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Effects of the alloying elements, Sn and Sb, on the corrosion resistance of modified AH 32 steel for the cargo
oil tanks (COT) were examined using an electrochemical test and weight loss measurement. All experiments
were carried out in acidic chloride solution (0.14 M HCI and 10 wt% NaCl, pH 0.85) at 30 °C, simulating
the inner bottom plate of COT. It was clearly found that the small amount addition of Sn and Sb improved
the corrosion resistance of modified AH 32 steel, which is confirmed by the higher polarization resistance
of AH 32 steel modified with Sn and Sb addition compared with that of the base steel. X-ray photoelectron spec-
troscopy analysis of the corroded surface after immersion of 72 h presented that the AH 32 steel modified with
Sn and Sb addition created the protective corrosion products including SnO, and Sb,Os. These oxides act
as high corrosion inhibitor to anodic corrosion reaction, and hence leading to the improvement in the corro-

sion resistance of the modified AH 32 steels.
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1. INTRODUCTION

AH 32 steel has been extensively used as a structural material
for cargo oil tanks (COT) due to their excellent weldability
and good mechanical properties. The AH 32 steel is required
to have an yield strength of 315 N/mm’ or more, 440~590 N/
mm’ of a tensile strength, an elongation of 22% or more and
a carbon equivalent (C.q) less than 0.36 according to the rules of
classification society [1]. The weldability and mechanical
properties of the AH 32 steel are determined by their Cq value
as expressed by Eq. 1.

Co=C--Mn/6+Cr+Mo+V)/5+(Ni+Cu)/1 (1)

The low alloy steel with lower C.q showed better weldabil-
ity as well as higher resistance to low-temperature brittle-
ness. Therefore, the weldability and mechanical properties of
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COT can be controlled by adjusting the Cq of the steel, and
it is one of the important parameter to be considered when
we develop AH 32 steel for COT through compositional
modification. Table 1 shows chemical composition of AH 32
steel suggested by classification society rules [2]. In Table 1,
the alloying elements, C, Si and Mn, are added to improve
the mechanical properties and weldability and P and S are
impurities. The AH 32 steel has Al, Nb, V or other suitable
grain refining elements used by either singly or in combina-
tion. When these are used singly, the specified minimum
content of the grain refining element is required. The alloy-
ing elements, Cu, Cr, Ni and Mo, are added to improve the
corrosion resistance of the AH 32 steel.

In general, the AH 32 steel of COT faces to a serious cor-
rosion problem caused by crude oil environment. There are
two types of corrosion problem depending on the location of
COT. The general corrosion occurred on ceiling area of COT
while the pitting corrosion occurred on inner bottom plate.
These corrosion problems reduce the service life of COT
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Table 1. Chemical composition and Ceq of the AH 32 steel (wt%)

C Si Mn P, S Cu Cr

Ni

Mo Al Ni Y Ti Ceq

<0.18 <0.50 0.90~1.60 <0.035 <0.35 <0.20

<0.40

<0.08 >0.015 0.02~0.050.05~0.10 <0.02 <0.36

including the increase of repair cost and the decrease of
safety. In particular, observed maximum rate of pitting corro-
sion on the inner bottom plate is recorded as 4 mm/y, which
is very acute corrosion rate. The pitting corrosion of inner
bottom plate in COT occurs as follow processes; The high
concentrated chloride ion and H,S in remaining water after
drainage in COT are originated from crude oil exist [3]. The
inner bottom plate is fully covered with oil coating layer
containing sludge and generally, oil coating led to decreases
corrosion rate. Partial defects of the oil coating, however, would
be happened caused by water washing and water drops from
ceiling area [3,4]. Then the inner bottom plate is exposed to
severe corrosion environment with concentrated chloride ion
and H,S and pits generated from these defects of the oil coating,
Individual pits create the individual corrosion cell between
defect (small anodic area) and steel surface beneath the oil
coating around defect (large cathodic area). In addition to here,
elemental sulphur that dripping down from ceiling area acceler-
ates corrosion of inner bottom plate by the action as an oxi-
dizer as follows [3],

S +2H,0 — H,S + 200 @)

The best way to retard the growth of pits might be clear
cleaning and entire oil recoating on the surface of inner bot-
tom plate.

