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Role of Steel Surface Finish on the Performance of Sodium Nitrite Inhibitor
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ABSTRACT : The role of suiface finish of carbon
steel samples subjected to different degrees of
surface finish {as received, ground and ground
and corroded ), on the performance of sodium
nitrite inhibitor (100, 400 and 800 ppm), at
temperatures (222 2°C ) and (70 £ 2°C) was
assessed using different electrochemical test
techniques.

Rough ground samples (100 grit paper),
showed pronounced corrosion attack (low Rp).
The severity of corrosion attack was more
pronounced when tests were conducted in
aqueous solution containing low concentration
of inhibitor (100 ppm). In contrast, low tofor no
corrosion attack (high Rp/ inhibitor efficiency)
was observed when carbon steel samples were
subjected to soft grinding using 1000 grit paper.
This was observed even when tests were
conducted at inhibitor concentrations as low as

(100 ppm).
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Marked decrease in the inhibitor efficiency
was recorded for ground and corroded carbon
steel samples even when samples were ground at
1000 grit paper.

Generally, tests at high temperature of (70 %
2°C) observed to reduce the inhibitor efficiency.

INTRODUTION

Many types of aqueous corrosion inhibitors are
being used to combat the corrosion of steel in water
and oil mediums such as cooling water system and
oil/ gas production facilities respectively.

The interaction of corrosion inhibitor with clean
steel surface seems to be well known. However, it is
difficult to get a clean surface of steel in cooling water
system which is in contact with neutral aqueous
solution. There are many types of corrosion attack
encountered in the cooling system. One type of
corrosion attack is known as under deposit corrosion
attack."! This was historically the source of many
equipment failures as a result of pitting corrosion that
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can lead to perforation thus requiring a premature
replacement of the failed equipment.”*! Smooth
surface finish samples require low inhibitor
concentration and the build-up of a passive film is
expected to be adherent, coherent and
homogenous.”® In addition to that the presence of
oxide film mix of hydrated FeO and Fe,0, is expected
to reduce the rate of nitrite adsorption on the sample
surface and the formation of continuous, adherent
and regular passive film.!*"! Iron has a tendency to
precipitate with an ions within the environment on
the metal surface. The impact of iron oxide deposits
on the over all corrosion control process is two fold.
First the deposit of iron oxide creates a self-
perpetuating corrosion reaction, where by a
differential result in under the deposit corrosion.
Localized corrosion attack (pitting) which in turn
reduces the effectiveness of corrosion inhibitors by
preventing them from reaching the metal surface. The
second possibility is the incorporation of non protective
iron oxides into the corrosion inhibitor film.

At high temperature a reduction in
physicochemical properties of the inhibitor as well as
the diffusion of oxygen to the metal surface are
expected to be markedly affected. The oxygen carried
molecules of sodium nitrite is expected to vanish with
the increase of temperature and less quantity of
inhibitor is expected to adsorb at metal surface.®!

The objective of this paper is to assess the role of
metal surface finish on the efficiency and/or
performance of sodium nitrite as a passive film
corrosion inhibitor at room temperature (22+2°C)
and (70 £2° C) using electrochemical technique.

EXPERIMENTAL METHOD

The effect of surface finish on the performance
of sodium nitrite inhibitor ( NaNO,) was assessed
using electrochemical technique. Linear polarization
resistance (LPR) was measured at each test
condition and from that a corrosion rate was
calculated. Mild steel samples having a chemical
composition as shown in Table 1 were subjected to
the following surface treatment:

1-Samples ground on two grades of emery papers
(100 and 1000 grit paper).

Table 1 . Chemical composition of used mild steel samples
(wt. %).

UNC AlISI | C Mn Pmax | §
G10180 | 1018 | 0.14 -0.20 | 0.60 - 0.90 | 0.040 | 0.050

2-Samples ground at 100 and 1000 grit paper and
afterward corroded by inserting them in tap water
for 72 hours. The corroded samples were then
removed and dried before being tested.

All corrosion tests were conducted using distilled
water with various concentrations of sodium nitrite
inhibitor (blank, 100, 400, and 800 ppm) and
temperatures of (22+2° C & 70 £2° C) using potentio-
dynamic test technique.

