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compounds has an inhibitory action on the corrosion of carbon steel in

the investigated medium. Corrosion rate of mild steel was studied
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organic inhibitors mainly depends on the some physicochemical
properties of the molecule to the possible steric effects and electronic density of donor atoms;
adsorption is suppose also to depend on the possible interaction of p-orbitals of the inhibitor
with d-orbital of the surface atoms, which induce greater adsorption of the inhibitor molecule

on to the surface of the metal alloy, leading to the formation of a corrosion protecting film.
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INTRODUCTION

A corrosion inhibitor is a chemical substance which when added is small concentration to an
environment, minimizes or prevents corrosion.”! Corrosion inhibitors are used to protect
metals from corrosion, including temporary protection during storage or transport as well as
localized protection, required, for example, to prevent corrosion that may result from
accumulation of small amount of an aggressive phase. Corrosion is an electrochemical

process by which metallic structure are destroyed gradually through anodic dissolution!”
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Stainless steel is covered with a highly protective film of chromium oxyhydroxide and is
resistant to corrosion in many aggressive environment; however, acidic solution are
aggressive environments; acidic solution are aggressive to this film layer and results in severe
pitting formation®*! Several mineral acid solutions are widely used for various treatments of
materials in industry such as pickling, descaling, acid cleaning and oil-well acidizing, thus the
presence of corrosion inhibitors is very important to keep the surface of steel intact and
reduce their corrosion rates!®”! The use of inhibitors is one of the most practical method to
protect the metal from corrosion® ¥ Most of the effective inhibitors are organic compounds
containing in their structures, nitrogen, phosphorus and sulphur. Heteroatoms such as
nitrogen, phosphorus and sulphur are capable of forming coordinate covalent bond with metal
owing to their free electron pairs and thus acting as inhibitors™*®*? Mostly, sulphuric and
hydrochloric acids are employed for such purposes.* The main problem concerning carbon
steel applications is its relatively low corrosion resistance in acidic solutions. Several
methods are currently used to prevent corrosion of carbon steel. One such method is the use
of an organic inhibitors.****! Amides are organic molecules that contain atoms with high
electron levels, Such as N, O, and S, in their molecule structures.

Relationship between molecular structures of these amides and their inhibition efficiencies
have studied in several research reports.'***! Organic compounds used as inhibitors,
occasionally they act as cathodic, anodic or together, as cathodic and anodic inhibitors,
nevertheless, as a general rule, act through a process of absorption, designated as a film
forming. Naturally the occurrence of molecules exhibiting a strong affinity for metal surfaces
compounds showing good inhibition efficiency and low environmental risk.*® These
inhibitors build up protective hydrophobic film absorbed molecules on the metal surface,
which provides the barrier to the dissolution of the metal in the electrolytes. They must be
soluble or dispersible in the medium surrounding the metal.™ The use of organic compounds
to inhibit corrosion has assumed great significance due to their application in preventing
corrosion under the various corrosive environments.?? The aim of this research work is to
investigate the inhibitive effect of mild steel in different acid medium by amide (-CONH,)

organic compounds.

Experimental section
Corrosion inhibition of mild steel in various acidic medium by organic compounds containing

amide (-CONH,) group. Steel binding wire was purchased from the local market. First all
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wire cleaned by sand paper, and then it was washed by cleaning solution later on by distilled
water. After cleaning the wire, it was dried by keeping at room temperature. After the
preparation of the mixture solution in different labeled beaker 1-54, the previously weighed
steel wire was dipped for 48 hours. After 48 hours the wire pieces were taken out from the
beaker, pieces were washed with distilled water and dried. The weight of each wire was
determined by using electronic balance in mg and they were recording tables. In this
experiment beakers were labeled from 1-54 and in beakers having labeled 1-6 20ml 0.1N
HCI, 7-12 20ml 0.01N HCI, 13-18 20ml 0.001N HCI, in beakers 19-24 20ml 0.1N HNOs3, 25-
30 20ml 0.01N HNOg3 and in beaker 31-36 20ml0.001N HNO3 and in beakers 37-42 20ml
0.1IN H,SO,, 43-48 20ml 0.01N H,SO4, 49-54 20ml 0.001N H,SO, were added 20 mg of
Acetamide, Benzamide, Thioacetamide, Urea, Thiourea of were added to beakers. The amide
group of different organic compounds used are labeled as, Compound (A) Acetamide,
Compound (B) Benzamide, Compound(C) Thioacetamide, Compound (D) Urea, Compound
(E) Thiourea. Weight of metal wire pieces before and after dipping in corrosion solution, loss
in weight, % loss weight was calculated by usual method. The % inhibition efficiency was
calculated by using following formula

_ Wu—Wi
T wu

Where, ILE % 100

I.E. = Inhibition efficiency.
W= Weight loss of metal in inhibitor solution
W, = weight loss of metal in control solution

RESULT AND DISCUSSION
Table no. 1: Effect of various amide group of organic compounds on corrosion in 0.1N
HCI.

