
Journal of Physics: Conference Series

PAPER • OPEN ACCESS

Electrochemical characterization of the steel wire
used as reinforcement in the conductors
transmission networks electricity nitride by ion
implantation
To cite this article: J J Castro Maldonado et al 2016 J. Phys.: Conf. Ser. 687 012004

 

View the article online for updates and enhancements.

You may also like
Steel Wire Cleaning using Cold Plasma
Muhamad Nor Firdaus Zainal, Norizah
Redzuan, Mohd Fadthul Ikmal Misnal et al.

-

Developement of Composite Armors Using
Natural Rubber Reinforced with Steel Wire
Mesh for Ballistic Resistance
Seksak Asavavisithchai, Teeranan
Marlaiwong and Nuthaporn Nuttayasakul

-

Enabling effective electrochemical healing
of structural steel
Zakaria Hsain, Zhimin Jiang and James H
Pikul

-

Recent citations
Optimal percentage of asphalt cement in
MDC-19 for flexible pavements in the city
of San José de Cúcuta, Colombia
O Hurtado-Figueroa et al

-

Quality of aggregates for the preparation
of asphalt mixtures from 4 processing
companies in San José de Cúcuta,
Colombia
O Hurtado-Figueroa et al

-

Influence of water/cement ratio on
mechanical strength of concrete with
partial addition of fly ash and hydrated
lime
O Hurtado-Figueroa et al

-

This content was downloaded from IP address 186.99.40.31 on 27/11/2021 at 14:23

https://doi.org/10.1088/1742-6596/687/1/012004
/article/10.1088/1757-899X/884/1/012118
/article/10.1088/1757-899X/409/1/012001
/article/10.1088/1757-899X/409/1/012001
/article/10.1088/1757-899X/409/1/012001
/article/10.1088/2399-7532/abfb4f
/article/10.1088/2399-7532/abfb4f
http://iopscience.iop.org/1742-6596/1388/1/012025
http://iopscience.iop.org/1742-6596/1388/1/012025
http://iopscience.iop.org/1742-6596/1388/1/012025
http://iopscience.iop.org/1742-6596/1388/1/012024
http://iopscience.iop.org/1742-6596/1388/1/012024
http://iopscience.iop.org/1742-6596/1388/1/012024
http://iopscience.iop.org/1742-6596/1388/1/012024
http://iopscience.iop.org/1742-6596/1386/1/012085
http://iopscience.iop.org/1742-6596/1386/1/012085
http://iopscience.iop.org/1742-6596/1386/1/012085
http://iopscience.iop.org/1742-6596/1386/1/012085
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjssPgw7YK5uivNfEaz4h6BgCL3pUNrlVB45a83amDvNSJkiuD0Z1ZGwJnuZyxz-b_291sznfPehxC0hMS8Ne5v04oUde5FQjQPaatnGwOlY6JsdNIpYlPOjYr4dxH_5f7LoImzBf2CWntGLSg1ZJONXgOwYRqKPd2k8M-_iBxq4aVsvs7u3XgjmktQZM4TQZDzt0YmXgBnqr-zad2cfr7CVgU9KjFFLbZyAepqO4KqzbP-CgIfvU1PoB04e2iM40CJqp7FPwARE3kc74-_v8HoSNztx8hCklmM0&sig=Cg0ArKJSzB2Er_8KzKoG&fbs_aeid=[gw_fbsaeid]&adurl=https://ecs.confex.com/ecs/241/cfp.cgi%3Futm_source%3DIOP%26utm_medium%3DDLAds%26utm_campaign%3D241AbstractSubmit


Electrochemical characterization of the steel wire used as 
reinforcement in the conductors transmission networks 
electricity nitride by ion implantation 

J J Castro Maldonado1,2, H J Dulcé Moreno2 and W Aperador3

1 Servicio Nacional de Aprendizaje (SENA), San José de Cúcuta, Colombia. 
2 Universidad Francisco de Paula Santander, San José de Cúcuta, Colombia. 
3 Universidad Militar Nueva Granada, Bogotá, Colombia. 

