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Abstract: As corrosion inhibitors for mild steel in acidic media, polymers are emerging materials due to its
larger surface coverage area. This paper focuses on the characteristic of water-soluble  solvent  polyvinyl
alcohol  (PVA)  at  interface  of  mild  steel  under  0.5  M  HCl,  examined  using  electrochemical  impedance
spectroscopy, Tafel polarization, and weight reduction techniques. The findings of the study revealed that
water-soluble polyvinyl alcohol as polymer inhibitor has restraint abilities, up to 93.7 percent for 3 hours in
0.5 M hydrochloric acid. An advanced form of high spatial resolution imaging of surface of mild steel at
different stages was found by using scanning electron microscopy which shows that the sample immersed
for  3 hrs  in 0.5 M HCl with 100 ppm of water  soulble PVA inhibitor  provides  good inhibition quality to
corrosion on mild steel surface.
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INTRODUCTION

Corrosion  is  formed  due  to  the  weakening  and
debasement of metal because of natural conditions.
It  causes  due  to  the  natural  dampness,  which
prompts  the  oxidation  of  metal  surface.
Unadulterated metals or blends are isolated from a
short  of  oxides,  sulfates,  carbonates,  etc  and
significantly  unpredictable  and  react  viably  within
the sight of O2 and H2O likewise to CO2 which leads
because of metal degradation. So it very well might
be treated as "A surface marvel alluded to be the
assault on metals or composites by the climate like
air,  water  or soil  in a synthetic  or electrochemical
response to make more steady mixes.”(1–3)

To lessen the impact of the destructive condition on
metals,  corrosion  inhibitors  are  found  in  various
natural  and  synthetic  form,  which  diminishes  the
consumption  rate  when  present  in  the  corrosion
framework at a reasonable focus without altogether

change  in  the  convergence  of  some  other
destructive operator are utilized(4,5). 

Metals  can  be  prevented  from  the  corrosion
problems,  through  following  precautionary
procedures like (6–8).

A. Cathodic Protection: It is a successful strategy to
rheostat corrosion on arrangements either enclosed
or inundated in an electrolyte; as designated by the
action  mode,  anodes  are  named  dazzled  present
and peacemaking. 

B. Assurance with anticorrosive casing: It is primarily
cast off to shape a somatic interference between the
destructive  situations  to  secure  the  arrangement.
it's far utilized for maximum element with metallic
components present to the climate.

C. Corrosion Inhibitors:  Inhibitors are added to the
damaging domain of materials (in ppm) to avoid the
corrosion  effect  in  metals.  Pipelines,  vessels,  and
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types  of  gear  are  its  primary  application  where
soluble inhibitors are used successfully.

According  to  NACE,  inhibitors  are  “a substance,
which  retards  corrosion  when  added  to  an
environment in appropriate concentration.”

It was found from the Langmuir adsorption isotherm
that  soluble  polymers  are  efficient  corrosion
inhibitors  as  compared  to  the  components  like
drugs,  natural  products,  heterocyclic  organic
compounds, organic dyes, and so on, widely used as
corrosion  inhibitors,  which  covered  the  metal
surface  to  repress  the  contact  to  the  surface  of
metal and dampness (9,10).

Nowadays, various industries are using acids for the
purpose  of  pickling,  descaling,  cleaning  etc.,  (11–
14). HCl is exceptionally destructive to the metals or
mild  steel  (amalgam of  unalloyed  metals).  In  this
way,  the  proficiency  of  water  soluble  polyvinyl
alcohol  as  corrosion  inhibitor  has  been  evaluated
using  HCl solution  of  0.5  M,  0.1  M,  1.5  M,  etc.
Productivity  can  be  determined  by  gravimetric
investigation,  potentiodynamic  polarization  and
electrochemical  impedance  spectroscopy.  This  is
likewise bolstered by the surface examinations done
by atomic power microscopy (10,15,16) .

Pieces  of  literature show the majority of  polymers
like  polyaniline,  polyanthranilic,  poly-diphenyl
amine,  and  so  on,  as  insoluble  in  nature,  which
limits their properties in interaction with the metal
surface through the pi-bond present in the moiety.
These  polymeric  materials  are  less  utilized  as
corrosion  inhibitors.  However,  polymeric  materials
can  be  sulfonated,  to  expand  the  solvability  of
polymeric material in an acidic medium. (1,2,16,17).

Principally  polymers  were  utilized  as  covering
material  rather  than  inhibitors  but  due  to  the
exceptionally insoluble nature of the majority of the
polymers in  aqueous medium, limit their  use as a
corrosion inhibitor. As of late, a few endeavors have
been  made  to  solubilize  the  polymers  for  the
utilization  of  corrosion  inhibitor  (18–21).  Polymers
are magnificent consumption inhibitors for metallic
antiques in corrosive condition. Nearness of a little
amount of polymers might be powerful in hindering
the consumption of metals in fluid acidic condition
(22–26). Time is a champion factor while describing
the corrosion inhibitor. Drenching time is a crucial
factor to be considered in identifying the soundness
of  the  inhibitor  film  and  the  rate  of  inhibitor
adsorption.  Weight  reduction  estimations  were
additionally  used  to  contemplate  the  impact  of
temperature on the corrosion of mild steel with the
nearness of consumption inhibitor (27–29).

