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ABSTRACT The polyaniline, and ploy-N,N- dimethylaniline were chemically prepared in different solvents and deposited on a
steel surface by cyclic voltammetric technique with different cycles. The tests for corrosion protection of the polymers
coated and uncoated steel were investigated in 0.3 M NaCl solution by using Tafel polarization measurements. The

experiments data showed, the studied polymers coating have ability to protect the steel against corrosion. Some factors, number of cycles of

polymer preparation, solvent of polymer preparation, and the polymer type effect on the corrosion parameters, icorr. (corrosion current), I.E.%
(inhibition efficiency), and P ( porosity) of the polymers coated steel in 0.3M NaCl solution. The all experiments were investigated at 30 0C.

Introduction

Corrosion is a problem of great economic importance to industry. Cor-
rosion protection is often afforded by isolating metals from the cor-
rosive environment using polymer coatings. Practicals applications of
conductive polymers have received considerable interest as corrosion
protective coating on oxidizable metals in the most recent times 4.
This because these polymers are chemically stable, environmentally
viable, and have good corrosion resistance ©. Polyaniline is known
as the most important inherently conducting polymer. Its excellent
stability to air oxidation ©, controllable electrical conductivity ?, and
simplicity of preparation from cheap materials make it superior to
other conductivity polymers.

In our present work, we investigated the corrosion protection of pol-
yaniline and ploy-N,N-dimethylaniline coatings steel in 0.3M NaCl
aqueous solution. We studied also the effects of the polymers coating
steel prepared under some conditions, such as the number of poly-
mer film cycles formed by cyclic voltammetry, and different solvents
of polymers preparation. This because these conditions exhibit influ-
ence on the properties of the coating polymer and, hence, effects on
the steel corrosion protection.

Experimental

Material and Sample Preparation:

The steel working electrode is a disk with surface area 0.452 CmZ2.
The steel (C; 0.06%, Si; 0.53%, Mn; 1.12%, S; 0.009%, Pb; 0.025%,Cu;
0.298%, Al; 0.026%, Ni; 7.78%, Cr; 18.09%, V; 0.095%, Mo; 0.137%)
was cut as a cylindrical rode, and mounted into glass tube of appro-
priate diameter with epoxy resin. The disk surface was polished prior
to any experiment with 600 grit SiC paper, rinsed with distilled wa-
ter and polished with acetone- saturated paper towel to remove any
grease and produce a relatively scratch free, smooth, shiny surface®.
The Electrolyte Media:

All chemicals were of analytical grade. Bi-distilled water was used to prepare all
solution, 0.TM aniline in 0.5M of HCI, HNO,, and oxalic acids. We prepared also
another solutions, 0.1M of N.N-dimethylaniline in the previous solvents of the
same concentrations. The experiments were carried out at 30°C in all the tested
electrolytes.

The Electrolytic Cell and Measured Potentials:

A conventional three- electrodes/ one- compartment glass cell con-
sisting of a steel disk, a platinum wire, and Ag/AgCl electrode, were
used as working, counter, and reference electrode respectively. The all
potentials measured with respects to Ag/AgCl reference electrode.
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Synthesis of Polymer Coating on Steel:

The polymers coatings were deposited on the steel by cyclic voltam-
metric technique, in solutions 0.1 M monomers in 0.5M of HCI, HNO,,
and oxalic acids using a potentiostat model PGZ100 from voltalab-Ra-
diometer analytical with software Model Voltamaster 4 version (7.09).
Some conditions affecting electrochemical polymerization such as
number of cycles, electrolyte compositions, and monomer type were
written in tables (1-8) to exhibit influence on the properties of the
polymer coating.

Corrosion Experiments:

The potentiostatic polarization experiments (E-mV versus {-pA) were
carried for uncoated and polymer coated steel in aggressive medium
of 0.3M NaCl aqueous solution.

