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ABSTRACT 

The effect of heat treatment processes on corrosion of plain carbon steel in tap water, salt water, soil and 

0.5M Hydrochloric Acid (HCl) media were investigated by means of weight loss method. The specimens 

were machined into 20 pieces. A group of five samples were prepared out of which four samples were 

subjected to annealing, tempering, normalizing and hardening processes and the fifth was used as control 

sample. A specimen from each of the five samples were placed in each medium and were regularly examined 

after every48h for a duration of 240h.The results show that annealed specimen show no weight loss in salt 

water and soil medium for the period of studies. Annealed specimen has a very low corrosion rate in tap 

water medium (0.005mpy) as compared with tempering and hardening with the highest rate of 

0.012mpy.However, there were high rate of weight loss in acidic medium. This may not be attributed to 

corrosion only as a spontaneous physical reaction was observed. The control specimen shows the lowest 

rate of corrosion in this medium followed by annealed specimen. However, the results clearly show that 

annealing is a promising method of liberating plain carbon steel from the destructive effect of corrosion. 

Keywords: Heat treatment processes, corrosion, plain carbon steel and corrosion medium. 

 

1.0 INTRODUCTION 

Mild steel is the most common form of steel and 

because of its low cost; it is chief material of 

construction. Mild steel has good strength, hard 

and can be bent, worked or can be welded into an 

endless variety of shapes for uses from vehicles 

(like cars and ships) to building materials. 

Because of its unique properties like, very cheap, 

high strength, hardness and easy availability, it 

has wide range of applications in nut bolt, chains, 

hinges, knives, armour, pipes, magnets, military 

equipment etc (Khanna, 1999).  

Corrosion is recognized as a major problem both 

in developed and developing nations of the world. 

Millions of naira is being spent every year to 

control losses of corrosion. With the added 

interest of steel technology and steel production 

in world, it is of paramount importance that 

thorough studies and investigations be carried out 

to estimate how these steel products behave in 

use. In this respect, their corrosion properties are 

of paramount importance.  
Because of the application of plain carbon steel in 

sub-marine and extreme environments, there is need 

for the assessment of its corrosion rate in such 

environments. This research work will pave way to 

the society in annihilating the destructive effect of 

corrosion. 
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In the World today, mild steel is used in different 

Engineering applications for the production of some 

automobile components, structural shapes and 

others engineering components. Corrosion of mild 

steel is a natural phenomenon, which is inevitable; 

instead it can be controlled to an appreciable extent. 

For this control to be implemented, this research 

work was carried out by placing the mild steel in the 

environment to which its utility is needed and 

determine the corrosion behaviour by weight loss 

method when exposed mild steel of various heat 

treatment processes to various tap water, salt 

water, soil and 0.5M Hydrochloric Acid (HCl) 

media..      

This study is aimed to investigate the effect of heat 

treatment processes on corrosion rates of plain 

carbon steel in corrosion media. 

The objectives of the study include: 

a. To determine whether the tap water, salt 

water, soil and 0.5M Hydrochloric Acid 

(HCl) media has any effect on heat 

treatment processes of mild steel. 

b. To investigate the corrosive rate of the heat 

treatment processes of mild steel on 

corrosion media after every 48hrs for 

duration of 240hrs respectively. 

c. To know the corrosion behaviour by 

weight loss method when exposed mild 

steel of various heat treatment processes to 

various tap water, salt water, soil and 

0.5M Hydrochloric Acid (HCl) media. 

1.1Plain Carbon Steel  
Plain carbon steel is one which contains in 

addition to carbon and iron and certain elements 

such as manganese, phosphorus, sulphur and 

silicon in small quantities. It may also contain 

traces of elements like: copper, boron, cobalt and 

so on.  

Plain carbon steel is divided into three groups 

namely:  

1) Low carbon steel  

2) Medium carbon steel  

3) High carbon steel (Young, J.F. 1982).  