Polyvinyl  alcohol  (PVA),  commonly  called  as  the
green polymer, is a synthetic polymer and has been

considered  as  most  commonly  used  water-soluble
synthetic  polymer  due  to  its  biologically  accepted
nature and biomedical applications (11–13,30,31).

Mild steel samples of 10 cm2 surface zone in 0.5 M
hydrochloric  acid  solution  was  examined  with  the
inhibitive  behavior  of  water  soluble  PVA  using
different methods for finding inhibitor efficiency and
surface coverage of inhibitor over mild steel surface
in  corrosive  environment  using  Atomic  force
microscopic techniques in this article.

MATERIAL AND METHODS

The acid was prepared by using the dilution formula
to  find  out  the  volume  of  the  acid  required  to
prepare a solution. 

Dilution formula; 
C1V1= C2V2 (1)

where  C=  concentration,  V=  volume,  1=  original
solution, 2= the new solution.

Usually HCl is available in 12 M solution so; 12 M x
V1 = 0.5 M x 1000; V1 =  41.6 mL must be taken in
1000  mL (1  L)  flask with  enough  water  added  to
form 1000 mL of 0.5 mL solution (10,17,32,33).

The  weight  reduction  and  electrochemical
examinations  were  done  on  mild  steel  segments
submerged with the interface of water-soluble PVA
and HCl (AR grade) both acquired from Merck India
and  twofold  refined  water  was  utilized  for  the
weakening of forceful medium (15,16).

Weight Loss Studies
A 10 cm2 surface zone of mild steel was immersed
at 35 oC in 0.5 M HCl for 3 hours of time, examined
and embraced to analyze the consumption conduct
of certain metals in various corrosive arrangements
utilizing  weight  reduction  method.  The  total
examinations were done in the funnel-shaped carafe
having glass plug with various centralization of PVA
inhibitor to acquire the ideal inhibitor fixation. Such
investigations  were directed for ideal  convergence
of soluble PVA at different temperature ranges, time
interim,  and  grouping  of  corrosive.  Inhibition
efficiency (%) and surface coverage (Θ) of the PVA
on mild steel  were obtained by using the relation:
(9,34–37)

I . E .(%)=
W 0–W i

W 0

×100
 (2)

Θ=
W 0 –W i

W 0 (3)

W0 and Wi represent the weight loss of metal in the
absence of PVA inhibitor and in the presence of PVA
inhibitor concentration respectively (10).
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The corrosion rate is calculated by dilution formula as   

CR=
87.6×weight loss(mg)

Surface area of the specimen (cm2
)×Time(h)×Density of the specimen(g cm−3

)
(4)

It has been found that fixation increment leads to a
decrease corrosion rate. 

Electrochemical Studies
Electrochemical  systems  are  perfect  for  the
investigation  of  the  corrosion  forms,  as  corrosion
happens  by  means  of  electrochemical  responses
(34,36,38,39).  In  an  electrochemical  investigation
process,  a  three-electrode  assembly  cell  having  a
mild  steel  working electrode  of  10 cm² in  surface
area is  utilized  to  demonstrate  the  metal  in  a
consuming  framework  of  1  cm²  unpolished  area
facing the solution as working electrode. A saturated
calomel  electrode  with  large  rectangular  platinum
foil  was  used  as  reference  electrode  and  counter
electrode  respectively  at  35  oC temperature
(9,10,16,38,40).  Acetone,  water,  and  a  variety  of
emery  papers  were  employed  on  the  working
electrode  preparation.  An open circuit  potential  in
circulated air through environment was directed in
all electrochemical estimation using Potenentiostat /
galvanostat of Gamry instruments Inc. USA, (model
G-300)  and  EIS  programming.  Tafel  polarization,
linear  polarization  resistance  and  electrochemical

impedance  spectroscopy  experiments  (3,10,16,41–
43) have been used for further study.

RESULT AND DISCUSSION

Weight-Loss Technique
Variation  of  PVA  concentration  in  solution:  Metal
degradation  technique  was  applied  to  study  the
behavior of soluble PVA concentration in absent and
present  condition  has  been  listed in  Table  1.  The
effect of inhibitor efficiency on the mild steel surface
under  0.5  M  HCl  solutions at  varying  inhibitor
concentration has  been  plotted  in  Figure.  1.  The
inhibitor efficiency has been indicated to be 93.70%
at  100  ppm  concentration  of  inhibitor  in  acidic
solution. It was  clearly found from the Table 1 that
increasing  the  inhibitor  concentration  gradually
decreases  the  weight  loss  and  corrosion  rate  of
metal  while  increases  the  inhibition  efficiency.  To
achieve  more  accuracy  in  results  all  the
examinations  of  sample  has  been  performed  in
triplicate.  To  avoid statistical  errors  in  graphical
representation, an error bar has also been reported
in Figure 1 (4,5,11,44).

Table 1. Range of data showing inhibitor efficiency of PVA at10 cm2 surface area of mild steel for 3 hours at
35 oC in 0.5 M HCl solution.

