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Astract 
Investigations were carried out to study the corrosion behavior of unprotected 

and protected low carbon steel using carburizing and hard chrome plating in different 

concentrations of H2SO4 and HCL solutions. Weight loss method was used for 

estimation the corrosion rate in the current study. 

  The results show that protected low carbon steels samples by hard chrome 

plating had better corrosion resistant (less corrosion rate) than unprotected and 

carburized low carbon steel samples. Also, the corrosion rate increases with increasing 

acid concentration from (1 to 5)M. for both types of acid used. The corrosion rate of low 

carbon steel in acid environments indicate that the hydrochloric acid solution was more 

corrosive media than that of sulphuric acid solution under the same conditions. 
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 تؤثيش تشميض حاٍض اىنبشيتيل وحاٍض اىهيذسوميىسيل عيى ٍقاوٍت

 يصيب ٍْخفض اىناسبىُ اىَحَي ىتآمو اى 

 
 عيطاُ ضياء عبذاىقادس          ، هيثٌ ٍحَذ وعذالله ،         د.عاٍي ابىاىْىُ عديو  

 ٍذسط ٍغاعذ                ٍذسط                          أعتار ٍغاعذ                           

 اىنييت اىتقْيت/اىَىصو         اىنييت اىتقْيت/اىَىصو           اىداٍعت اىتنْىىىخيت               

 

 تصلااىخ
اىَحَي ٍِ اىتآمو اىَحَي ٍِ اىتآمو وغيش  اىناسبىٍُْخفض تٌ في هزا اىبحث دساعت عيىك تآمو اىصيب 

 حاٍضٍحيىه حاٍض اىنبشيتيل وىَحيىه  تٍختيف ميضاتشفي واىطلاء باىنشوً  باعتخذاً اىنشبْت

  . اعتخذٍت ىتقذيش ٍعذه اىتآمو في هزٓ اىذساعت ُطشيقت فقذاُ اىىص .يىسيلاىهيذسوم

اىنشوً  طلاءبٍِ اىتآمو  اىَحَيٍْخفض اىناسبىُ اىصيب َّارج تبيِ اُ تٌ اىحصىه عييها ،  اىْتائح اىتيٍِ 

 .اىَحَي باىنشبْتاىصيب َّارج َّارج اىصيب غيش اىَحَي وٍِ  )اقو ٍعذه تآمو(تآموٍقاوٍت ىي أفضو أعطت

اىَحاىيو اىحاٍضيت  ْىعيى يىٍىلا(  5اىى  1 ) مَا اُ ٍعذه اىتآمو يضداد ٍع صيادة ّغبت تشميض اىحاٍض ٍِ

حاٍض ٍحيىه  اىحاٍضيت تبيِ باُ الأوعاطّتائح ٍعذه اىتآمو ىيصيب ٍْخفض اىناسبىُ في  واُ. اىَغتخذٍت 

  .الاختباس ّفظ ظشوف تحتٍحيىه حاٍض اىنبشيتيل ٍِ  تؤثيشا أمثش ا  تآميي ا  وعطماُ اىهيذسوميىسيل 
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Introduction: 
Corrosion is both costly and dangerous. Billions of dollars are spent annually for the 

replacement of corroded structures, machinery, and components. Premature failure of bridges 

or structures due to corrosion can also result in human injury, loss of life, and collateral 

damage. Taking all these factors into account, it becomes obvious why those persons 

involved with the design and/or maintenance of structures and equipments should have a 

basic understanding of the steel corrosion process [1]. 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. Acid solutions are extensively used in industry, the most important 

applications are acid pickling, industrial acid cleaning, acid descaling and oil well acidizing. 

The commonly used acids are hydrochloric acid, sulphuric acid, nitric acid, etc [1][2]. 

Hydrochloric and sulphuric acids are the most difficult of the common acids to handle from 

the standpoints of corrosion and materials constructions. Extreme care is required in the 

selection of materials to handle the acid by itself, even in relatively dilute concentrations or in 

process solutions containing appreciable amount of hydrochloric acid. These acids are very 

corrosive to most of the common metals and alloys. [3][4]. In carburizing, low-carbon steel 

acquires a high-carbon surface layer by heating in contact with carbonaceous materials. On 

quenching after carburizing, the high-carbon skin hardens, whereas the low-carbon core 

remains comparatively soft. The result is a highly wear-resistant exterior over a very tough 

interior. This material is particularly suitable for gears, cam-shafts, etc. [5]. Hard chrome 

plating is an electrolytic method of depositing chrome for engineering applications, from a 

chromic acid solution. Deposits can be applied from (0.25 – 1000) microns thickness for a 

wide range of applications. The thinner deposits being used to substantially increase the life 

of components in wear applications or corrosive environments, and the thicker deposits being 

used for salvage and repair of worn, damaged or mis-machined components. Hard Chrome 

has an extremely high resistance to atmospheric oxidation, and a good resistance to most 

oxidising and reducing agents, hence it is extensively  used in the food and chemical 

industries [ 6]. 

