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Abstract 
 
Corrosion inhibitor is a substance added to the corrosive environment in small quantities to reduce the corrosion a metal. The addition of 

inhibitors will reduce the corrosion rate of the metal by retarding the corrosion process on the metal surface. Thus, this study focused on 
the study of the effectiveness of 1- butyl-3-methylimidazolium chloride ([EMIM]Cl) ionic liquid as an inhibitor for corrosion protection 
of mild steel. Two different concentrations of [EMIM]Cl (0.05 M and 0.5 M) were tested into different concentrations of sulphuric acid 
(0.05M, 0.10 M, 0.15 M, 0.20 M and 0.25 M). Weight loss measurement was used to determine the effectiveness of the [EMIM]Cl as 
inhibitor for corrosion protection. Results showed that acid concentrations play an important role for the corrosion protection process in 
the presence of the inhibitor. The weight loss increases as the concentration of the acid increased. The study also revealed that the con-
centrations of [EMIM]Cl ionic liquid effect the performance of the inhibitor. From this study, 0.5 M of [EMIM]Cl ionic liquid shows 
better corrosion performance compared to 0.05 M of [EMIM]Cl. At 0.25 M of sulphuric acid, the weight loss of untreated metal in-

creased drastically from 0.0075 g at 0.5 hour to 0.0974 g at 24 hours. After treated with 0.5 M of [EMIM]Cl, the weight loss measure-
ment slightly increased from 0.0027 g at 0.5 hour to 0.0179 g at 24 hours. This weight loss value is lower compared to mild steel treated 
with 0.05 M [EMIM]Cl which is 0.0469 g at 24 hours. The performance of the inhibitor in two different type of acid was also investigat-
ed. The morphology of the untreated mild steel and mild steel treated with [EMIM]Cl was investigated by scanning electronic microsco-
py (SEM) 
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1. Introduction 

Corrosion is a destructive attack to a material by reaction with its 
environment. The corrosion occurs due to the compounds directly 
interact with the metal in different medium or conditions. The 
spontaneous process which is electrically contact between anodic, 
cathodic and electrolyte also contribute to corrosion and known as 
electrochemical corrosion. The corrosion issues lead the attention 

of scientist to study on how to overcome the corrosion phenome-
non.  
It was well known that acidic condition promotes corrosion pro-
cess on mild steel especially in the environment with high concen-
tration of acid. Velrani et al. [1], reported that organic compound 
act as a good inhibitor in acidic media. Acid’s inhibitor is mostly 
known as organic compounds which contained nitrogen (N), oxy-
gen (O) and sulphur (S) atoms. Previous study [2,3,4] reported 
that compounds containing N, O and S were proven to be effective 

inhibitors for the corrosion protection of mild steel in the acidic 
media.  Recently, researchers suggested ionic liquid as one of the 
effective metallic inhibitors. Researcher prefer to use ionic liquid 
as metallic due to their physical properties. Ionic liquids are non-
toxic nature, low volatility and there are chemically stable. Re-
searchers also claimed ionic liquid as “green corrosion inhibitor”.  

Ionic liquids (ILs) refer to organic salts with melting points at or 
below room temperature [5]. Ionic liquids are mainly good in 

electrical conductivity, solvent transport, and a relatively wide 
electrochemical window [6]. Configuration of ILs consists of an 
amphiphilic group with a long chain, hydrophobic tail, and a hy-
drophilic polar head. ILs contained nitrogen, phosphorus and sul-
phur which located at the central of cations atom such as 
imidazolium, pyrrolidinium, quaternary ammonium, pyridinium, 
piperidinium, sulfonium and quaternary phosphonium. The effi-
ciency of inhibitors dependence on the interaction of functional 

group and surface of the metal itself. It has been reported that 
when the concentration of ionic liquid increased, the weight loss 
of the mild steel decreased due to the formation of film on the 
surface of the metal [6]. 
Thus, in this study 1-butyl-3-methylimidazolium chloride 
[EMIM]Cl ionic liquid was used as the inhibitor for the corrosion 
protection of mild steel in acidic media. It is believed that 
imidazolium compounds in this ionic liquid are able to resist cor-
rosion on the mild steel surface [7]. Thus, the effectiveness of 

