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Abstract 
This research work investigated the corrosion resistance of nickel plated mild steel in 15 
%H2SO4 solution. Mild steel samples were nickel electroplated at 5V for 20, 25, 30, and 35 
mins. The plated samples were then subjected to 15% H2SO4 solution environment for 5, 10, 
15, 20, 25 and 30 days. Weight loss was determined at intervals of 5 days for the duration of the 
exposure period. The result showed maximum corrosion rate on the nickel-plated steels to be 
0.04mm/yr throughout the 30 days duration of the test while corrosion rate in the un-plated steel 
was observed to be 0.37mm/yr at the end of 30 days. Generally, it was observed that the thicker 
the nickel coating, the lower the corrosion rate. Nickel plating is suiTable- as a protective 
coating for mild steels in 15% H2SO4 solution environment. It influences hardness merely and 
microstructural changes through nickel plating also have been observed in this research. 
 
Introduction 
Mild steel and high carbon steels are classified as ferrous metals (they contain a large 
percentage of iron). Carbon steels are essentially iron-carbon alloys. They are sometimes 
subdivided by the broad range of carbon content, which include: (a) mild or low carbon steel 
(0.08 – 0.30% Carbon) (b) medium carbon steel (0.3 – 0.5% carbon) and (c) high carbon steel 
(0.55 – 1.40 Carbon). For many years, mild steel plates and rod-sections have been used as 
structural members in bridges, buildings, pipelines, heavy vehicles, in welded plate form for the 
construction of ships storage vessels and numerous other applications [1].Mild steel is one of 
the major construction materials, which is extensively used in chemical and allied industries for 
the handling of acid, alkali and salt solutions [2]. 
 
Mild steel is widely applied as the constructional material in many industries due to its excellent 
mechanical properties and low cost. As some of the important fields of application are acid 
pickling, industrial cleaning, acid de-scaling, oil-well acidizing, petrochemical processes, 
erecting boilers, drums, heat exchangers, tanks, etc. Acid solutions are widely used for the 
removal of undesirable scale and rust in many industrial processes. Examples of these are acid 
cleaning of boilers, pickling of metals and scale removal. The exposure to acid solutions can be 
most severe but in many cases, corrosion inhibitors are widely used in industries to prevent or 
reduce corrosion rates of metallic materials in these acid media. Despite continuing advances in 
the formulation of corrosion resistance materials, the use of chemical inhibitors often remains 
the most practical and cost effective means of preventing corrosion [3].The use of sulphuric acid 
in such processes predominates. A large number of organic compounds containing polar 
functional groups in their molecules have been reported as effective corrosion inhibitors for mild 
steel in H2SO4 solutions [4]. The toxic nature of these organic inhibitors has required research 
activities in recent times toward findings alternative environmentally friendly acid corrosion 
inhibitors. Amino acids have been found to satisfy this need. Amino acids are from a class of 
organic compounds, completely soluble in aqueous media. These properties would justify their 
use as corrosion inhibitors. Some studies involving amino acids on the corrosion of iron, steel 
and stainless steel were reported [5, 6, 7]. 
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This  work  examines  the  changes  in hardness, microstructures and corrosion behavior of mild 
steel before and after nickel plating and when exposed to 15% concentrations of sulphuric acid. 
The corrosion rates in this medium before and after nickel plating are also calculated to study 
their stability when similar industrial environments are encountered. For interpretation of the 
corrosion behavior of Nickel plating, the influence of the deposition parameters on weight loss, 
thickness changes and corrosion rate in 15% H2SO4 solution were taken into account. 
  
MATERIALS AND METHOD 
Material 
The experimental procedure including the spectroscopy, metallography, hardness testing, 
electroplating and corrosion resistance of the samples is given below in details. The samples 
are cut from mild steel plate having dimension of 4×2''.The chemical composition of mild steel 
grade was obtained using emission spectroscopy test and composition of different samples are 
given in Table-1. 
 

Table-1 Chemical composition (Weight %) of mild steel 
 

Alloy 
Elements 

Carbon 
 

Silicon 
 

Sulphur 
 

Phosphorus 
 

Copper 
 

Chromium Tin Vanadium 
 

Iron 

Composition  
(Wt %) 

0.180 0.100 0.031 0.038 0.230 0.100 0.008 0.006 99.31

 
Methods 
Preparation of Sample Surface and Solution 
The mild steel was used in as received condition. The samples were machined into cylindrical 
pieces of 20 mm diameter and 20 mm long. The sample surface were treated by abrading them 
through successive grades of silicon carbide papers of grades 60, 120, 320, 400 and 600 grit, 
and finally on the 0.05 lm cloth grade. They were rinsed in distilled water and then in acetone 
before drying. The prepared samples were stored in desiccators until when used for the 
experiments. 15% Sulphuric acid solution was prepared in water.  
 