Khadom Anees A.[4] studied the effect of temperature and acid concentration on the 

corrosion of low carbon steel in hydraulic acid media by using a nonlinear regression method. 

He observed that the corrosion rate increased with the increase of the temperature and 

hydraulic acid concentration.  

Owate Osarolube, E. [7] studied the corrosion behavior of mild and high carbon steels 

in various acidic media, and found that the rate of metal dissolution increased with the 

increase of concentration of the corrosion media and exposure time. Also, the corrosion rates 

of high carbon steel in all the acidic media were higher than that of mild steel because of 

carbon contents.  

Oluwole [8] studied the corrosion resistance of medium carbon steel ( un-plated) , 

nickel- plated medium carbon steel , and 18/8 stainless steel samples in cassava fluid 

environment for thirty days by Wight loss method. The result showed little corrosion attack 

(corrosion rate) on the nickel-plated steel and very high corrosion attack on the un-plated 

steel . 

 

The aim of the present work is to study the effect of H2SO4 & HCL solutions as a 

corrosive media with different concentrations on the corrosion rate of low carbon steel for the 

three cases; un-protected, carburized, and hard chrome plated samples. 
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Experimental Work 
1. Materials: 

The materials used are low carbon steel. The chemical analysis was carried out using 

(X-Ray method type X-MET-3000TX and ARC-MET-8000 method) in AL-Basrah electrical 

station/Iraq, and compared with the composition of the DIN standard. 

 

Table -1- The chemical analysis of the used steel CK15 

Element AL-Basrah electrical station/Iraq  (DIN) standard. 

C% 0.14 ≤ 0.2 

Si% 0.4 ≤ 0.55 

Mn% 0.38 ≤ 1.5 

P% 0.029 0.03 

S% 0.03 0.05 

Cr% - - 

Mo% - - 

Ni% - - 

Cu% - - 

V% - - 

Fe% Pure Pure 

   
2.   Samples Preparation: 

The samples were cut out in dimension of (6×1×1) cm according to ASTM 

designation (G1-90) [ 4], critical preparations were used also by both chemical and 

mechanical means. The first portion of the preparation process which was used involves an 

abrasive surface treatment to remove any build up of material by used emery paper to remove 

the outer surface layer and roughen up the surface. The next portion involves more chemical 

means, this helps in dissolved contaminants that reach the surface externally from the 

environment such as oils, dust and grease that usually came from prior processing or 

handling. The final portion involves washed the samples with running tap water followed by 

distilled water, dried with clean tissue, immersed in acetone, and kept in desiccators over 

silica gel bed until used. 

 

3.     Carburizing Process:   

   Solid carburizing process was used in this work . Involve a solid carbon – rich 

medium packed around the samples into heat treatment mild steel box, so that, the space of 

approximately 50 mm exists between the components.  The lids of the box closed tightly and 

luted with fireclay. The box heated in Electrical Muflle furnace / Model: RKB-101 to the 

carburizing temperature (915)
 o

C and maintained in this temperature for up to five hours 

according to the depth of case required. Carburizing process depends upon the presence of 

the gas carbon monoxide (CO) to carry carbon to the surface of the work pieces,  

 

2C+O2                2CO                                   ……….…………………………………...(1) 

2CO             CO2 + C                                   ……………….……………………….…..(2) 

 

4. Heat Treatments After Carburizing: 
  After the component has been carburized, heat treatment will be necessary both to 

strengthen and toughen the core and to harden the surface[8]. The heat treatment was carried 

out in a muffle furnace, Hardening carburized low carbon steel samples at 200 
0
C /for one 

hour, after water quenching was used in furnace to 840 
0
C /for 30 second. 
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5. Hard Chrome Plating Process: 

The plating process used involves bonding chrome onto a surface through electrolytic 

means. The part is placed in a bath of a solution called an electrolyte at (50-60)
o
C which is 

primarily 300 g/L chromic acid along with other additive like 3g/L sulfate (SO4) which acts 

as catalysts and can affect coating post-plate. The plated low carbon steel sample is 

connected to the negative terminal of a power source (battery or rectifier) and acts as a 

cathode. An anode is attached to the positive side and is placed in the tank, the anode is lead 

based. As a current is run through the circuit, cations from the plating solution become 

positively charged and travel to the negatively charged cathode and bond. It provides 

electrons to reduce the positively charged ions to metallic form.  

 

6.    Corrosion Rate Measurements: 

   The metal samples were completely immersed in glasses vessel containing 100 mL 

solution of HCl and H2SO4 in different concentrations; 1, 3, and 5M.  They were exposed for 

2 hours period at room temperature, then the metal samples were cleaned, washed with 

running tap water followed by distill water, dried, then immersed in acetone, and dried again. 