[EMIM]Cl ionic liquid as inhibitor in different concentrations of 
sulphuric acid were investigated by using the weight loss meas-
urement method. The effect of [EMIM]Cl ionic liquid concentra-
tion on the corrosion process was investigated by determining the 
weight loss of the mild steel.  The ability of [EMIM]Cl to protect 
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mild steel in two different types of acid were also elucidated. Fig 1 
shows the structure of [EMIM]Cl ionic liquid. 
 

 
Fig 1: Structure of 1-ethyl-3-methylimidazolium chloride, [EMIM]Cl. 

2. Experimental 

2.1 Chemicals: 

 
Ionic liquid, 1-ethyl-3-methylimidazolium chloride [EMIM]Cl 
was purchased from Sigma Aldrich. Sulphuric acid and hydro-
chloric used were also purchased from Sigma Aldrich. Acetone 
and ethanol used as solvent to clean the mild steel surface were 
purchased form Systerm. 

 

2.2 Preparation of [EMIM]Cl solution. 

 
0.5 M and 0.05 M of [EMIM]Cl were prepared. For 0.05 M of 
[EMIM]Cl, 1.833 g of [EMM]Cl was weighed and dissolved with 

deionized water in 250 mL volumetric fask. Whilst, 18.328 g of 
[EMIM]Cl was weighed and transferred into 250 mL of volumet-
ric flask for preparation of 0.5 M of [EMIM]Cl. Deionized water 
was added to dissolve the [EMIM]Cl. 

 

2.3 Preparation of acid solution. 

 
Five volumetric flasks (100mL) were labelled as 0.05 M, 0.10 M, 
0.15 M, 0.20 M and 0.25 M. Then, 0.05 M of sulphuric acid was 
prepared by measuring 0.275 mL of sulphuric acid from the stock 
solution (18.197 M) and transferred it into 100 mL volumetric 
flask. Then, deionized water was added into the volumetric flask 
until it reached the calibrated mark. Then, the same procedure was 

repeated to prepare other concentrations of sulphuric acid by add-
ing appropriate amount of acid into the volumetric flask for the 
dilution step. 0.5 M hydrochloric acid were prepared by adding 
4.2 mL of 36% hydrochloric acids into 100 mL of volumetric flask 
and distilled water was added up until the calibrated mark. 

 

2.4 Preparation of mild steel  

 
Mild steel coupon (2 cm x 2 cm x 0.01 cm) was immersed in a 50 
mL beaker containing 10 mL 0.05 M sulphuric acid and 10 mL of 
0.05 M [EMIM]Cl to observe the corrosion occurrence on the 
mild steel Surface. Blank sample was polished before being im-
mersed into 50 mL beaker contained only 10 mL 0.05 mL sul-
phuric acid.  The same procedure was repeated to measure the 

corrosion effectiveness of mid steel in each concentrations of acid 
which are 0.10 M, 0.15 M, 0.20 M and 0.25 M) sulphuric acid. 
The mild steel coupons were immersed at predetermined time (30 
minutes, 1 hour, 6 hours, 12 hours and 24 hours). Then, the weight 
loss value was calculated by using Equation 1: 

 
 eight loss                                                                  (1) 

 
Where,    and    is the initial and final mass of the specimen 

putting into the solution [8]. 

 

3. Results and Discussions 

3.1 Inhibitors performance in different concentrations 

of sulphuric acid 

 
The measurement of weight loss was done by weighing of mild 
steel before and after immersed into different concentrations of 
acid in the presence of two different concentrations of ionic liquid, 
which is 0.5 M and 0.05 M of [EMIM]Cl. The final weight of 
mild steel was measured after 30 minutes, 1 hour, 6 hours, 12 
hours and 24 hours respectively. This measurement was done by 

three replicates of reading to get the average of the weight loss 
value.  
 