RESULTS AND DISCUSSION

The test results of the effect of surface finish on the
performance of sodium nitrite inhibitor at 22+2° C and
70 £2°C are shown in Figures 1-8. Figures 1 and 2,
exhibit the effect of grinding of test samples, at different
paper grades (100 and 1000 grit paper), on the
performance of sodium nitrite inhibitor at room
temperature. When tests were carried out, at highest
concentrations of corrosion inhibitor, it was observed
that samples with very smooth surface finish (1000 grit
paper) showed a very high polarization resistance (Rp)
value ( & 550,000 ohm.cm?) compared with ( Rp
70,000 ohm.cm* ) for sample ground at (100 grit paper).
In addition to that samples with smooth surface finish
showed higher values of Rp (120,000 ohm.cm?) at low
inhibitor concentration of 100ppm compared with (42,000
ohm.cm?) obtained for samples ground at (100 grit
paper). This can be contributed to the fact that smooth
surface finish samples require low inhibitor concentration
as well as the built-up passive film is expected to be
adherent, coherent and homogenous.® In contrast,
the surface finish for samples ground at 100 grit paper
is expected to be rough and irregular as result of
confined plastic deformation. Therefore, high inhibitor
concentration is required to cover the non uniform
steel surface. >4

Marked reduction of Rp was reported when
samples were ground (100 and 1000 grit papers )
and corroded then tested in the same above condition,
as shown in Figures 3 and 4. This was pronounced
for grind (1000 grit) and corroded samples, where
ten fold reduction in Rp was reported at corrosion
inhibitors concentration of 800 ppm , as shown in
Figure 4. This can be attributed to the presence of
corroded sites over the test samples, where high
quantity of inhibitor is required. In addition to that
the presence of oxide film mix of hydrated FeO and
Fe,O, is expected to reduce the rate of nitrite
adsorption on the sample surface and formation of
continuous, adherent and regular passive film.!*”!
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Fig. 1. Relationship between Rpxs values and duration time for
samples ground (100 grit paper) and tested at room temperature
(2222°C) over various inhibitor concentrations.
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Fig. 2. Relationship between Rpxs values and duration time for
samples ground (1000 grit paper) and tested at room
temperature over various inhibitor concentrations.
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Fig. 3. Relationship between Rpxs values and duration time for
samples ground (100 grit paper} and rusted then tested at room
temperature over various inhibitor concentrations.
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Fig. 4. Relationship between Rpxs values and duration time for
samples ground (1000 grit paper) and rusted then tested at
room temperature over various inhibitor concentrations.

70000 -

| —e— #00gam inkin

—~8— 400ppm inhib
GO0OD | —a— 10DpEm Inhib
—+—DW

50000

40000

At ‘\//

20000

Rp (ohm.cnr)

10000

o 5 10 15 20 25 a0 a5 ag 45 50

Time In hrs.
Fig. 5. Relationship between Rpxs values and duration time for
samples ground (100 grit paper) and tested at (70+2°C) aver
various inhibitor concentrations.
120000

—0—7ﬂﬂt‘prtm Inhibr
—8—400pEm inhib.
—i— 100ppm inhib.

100000
A L

BODOO

Eoong

Rp {ohm.cm?)

40000

20000

0 5 10 15 20 25 Z!.D 35 40 a5 50
Time i hrs.

Fig. 6. Relationship between Rpxs values and duration time for

samples ground (1000 grit paper) and tested at (70 £2° C) over

various inhibitor concentrations.
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Fig. 7. Relationship between Rpxs values and duration time for
samples ground (100 grit paper) and rusted then tested at (70
+2°C) over various inhibitor concentrations.
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Fig. 8. Relationship between Rpxs values and duration time for
samples ground (1000 grit paper) and rusted then tested at (70
+2°C) over various inhibitor concentrations.
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In contrast less marked reduction of Rp was
reported for ground (100 g) and corroded samples,
where two fold reduction of Rp was reported at 800
ppm inhibitor concentration (Fig. 3) compared with
ground samples only, (Fig. 1). This can be attributed
to the low Rp values for samples ground at 100 grit
paper.

Tests at high temperature of (70 £2°C) caused
marked reduction of Rp or inhibitor efficiency as
shown in Figures 5 to 8.Tests at this temperature
with an inhibitor concentration of 800ppm result in
low Rp value (110,000 ohm.cm?) for samples ground
at 1000 emery paper compare with tests conducted
at 2242° C where high Rp value (550,000 ohm.cm?)
was observed. In contrast, ground and corroded
samples (100 and 1000 grit papers) showed much
less Rp values (low inhibitor performance) when
tested at various inhibitor concentration, as shown in
Figures 7, 8. This can be attributed to the fact that
the tests at high temperature caused a reduction in
physicochemical properties of the inhibitor as well
as the diffusion of oxygen to the metal surface is
expected to be markedly affected. The oxygen carried
molecules of sodium nitrite is expected to vanish with
the increase of temperature and less quantity of
inhibitor compare with tests at room temperature is
expected to be adsorbed at metal surface.l®!

CONCLUSIONS

1- The inhibitor efficiency found to be markedly
dependence on the degree of metal surface finish.
Samples ground using smooth grinding paper (1000
grit paper) showed highest Rp value and the inhibitor
performance was found to be highest.

2- Ground and corroded samples markedly
reduced the performance of sodium nitrite inhibitor.
This was found to depend on the degree of metal
surface finish.

3- Tests at (70 + 2°C) markedly reduced the
performance of sodium nitrite inhibitor even when
tests were conducted on smooth surface finish
samples (ground at 1000 grit paper) and highest
inhibitor concentration (800 ppm).
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