Inhibitor
concentration

(ppm)

Weight
loss (mg)

IE (%) CR
(mmpy)

N/A 81.05 - 30.15
15 46.29 42.89 17.22
25 22.50 72.24 8.37
50 18.93 76.64 7.04
75 9.97 87.70 3.71
100 5.11 93.70 1.90
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Figure 1. Change in PVA concentration lead to change in % inhibition efficiency at 35 oC for 3 hours of
duration in 0.5 M HCl solution for exposed surface area of 10 cm2 mild steel strip.

219



Dwivedi A, Bharti PK, Shukla SK. JOTCSA. 2021; 8(1): 217-228.  RESEARCH ARTICLE

Variation of Immersion Time
In Figure 2,  a graph with error bar represents the
stability of inhibitor in the variable time interval. The
data of weight loss of mild steel was recorded in 100
ppm concentration in 0.5 M HCl solution to the time
range  of  3  to  8  hrs  at  35  oC.  Figure  2  has  been
plotted  to  observe  the  inhibitor  efficiency.  The
gradually  increasing  time  of  3  to  8  hours  of

immersion  in  mild  steel  specimen  in  100  ppm
inhibitor  concentration  with  0.5  M  HCl  solution
decreases the inhibitor efficiency up to 82.71%. This
plot  discloses  that  the  efficiency  of  inhibitor
decreases with a slow rate due to the desorption of
adsorbed layer of compound on mild steel  surface
(2,10).

Figure 2. Change in immersion time of specimen leading to change in % inhibition efficiency at 35 oC for 3
hours duration in 0.5 M HCl solution for exposed surface area of 10 cm2 mild steel strip.

Variation of Solution Temperature
A temperature variation at the range of 298 K to 328
K in 0.5 M HCl in 100 ppm inhibitor concentration
has  been  plotted  in  Figure  3  and  found  that  at
increasing  temperature,  aqueous  acid  solution
lowers the inhibitor efficiency up to 75.25%, which

represents  that  the  adsorption  process
predominates over desorption up to 328 K where it
takes place at 298 K and desorption of molecules of
PVA on mild steel surface decreases due to high rate
of heat of diluted HCl (45–47).

Figure 3. Temperature variation of acidic solution lead to change in % inhibition efficiency at 100 ppm
inhibitor diluted for 3 hours duration in 0.5 M HCl solution for exposed surface area of 10 cm2 mild steel strip. 

Variation of Acid Concentration 
An acidic concentration of 100 ppm PVA has been
varied from 0.5 M to 2 M HCl for 3 hours at 35 oC on
immersed mild steel structure and plotted in Figure
4.  It  has  been  observed  that  the  increasing

concentration of acid in  the  solution decreases the
inhibitor efficiency from 95.28% to 73.49%. Figure 4
has shown that the concentration level of 0.5 M HCl
is  very  effective  with  a  marginal  decrease  in
inhibition efficiency (48).
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Figure 4. Variation of acidic solution lead to change in % inhibition efficiency at 100 ppm inhibitor diluted
for 3 hours duration in 0.5 M HCl solution for exposed surface area of 10 cm2 mild steel strip. 

Adsorption Isotherm
Adsorption  is  the  adherence  of  atoms,  ions  or
molecules from a gas, liquid or dissolved solid to a
surface  (33).  To  support  the  adsorption  isotherm
study  of  the  PVA  molecule  on  the  metal  surface,
Langmuir,  Temkin,  and  Frumkin  isotherms  were
employed.  The  Langmuir  adsorption  isotherm was
found to be the best tool to explain the behavior of
PVA  molecule  adsorption  on  the  surface  of  the
metal. This study defined the charge and the nature,
electronic  characteristics,  adsorption  of  solvent  of
metal  surface  and  other  ionic  species,  on  the
electrochemical potential at solution interface  (11).
Langmuir adsorption isotherm expression (Formula
5) was used to calculate the adsorption isotherm by

fetching  the  value  of  surface  coverage  values  (θ)
from Table 1.

C inh

Θ
=
1
Kads

+C inh
 (5)

where,  Cinh is  the  concentration  of  PVA  corrosion
inhibitor  employed  and  Kads represents  the
equilibrium constant of adsorption in acid medium.
Figure 5 represents  the Cinh  vs Cinh/θ  graph having
straight line with the migration coefficient (R) to be
almost  unity.  Unit  value  of  R represents  that  the
adsorption  of  the  inhibitor  on  mild  steel  surface
follows the Langmuir adsorption isotherm (9,49,50).
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Figure 5. Adsorption of PVA inhibitor molecules on the mild steel surface in 0.5 M HCl solution using
Langmuir’s adsorption graph with error bar.