Samples pre-treatment before electroplating operations 
The samples were removed from the desiccators in turns and pickled in 0.5M H2SO4 for 2 min 
and then rinsed in distilled water before degreasing in the electrolytic degreasing tank for 2 min 
and then rinsed in distilled water. The samples were weighed using a digital weighing balance 
and the weight recorded as initial weight. 
 
Electroplating operation 
The laboratory nickel plating bath was stirred with the aid of a stirrer for 1 min. The sample 
already attached to the flexible copper wire was then hanged on the cathode arm of the nickel 
plated bath and thereafter the electroplating rectifier was switched on. The electroplating 
rectifier was regulated to obtain 0.5 V. The steel sample was allowed to stay in the plating bath 
for 20 min and,  then, these passivated specimen were taken out from the plating bath & dried in 
air and reweighed. This procedure was repeated for 25, 30 and 35 mins of electroplating time. 
The same procedure was repeated by using voltages of 0.6, 0.7, 0.8 and 0.9 V and varying 
electroplating times for 20, 25, 30 and 35 mins. Nickel Plating was done with Nickel sulphate 
solution using 35 A/dm3 Current density, 5 V Voltage and 52°C Temperature. 
 
Hardness Testing 
Rockwell hardness values are expressed as a combination of hardness number and a scale 
symbol representing the indenter and the minor and major loads. The Rockwell hardness is 
expressed by the symbol HR and the scale designation A scale indicates that the indenter is 
Diamond (two scales—carbide and steel), its hardness is denoted by HRA, B scales indicate 
that the indenter is steel ball, its hardness is denoted by HRB C scale indicate that the indenter 
is diamond, its hardness is denoted by HRC. There are 3 different scales, defined by the 
combination of the indenter and the minor and major loads. Table-2 describes standards for 
Rockwell Hardness Scales  
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Table-2 Rockwell Hardness Scales 
 

Scale 
Symbol 

Indenter Major Load 
(kg f) 

Typical applications 

B Steel ball  
1/16′′ (1.588 mm) 
 ball diameter 

100 Copper alloys, soft steels, 
aluminum alloys, malleable iron 

 
Microscopy 
Finally all the specimens were brought to microscopic laboratory for the microstructural analysis 
where the microstructures were recorded by using Optical microscope. The microstructures of 
mild steel samples were captured before and after plating. 
 
Determination of corrosion resistance in 15% H2SO4 Solution 
The corrosion environment for examining the corrosion protection performance of the nickel 
plated samples is 15% H2SO4 Solution. The nickel plated samples were immersed in 15% 
H2SO4 Solution for the duration of 30 days, including unplated samples as control. The 
investigation involved the effect of time on plating thickness, effect of time on weight loss and 
effect of time on corrosion rate in solution in this research work. The plated and unplated 
samples were weighed with a chemical weighing balance and recorded and this continued at 
regular intervals of 5, 10, 15, 20, 25, and 30 days. 
 
RESULTS AND DISCUSSION 
ROCKWELL HARDNESS 
The hardness data are summarized in Table-3 a, which represents unplated samples hardness. 
Results with plated samples hardness are described in Table-3 b. when the hardness results of 
nickel plated samples was compared with the hardness results of unplated samples, it was 
concluded that hardness has not enough changes, increased slightly. There is no obvious 
difference between coated and uncoated samples. It indicates that coating has not much 
influence on hardness properties. 
 

Table-3 a Hardness results of mild steel samples as received 

 
Table-3 b Hardness results of mild steel samples after plating 

 
MICROSTRUCTURAL ANALYSIS 
Microstructural studies for mild steel surface were performed before and after nickel plating. 
Before exposure to the nickel plating, parallel features on the clean polished steel surface which 
are associated with polishing scratches were observed, Figure 1. Examination of Figures 2 and 
3 revealed that the corrosion attack becomes more pronounced as nickel plating is performed. 

Sample No. As Received (HRB) 
1st 
Reading 

2nd 
Reading 

3rd 
Reading 

Mean Value 

Sample 1 76.9 77.4 77.3 77.2 
Sample 2 76.3 76.5 76.7 76.5 
Sample 3 76.6 76.6 76.3 76.5 
Sample 4 77.4 77.0. 77.2 77.2 

Sample No. Nickel Plated (HRB) 
1st 
Reading 

2nd 
Reading 

3rd 
Reading 

Mean Value 

Sample 1 77.5 77.6 77.4 77.5 
Sample 2 77.2 76.8 77.0 77.2 
Sample 3 76.9 77.0 76.8 76.9 
Sample 4 77.3 77.5 77.1 77.3 
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From microstructure it is observed that plating layer is thicker. Moreover in nickel plated 
samples the grains are finer which result as an increase in the corrosion resistance of samples. 
 

