s law of
dm Ml

praial= dm(t) pLdA(t). 1)
Here, m is the anode mass dissolved into the electrolyte, t is the time of the experiment, M is molar
mass, | is the direct electric current value, F is the Faraday constant (F =96,500 Cmol™?), z is a
charge of ions, A=zR? is anode cross-section area, L is anode length immersed into the electrolyte,
p is the anode density. Cylindrical anodes (99.99 % Cu, 99.96 % Fe, and 99.99 % Al) were used
for copper, aluminium, and iron electrochemical corrosion investigation. Concentrated sodium
chloride (NaCl) solution was used as an electrolyte [3, 4]. Direct electric current value and the
anode’s radii decreasing kinetics were measured. Equations (1) give:

electrolysis:

L Mit
FzpL(R2(t = 0) — R2 (1))

)

Charges of copper, iron, and aluminium ions were calculated at room temperature:
102K9/ 1.2-10°
_ 6355:10°K9, 1 .28A-1.2.10%
Foz8.9:10°K07 L, (RS, (t=0)—RE, (1))

Z: ~0.99%5~1 (3

u

https://doi.org/10.32388/FGQ6VM


mailto:yarmolenko.mv@knutd.edu.ua

27.10° k%ol '3.1A-1.2-10%s

Z, = K ~ 2954 ~3, (4
Foz2710°K97 L, - (RE (= 0) - R (t,))
55.847-10°KJ " | .315A.1.2.10°%
Ze, mo ~2.03~2, (5)

Foz7.86-10°K9 L, - (RE(t=0) - RE, (1)

where Lcu = Lre = 5°102 m, Lai = 4.5:102m; Rocu= Roal =2.8 mm, Rore =2.98 mm; Ir. =3.15A,
Ia=3.1A, Icw =2.8A, so copper dissolved into NaCl solution as the Cu" ions, iron dissolved into
NaCl solution as the Fe?' ions, and aluminium dissolved into NaCl solution as the AI** ions.
Experimental results are as follows: #1=5 min, 2=10 min, £3=15 min, =20 min; Ricu=2.74 mm,
Rocu=2.67 mm, R3cu=2.59 mm, Racu=2.5 mm, Ria1=2.77 mm, Roa1=2.73 mm, R3a1=2.68 mm,
Ran1=2.62 mm, Rire=2.95 mm, R2re=2.92 mm, R3re=2.88 mm, R4re=2.83 mm. Measurement
precision was 0.01 mm or 10 micrometers.

Literature data show that the uncharged copper (Il) chloride complex CuClz (aq)
predominates at 50-100 °C [5], so the average charge of copper ions should be greater than +1 and
less than +2. We have calculated at temperature 100°C:
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where Lcu=La=4-102m, Lre=5-10"2m, Rocu=2.27 mm, Roai=2.6 mm, Rore=2.83 mm, lai =3.15 A,
Ire =3.13 A, Icu =3.05 A. Copper dissolved into NaCl solution as Cu* and Cu?* ions, iron dissolved
into NaCl solution as the Fe?* ions, and aluminium dissolved into NaCl solution as Al®* ions.
Experimental results are as follows: t1=5 min, t2=10 min, t3=15 min, and t2=20 min; Ricu=2.2
mm, R2cu=2.12 mm, R3cu=2.03 mm, R4cu=1.92 mm; R1a1=2.56 mm, R2a1=2.51 mm, R3ai=2.45 mm,
Raai=2.38 mm; Rire=2.80 mm, R2re=2.76 mm, Rsre=2.72 mm, Rare=2.67 mm. We carried out
additional experiments, but the result was the same.

3. The amount of aluminium loss due to electrochemical corrosion per unit time
calculation

The dependence of corrosion rate (Cr), or the amount of aluminium (only Al, not Fe or Cu)
electrochemical corrosion per unit time, on temperature could be expressed in the form of
Arrhenius equation in the following way [6]:

Cp=4e R, 9)

where A is the pre-exponential factor, Ea is the activation energy, R is the gas constant and T is
temperature. We can calculate the aluminium activation energy and the pre-exponential factor
using experimental results during electrolysis at room temperature and 100°C [3, 4]:
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where kai is the aluminium anode radius-decreasing rate constant, L is the anode’s length immersed
in the electrolyte, and pai is the aluminium density.

4. Conclusions

Copper electrochemical corrosion is higher at room temperature Ti=27°C (average charge of
copper ions equals +1), and aluminium electrochemical corrosion is higher at temperature
T>=100°C (average charge of copper ions equals +1.5). The ratio of electrochemical corrosion
rates, kcu/kai, decreases with temperature increasing, although iron electrochemical corrosion rate
practically doesn’t depend on temperature below 100°C (average charge of iron ions equals +2).
It is obvious, because of the higher melting point of iron than the melting point of copper or
aluminium.
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