Tafel and Linear Polarization Study
To  find  the  corrosion  current  density,  Table  2
represents  a  free  corroding  potential  system,
corrosion potential  (Ecorr),  anodic (ba) and cathodic
(bc) Tafel slopes and corrosion current density (Icorr).
These  parameters  are  used  to  evaluate  the
efficiency  of  PVA  polymer  inhibitor  in  0.5  M  HCl
solution  at  mild  steel  surface  in  presence  and
absence of PVA in the concentration. The variation
in  the  range  of  corrosion  potential  (Ecorr)  while
increasing the inhibitor concentration in the solution
has been shown in Table 2. This indicates that the
high  rate  of  inhibitor  may  increase  the  current

density. The small amount of change between Tafel
plots  indicates  the  mix  characteristic  of  inhibitor
property  (51).  This  corrosion  current  density  (Icorr)
shown  in  Table  2  indicates  that  increasing  the
inhibitor concentration will lead to a higher voltage
than  85  mV  with  respect  to  zero  solution
concentration and resultant mixed type of inhibitor
property.  The calculated  inhibition efficiency using
tafel polarization study supports the Table 1 results
stated above.

Calculation of  Polarization resistance (RP)  from the
slope of the potential current lines can be found by
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the relation between working electrode surface area
(A), and potential change dE and di, using Equation
6 as:

Rp=A
dE
di

(6)

The results has been plotted in Figure 6 and states
that  PVA conquers  the H2 progression reaction  on

cathode and found more polarized than the anodic
reaction suspension.

The  value  of  Rp increases  while  increasing  the
concentration of inhibitor to 100 ppm in 0.5 M HCl
solution at same temperature and the good inhibitor
efficiency was found to be 91.6%. From the value, as
shown in Table 2, it was indicated that higher the
concentration  of  the  inhibitor  may  result  in  an
increase in the efficiency of the inhibitor.

Table 2. Potentiodynamic polarization parameters for mild steel without and with PVA in 0.5 M hydrochloric
acid

Inhibitor
Conc.  

Tafel data Linear Polarization
data

-Ecorr

(mV vs SCE)
ba

(mV dec-1)
bc

(mV dec-1)
Icorr

(µA cm-2)
IE

(%)
Rp

(Ω cm2)
IE

(%)
N/A 469 75 150 2140 - 20.1 -
25 472 74 152 410 80.8 120 83.2
50 470 70 157 265 87.6 180 88.8
75 466 73 149 225 89.5 206 90.2
100 471 74 161 190 91.1 240 91.6

Figure 6. Tafel polarization curve in absence of inhibitor and presence of optimum concentration PAA
inhibitor molecule on the surface of mild steel in 0.5 M HCl solution.

Electrochemical impedance spectroscopy and 
Surface morphology study
To study the experimental  condition  such as scan
rate,  voltage,  frequency and the ionic species and
concentration  of  electrolyte,  the  three  regions  of
double layer i.e. space charge, compact layer, and
diffuse  layer  is  studied  by  modifying  model  of
equation circuit reported by McDonald J.R. (9,20,50)
for constant phase angle. Mansfeld’s A F. theoretical
circuit is used to explain the interface model of HCl
to mild steel phase angle (2,20). A Nyquist graph in

Figure 7 has been plotted to represent the behavior
of  corrosion  on  the  surface  of  mild  steel
configuration  in  the  presence  and  absence  of
inhibitor. All the experiment has been undertaken on
mild  steel  surface at  0.5 M HCl solution at  35  oC,
while  varying  the  inhibitor  concentrations.  It  has
been observed from the electrochemical impedance
spectroscopy  plot  that  the  semicircle  diameter
increases  with  increase  in  the  concentration  of
inhibitor up to 100 ppm. 
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The basic electrochemical impedance parameter like
solution resistance (Rs), admittance parameter (Yo),
total  number  of  parts  (n),  resistance  to  charges
transfers (Rt), and double electric layer capacitance
(Cdl) was found to calculate the adsorption of metal
and  acid  molecules  interface  due to  the potential
difference  between  solution  and  electrode  at
corrosion state using the equation 7.

Cdl=(Y 0R t
1−n)

1/n

(7)

In the absence and presence of a PVA inhibitor at
0.5 M  HCl concentration, Table 3 shows the values
of Rs, Y0, n, and Cdl decreases with the addition of an
inhibitor  in concentrations,  while Rt increased with
the addition of an inhibitor. A protective film formed
on the  mixture  and metal  interface  is  due to  the
addition  of  more  inhibitor  molecules  to  the
concentration, which resulted in an increase in the
Rt value.  The  surface  heterogeneity  may  increase
and  decrease  as  per  the  adsorption  of  inhibitor
molecules on the adsorption of metal surface, which
will  affect  the value of  n.  Equation 8 was used to
plot  the  relation  between  protective  layers
thicknesses (d) and double layer capacitance (Cdl) by
using  the  value  of  dielectric  constant  (ε)  of
protective layer and free space permittivity (εo) (52):

Cdl=
ε εo
d (8)

The  result  from  the  above  plots  revealed  the
percentage inhibitor efficiency to be 96.68% on mild
steel surface in the presence of 100 ppm PVA in 0.5
M HCl, and this is in accordance with the data in the
above studies. Surface study of all the samples was
done  to  examine  the  impedance  spectra,  which
were shown as depressed semicircle under real axis
and appeared like a depressed capacitive loop using
Figure 7 and Figure 8. The raising surface roughness
and dislocation on metals property may lead to the
heterogeneity  on  the  mild  steel  surface  due  to
dislocations  or  adsorption  of  the  inhibitor
molecules(14,53). 