Initial . . Loss in
Compound | weight F|naIV\\/IVe|ght weight .% L.Osﬁt I.E. (%)
(W) (W2) (AW) In weig
Control 0.311 0.271 0.060 19.29 -
A 0.290 0.242 0.048 16.55 6.00
B 0.305 0.255 0.050 16.39 16.66
C 0.292 0.263 0.029 9.93 51.66
D 0.299 0.251 0.048 16.05 20.00
E 0.282 0.258 0.024 8.51 60.00
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Fig. 1: Variation of weight loss of mild steel in 0.1N HCI solution containing different

amide group. (Graph no. 1)

Table no. 2: Effect of various amide group of organic compounds on corrosion in 0.01N
HCI.

Initial Final Lossin % Loss in
Compound | weight | Weight | weight weiaht I.E. (%)
W) | (W) | (aw) J
Control 0.294 0.270 0.024 8.16 -
A 0.284 0.276 0.008 2.81 66.66
B 0.308 0.288 0.020 6.49 16.66
C 0.294 0.287 0.007 2.38 70.83
D 0.289 0.279 0.010 3.46 58.33
E 0.306 0.302 0.004 1.30 83.33
100 83.33
7083
80 66.66 . 533
60
IE% 4
16.66
20 0 A
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Fig. 2: Variation of weight loss of mild steel in 0.01N HCI solution containing different

amide group. (Graph No. 2)
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Table no. 3: Effect of various amide group of organic compounds on corrosion in
0.001N HCI.

Initial Final Loss in % Loss in
Compound | weight | Weight | weight weight I.LE.( %)
(W1) (W) (AW)
Control 0.293 0.270 0.023 7.84 -
A 0.305 0.284 0.021 6.88 8.69
B 0.294 0.276 0.018 6.12 21.73
C 0.293 0.287 0.006 2.04 73.91
D 0.296 0.286 0.010 3.37 56.52
E 0.275 0.264 0.011 4.0 52.17
7391
80
56.52
50 5217
IE% 1
ANE!
20 8.69 \
0 .
0 - v
CONTROL A B C D E

Fig. 3: Variation of weight loss of mild steel in 0.001N HCI solution containing different
amide group. (Graph No. 3)

Table no. 4: Effect of various amide group of organic compounds on corrosion in 0.1N
HNO3,

Initial Final Loss in % Loss in
Compound | weight Weight | weight weight I.LE. (%)
(Wy) (W2) (AW)
Control 0.253 0.207 0.046 18.18 -
A 0.282 0.247 0.035 12.41 23.91
B 0.275 0.237 0.038 13.81 17.39
C 0.265 0.258 0.007 2.64 84.78
D 0.281 0.247 0.034 12.09 26.08
E 0.278 0.269 0.009 3.23 80.43
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Fig. 4: Variation of weight loss of mild steel in 0.1N HNOj solution containing different

amide group. (Graph No.4)

Table no. 5: Effect of various amide group of organic compounds on corrosion in 0.01N
HNO3,

Initial Final Loss in % Loss in
Compound | weight | Weight | weight (:/vei o 1.E.( %)
W) | (W) | (aw) g
Control 0.258 0.244 0.014 5.42 -
A 0.259 0.255 0.004 1.54 71.42
B 0.263 0.257 0.006 2.28 57.14
C 0.281 0.271 0.010 3.55 28.57
D 0.272 0.263 0.009 3.30 35.71
E 0.275 0.262 0.013 472 7.14
@ nu
5714
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3571
IE% 4 2857 .
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Fig. 5: Variation of weight loss of mild steel in 0.01N HNO3 solution containing
different amide group. (Graph No. 5)

www.wipr.net | Vol 11, Issue 3,2022. | 1SO 9001:2015 Certified Journal | 1530



Ade.

World Journal of Pharmaceutical Research

Table no. 6: Effect of various amide group of organic compounds on corrosion in

0.001IN HNO3;
Initial Final Loss in % Loss in
Compound | weight | Weight | weight (\)/veight .LE.( %)
(Wy) (W2) (AW)
Control 0.261 0.242 0.019 6.89 -
A 0.274 0.260 0.014 5.10 26.31
B 0.250 0.246 0.004 1.60 78.94
C 0.276 0.271 0.005 1.81 73.68
D 0.266 0.253 0.013 4.88 31.57
E 0.278 0.273 0.005 1.79 73.68
I 56 7368
80 - |
60
IE% 40 2631 3137
20
4
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Fig. 6: Variation of weight loss of mild steel in 0.00IN HNOg3 solution containing

different amide group. (Graph No. 6)

Table no. 7: Effect of various amide group of organic compounds on corrosion in 0.1N

H2SOq4.