 

 

 

0 

0.004 

0.008 

0.012 

0.016 

0.02 

0.5 1 6 12 24 
W

ei
g
h

t 
lo

ss
 (

g
) 

Immersion time (hours) 

Untreated 

sample 

Treated with 

0.05 M 

[EMIM]Cl 

Treated with 

0.5 M 

[EMIM]Cl 

a) 

0 

0.005 

0.01 

0.015 

0.02 

0.025 

0.03 

0.5 1 6 12 24 

W
ei

g
h

t 
lo

ss
 (

g
) 

Immersion time (Hours)  

Untreated 

sample 

0.05 M 

[EMIM]Cl 

0.5 M 

[(EMIM]Cl 

b) 

0 

0.01 

0.02 

0.03 

0.04 

0.05 

0.06 

0.5 1 6 12 24 

W
ei

g
h

t 
lo

ss
 (

g
) 

Immersion time (Hours) 

Untreated 

sample 

Treated with 

0.05 M 

[EMIM]Cl 

Treated with 0.5 

M [EMIM]Cl 

c) 



148 International Journal of Engineering & Technology 

 

 

 
Fig 2: Weight loss value for untreated sample, sample in 0.05 M 

[EMIM]Cl and 0.5 M [EMIM]Cl in different concentrations of sulphuric 

acid a) 0.05 M, b) 0.1 M, c) 0.15 M, d) 0.2 M and e) 0.25 M. 

 
Fig 2 shows weight loss measurement of untreated sample, sample 
treated in 0.05M [EMIM]Cl and sample treated in 0.5 M 
[EMIM]Cl when exposed in a) 0.05 M, b) 0.10 M, c) 0.15 M, d) 
0.20 M and e) 0.25 M sulphuric acid.   In this study, 0.05 M sul-
phuric acid is the lowest concentration acid used as a medium in 

the weight loss measurement study and 0.25 M is the highest con-
centration used in this study.  
As can be seen in Fig 2 (a), for the untreated sample, the weight 
loss of the mild steel slowly increased at 30 minutes earlier until 1 
hour. After 1 hour, the weight loss of the mild steel increased dras-
tically from 0.0024 g to 0.0147 g.  After addition of 0.05 M 
[EMIM]Cl ionic liquid the weight loss measurement for the mild 
steel was slowly decreased from 30 minutes to 24 hours. This 

shows the effectiveness of 0.05 [EMIM]Cl as a potential inhibitor 
for corrosion protection. It was believed that the effectiveness of 
[EMIM]Cl as inhibitor is due to the presence of -NH2 group which 
attached to the mild steel surface [9]. In 0.5 M [EMIM]Cl, the 
corrosion performance of mild steel was better compared to the 
mild steel treated with 0.05 M of [EMIM]Cl. Fig 2 shows that 
mild steel treated with 0.5 M [EMIM]Cl revealed the lowest 
weight loss values even when exposed in the highest (0.25 M) acid 

concentration used in this experiment (Fig 2 (d)). Weight loss 
value is directly proportional to corrosion rate value. Yet, lower 
weight loss value of mild steel treated with 0.5 M [EMIM]Cl ionic 
liquid revealed that it is a good inhibitor as it able to slow down 
the corrosion process. Velrani et al. [1], also reported that the cor-
rosion rate decreased considerably with an increase in concentra-
tion of the inhibitor. Thus, the higher the concentration of 
[EMIM]Cl, the more effective the [EMIM]Cl as inhibitor.  
It also can be observed in Fig 2 that the corrosion process occurred 

slowly with the presence of the ionic liquid.  It is believed that the 
ionic liquid began to form a thin film which act as a protective 

layer on the mild steel surface [6]. Thus, even the immersion time 
of the mild steel keep increasing from 30 minutes to 24 hours, the 
weight loss of the mild steel after treated with ionic liquid was 
slowly decreased compared to untreated mild steel. 
 

3.2. Inhibitor performance of 0.5 M and 0.05 M of 

[EMIM]Cl at 24 hours of exposure. 