 

1.2 Chemical Composition of the Mild 

Steel Used 

1.3 Corrosion: Corrosion may be defined 

broadly as the destruction or deterioration of 

metal by direct chemical and electro-chemical 

reaction with its environment (David, T. et 

al,1998). Metallic corrosion is said to be the 

reverse of electroplating. The metal being 

corroded forms the anode while the cathode is 

that being electroplated. Metallic corrosion 

occurs because in many environments most 

metals are not coherently stable and tend to revert 

to some more stable combination of which the 

metallic ores as found in nature are familiar 

examples (David, T. et al, 1998).  

 

1.4 Factors Influencing Corrosion of Plain 

Carbon Steels  
Generally, the factors affecting the rate of 

corrosion of plain carbon steels are either 

material dependent or environment-dependent or 

a combination of both. Some of the factors which 

are associated mainly with metals are:  

1) Over voltage of metal on the hydrogen.  

2) Chemical and physical homogeneity of the 

metal surface.  

3) Inherent ability to form an insoluble protective 

film  

4) Hydrogen ion Activity (pH) in the solution  

5) Influence of oxygen in the solution adjacent to 

the metal andk2 

6) Rate of flow of solution in contact with metal 

(David T et al, 1998) 

1.5 Heat Treatment of Metals: Heat treatment 

is any one of a number of controlled heating and 

cooling operations used to bring about a desired 

change in the physical properties of a metal. Its 

purpose is to improve the structural and physical 

properties for some particular use or for future 

work of the metal. There are five basic heat 

treating processes: hardening, case hardening, 

annealing, normalizing, and tempering. Although 

each of these processes brings about different 

results in metal, all of them involve three basic 

steps: heating, soaking, and cooling (Novikov J.et 

al, 1988).All heat-treating operations involve the 

heating and cooling of metals. The common 

forms of heat treatment for ferrous metals are 

hardening, tempering, annealing, normalizing, 

and case hardening. 
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1.5.1 HARDENING: A ferrous metal is 

normally hardened by heating the metal to the 

required temperature and then cooling it rapidly 

by plunging the hot metal into a quenching 

medium, such as oil, water, or brine. Most steels 

must be cooled rapidly to harden them. The 

hardening process increases the hardness and 

strength of metal, but also increases its 

brittleness. 

1.5.2 TEMPERING: Steel is tempered after 

being hardened to relieve the internal stresses 

and reduce its brittleness. Tempering consists 

of heating the metal to a specified temperature 

and then permitting the metal to cool. The rate 

of cooling usually has no effect on the metal 

structure during tempering. Therefore, the 

metal is usually permitted to cool in still air. 

Temperatures used for tempering are normally 

much lower than the hardening temperatures.  

1.5.3 ANNEALING: Metals are annealed to 

relieve internal stresses, soften, make them 

more ductile, and refine their grain structures. 

Metal is annealed by heating it to a prescribed 

temperature, holding it at that temperature for 

the required time, and then cooling it back to 

room temperature. The rate at which metal is 

cooled from the annealing temperature varies 

greatly. Steel must be cooled very slowly to 

produce maximum softness. This can be done 

by burying the hot part in sand, ashes, or some 

other substance that does not conduct heat 

readily (packing), or by shutting off the furnace 

and allowing the furnace and part to cool 

together (furnace cooling).Table 3.1: 

Chemical Composition of the Mild Steel 

used   

Element Carbon 

 

Silicon Manganese Phosporus 

P(max) 

Sulphur 

S(max) 

Copper 

Cu(max) 

Aluminium 

Compositi

on 

0.35 0.22 0.76 0.061 0.054 0.12 0.011 

Source: Technical Data Sheet of Katsina Steel Rolling 

1.5.4 NORMALIZING 

Ferrous metals are normalized to relieve the 

internal stresses produced by machining, 

forging, or welding. Normalized steels are 

harder and stronger than annealed steels. Steel 

is much tougher in the normalized condition 

than in any other condition. Normalizing is 

achieved by heating the metal to a specified 

temperature (which is higher than either the 

hardening or annealing temperatures), soaking 

the metal until it is uniformly heated, and 

cooling it in still air. 