A lot of researchers have reported the improvement meth-
ods of corrosion resistance of low alloy steels in various cor-
rosive environments by adding minor alloying elements. Recently,
the effects of Sn and Sb on the corrosion resistance of low
alloy steels in acidic chloride solution are reported. Nam et
al. [5] suggested that Sn created a protective SnO, layer on
the steel surface, which inhibited steel dissolution in acidic
chloride solution (5.5x10° M sodium chloride and 6.25x10° M
sulphuric acid, pH 4.01). Lin et al. [6] reported that the pres-
ence of Sn decreased the corrosion rate of the X52 steel
which is generally used for oil and gas transmission pipeline
in 3.5% NaCl solution injected H,S gas. Le et al. [7] reported
that the addition of 0.10% Sb created not only a protective
Sb,Os oxide film on the steel surface, but also stimulated the
development of high corrosion inhibiting to low alloy steel

for flue gas desulfurization system.

An important research goal is to evaluate the corrosion
resistance of AH 32 steels modified with Sn and Sb addition
using by electrochemical technique and immersion test. Then
we find out the composition of the protective oxides formed
on these steels. Thus, in this study, the objective is to elucidate
the effect of Sn and Sb on the corrosion behaviour of AH 32
steel in simulated environment of inner bottom plate of COT.

2. EXPERIMENTAL PROCEDURE

Table 2 shows chemical composition of AH 32 steels modi-
fied with Sn and Sb in this work. The content of Cu, Ni, Cr
and Al is blank due to the alloy design security of steel man-
ufacture company. In order to obtain extremely low intersti-
tial grade, the alloys were prepared by vacuum arc melting
furnace, and then cast in the form of a button 8 mm thick.
The casts were homogenized for 15 min at 1200 °C, and then
hot rolled to 3 mm thick plate.

Specimens were prepared by cold rolling the heated plates
to 1.5 mm thick sheets, and then they were solution annealed
for 10 min at 920 °C, followed by water quenching. Sn and
Sb content of the alloys were confirmed by energy disper-
sive spectrometer (EDS). The modified AH 32 steels were
mounted on an epoxy resin with an expose area of 0.1256
cm’, and then ground to number 2000 grit SiC paper finally
polished to a 1 pm diamond suspension and ultrasonically cleaned
with ethanol. The modified AH32 specimens mounted on
epoxy resin were used as working electrodes in electrochem-
ical tests.

A conventional three-electrode cell of 1 L-multineck flask
was used for electrochemical tests. The electrochemical cell
was equipped with a platinum counter electrode, a saturated
calomel reference electrode (SCE), and working electrode.
All the electrode potentials were referenced against the SCE.
All tests were carried out in acidic chloride solution com-
posed of 0.14 M HCI and 10 wt% NaCl, pH 0.85 at 30 °C.
Prior to each electrochemical test, the working electrode was
cathodically cleaned for 100 s at -1.0 V to remove an air-formed
oxide on the surface. After the working electrode had reached a

Table 2. Chemical composition of the modified AH 32 steels (wt%)

Modified AH32 Fe C Si Mn Cu Ni Cr Al Sn Sb Ceq
Base balance 0.10 0.40 1.00 blank blank blank blank - - 0.313
0.05Sn balance 0.10 0.40 1.00 blank blank blank blank 0.05 - 0.313
0.10Sn balance 0.10 0.40 1.00 blank blank blank blank 0.10 - 0.313
0.05Sb balance 0.10 0.40 1.00 blank blank blank blank - 0.05 0.313
0.10Sb balance 0.10 0.40 1.00 blank blank blank blank - 0.10 0.313
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stable corrosion potential (1 h), potentiodynamic tests were
performed at a scan rate of 1 mV/s with an initial potential of
-150 mV versus open circuit potential (OCP). After the working
electrode had reached the stable corrosion potential (3 h), the
EIS measurements were conducted by an AC signal with
amplitude of 10 mV peak to peak at the OCP and frequency
ranging from 10° Hz to 1 Hz. All the EIS data were fitted to
appropriate equivalent circuits using software program “Z-
man” [8].