Surface morphology of the specimen represents the
formation of adsorbed polymer film over the sample.
The  polished  Figure  8(a)  represents  the  smoother
image of the surface whiles Figure 8(b) shows high
roughness on the surface of the sample due to the
effect of acid concentration. As compared to Figure
8(b), Figure 8(c) shows more perfect graph due to
the impact of PVA inhibitors addition to the interface
of mild steel strip. 

Table 3. Electrochemical impedance parameters values of with and without PVA for mild steel corrosion in
0.5M HCl solution

Inhibitor concentration
(ppm)

Rs
(Ω cm2)

Rp
(Ω cm2)

Yo
(µF cm-2)

n Cdl 
(µF cm-2)

IE
(%)

N/A 1.23 8.3 1181.5 0.858 55 -
25 1.17 136.9 205.7 0.836 48 93.90
50 1.19 157.1 112.3 0.831 42 94.71
75 1.20 202.2 87.5 0.825 38 95.89

100 1.19 250.1 74.3 0.822 35 96.68
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Figure 7. Nyquist plot of corrosion of mild steel in absence and presence of optimum concentration of PVA
inhibitor in 0.5M hydrochloric acid solution

(a) (b)

(c)
Figure 8. Surface morphological analysis through atomic force microscopy of mild

steel sample.  (a) Polished sample,  (b) sample immersed for 3 hrs in 0.5 M HCl
without inhibitor, (c) sample immersed for 3 hrs in 0.5 M HCl with 100 ppm PVA

inhibitor.
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CONCLUSIONS

It has been indicated that polymers, particularly the
water  soluble  ones,  are  productive  corrosion
inhibitors in various aqueous media. (48-50). Tested
water-soluble  PVA  exhibits  outstanding  corrosion
inhibition properties against the surface of mild steel
in a 0.5 M HCl solution. Impedance, polarization and
gravimetric  methodology  findings  suggest  better
effective water-soluble properties of PVA. The above
study  shows  that  the  effectiveness  of  PVA  as  a
corrosion  inhibitor  depends  not  only  on  the  good
results of the environmental conditions, but also on
the steel surface flora and electrochemical potential
at the tip, and also on the erection of the inhibitor
itself. Polarization studies have shown that at 0.5 M
HCl  concentration  at  100  ppm,  PVA  acts  on  both
anodic and cathodic type reactions and shows that it
is a mixed-type inhibitor. The PVA inhibitor efficiency
was  observed  to  be  higher  when  the  inhibitor
concentration  increased  up  to  100  ppm,  with  a
dramatic change in the corrosion rate compared to
the time of solution immersion.

The  initiation  boundaries  mirror  the  endothermic
metal disintegration process. The adsorption of PVA
follows  the  Langmuir  isotherm  model  and  the
estimations of the free vitality of adsorption show its
unconstrained physical nature. The consequences of
the  arrangement  of  examinations  have  uncovered
that  the  procedures  engaged  with  corrosion
inhibitors gives a uniform result as for all classes of
mixes so far explored with one inhibitor in a given
framework.  The  statement  was  supported  by  the
results  studied  using  characteristic  atomic  force
microscopy.

ACKNOWLEDGMENT

The manuscript communication number provided by
the  Research  and  Development  Cell,  Integral
University,  Lucknow is: IU/R&D/  2020-
MCN000976. 

REFERENCES

1. Ji G, Shukla SKSK, Dwivedi P, Sundaram S, Ebenso
EEEEE,  Prakash  R.  Green  Capsicum  annuum  fruit
extract  for  inhibition  of  mild  steel  corrosion  in
hydrochloric  acid  solution.  Int  J  Electrochem  Sci.
2012;7(12):12146–58.

2.  Singh  AK,  Shukla  SK,  Quraishi  MA,  Ebenso  EE.
Investigation  of  adsorption  characteristics  of  N,N’-
[(methylimino)dimethylidyne]di-2,4-xylidine  as
corrosion  inhibitor  at  mild  steel/sulphuric  acid
interface. J Taiwan Inst Chem Eng. 2012;43(3):463–
72.

3.  Singh  AK,  Shukla  SK,  Quraishi  MA.  Corrosion
Behaviour of Mild Steel in Sulphuric Acid Solution in
Presence of Ceftazidime. 2011;6:5802–14.

4. Ameh PO, Eddy NO. Theoretical and experimental
studies on the corrosion inhibition potentials  of  3-
nitrobenzoic  acid  for  mild  steel  in  0.1  M  H2SO4.
Cogent  Chem [Internet].  2016;2(1):0–18.  Available
from:
http://dx.doi.org/10.1080/23312009.2016.1253904

5.  Loto  RT,  Loto  CA,  Fedotova  T.  Electrochemical
studies of mild steel  corrosion inhibition in sulfuric
acid  chloride  by  aniline.  Res  Chem  Intermed.
2014;40(4):1501–16.