The weight loss method was used to calculate the corrosion rate (C.R. ) by the following 

relationship and according to ASTM designation(G31-72) [ 4] [9] [10][11].  

 

C.R.(mdd) = (2.4 × 10
6
 W ) / (A × T )                  ……………….…..…………………….(3) 

 

Where W, A and T are weight loss (g), area of the specimen (cm
2
) and exposure time (hr.) 

respectively. The mdd is milligrams per square decimeter per day. 

 

Results and Discussion 
  The corrosion rate of unprotected low carbon steel samples and protected low carbon 

steel samples by carburizing and hard chrome plating with using HCL and H2SO4 solutions as 

a corrosive media with different concentrations(1,3 and 5 M.) for 2 hr. duration time are 

investigated , and summarized separately: 

 

1. Corrosion behavior of unprotected and protected low carbon steel samples: 
 Figure (1) and Fig.(2) show that protected low carbon steel samples by hard chrome 

plating are more resistant to corrosion (less corrosion rate) than unprotected and carburized 

low carbon steel samples 
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Fig.(1) : Corrosion behavior of unprotected and protected low                        

carbon steel samples on HCL 

0

0.1

0.2

0.3

0.4

0.5

0.6

0% 1% 2% 3% 4% 5% 6%

carburizing

Low carbon steels

Hard chrome plating



Ajeel: Effects of H2SO4 and HCL Concentration on the Corrosion Resistance ---- 
 

74 
 

0

0.1

0.2

0.3

0.4

0.5

0.6

0% 1% 2% 3% 4% 5% 6%

carburizing

Low carbon steels

Hard chrome plating

                 Fig.(2): Corrosion behavior of unprotected and protected 

low carbon steel samples on H2SO4 
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Chromium, regardless of form or condition, has a natural ability to prevent corrosion. 

This is due to how it attracts oxygen and forms a protective oxide layer on its external 

boundary. The oxygen layer formed is Cr2O3. This process of passivation allows the 

chromium - oxygen layer to form on the outside of the chromium coating and prevents any 

other harmful agents, such as acids or more oxygen, from attacking the chromium metal or 

any underlying metal  [9].  

Also, the carbon rich surface layer in carburizing low carbon steel samples are higher 

than hard chrome plating and unprotected low carbon steel samples causes’ high rate of 

corrosion, because of the corrosion rate increases with the increase of the carbon 

contents[11][12].  

 

2. Effect of acid type (H2SO4 & HCL solutions) on the corrosion rate of samples: 

Figures (3,4, and 5) show that the hydrochloric acid as a corrosive media is more effective 

solutions on the samples than sulphuric acid. This is an indication to the effect of chloride 

ions on the samples comparable with the sulphate ions(SO4
-2

). The chloride ions had more 

aggressive effect and responsible for pitting on the surface of metal than sulphate ion [13] . 
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Fig.(3) : Effect of H2SO4 & HCL solutions on the corrosion rate                                        

of low carbon steel samples in different concentrations  
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3. Effect of acid concentrations on the corrosion rate of samples: 

As the concentrations of a corrosive acid media (HCL and H2SO4 solutions) are 

increased, the corrosion rates are likewise increased, as show in Fig.(1) to Fig.(5). This is 

primarily due to the fact that the amounts of hydrogen ions, which are the active species, are 

increased; as acid concentration is increased [13]. The corrosion of metals in natural and 

acidic solution is cathodically controlled by the hydrogen evolution reaction. Corrosion rate 

data as a function of acid concentration can be used to show the rate dependence of acid 

concentration [4].  

 Figure (5), shows minimum corrosion rate at 1% of acid concentration for hard chrome 

plating sample, because of less effect of active species (hydrogen ions) at 1% of  acid used 

(H2SO4 & HCL solutions) and ,on the other hand, the chromium - oxygen layer in hard 

chrome plating surface has natural ability to prevent corrosion and prevents any other 

harmful agents at these concentration 
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Fig.(4): : Effect of H2SO4 & HCL solutions on the corrosion 

rate of carburizing samples in different concentrations  
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Fig.(5) : Effect of H2SO4 & HCL solutions on the corrosion rate of hard 

chrome plating samples in different concentrations 
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Conclusions 
All the results can be concluded as follows: 

1. Hard chrome plating samples are more resistant to corrosion (less corrosion rate) than 

unprotected and carburized low carbon steel samples. 

2. The hydrochloric acid as a corrosive media is more effective solution on the carbon steel 

samples than the sulphuric acid. 

3. The corrosion rate increases with increasing the concentration of a corrosive acid media 

(HCL and H2SO4 solutions). 
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