 
Fig 3 shows the weight loss measurement for untreated and treated 
sample in different concentrations of acid at 24 hours of immer-
sion. Overall, the weight loss rises as the concentration of sul-
phuric acid increased.  Yet, the weight loss value of untreated 
sample is the highest, showing that the corrosion process occurs 

rapidly on the mild steel surface. At 0.25 M of sulphuric acid the 
weight loss of the untreated sample is 0.0974 g. However, when 
treated with 0.05 M [EMIM]Cl the weight loss of mild steel is 
lower compared to the weight loss of the untreated sample. The 
weight loss of mild steel treated with 0.05 M [EMIM]Cl at the 
highest acid concentration (0.25 M) value is 0.0469 g.  Mild steel 
treated with 0.5 M of [EMIM]Cl revealed the lowest weight loss 
value which is 0.0179 g. Lower weight loss value of mild steel 

treated with 0.5 M of [EMIM]Cl suggest that the corrosion proc-
ess on the mild steel surface occur slowly. Thus, the higher the 
concentration of [EMIM]Cl used to treat the mild steel, the more 
effective the [EMIM]Cl can protect the mild steel from being cor-
rode [10]. 

 

 
Fig 3: The weight loss (g) of mild steel against different concentrations of 

sulphuric. 

 

3.3. Performance of treated mild steel in two different 

acids solution at 24 hours of exposure.  

 

 
Fig. 4: The weight loss (g) of mild steel against in different acid solution. 

 

The performance of treated mild steel in two different acids solu-
tion after 24 hours of exposure was observed. Fig 4 shows the 
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weight loss value of the mild steel for untreated mild steel, mild 
steel treated with 0.05 M [EMIM]Cl and mild steel treated with 
0.5 M [EMIM] Cl when exposed in 0.25 M sulphuric acid and 0.5 
M hydrochloric acid solution. Results revealed that 0.05 M 
[EMIM]Cl is a better inhibitor when exposed in sulphuric acid 
solution at 24 hours of exposure. However, in 0.5 M hydrochloric 
solution, 0.5 M [EMIM]Cl will give better corrosion protection. 

 

3.3. Scanning electron microscope analysis (SEM) 

 
Scanning electron microscope (SEM) analysis was conducted to 
observe the surface morphology of bare mild steel, untreated and 
treated mild steel. Fig 5 shows SEM image of bare mild steel, 

untreated mild steel in 0.25 M sulphuric acid at 24 hours and 
treated mild steel in 0.25 M sulphuric acid at 24 hours at 10 000 X. 

 

 

 

 
Fig 5: SEM images for a) bare mild steel, b) untreated mild steel in 0.25 M 

sulphuric acid at 24 hours and c) treated mild steel in 0.25 M sulphuric 

acid at 24 hours at 10 000X 

 
As can be seen in Fig 5 (a), the bare mild steel surface is very 
smooth surface. However, when the bare mild steel was immersed 
in 0.25 M sulphuric acid for 24 hours, a rough surface was ob-
served.  The rough surface indicates that the mild steel sample was 
highly corroded. Fig 5 (c) shows the surface morphology of mild 
steel treated with 0.05 M of [EMIM]Cl. A very smooth and 
cleaner surface of mild steel can be observed. The ‘cleaner’ sur-

face indicates the presence of a thin layer of inhibitor film on the 
mild steel surface.  

4. Conclusion  

In this study, the effectiveness of [EMIM]Cl as corrosion inhibitor 
in sulfuric acid was investigated. Results revealed that [EMIM]Cl 
is a good corrosion inhibitor as it can protect the mild steel surface 
even after 24 hours of immersion. Study showed that, 0.5 M 

[EMIM]Cl ionic liquid give better protection compared to 0.05 M 
of [EMIM]Cl. Thus, higher concentration of [EMIM]Cl give bet-
ter protection on the mild steel surface compared to lower concen-
tration of [EMIM]Cl. [EMIM]Cl is capable to control the corro-
sion process even at higher concentration of acid. Study in differ-
ent acidic media was also conducted and results showed that the 
type of acid affected the effectiveness of the inhibitor. 
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