1.5.5 CASE HARDENING 

Case hardening is an ideal heat treatment for 

parts which require a wear-resistant surface and 

a tough core, such as gears, cams, cylinder 

sleeves, and so forth. The most common case-

hardening processes are carburizing and 

nitriding. During the case-hardening process, 

low-carbon steel (either straight carbon steel or 

low-carbon alloy steel) is heated to a specific 

temperature in the presence of a material (solid, 

liquid, or gas) which decomposes and deposits 

more carbon into the surface of a steel. Then, 

when the part is cooled rapidly, the outer 

surface or case becomes hard, leaving the, 

inside of the piece soft but very tough. 

1.6 Corrosion Rate. 

The corrosion rate was determined in mils per 

year (mpy) using the relationship (Fontana et al, 

1987) 

Corrosion rate (mpy) =  
534𝑊

𝐷𝐴𝑇
 ------------------- (1) 

where: W =Wo-Wf = weight loss, (mg);  
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T = time of exposure, (hours);  Wo = original 

weight of coupon;  Wf = new weight of the 

coupons;  

D = density of the materials, (g/cm3);  A = 

total surface area of the materials, (in2). 

2.0 MATERIAL AND METHOD 

 

2.1 Materials 

Plain Carbon Steel was obtained from 

Dana Steels Rolling Mill Ltd, Katsina, Nigeria 

(formerly known as Katsina Steels Rolling Mill 

Ltd, Katsina). Heat resistance gloves, heat 

resistance face mask and oven tongs for 

removal of the heat treated specimens from 

furnace were used during the experimentation. 

Below is a list of the materials/ apparatus used 

for the investigating: 

Mild steel 20coupons, Grit paper (220 grit), 125 

ml capacity beakers, Detergent (for degreasing) 

Metlar MT-6100 balance at sensitivity of 

0.0lgm) 

2.2      METHOD 

2.2.1 Sample Preparation 

The plain carbon steel samples were machined 

and prepared for the experiment. Out of these, 

16specimens were heat treated and 4specimens 

were used as control samples. All the specimens 

were completely immersed in the beakers. First, 

they were degreased with the use of detergent 

and rinsed in distilled water.  

The specimen surface was prepared with the 

use of lathe machine (turning operation) 

because of its high degree of fines and hence 

enhancing grater corrosion rate. This is evident 

from the fact that diffusion occurs more rapidly 

in fine grained than in coarse grained metal. 

Grain boundary exerts is significant influence 

on corrosion. (Sharma, P.C et al 2003) 

2.2.2 Preparation of Corroding Media  
Four types of corrosion media were used, 

namely  

1) Tap water – a sufficient quantity for 

complete immersion of the corrosion specimen 

was measured.  

2) Moist soil – sandy loam soil of pH value in 

H20=4.2. 

3) Preparation of 3.5% NaCl solution as 

corrosive medium: 
The simulated seawater was developed by 

dissolving NaCl in distilled water according to 

ASTM D1141-98 (2013). It was established 

that salinity is expressed in parts per thousand 

(ppt) and it is expressed as Percent solution: 
35 𝑔 𝑜𝑓 𝑠𝑎𝑙𝑡

1000 𝑔 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟
 × 100% = 3.5%. ----------- (2) 

The average salinity of ocean water is 35 ppt. 

(http://www.lakeproductscompany.com) 
4) 0.5M Hydrochloric acid (HCl) 

A 1000cm3 volumetric beaker and measuring 

cylinder were selected. 43cm3 of concentrated 

Hydrochloric acid which has 36% purity and 

1.18g/cm3 as its specific gravity was poured in 

measuring cylinder which was rinsed with 

distilled water and pour into volumetric 

cylinder. The remaining was rinse with distilled 

water and pour into volumetric cylinder. The 

volumetric cylinder was later filled up to the 

mark 1000cm3 with distilled water that makes 

0.5M of Hydrochloric acid.  