 
 

Fig. 1 Microstructure of mild steel before plating (200X) 
 

       
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Microstructure of Nickel plated mild steel (200X) 
 

 
 

Fig. 3 Microstructure of nickel plated mild steel (500X) 
 
CORROSION MONITORING  
The corrosion behavior of Ni (Nickel) deposited on mild steel by weight loss measurement, 
coating thickness and corrosion rate in a corrosive environment were observed, these are the 
major parameters to evaluate corrosion performance of the coatings. 
 
Effect of exposure time on weight gain 
It is important to note that the corrosion resistance of the coatings strongly depended on the 
weight loss measurement. In Table-4 effect of exposure time which is given to samples in nickel 
plating bath on weight gained. And this result has been described graphically in Figure-4.  
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Table-4 Coating thickness of mild steel samples of exposure time in Nickel Plating 
 

Sr. No Weight Gained (g) Exposure Time (mins) 
1. 0.01 20 
2. 0.02 25 
3. 0.03 30 
4. 0.04 35 
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Fig. 4 Plot of weight-gained during Electroplating Versus Plating Time for  
Nickel Plated mild Steel. 

 
Effect of exposure time on thickness 
In Table-5 represents the effect of plating time on coating thickness of the samples. It indicates 
that when 35 mins are given to the samples in plating bath, maximum coating thickness has 
been obtained, and its graphical representation has been shown in Figure-5. 
 

Table-5 The effect of plating time on coating thickness of the samples 
 

Sr. No Thickness(µm) Exposure Time (mins) 
1. 0.2 20 
2. 0.4 25 
3. 0.7 30 
4. 0.8 35 

 

Nickel Plated

0
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Fig. 5 Plot of exposure time versus coating thickness. 
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Corrosion rate expression 
Corrosion rate of unplated and nickel samples were determined in 15% H2SO4 solution. As 
there are many methods to describe corrosion rate expression but in this research work 
corrosion rate is calculated in mm/yr units.  
 
Figures (Corrosion rates versus exposure time to solution) show the variation of corrosion rate 
in mm / yr for the various nickel plated mild steel samples as well as the corrosion rate of the 
un-plated sample immersed in 15% H2SO4 solution. It showed no corrosion on the nickel plated 
steels in the first 5 days of immersion while corrosion rate of bare steel was already 0.02mm/yr. 
Generally, it was observed that the thicker the nickel coating, the lower the corrosion rate. 
Corrosion did not start in the steel nickel-plated for 35 min until after the tenth day.  
 
It is observed from Table- that unplated steel sample has corrosion rate 0.37 mm/yr when it is 
immersed in H2SO4 solution for 30 days. But nickel plated (20 min) sample has corrosion rate 
0.02 mm/yr when it is dipped in H2SO4 solution for 30 day. 
 
Time duration which was given to unplated and nickel plated samples in 15% H2SO4 solution is 
5, 10, 15, 20, 25, 30, and 35 days. Table-6 represents the Corrosion rate expression for mild 
steel samples before nickel plating in H2SO4 solution while Figure-6 represents its graphical 
expression. Table-7 shows Corrosion rate of nickel plated mild steel samples in H2SO4 solution 
(immersion time given to sample in Nickel Plating solution is 20 mins) and Figure-7 shows its 
graphical expression. Table-8 shows the Corrosion Rate against Exposure Time for Nickel-
Plating was 25 mins and Figure-8 indicates its graphical expression. Table-9 describes 
Corrosion Rate when Exposure Time for Nickel-Plating was 30 mins and its graphical 
expression has been shown in Figure-9. Table-10 gives information regarding Corrosion Rate 
when Exposure Time for Nickel-Plating was 35 mins and Figures-10 shows its graphical 
expression. Table-11 indicates the comparison of Corrosion Rate for unplated and Nickel-Plated 
mild steel samples and for plating exposure time was 20, 25, 30 and 35 days and Figure-11 Plot 
of Corrosion Rate against Exposure Time for un-plated and Nickel-Plated mild steel samples 
 
Table-6 Corrosion rate expression for mild steel samples before nickel plating in H2SO4 solution 

 
Immersion time in 
H2SO4 (Days) 