6.  R.  Winston Revie HHU. Corrosion and Corrosion
Control:  An  Introduction  to  Corrosion  Science  and
Engineering [Internet].  4th ed.  John Wiley & Sons;
2008.  512  p.  Available  from:
https://books.google.co.in/books?
id=HJHMhOgrEiwC&dq=introduction+to+corrosion+
formation&lr=&source=gbs_navlinks_s

7.  Gupta  M,  Mishra  J,  Pitre  KS.  Corrosion  and
inhibition effects  of  mild steel  in  hydrochloric  acid
solutions  containing  organophosphonic  acid.  Int  J
Corros. 2013;2013:1–6.

8. Dwivedi A. A review on polymeric material used
as a corrosion inhibitor for metals . 2012;

9.  Shukla SK.  Corrosion inhibitive effect  of  N-  (  6-
methoxyquinolin-8-yl  )  -pentane-1  ,  4-  diamine  on
mild  steel  /  sulphuric  acid  solution  interface.
2015;6(6):1779–86.

10. Dwivedi A, Bharti PK, Shukla SK. Interaction of
water  soluble  polyacrylic  acid  with  mild  steel  /
hydrochloric acid interface. IOP Conf Ser Mater Sci
Eng. 2018;404(1).

11.  Kaviyarasu  S,  Anandakumar  S,  Vignesh  K,
Rampradheep GS. Development of inhibitor for the
corrosion resistance in steel using polyvinyl alcohol.
Int J Sci Technol Res. 2020;9(2):2888–93.

12. Grecu R, Samide A,  Iacobescu GE, Cioateră N,
Popescu  A.  Copper  corrosion  inhibitors  based  on
polyvinyl alcohol and silver nanoparticles. Chem Ind
Chem Eng Q. 2019;25(3):267–75.

13.  Srimathi  M,  Rajalakshmi  R,  Subhashini  S.
Polyvinyl  alcohol-sulphanilic  acid  water  soluble
composite  as  corrosion  inhibitor  for  mild  steel  in
hydrochloric  acid medium. Arab J  Chem [Internet].
2014;7(5):647–56.  Available  from:
http://dx.doi.org/10.1016/j.arabjc.2010.11.013

14.  Karthikaiselvi  R,  Subhashini  S,  Rajalakshmi  R.
Poly (vinyl alcohol - aniline) water soluble composite
as corrosion inhibitor for mild steel in 1 M HCl. Arab J

225



Dwivedi A, Bharti PK, Shukla SK. JOTCSA. 2021; 8(1): 217-228.  RESEARCH ARTICLE

Chem [Internet].  2012;5(4):517–22. Available from:
http://dx.doi.org/10.1016/j.arabjc.2010.09.020

15.  Guo  C,  Zhou  L,  Lv  J.  Effects  of  expandable
graphite and modified ammonium polyphosphate on
the  flame-retardant  and  mechanical  properties  of
wood flour-polypropylene composites. Polym Polym
Compos. 2013;21(7):449–56.

16. Shukla SK, Singh AK, Murulana LC, Kabanda MM,
Ebenso EE. Inhibitive effect of azorubine dye on the
corrosion of mild steel in hydrochloric acid medium
and synergistic iodide additive. Int J Electrochem Sci.
2012;7(6):5057–68.

17. Murulana LC, Singh AK, Shukla SK, Kabanda MM,
Ebenso  EE.  Experimental  and  Quantum  Chemical
Studies of Some Bis ( trifluoromethyl-sulfonyl ) Imide
Imidazolium-Based  Ionic  Liquids  as  Corrosion
Inhibitors  for  Mild  Steel  in  Hydrochloric  Acid
Solution. Ind Eng Chem Res. 2012;51:13282–99.

18.  Palou  RM,  Olivares-Xomelt  O,  Likhanova  N  V.
Environmentally friendly corrosion inhibitors. Green
Corros Inhib theory Pract. 2011;257–303.

19.  Dahmani  M,  Et-Touhami  A,  Al-Deyab  SS,
Hammouti  B,  Bouyanzer  A.  Corrosion  inhibition  of
c38 steel in 1 M HCl: A comparative study of black
pepper  extract  and  its  isolated  piperine.  Int  J
Electrochem Sci. 2010;5(8):1060–9.

20.  Perumal  S,  Muthumanickam  S,  Elangovan  A,
Sayee  Kannan  R,  Mothilal  KK.  Inhibitive  effect  of
Bauhinia tomentosa leaf extract on acid corrosion of
mild  steel.  2017;10(13):203–13.  Available  from:
http://www.sphinxsai.com/2017/ch_vol10_no13/2/(2
03-213)V10N13CT.pdf

21.  Gobara  M,  Zaghloul  B,  Baraka  A,  Elsayed  M,
Zorainy M, Kotb MM, et al. Green corrosion inhibition
of mild steel to aqueous sulfuric acid by the extract
of  Corchorus  olitorius  stems.  Mater  Res  Express
[Internet].  2017;4(4):046504.  Available  from:
http://stacks.iop.org/2053-1591/4/i=4/a=046504?
key=crossref.c6c2ffa2531203e46e2b786b1417bf2e

22.  Alsingery  RMD.  Polypyrrole  as  a  Perfect
Corrosion Inhibitor for Mild Steel in Hydrochloric Acid
Solution Cyclic Voltammetry. 2017;10(9):1058–65.