E-mail: johnjacama@gmail.com , hjdulce@ufps.edu.co 

Abstract. The power company feature infrastructure, which are generally shaped so the 
transmission and distribution lines, here is why it is necessary to characterize the process of 
electrochemical corrosion of these components. In this case the steel wire coated with zinc or 
aluminium, as it is undergoes the rigor of corrosive environments. Given the geographical 
diversity and different climatic environments, atmospheric corrosion carried affecting service 
life of structures. For example in very humid environments such as coasts and high 
altitudes, wetting time (TOW), parameter that meets the conditions of temperature and relative 
humidity, it affects large proportion, accelerating the corrosion of ferrous materials. Given the 
importance of establishing mechanisms that lessen the impact on degradation in transmission 
and distribution lines of both the reliability and the availability of the same. This paper 
presents the implementation in nitride steels as an alternative or complement to zinc coating. 

1. Introduction
The power companies have made infrastructure, in general, for the transmission and distribution lines 
[1]. The stability of the supply system and electricity distribution is affected by the deterioration of 
basic infrastructure components; in this case the most critical is the steel wire, [2] which works not 
only as a support but is exposed to highly corrosive environments. Traditionally to increase corrosion 
resistance wire that is coated with aluminium or zinc (galvanized)[3]. Considering potential 
advantages (such as lightening, reduced size, increased resistance to hydrogen permeation, adhesion 
and surface hardness greater) [4,5] it was considered as an alternative treatment ion implantation. 

2. Experimental procedure
Steel core samples of a commercial wire ACSR 2/0 (according to the NTC 461 has the following 
chemical composition: Carbon 0.50 to 0.88%, manganese 0.50 to 1.10%, 0.035% maximum 
phosphorus, 0.045% maximum sulphur and 0.10 to 0.35% silicon). The length of the specimens was 
70mm long, this in order that upon immersing the samples shielded saline in 3.5% NaCl is exactly a 
contact area of 300mm2, for testing electrochemical impedance spectroscopy (EIS). According to NTC 
461 standard wire corresponds to class A. In Figure 1, the zinc layer is shown generated by 
galvanizing a thickness of 20 microns is equivalent to about 210g/m2, equivalent to approximately 
240g per 100m length of wiring. 
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Figure 1. Zinc coating microscopy. 

Using the software, it was determined as the optimal amount of 15 specimens, for experimental 
design, we proceeded to divide into three groups as follows: uncoated wire, zinc coated steel 
(galvanized) and nitrided steel cable. The nitriding was performed by high voltage electrical 
discharges at low pressures JUPITER device, using nitrogen as a working gas, a range of pressures 
comprised between 0.83 and 0.85Pa. The discharge pulses were 20kV, 30Hz, 0.25ms pulse width, and 
a total treatment time of 30 minutes [3,6]. 

The electrochemical characterization was performed on a Gamry PCI-4 model, using techniques 
Electrochemical Impedance Spectroscopy (EIS) at room temperature using a cell composed of the 
working electrode with an exposed area of 300mm2, a reference electrode of Ag/AgCl and a wire as a 
counter electrode graphite, all immersed in a solution of sodium chloride (NaCl 3.5%w/v) prepared 
with distilled water, this solution was chosen because it simulates a marine solution also forming 
active metals corrode metal chlorides on. Bode plots were obtained and Nyquist performing frequency 
sweeps in the range of 0.001Hz to 100kHz using an amplitude of the sinusoidal signal of 10mV [7,8]. 

3. Results and discussion
Interpreting data obtained by analogous modeling requires electrical circuits to physical system 
studied, also called equivalent circuit. As can be seen in Figures 2, 3 and 4, total impedance in Tables 
1, 2 and 3 [9]. 

Figure 2. Bare steel wire equivalent circuit. 

