
Materials Science-Poland, Vol. 24, No. 4, 2006 

Quasi-periodic microstructuring of iron cylinder 

surface under its corrosion under combined  

electric and magnetic fields 

O. YU. GOROBETS, D. O. DERECHA
* 

Institute of Magnetism of NAS of Ukraine, Kiev, 03142, Ukraine 

The phenomenon of quasi-periodic microstructuring of the surface of iron cylinder under its corro-

sion in the nitric acid, under combined electric and homogeneous permanent external magnetic fields has 

been investigated. Temporary dependences of microstructure parameters on the strength of the magnetic 

field, voltage and concentration of acid  are presented in the paper. 
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1. Introduction 

Technologies of metal electrodeposition to create surfaces possessing functional 

properties constitute about 25% of the surface modification market [1]. Magnetoelectro-

lysis is one of the most prospective directions in this field [2–12]. In particular, magnetic 

field applied to electrolytic cell allows obtaining “branchy” structure of a fractal surface 

as well as surfaces with improved smoothness and reflectivity [13, 14]. It is also well 

known that magnetic field influences the corrosion rate of metals, for example, copper 

[15] and iron [16]. However, use of magnetic field in structuring metal surface under 

corrosion has been much less investigated than its application to electrodeposition. 

Magnetohydrodynamic stirring of electrolytes has a considerable influence on struc-

turing of metal surface under combined magnetic and electric fields. It is explained 

theoretically on the basis of the magnetohydrodynamic equations and the theory of the 

convective diffusion [2–16]. Recently multivortex stirring of nitric acid solution was 

revealed in the vicinity of the surface of a metallic cylinder under its corrosion under 

constant magnetic field when electric field was not applied [16]. In such conditions, 

quasi-periodic microstructuring of the surfaces of steel and iron cylinders was found 
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[17, 18]. The effect of quasi-periodic microstructuring of a surface corroding under  

magnetic field is an example of nonlinear self-organization. Thereupon investigation 

of the influence of magnetic field on the surface structure of a metallic cylinder under 

its cathode and anode corrosion represents fundamental and applied interest. 

2. Experimental 

The surfaces of iron cylinders were investigated under corrosion in solutions of ni-

tric acid under external constant magnetic and electric fields. The installation consists 

of an electromagnet with pole tips and a visualization system [16]. Two iron cylinders 

1 are fixed in a container 2, parallel to each other at the distance of 3 cm as is shown 

in Fig. 1. Brass plates 3 with the gaps are used for fixing the cylinders outside the container 

and for the contact with the electric circuit which is connected to the plates. The circuit 

consists of a voltage source, the resistor 4 used to change the voltage between the two cyl-

inders, and the voltmeter 5. The voltmeter is connected with the copper plates 3 and the 

voltage between the cylinders is measured. The container is fixed between the pole tips of 

the electromagnet in such a way that magnetic field is parallel to the symmetry axes of the 

cylinders. Thus, the direction of magnetic field is perpendicular to the direction of the elec-

tric field in the vicinity of the surface of each cylinder. 

The experiments were carried out in external magnetic field from 80 to 240 kA/m, 

the concentrations of nitric acid solution ranged between 7 and 21%. The voltage was 

changed in the range of 0.1–1.5 V. 

 

Fig. 1. The functional scheme of the electric circuit  

connected to the container with iron cylinders. 

See the text for further discussion 

In this work, a comparison of the structures of the surfaces of the iron cylinders 

was made under the following conditions of corrosion: 

a) without electric and without magnetic field; b) under electric field only; c) un-

der magnetic field only; d) under combined electric and magnetic fields. 
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3. Results and discussion 

The microstructure of the surface resulting from corrosion does not depend on the 

coordinate along the cylinder axis (Fig. 2), i.e., the long-range ordering of the cor-

roded surface is not observed along the cylinder axis. 