23.  Lai  C,  Xie  B,  Zou  L,  Zheng  X,  Ma  X,  Zhu  S.
Adsorption and corrosion inhibition of mild steel in
hydrochloric  acid  solution  by  S-allyl-O,O′-
dialkyldithiophosphates.  Results  Phys  [Internet].
2017;7:3434–43.  Available  from:
https://doi.org/10.1016/j.rinp.2017.09.012

24.  Harabor  I,  Nechifor  G,  Branzoi  V,  Branzoi  F,
Carbon I. Investigation of Some Organic Polymers As
Corrosion Inhibitors on Carbon Steel in. 2016;78.

25.  Solomon MM, Umoren SA.  Enhanced  corrosion
inhibition  effect  of  polypropylene  glycol  in  the
presence of iodide ions at mild steel/sulphuric acid
interface.  J  Environ  Chem  Eng  [Internet].
2015;3(3):1812–26.  Available  from:
http://linkinghub.elsevier.com/retrieve/pii/S2213343
715001256

26. Fidrusli A, Suryanto, Mahmood M. Ginger extract
as  green  corrosion  inhibitor  of  mild  steel  in
hydrochloric  acid  solution.  IOP Conf  Ser  Mater  Sci
Eng. 2018;290(1).

27.  Deshmukh  K,  Basheer  Ahamed  M,  Deshmukh
RR, Khadheer Pasha SK, Bhagat PR, Chidambaram K.
Biopolymer  Composites  With  High  Dielectric
Performance:  Interface Engineering.  In: Biopolymer
Composites in Electronics [Internet]. Elsevier; 2017.
p.  27–128.  Available  from:
https://linkinghub.elsevier.com/retrieve/pii/B978012
8092613000036

28.  Tsoeunyane  MG,  Makhatha  ME,  Arotiba  OA.
Corrosion Inhibition  of  Mild  Steel  by  Poly(butylene
succinate)-L-histidine  Extended  with  1,6-
diisocynatohexane Polymer Composite in  1 M HCl.
Int  J  Corros  [Internet].  2019  Mar  3;2019:1–12.
Available  from:
https://www.hindawi.com/journals/ijc/2019/7406409/

29.  Geethanjali  R,  Subhashini  S.  Synthesis  and
Kinetics  of  Corrosion  Inhibition  of  Water-Soluble
Terpolymer of Polyvinyl Alcohol Functionalized with
Vinyl  Sulfonate  and  p-Vinyl  Benzene  Sulfonate,  in
Molar HCl. J Bio- Tribo-Corrosion [Internet]. 2018 Dec
23;4(4):60.  Available  from:
http://link.springer.com/10.1007/s40735-018-0170-z

30.  Geethanjali  R,  Menaka  R,  Subhashini  S.
Gravimetric  and  Electrochemical  Study  of
Temperature  Effect  of  PVA Grafted Terpolymer  on
Corrosion  Inhibition  of  Mild  Steel  in  Hydrochloric
Acid. Mater Today Proc [Internet]. 2018;5(8):16246–
57.  Available  from:
https://linkinghub.elsevier.com/retrieve/pii/S221478
531831071X

31.  Samide A,  Merisanu C,  Tutunaru  B,  Iacobescu
GE.  Poly  (Vinyl  Butyral-Co-Vinyl  Alcohol-Co-Vinyl
Acetate) Coating Performance on Copper Corrosion
in  Saline  Environment.  Molecules  [Internet].  2020
Jan  21;25(3):439.  Available  from:
https://www.mdpi.com/1420-3049/25/3/439

32. Shukla SK, Quraishi MA, Prakash R. A self-doped
conducting  polymer  “polyanthranilic  acid”:  An
efficient  corrosion  inhibitor  for  mild steel  in  acidic
solution. Corros Sci [Internet]. 2008;50(10):2867–72.
Available  from:
http://dx.doi.org/10.1016/j.corsci.2008.07.025

226



Dwivedi A, Bharti PK, Shukla SK. JOTCSA. 2021; 8(1): 217-228.  RESEARCH ARTICLE

33.  Shukla SK,  Murulana LC,  Ebenso EE.  Inhibitive
effect of imidazolium based aprotic ionic liquids on
mild steel corrosion in hydrochloric acid medium. Int
J Electrochem Sci. 2011;6(9):4286–95.

34.  Shukla  SK,  Quraishi  MA.  4-Substituted
anilinomethylpropionate: New and efficient corrosion
inhibitors for mild steel in hydrochloric acid solution.
Corros Sci. 2009;51(9):1990–7.

35.  Shukla  SK,  Quraishi  MA.  Ceftriaxone:  A  novel
corrosion inhibitor for mild steel in hydrochloric acid.
J Appl Electrochem. 2009;39(9):1517–23.