Results and Discussion:

Figure (1) displays the variation of applied potentials (E-mV) versus
logarithm current (i-yA) of uncoated steel in aggressive medium of
0.3 M NaCl aqueous solution. Similar curves of figures (2-4) are ob-
tained for coated steels by polyaniline film, formed by cyclic voltam-
metry of 10 cycles of 0.1 M aniline in 0.5M of different solvents, in
aggressive medium of 0.3M NaCl solution. Others curves are obtained
for coated steels by polyaniline films, formed by cyclic voltammetry of
different cycles in 0.5M of oxalic and HNO, acids, in the same concen-
tration of the aggressive medium (not shown). In like manner, simi-
lar curves are obtained for coated steel by poly-N,N-dimethylaniline
films( not shown). The all curves related to the following Tafel equa-
tion (1),

M=a+b10g i .coeuervniurenraieniniaienrnceniinireeecncencnnes (1)

Where , 17 is the over-voltage; more positive and negative potentials with re-
spect to the free corrosion potential (Em".), a is the intercept of Tafel line with
the applied potential, b is the anodic and cathodic Tafel slope depends on the po-
larization values with respect to E../ Tafel constants (Ba, [3(). The anodic (Ba) and
cathodic (B ) Tafel slopes were calculated from the all figures. The values of 3
andi__determined by the extrapolation of the linear portions of the anodic and
cathodic Tafel curves of coated and uncoated steel. A polarization resistance (R))
for the polymer coated steel could be estimated by the expression(2)®,

R=B/i

corr.

Where, =P, B,/2.303 (B,+8)

The corrosion inhibition efficiency (I.E.%) was evaluated from the
measured { values obtained from tafel polarization method using

corr.
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the following relationship (3)%,

LE% 5| """].\ O ||

Where icorr. and icorr-. are the corrosion current density without and
with coated polymer. The porosity in the coating is very important pa-
rameter to determine whether a coating is suitable or not to protect
the substrate against corrosion. In order to calculate the porosity of
the polymer, we have used the following relationship (4) ",

Ry (umcombed M parr

E x 10 B s e s s s (4)

By, (conted)

Where P is the total porosity, (uncoated) and Rp (coated) denote the
polarization resistance for uncoated and coated steel, respectively. A
Ecorr. is the difference between corrosion potentials of coated and
uncoated steel by volt and B_ is the anodic Tafel slope for uncoated
steel substrate.

The all parameters of, Ecorr, icorr, B, B, B, Rp, I.E.% and P obtained
from Tafel curves of the all figures were listed in tables (1-8).

Table (1, 2) display the effect of polyaniline coating thickness, formed
by cyclic voltammetry of different cycles of 0.1M aniline in 0.5M of ox-
alic and HNO, acids, on steel corrosion resistance in 0.3M NaCl aque-
ous solution.

It is essential to note that the polyaniline coating thickness and the
I.E.% of polyaniline increase with increasing the number of cycles of
polyaniline preparation. There is a good correlation between porosity
and thickness of the coating polymer, it shows that the porosity in the
coating decreases with increasing in thickness of the polyaniline coat-
ing. The lower values of the porosity in polyaniline coatings permit an
improvement of the 1.E.% of polyaniline coating against steel corro-
sion by hindering the access of the corrosive chloride ions to the steel
substrates”. It is essential to note that the corrosion current (values
of coating steel were found to be lower than uncoated steel and also
decrease with increasing the number of cycles of polyaniline prepa-
ration (enhancement of polyaniline thickness). This case was simply
related to physical barrier behavior of polyaniline coating between
the corrosive environment and underlying steel 72, and also due to
improvement its inhibition properties against corrosion respective-
ly. The results of tables (1, 2) clear that the polyaniline coating steel
prepared in HNO, is more protective against corrosion in 0.3M NaCl
solution than which prepared in oxalic acid at the all different cycles
of preparation.