2.2.3      Experimental Procedure 

Twenty plastic bowls were provided for five 

groups of sample specimens. Specimens were 

weighed with metlar weighing balance 6100 

with 0.01g sensitivity, with exposed surface 

area calculated. The specimens were fully 

exposed to each medium earlier highlighted. 

They were completely immersed in each 

medium and the samples leaning on the wall of 

the beakers with their edges for a period ranging 

between 0 - 240 h (10days) with close 

observation and major check-up and cleaning at 

48, 96, 144, 192 and 240 h, respectively. The 

specimens were examined properly before 

cleaning. The specimens were removed from 

their environments at the end of each period, 

washed in distilled water using a piece of cotton 

wool to scrub off any loose corrosion product. 

After this, the specimens were dipped in alcohol 

to remove any water droplet and weights of the 

specimens were taken. After the readings, the 

used specimens were discarded. The specimens 

were designated as; sample A (Annealing), 

sample B (Tempering), sample C 

(Normalizing), sample D (hardening), sample 

and sample E (control sample). 

  

https://www.bayerojet.com/


  ISSN: 2449 – 0539  
                BAYERO JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) VOL.16 No.1, JAN, 2021 PP 82-92 
 

Also available online at https://www.bayerojet.com               86 
 

3.0 RESULTS AND DISCUSSION 

Table 3.1 Corrosion Rate for Annealing Sample 

Duration/h Medium 
Initial 
weight 
(W1/g) 

Final weight (W2/g) 
weight loss (Wo 
=w1 - w2) 

Exposed 
Surface 
Area (in2) 

Corrosion Rate 
(mpy) 

0 

Table water 16.36         

Salt water 15.86         

Moist soil 18.32         

Acid 17.6         

48 

Table water 16.36 16.36 0 1.159 0 

Salt water 15.86 15.86 0 1.168 0 

Moist soil 18.32 18.32 0 1.246 0 

Acid 17.6 16.93 0.67 1.071 0.813 

96 

Table water 16.36 16.36 0 1.159 0 

Salt water 15.86 15.86 0 1.168 0 

Moist soil 18.32 18.32 0 1.246 0 

Acid 16.93 16.56 0.37 1.071 0.245 

144 

Table water 16.36 16.36 0 1.159 0 

Salt water 15.86 15.86 0 1.168 0 

Moist soil 18.32 18.32 0 1.246 0 

Acid 16.56 16.28 0.28 1.071 0.126 

192 

Table water 16.36 16.36 0 1.159 0 

Salt water 15.86 15.86 0 1.168 0 

Moist soil 18.32 18.32 0 1.246 0 

Acid 16.28 16.19 0.09 1.071 0.003 

240 

Table water 16.36 16.34 0.02 1.159 0.005 

Salt water 15.86 15.86 0 1.168 0 

Moist soil 18.32 18.32 0 1.246 0 

Acid 16.19 16.19 0 1.071 0 

 
Table 3.2: Corrosion Rate for Tempering Sample 

Duration/h Medium 
Initial 
weight 
(W1/g) 

Final weight (W2/g) 
weight loss (Wo 
=w1 - w2) 

Exposed 
Surface 
Area 
(in2) 

Corrosion Rate 
(mpy) 

0 

Table water 16.19         

Salt water 17.67         

Moist soil 16.8         

Acid 16.98         

48 

Table water 16.19 16.18 0.01 1.168 0.012 

Salt water 17.67 17.67 0 1.168 0 

Moist soil 16.8 16.74 0.06 1.159 0.073 

Acid 16.98 16.2 0.78 1.149 1.924 
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96 