36. Ebenso EE, Kabanda MM, Arslan T, Saracoglu M,
Kandemirli F, Murulana LC, et al. Quantum Chemical
Investigations on Quinoline Derivatives as Effective
Corrosion Inhibitors for Mild Steel in Acidic Medium.
Int J Electrochem Sci Int J Electrochem Sci [Internet].
2012;7(7):5643–76.  Available  from:
www.electrochemsci.org

37.  Shukla  SK,  Singh  AK,  Quraishi  MA.  Triazines:
Efficient  corrosion  inhibitors  for  mild  steel  in
hydrochloric  acid  solution.  Int  J  Electrochem  Sci.
2012;7(April):3371–89.

38. Quraishi MA, Ahamad I, Singh AK, Shukla SK, Lal
B,  Singh  V.  N-(Piperidinomethyl)-3-
[(pyridylidene)amino]isatin: A new and effective acid
corrosion inhibitor for mild steel. Mater Chem Phys.
2008;112(3):1035–9.

39. Ji G, Shukla SK, Dwivedi P, Sundaram S, Ebenso
EE, Prakash R. Green Capsicum annuum fruit extract
for inhibition of mild steel corrosion in hydrochloric
acid  solution.  Int  J  Electrochem  Sci.
2012;7(12):12146–58.

40.  Shukla  SK,  Singh  AK,  Ebenso  EE.
Pharmaceutically  active  compound  as  corrosion
inhibitor  for  mild  steel  in  acidic  medium.  Int  J
Electrochem Sci. 2011;6(9):4276–85.

41. Singh AK, Shukla SK, Ebenso EE. Cefacetrile as
corrosion inhibitor for mild steel in acidic media. Int J
Electrochem Sci. 2011;6(11):5689–700.

42. Umoren SA, Banera MJ, Alonso-Garcia T, Gervasi
CA, Mirífico M V. Inhibition of mild steel corrosion in
HCl  solution  using  chitosan.  Cellulose.
2013;20(5):2529–45.

43. Shukla SK, Quraishi MA. Cefalexin drug: A new
and  efficient  corrosion  inhibitor  for  mild  steel  in
hydrochloric  acid  solution.  Mater  Chem  Phys.
2010;120(1):142–7.

44. Dos Pereira JDS, Neri  JM, Emerenciano DP,  De
Freitas  GRS,  Felipe  MBMC,  De  Souza  MÂF,  et  al.
Experimental  and  theoretical  analysis  of  an

oxazinoquinoxaline derivative for corrosion inhibition
of AISI 1018 steel. Quim Nova. 2018;41(3):243–50.

45. Ji G, Shukla SK, Dwivedi P, Sundaram S, Ebenso
EE,  Prakash  R.  Parthenium  hysterophorus  plant
extract as an efficient green corrosion inhibitor for
mild steel  in acidic environment. Int J  Electrochem
Sci. 2012;7(10):9933–45.

46.  Shukla  SK,  Quraishi  MA.  The  effects  of
pharmaceutically  active  compound  doxycycline  on
the  corrosion  of  mild  steel  in  hydrochloric  acid
solution. Corros Sci. 2010;52(2):314–21.

47.  Chakravarthy  MP,  Mohana KN.  Adsorption  and
corrosion  inhibition  characteristics  of  some
nicotinamide  derivatives  on  mild  steel  in
hydrochloric  acid  solution.  ISRN  Corros.
2014;2014(July):1–13.

48.  Quraishi  MA,  Shukla  SK.  Poly(aniline-
formaldehyde):  A  new  and  effective  corrosion
inhibitor  for  mild  steel  in  hydrochloric  acid.  Mater
Chem Phys. 2009;113(2–3):685–9.

49.  Kannan  P,  Shukla  SK,  Rao  TS,  Rajendran  N.
Adsorption, thermodynamic and quantum chemical
studies  of  3-(4-
Chlorobenzoylmethyl)benzimidazoliumbromide  in
inhibition effect on carbon steel. J Mater Environ Sci.
2016;7(4):1154–71.

50. Ji G, Shukla SK, Ebenso EE, Prakash R. Argemone
mexicana  leaf  extract  for  inhibition  of  mild  steel
corrosion in sulfuric acid solutions. Int J Electrochem
Sci. 2013;8(8):10878–89.

51. Kabanda MM, Shukla SK, Singh AK, Murulana LC,
Ebenso EE. Electrochemical and quantum chemical
studies on calmagite and fast sulphone black f dyes
as corrosion inhibitors for mild steel in hydrochloric
medium. Int J Electrochem Sci. 2012;7(9):8813–31.

52.  Shukla  SK,  Ebenso  EE.  Corrosion  inhibition,
adsorption behavior and thermodynamic properties
of  streptomycin  on mild  steel  in  hydrochloric  acid
medium. Int J Electrochem Sci. 2011;6(8):3277–91.

53. Ji G, Shukla SK, Dwivedi P, Sundaram S, Ebenso
EE,  Prakash  R.  Parthenium  hysterophorus  plant
extract as an efficient green corrosion inhibitor for
mild steel  in acidic environment. Int J  Electrochem
Sci. 2012;7(10):9933–45. 

227



Dwivedi A, Bharti PK, Shukla SK. JOTCSA. 2021; 8(1): 217-228.  RESEARCH ARTICLE

228