IMRMPT2015 IOP Publishing
Journal of Physics: Conference Series 687 (2016) 012004 doi:10.1088/1742-6596/687/1/012004

2



Figure 3. Nitrided specimens equivalent circuit. 

Figure 4. Galvanized specimens equivalent circuit. 

Based on these equivalent circuits may be tabulated values of total impedance as seen in Tables 1, 
2 and 3. 

Table 1. Values of the circuit elements of bare steel wire specimens. 

Bare steel wire 
Specimen 1 2 3 4 5 

RS 3,75E+00 4,39E+00 3,53E+00 3,86E+00 3,07E+00 
RS+Z 3,60E+01 5,08E+01 9,11E+00 2,31E-04 3,50E+01 
CS+Z 1,92E-04 1,33E-04 4,22E-05 1,04E-04 1,47E-04 
a 7,85E-01 8,57E-01 9,84E-01 8,41E-01 8,43E-01 
RZ+S 1,41E+01 2,86E+01 1,07E+01 4,74E+01 1,50E+01 
LZ+S 1,74E+01 2,18E+01 1,81E+00 1,68E+02 1,41E+01 
R TOTAL 5,38E+01 8,38E+01 2,33E+01 5,13E+01 5,31E+01 5,31E+01 

Table 2. Values of the circuit elements of the samples nitride. 

Nitrided steel 
Specimen N1 N2 N3 N4 N5 

RS 1,85E+00 1,43E+00 2,54E+00 1,81E+00 2,16E+00 
RS+Z 4,61E+01 3,68E+01 4,00E+01 1,08E+01 2,34E+01 
CS+Z 2,54E-05 2,87E-05 5,89E-05 1,77E-05 1,94E-05 
a4 9,25E-01 9,09E-01 8,90E-01 9,77E-01 9,30E-01 
RZ+S 4,49E+01 3,15E+01 2,40E+01 1,42E+01 2,10E+01 
LZ+S 2,73E+01 1,62E+01 1,62E+01 2,11E+00 9,51E+00 
R TOTAL 9,28E+01 6,97E+01 6,65E+01 2,68E+01 4,65E+01 7,08E+01 
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Table 3. Values of the circuit elements of the specimens galvanized. 

Galvanized steel 
Specimen A B C D E 

RS 1,35E+00 1,77E+00 3,78E+00 4,53E+00 3,42E-01 
CS+Z 2,46E-04 1,38E-03 2,03E-03 1,82E-03 1,35E-03 
a3 6,83E-01 3,27E-01 7,18E-02 2,79E-01 2,98E-01 
RS+Z 1,57E+02 6,95E-01 2,69E-04 2,62E-06 3,13E+00 
CZ+S 7,30E+03 7,20E-05 8,85E-04 6,06E-05 5,84E-05 
a6 9,15E-01 8,34E-01 6,62E-01 8,53E-01 8,39E-01 
RZ+S 3,65E-09 1,86E+02 3,06E+02 6,99E+02 2,96E+02 
R TOTAL 1,59E+02 1,89E+02 3,10E+02 7,04E+02 2,99E+02 3,32E+02 

As shown in the equivalent circuits, impedance equivalent circuit of the test pieces of bare steel 
was lower in relation to the impedance manifested circuit the nitrided samples, this is due to the 
implantation of nitrogen ions it has a great influence on the behaviour of the material. Implantation 
nitriding decreases the hydrogen in steel, so it is important to consider the possibility of using 
implantation as a tool to prevent corrosion and hydrogen permeation of the wire. 

4. Conclusions
It was observed that the impedance of the equivalent circuit increase in the specimens that had 
undergone the nitriding process with respect to the bare specimens. However it was less than that of 
galvanized steel, this mainly due to the changes undergone by the steel surface during the implantation 
process. Therefore it is more advisable to significantly extend the average wiring life, would perform a 
nitriding and then galvanized. To implement this combined technique is recommended further study. 
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