Table water 16.18 16.18 0 1.168 0 

Salt water 17.67 17.67 0 1.168 0 

Moist soil 16.74 16.74 0 1.159 0 

Acid 16.2 15.76 0.44 1.149 0.543 

144 

Table water 16.18 16.18 0 1.168 0 

Salt water 17.67 17.67 0 1.168 0 

Moist soil 16.74 16.74 0 1.159 0 

Acid 15.76 15.48 0.28 1.149 0.115 

192 

Table water 16.18 16.17 0.01 1.168 0.003 

Salt water 17.67 17.66 0.01 1.168 0.003 

Moist soil 16.74 16.74 0 1.159 0 

Acid 15.48 15.48 0 1.149 0 

240 

Table water 16.17 16.17 0 1.168 0 

Salt water 17.66 17.66 0 1.168 0 

Moist soil 16.74 16.74 0 1.159 0 

Acid 15.48 15.48 0 1.149 0 

 
 
Table 3.3: Corrosion Rate for Normalizing Sample 

Duration/h Medium 
Initial 
weight 
(W1/g) 

Final weight (W2/g) 
weight loss (Wo 
=w1 - w2) 

Exposed 
Surface 
Area 
(in2) 

Corrosion Rate 
(mpy) 

0 

Table water 17.6         

Salt water 17.89         

Moist soil 16.26         

Acid 16.7         

48 

Table water 17.6 17.6 0 1.168 0 

Salt water 17.89 17.88 0.01 1.178 0.012 

Moist soil 16.26 16.24 0.02 1.159 0.024 

Acid 16.7 16.41 0.29 1.178 1.417 

96 

Table water 17.6 17.6 0 1.168 0 

Salt water 17.88 17.88 0 1.178 0 

Moist soil 16.24 16.24 0 1.159 0 

Acid 16.41 16.13 0.28 1.178 0 

144 

Table water 17.6 17.6 0 1.168 0 

Salt water 17.88 17.88 0 1.178 0 

Moist soil 16.24 16.24 0 1.159 0 

Acid 16.13 15.37 0.76 1.178 0.304 

192 

Table water 17.6 17.6 0 1.168 0 

Salt water 17.88 17.87 0.01 1.178 0.006 

Moist soil 16.24 16.23 0.01 1.159 0.003 

Acid 15.37 15.23 0.14 1.178 0.041 
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240 

Table water 17.6 17.59 0.01 1.168 0.002 

Salt water 17.87 17.87 0 1.178 0 

Moist soil 16.23 16.18 0.05 1.159 0.012 

Acid 15.23 15.22 0.01 1.178 0.002 

 
Table 3.4: Corrosion Rate for Hardening Sample 
 

Duration/h Medium 
Initial 
weight 
(W1/g) 

Final 
weight 
(W2/g) 

weight loss 
 (Wo =w1 - w2) 

Exposed 
Surface Area 
(in2) 

Corrosion Rate 
(mpy) 

0 

Table water 16.8         

Salt water 18.25         

Moist soil 16.88         

Acid 17.06         

48 

Table water 16.8 16.79 0.01 1.168 0.012 

Salt water 18.25 18.24 0.01 1.217 0.012 

Moist soil 16.88 16.86 0.02 1.168 0.024 

Acid 17.06 16.11 0.95 1.159 1.162 

96 

Table water 16.79 16.79 0 1.168 0 

Salt water 18.24 18.24 0 1.217 0 

Moist soil 16.86 16.86 0 1.168 0 

Acid 16.11 15.93 0.18 1.159 0.22 

144 

Table water 16.79 16.7 0 1.168 0 

Salt water 18.24 18.23 0.01 1.217 0.004 

Moist soil 16.86 16.86 0 1.168 0 

Acid 15.93 15.64 0.29 1.159 0.118 

192 

Table water 16.79 16.79 0 1.168 0 

Salt water 18.23 18.23 0 1.217 0 

Moist soil 16.86 16.86 0 1.168 0 

Acid 15.64 15.64 0 1.159 0 

240 

Table water 16.79 16.78 0.01 1.168 0.002 

Salt water 18.23 18.22 0.01 1.217 0.002 

Moist soil 16.86 16.86 0 1.168 0 

Acid 15.64 15.64 0 1.159 0 
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Table 3.5: Corrosion Rate for Untreated Sample 

  