Tables (3,4) display P, .E.%, and values of polyaniline and poly-N,
N-dimethylaniline coating steel in 0.3M NaCl solution, the poly-
mers coating prepared by cyclic voltammetry of 0.1M of aniline and
N-N-dimethylaniline in 0.5M of different solvents, HCl, HNO,, and ox-
alic acids. The porosity of polymers coating and the corrosion current
values of polymers coating steel decrease due to the type of solvents
of polymers preparation in the order of oxalic, HCl, and HNO, acids.
On the other hand the inhibition efficiency values increase in the
same order of solvents preparation. It is essential to note that poros-
ity, inhibition efficiency, and the corrosion current of coating steel de-
pend on the electrolyte type " of polymer preparation. This confirms
to us that the type of solvent of polymer preparation is prerequisite to
effect on the properties of the coating polymer. These results mean
that the polyaniline and poly-N,N-dimethylaniline coating steel pre-
pared by cyclic Voltammetric technique in HNO, is more protective
barrier between steel and NaCl aggressive medium than which pre-
pared in the other solvents. This may be to the packing efficiency of
the polyaniline and the poly-N,N-dimethylaniline coating steel pre-
pared in HNO, is the greatest than which prepared in the other sol-
vents.

Tables (5,6) reveal the effect of poly-N,N-dimethylaniline coating
thickness, formed by cyclic voltammetry of different cycles of 0.TM
N,N-dimethylaniline in 0.5M of oxalic and HNO, acids respectively, on
the values of corrosion parameters of the tested steel in 0.3M NaCl
aqueous solution.

The results clear that the corrosion parameters, P, I.E.% and icorr. of
poly-N,N-dimethylanline behave the same trend of the corrosion
parameters of polyaniline coating steel with respect to the number
of cycles of polymer preparation. The corrosion parameters in tables
(5,6) clear also that the poly-N,N-dimethylaniline coating steel pre-
pared in HNO, is more corrosion protection than which prepared in
oxalic acid at the all different cycles of preparation.

Tables (7,8) display the corrosion parameters, P, 1.E.% and icorr. of
coated steel by difference polymers (polyaniline and poly-N,N-di-
methylaniline) prepared by cyclic voltammetry of 10 cycles of 0.1M of
corresponding monomer in 0.5M oxalic and nitric acid, in 0.3M NaCl
solution.

The data show that the corrosion parameters of polymers coating de-
pend on the polymer category and the solvent of polymer prepara-
tion under the same condition of electropolymerization. This may be
to the adhesion differences of polymers to steel surface. The porosity
values of polymers coating steel decrease in the order polyaniline and
poly-N,N-dimethylaniline which prepared in the same solvent. It is es-
sential to note that the porosity values of prepared polymers, depend
also on the type of solvent of polymer preparation; decrease in the or-
der oxalic and nitric acid. This case was simply related to the packing
efficiency of each polymer, which depends on the size of monomer
unit in polymer chain and on the physical properties of the polymer
preparation.

It is essential also to note that the 1.E.% and icorr. values of poly-
mer coating steel increase and decrease, in the order of polyaniline
and poly-N,N-dimethylaniline due to the type of solvent of polymer
preparation in the order of oxalic and nitric acid. This is due to the
difference of the porosity values of polymer coating steel, which as-
sociated with the polymer type and the solvent of polymer prepara-
tion. The lower values of porosity of polymer coating steel increase
the inhibition efficiency and, hence, decrease the corrosion current by
hindering the access of the chloride ions to attack the steel surface .

Conclusions:

The following conclusions can be drawn from this work:

1-  The corrosion resistance of polymer coatings steel was higher
than of uncoating steel.

2- There is a good correlation between the porosity (p) values of
polymer coatings steel and the degree of corrosivities. High po-
rosity show high corrosion current, however low porosity tend to
retard corrosive action of chloride ions.

3- The corrosion parameters, i, I.E.%, and P of polymers coating
steel in 0.3M NaCl solution depend on, number of cycles of pol-
ymer preparation, solvent of polymer preparation, and polymer
type.

4-  Our observed experimental results reveal the inhibition efficiency
of the poly-N,N-dimethylaniline coating steel of different solvent
preparation is more corrosion protective than the polyaniline
coating steel at the same conditions.

Fig (1): Tafel plot of potential (E - mV) versus log current
(i - pA) of uncoated steel in aggressive medium of 0.3M
NacCl aqueous solution.
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Fig (2):Tafel plot of potential (E - mV) versus log current
(i - pA) of coated steel by polyaniline film, formed by
cyclic voltammetry of 10 cycles of 0.1M aniline in 0.5M
oxalic acid, in aggressive medium of 0.3M NaCl aqueous
solution.