  

Fig. 2. An iron cylinder after corrosion in 14% solution of nitric acid, the voltage between the cylinders 

 is 1.5 V, the duration of experiment – 10 min: a) cathode corrosion; b) anode corrosion 

  

Fig. 3. An iron cylinder after corrosion in 14% solution of nitric acid, the voltage  

between the cylinders is 1.5 V, the magnetic field strength – 240 kA/m, the duration  

of experiment – 10 min: a) cathode corrosion; b) anode corrosion 

Quasi-periodic structuring of the surface of the cylinder was observed under ap-

plied magnetic field only (condition c)). Periodically repeated elevations and cavities 

a) b) 

a) b) 
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are formed as is reported in [17, 18, 23]. The period of the quasi-periodic surface 

structure Т (T = L + l, where L is the elevation length, l is the cavity length) is much 

greater than the characteristic size of the surface microstructure, i.e. in this case, long 

-range ordering of the shape of corroded surface is observed along the cylinder axis. 

The long-scale quasi-periodic microstructuring of the corroded surface is observed 

under the combined electric and magnetic fields (condition d)), as well as in the case 

of application of a magnetic field only (Fig. 3). 

 

 

Fig. 4. Time dependences of the elevation length L of the quasi-periodic surface  

structure of the cylinder: а) under its cathode corrosion in the 7% solution 

of nitric acid, b) under its anode corrosion. Mean error ~25% 
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Fig. 5. Time dependences of the cavity length l of the quasi-periodic surface  

structure of the cylinder: а) under its cathode corrosion in 7% solution  

of nitric acid, b) under its anode corrosion. Mean error ~25% 

Characteristic parameters of the structure of quasi-periodic surface of the cylinder 

(period T, elevation length L, cavity length l, amplitude A, being the difference be-

tween the cylinder diameters at the elevation and at the cavity, cylinder diameter at 

the elevation D differ in the cases c) and d). In the case d), they also differ for the 

cathode and anode corrosion. The microstructure period under anode corrosion is 

longer than under cathode corrosion. The period Т decreases when the external mag-
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netic field strength, the voltage between the cylinders and the concentration of nitric 

acid increase, i.e. the quasi-periodic surface structure becomes more small-scale. The 

elevation length L decreases in the course of time while the cavity length increases 

both for the cathode and anode corrosion (Figs. 4, 5). The higher magnetic and elec-

tric field, the smaller are the elevation lengths L. 

 

 

Fig. 6. Time dependences of the amplitude A of the quasi-periodic surface  

structure of the cylinder: а) under its cathode corrosion in the 7% solution  

of nitric acid, b) under its anode corrosion. Mean error ~25% 
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The amplitude of the structure of surface under the anode corrosion decreases 

when the voltage between the cylinders increases; the amplitude A tends to zero at the 

voltage higher than 0.5 V, i.e. A becomes smaller than the characteristic size of the 

surface roughness under corrosion without magnetic field. At the same time, the 

quasi-periodic structure is formed at the cathode surface at 1±0.5 V and its amplitude 

increases when the voltage increases. It is shown in Fig. 3: the quasi-periodic struc-

ture at the cathode surface is visible, while there is no such structure at the anode 

 

 

 

Fig. 7. Time dependences of the cylinder diameter D at the elevation of the quasi-periodic 

surface structure of the cylinder: а) under its cathode corrosion b) under its anode 

corrosion in the 7% solution of nitric acid. Mean error ~25% 
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surface by this time. Besides, the amplitude A decreases under the anode corrosion 

and it increases under the cathode corrosion with time (Figs. 6а, b). 

It is obvious from Figs. 2 and 3 that the cylinder diameter is greater under the cath-

ode corrosion than under the anode one. The diameter D decreases with time both for 

the cathode and the anode corrosion (Figs. 7а, b). 

4. Conclusion 

The characteristic parameters of the quasi-periodic structure of surface of an iron 

cylinder depend on the concentration of the nitric acid solution, the voltage between 

the cylinders, the value of the external magnetic field and time. The results of the 

present work can be used to control the structure of the corroded metallic surface 

under external electric and magnetic fields. It may find application for production of 

components of microelectronics, micromachinery, microelectromechanical systems 

[19–21], high gradient ferromagnetic matrices for magnetic filters [22] and in other 

fields where the controlled corrosion is used. 
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