Table water 16.07         

Salt water 16.69         

Moist soil 18.04         

Acid 17.24         

48 

Table water 16.07 16.07 0   0 

Salt water 16.69 16.69 0   0 

Moist soil 18.04 18.03 0.01   0.012 

Acid 17.24 16.74 0.5   0.662 

96 

Table water 16.07 16.07 0   0 

Salt water 16.69 16.68 0.01   0.006 

Moist soil 18.03 18.03 0   0 

Acid 16.74 16.48 0.26   0.172 

144 

Table water 16.07 16.06 0.01   0.004 

Salt water 16.68 16.68 0   0 

Moist soil 18.03 18.03 0   0 

Acid 16.48 16.16 0.32   0.141 

192 

Table water 16.06 16.05 0.01   0.003 

Salt water 16.68 16.68 0   0 

Moist soil 18.03 18.03 0   0 

Acid 16.16 16.13 0.03   0.01 

240 

Table water 16.05 16.05 0   0 

Salt water 16.68 16.68 0   0 

Moist soil 18.03 18.03 0   0 

Acid 16.13 16.11 0.02   0.005 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Duration/h Medium 

Initial 
weight 
(W1/g) 

Final weight 
(W2/g) 

weight loss (Wo 
=w1 - w2) 

Exposed 
Surface 
Area (in2) 

Corrosion Rate 
(mpy) 
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3.1 Analysis of the Result 
 

 
 

Figure 3.1: Variation of corrosion rate with 

time in tap water medium 

 

 

 
Figure 3.2 Variation of corrosion rate with 

time in salt water medium 

 

 

 

 

 
 

Figure 3.3 Variation of corrosion rate with 

time in soil medium 

 

 
 

Figure 3.4 Variation of corrosion rate with 

time in acidic medium 

 

3.2 Discussion of Results 

The result of heat treatment processes on 

corrosion rate in tap water, salt water, moist soil 

and 0.5 M HCl for the duration of study is 

highlighted below: 

 

3.2.1 Effect of Heat Treatment Processes on 

Corrosion Rate in Tap Water Medium 

Annealing sample exhibits no weight loss until in 

the last duration of study where it exhibits 

corrosion rate of 0.005mpy. Both tempering and 

hardening exhibit high rate of corrosion in the 

first two days of the study and sharply decreases 

with time. The as-received sample exhibits slow 

response to corrosion towards the end of the 

duration of study. 

 

3.2.2 Effect of Heat Treatment Processes on 

Corrosion Rate in Salt Water Medium 

Normalizing and hardening exhibit the highest 

corrosion rate of 0.012mpy in this medium at the 

early stage of the study. This gradually reduces 

but it is noticeable almost throughout the duration 

of study. Tempering exhibits the highest 

resistance to corrosion in this medium flowed by 

As-received sample. 

 

3.2.3 Effect of Heat Treatment Processes on 

Corrosion Rate in Moist Soil 

Tempering exhibits the highest rate of corrosion 

in this medium followed by hardening. This occur 

at the early stage of study. The As-received 

sample shows highest shows the highest 

resistance to corrosion in the medium. 
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3.2.3 Effect of Heat Treatment Processes on 

Corrosion Rate in Acid Medium 

There exist high rates of corrosion in all the 

samples with tempering sample taken the lead. 

This arises as a result of the reaction between the 

metal and the acid hence there is evolution of gas. 

Therefore, one cannot generalize the sharp 

weight loss in this medium to corrosion only. 

 

 

 

4.0 CONCLUSION 

 

According to the result of the findings above, the 

following conclusions can be drawn: 

i. Normalizing shows the highest 

resistance in water medium. 

Therefore, normalizing a plain 

carbon steel to be used in water 

medium with enhance its inhibition 

against corrosion. 

ii. Tempering a plain carbon steel to be 

used in salt water medium (sea 

water) will be a good option for 

inhibiting corrosion in this medium. 

iii. Using As-received sample in moist 

soil medium is a good choice as it 

exhibits highest resistance to 

corrosion in this medium. 
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