Fig (3):Tafel plot of potential (E - mV) versus log current
(i - pA) of coated steel by polyaniline film, formed by cy-
clic voltammetry of 10 cycles of 0.1M aniline in 0.5M HCI
acid, in aggressive medium of 0.3M NaCl aqueous solu-
tion.
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Fig (4):Tafel plot of potential (E - mV) versus log current
(i - pA) of coated steel by polyaniline film, formed by
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Table (2): Corrosion parameters of uncoated and coated
steel by polyaniline film, formed by cyclic voltammetry
of different cycles of 0.1M aniline in 0.5M nitric acid, in
aggressive medium of 0.3M NaCl aqueous solution.
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Table (3): Corrosion parameters of uncoated and coated
steel by polyaniline film, formed by cyclic voltammetry
of 10 cycles of 0.1M aniline in 0.5M of different solvents,
in aggressive medium of 0.3M NaCl aqueous solution.
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Table (4): Corrosion parameters of uncoated and coated
steel by poly-N,N-dimethylaniline film, formed by cyclic
voltammetry of 10 cycles of 0.1M N,N- dimethylaniline
in 0.5M of different solvents, in aggressive medium of
0.3M NaCl aqueous solution.
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Table (5): Corrosion parameters of uncoated and coated
steel by poly-N,N-dimethylaniline film, formed by cyclic
voltammetry of different cycles of 0.1M N,N- dimeth-
ylaniline in 0.5M oxalic acid, in aggressive medium of
0.3M NaCl aqueous solution.

Nuslt of il ol |

cyclic voltammetry of 10 cycles of 0.1M aniline in 0.5M o | F 4 L Be |l | 12 ¥
. . . . - = 1 . ahum’ 21 v =
HNO, acid, in aggressive medium of 0.3M NaCl aqueous : bitaniaft florard PR st hevond icall M -
3 ol s il prbmer | pabm
solution. Froparises o | s
P ™ ra b P T o T [Twwated st UINIA | BAREEE | WATRAIE | TR | 47 |aae] —
ol ey Nodrgudd |V gdnadd Vet miam® | Kies' | v i ] ] e i 0 il it Ml Pl Bt B P
Férpidation g SRR M cyeien REET | A5 | ABTNE | 18T | W [ T | e |
| vestmg | gwsnsg TR AR | ODER) | GENVGTAIR | LRERA | 310 | BaNd| BRAF | BITN |
TUmceated sreed e e e Bl uu{ = = [ B eyiten el IS |eAMRIIAEEN| 1800 | | £ WaTn | wir |
18 epobes T 380 | MMEMNELIGH | LRI | ABE | 335 (it | e
T 1 T T .
[ |t e "-""'_ ot e Pkl gt Table (6): Corrosion parameters of uncoated and coated
| e ool Bococod® ot St ] ol Mincrd Rzasnd] B steel by poly-N,N-dimethylaniline film, formed by cyclic
ol i SMLL | AW RATAMOER | 2T | | ”"] b | Thcies! voltammetry of different cycles of 0.1M N,N- dimeth-

Table (1): Corrosion parameters of uncoated and coated
steel by polyaniline film, formed by cyclic voltammetry
of different cycles of 0.1M aniline in 0.5M oxalic acid, in
aggressive medium of 0.3M NaCl aqueous solution

ylaniline in 0.5M nitric acid, in aggressive medium of
0.3M NaCl aqueous solution.
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Table (7): Corrosion parameters of uncoated and coat-
ed steel by difference type of polymer film, formed by
cyclic voltammetry of 10 cycles of 0.1M corresponding
monomer in 0.5M oxalic acid, in aggressive medium of
0.3M NaCl aqueous solution.
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Table (8): Corrosion parameters of uncoated and coat-
ed steel by difference type of polymer film, formed by
cyclic voltammetry of 10 cycles of 0.1M corresponding
monomer in 0.5M nitric acid, in aggressive medium of
0.3M NaCl aqueous solution.
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