Corrosion rate (mm/year)  Sample specification 

0 0.0 Unplated 
5 0.02  
10 0.13  
15 0.24  
20 0.30  
25 0.34  
30 0.37  

 
Table-7 Corrosion rate of nickel plated mild steel samples in H2SO4 solution (immersion time 

given to sample in Nickel Plating solution is 20 mins) 
 

Immersion time 
in H2SO4 (Days) 

Corrosion rate 
(mm/year)  

Sample 
specification 

Immersed time given to 
sample in nickel plating 
solution 

0 0.0 Plated 20min 
5 0.0   
10 0.025   
15 0.03   
20 0.04   
25 0.04   
30 0.05   
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Table-8 Corrosion rate of nickel plated mild steel samples in H2SO4 solution  
(immersion time given to sample in Nickel Plating solution is 20 mins) 

 
Immersion time 
in H2SO4 (Days) 

Corrosion rate 
(mm/year)  

Sample 
specification 

Immersed time given to 
sample in nickel plating 
solution 

0 0.0 Plated 25min 
5 0.0   
10 0.015   
15 0.017   
20 0.016   
25 0.019   
30 0.02   

 
Table-9 Corrosion rate of nickel plated mild steel samples in H2SO4 solution  

(immersion time given to sample in Nickel Plating solution is 20 mins) 
 

Immersion time 
in H2SO4 (Days) 

Corrosion rate 
(mm/year)  

Sample 
specification

Immersed time given to 
sample in nickel plating 
solution 

0 0.0 Plated 30min 
5 0.0   
10 0.012   
15 0.014   
20 0.03   
25 0.028   
30 0.031   

 
Table-10 Corrosion rate of nickel plated mild steel samples in H2SO4 solution  

(immersion time given to sample in Nickel Plating solution is 20 mins) 
 

Immersion time in 
H2SO4 
(Days) 

Corrosion 
rate 
(mm/year)  

Sample 
specification 

Immersed time given to 
sample in nickel plating 
solution 

0 0.0 Plated 35min 
5 0.0   
10 0.0   
15 0.001   
20 0.002   
25 0.004   
30 0.004   

 
Table-11 The comparison of Corrosion Rate for un plated and  

Nickel-Plated mild steel samples in 15% H2SO4 Solution 
 

Sample #  Sample 
specification 

Immersed time given 
to sample in nickel 
plating solution (Mins) 

Time given to sample 
in H2SO4 Soln. 
(Days) 

1 Unplated 0.0 5,10,15,20,25,30 
2 Plated  20 5,10,15,20,25,30 
3 Plated 25 5,10,15,20,25,30 
4 Plated 30 5,10,15,20,25,30 
5 Plated 35 5,10,15,20,25,30 
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Fig. 6 Plot of Corrosion Rate against Exposure Time for Un-Plated 
 

Nickel Plated Sample: Plating Time=20min
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Fig. 7 Plot of Corrosion Rate against Exposure Time in 15 % H2SO4 solution  
(Plating time=20mins) 

 
Nickel Plated Sample: Plating Time=25min
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Fig. 8 Plot of Corrosion Rate against Exposure Time in 15 % H2SO4 solution  
(Plating time=25mins) 

 
Nickel Plated Sample: Plating Time=30min
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Fig. 9 Plot of Corrosion Rate against Exposure Time in 15 % H2SO4 solution 
(Plating time=30mins) 
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Nickel Plated sample: Plating Time=35min
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Fig. 10 Plot of Corrosion Rate against Exposure Time in 15 % H2SO4 solution  
(Plating time=35mins) 
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Fig. 11 Plot of Corrosion Rate comparison against Exposure Time for unplated and  
Nickel-Plated mild steel samples 

 
CONCLUSION 
From this research work it is concluded that the corrosion resistance of nickel plated mild steel 
in 15 % H2SO4 solution. Mild steel samples were nickel electroplated at 5V for 20, 25, 30, and 
35 mins. The plated samples were then subjected to 15% H2SO4 solution environment for 5, 10, 
15, 20, 25 and 30 days. Weight loss was determined at intervals of 5 days for the duration of the 
exposure period. The result showed maximum corrosion rate on the nickel-plated steels to be 
0.04mm/yr throughout the 30 days duration of the test while corrosion rate in the un-plated steel 
was observed to be 0.37mm/yr at the end of 30 days. Generally, it was observed that the thicker 
the nickel coating, the lower the corrosion rate. Nickel plating is sui Table as a protective coating 
for mild steels in 15% H2SO4 solution environment. It influences hardness slightly. Moreover in 
nickel plated samples the grains are finer which result as an increase in the corrosion resistance 
of samples. 
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