www.wipr.net |

Initial Final Loss in % Loss in
Compound | weight | Weight | weight weight 1.LE.( %)
W) | (W) | (aW)
Control 0.287 0.216 0.071 24.73 -
A 0.299 0.232 0.067 22.40 5.63
B 0.283 0.218 0.065 22.96 8.45
C 0.288 0.280 0.008 2.77 88.73
D 0.289 0.226 0.063 21.79 11.26
E 0.295 0.286 0.009 3.05 87.32
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Fig. 7: Variation of weight loss of mild steel in 0.1N H,SO, solution containing different

amide group. (Graph No. 7)

Table no. 8: Effect of various amide group of organic compounds on corrosion in 0.01N
H>SOq,

Initial Final Loss in
) ; . % Loss
Compound | weight | Weight | weight in weiaht .E.( %)
Wy | W) | (aw) g
Control 0.317 0.301 0.016 5.04 -
A 0.291 0.277 0.014 4.81 12.50
B 0.279 0.268 0.011 3.94 31.25
C 0.275 0.265 0.010 3.63 37.50
D 0.286 0.278 0.008 2.79 50.00
E 0.310 0.301 0.009 2.90 43.75
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Fig. 8: Variation of weight loss of mild steel in 0.0IN H,SO, Solution containing
different amide group. (Graph No. 8)
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Table no. 9: Effect of various amide group of organic compounds on corrosion in
0.001N H,SOq,

Initial Final Loss in
. . X % Loss
Compound | weight | Weight | weight in weight I.LE.( %)
(W1) (W2) (AW)
Control 0.277 0.262 0.015 19.54 -
A 0.295 0.291 0.004 1.35 73.33
B 0.288 0.283 0.005 1.73 66.66
C 0.276 0.270 0.006 2.17 60.00
D 0.284 0.280 0.004 1.40 73.33
E 0.291 0.288 0.003 1.03 80.00
7333 LR v
80 ' 66.66 '
‘ 60
60 ‘
IE% 40
20
: -
0 F 4
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Fig. 9: Variation of weight loss of mild steel in 0.001N H,SO, solution containing

different amide group. (Graph No. 9)

The experimental result regarding inhibition efficiency of various amide (-CONH,) group
organic compounds under reveals that, the compounds have inhibition property. They inhibits
of oxidation of metal in various mineral acid medium. We conclude that the inhibition
efficiency are also depends on the oxidizing medium. In experimental process, we have to
used three types of acidic medium namely 0.1, 0.01, 0.001 N HCI, HNOj3 and H,SO,.Nitric

acid is strong oxidizing agent as compared to other two mineral acids.

After the analysis of various amide groups in organic compound, that is amide group of
organic compound (A) Acetamide having higher inhibition efficiency in 0.01 N HNOs is
71.42% and in 0.001 N H,SO, is 73.33%.Inhibition efficiency of Acetamide compound is
less in dilution of other acids. In compound (B) Benzamide it can shows in the range of
inhibition efficiency 16.66% to 31.25% in 0.1N, 0.01N HCI, HNO3 and H,SO, acid solutions.
Inhibition efficiency of Benzamide compound in 0.001IN HNO3 is 78.94%.Thioacetamide
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(C) can exhibits good inhibition efficiency in 0.1N H,SO, is 88.73%. And 73.0% efficiency
in 0.001N HCI and HNOj3 acid medium. Certain compound (D) Urea having higher inhibition
efficiency except in 0.001 N H,SO, acid solution that is IE 73.33%.In other concentration of
acids it shows less inhibition efficiency. Thiourea (E) is shows inhibition efficiency in the
range of nearly 80.0% to 87.0% in 0.01N HCI, 0.1IN, 0.001N HNO;3; and H,SO, acidic

medium.

Form all above study of amide group organic compounds, inhibition efficiency of
Thioacetamide and Thiourea have found to be good inhibitors for mild steel in various acid
medium. The other amide group compounds also exhibits inhibition efficiency also it can be
shown by graphical interpretation data. The inhibition efficiency increased with the efficiency
in the concentration of acids. The inhibition efficiency (IE %) of these compounds followed
the sequence C > E > B > A > D. The corrosion process is inhibited by the adsorption of
these molecules on steel binding wire. The various amide group organic compound
containing active groups which is responsible to inhibits corrosion of mild steel in different

acidic medium.

CONCLUSION

The amide (-CONHy) group organic compounds shows good corrosion inhibition property
against carbon steel corrosion in various corrosive acidic medium. Inhibition efficiencies are
related to concentration, temperature and chemical structures of the organic compounds.
Generally, inhibition efficiencies increase when concentration increases. All organic
compound affected both anodic and cathodic reactions. Result obtained from the
experimental data shows. Thioacetamide and Thiourea inhibits good inhibition efficiency.
Also, Benzamide, Acetamide and Urea shows inhibition efficiency and act as corrosion

inhibitor.
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