The immersion test was performed in an acidic chloride
solution (0.14 M HCI and 10 wt% NaCl, pH 0.85) at 30 °C,
which was proposed for an accelerated corrosion test in inner
environment of COT according to the regulation 1I-1/3-11 of
the International Convention for the Safety of Life at Sea
(SOLAS), 1974, as amended adopted by resolution MSC.291
(87), concemning alternative means of corrosion protection for
cargo oil tanks of crude oil tankers [9]. This experimental
test has been used in many previous studies as a classical and
typical method for calculating corrosion rate [10-12]. Addi-
tionally, the test solution was changed every 24 h to minimize
pH change of the test solution. The volume of the solution
was controlled more than 20 ml per unit surface area of spec-
imen (cm’). The size of specimen was 25 + 1 mm x 60+ | mm
x 0.5 £ 1 mm as shown in Fig. 1. The surface of the speci-

2 mm*?

60 mm

?g@:imun

Temperature
controlled bath

solution

5 mm'

25 mm

Fig. 1. Specimen size and simulated corrosion test apparatus for inner
bottom plate of COT.
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mens were polished to # 2000 grit SiC paper, then ultrasoni-
cally cleaned with ethanol, and finally, rinsed in distilled
water. The specimens were hung in a solution from a nylon wire
of 0.3 mm in diameter to avoid crevice-like and/or localized
corrosion during 72 h. After the test, the specimens were
cleaned chemically with 1000 mL hydrochloric acid mixture
(HCI) mixed with 20 g antimony trioxide (Sb,Os) and 50 g
stannous chloride (SnCl,) for 5 min at 25 °C according to
ASTM G1-03. The chemical solution was vigorously stirred
during the cleaning of specimens. The cleaned specimens
were rinsed with distilled water and dried in a desiccator for
12 h. The corrosion rate is calculated.

Corrosion rate (mm/year)
_ 365(days) x 24(hours) x W x 10
S x72(hours)xD

©)

where W is weight loss (g) of the specimen during the test,
and S and D is surface area (cm”) and density (g/cm’) of the
specimen, respectively.

After the immersion test, the corrosion products on the alloy
surface were examined by X-ray photoelectron spectroscopy
(XPS) to elucidate the effects of Sn and Sb on the corrosion
behavior of AH 32 steel. The XPS measurements were per-
formed using the monochromatic Al-Ka x-ray source (15 kV,
20 mA, 300 W) and pass energy of 200 eV. On the other hand
pass energy of each alloying elements (Fe, O, Sn, and Sb) was
decreased to 50 eV in order to increase resolution and make
narrow scan condition. XPS beam spot size was 400 pm and
scan step size was 0.1 eV. XPS spectra were analysed using
an XPS analysis software program, XPSPEAK41.

3. RESULTS AND DISCUSSION

3.1. Potentiodynamic polarization response and EIS mea-
surement

Figure 2 shows effects of Sn and Sb on the polarization
response of the modified AH 32 steels in the acidic chloride
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Fig. 2. Polarization response of the modified AH 32 steels in deaerated acidic chloride solution (0.14 M HCI and 10 wt% NaCl, pH 0.85) at

30°C. (a) Sn and (b) Sb.
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Table 3. Corrosion properties of the modified AH 32 steels from potentiodynamic polarization tests

Specimen Ecorr (mV) fcorr (A/Cm) B. (V/decade) B. (V/decade) Ry (Q-Cm’)
Base -532.3 1.14E-4 0.416 0.160 440.72
0.05 Sn -520.6 4.30E-5 0.112 0.105 547.96
0.10 Sn -535.7 6.27E-5 0.205 0.174 652.63
0.05 Sb -522.7 1.08E-4 0.279 0.263 545.02
0.10 Sb -535.5 2.22E-5 0.095 0.108 989.85
(@) () o .
than that of base steel, and the i, decreased with increasing
osos [N 01080 Sn and Sb content. The R, of AH 32 steel modified with Sn
[ and Sb addition was higher than that of base steel, and it
0058n - 00580 increased with increasing Sn and Sb content.
[ The EIS analysis provides kinetic information of the elec-
v || base trode and surface properties of the interested systems. Mechan-
-------------------- o =0 eo e wo 10 jcal information can be obtained from the shape of the impedance
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Fig. 3. Effect of Sn and Sb on the corrosion properties of modified
AH 32 steels (a) icor of modified AH 32 steel with Sn, (b) R, of of
modified AH 32 steel with Sn, (C) icorr Of of modified AH 32 steel with
Sb, and (d) R, of modified AH 32 steel with Sb.

solution (0.14 M HCI and 10 wt% NaCl, pH 0.85) at 30 °C.
All the modified AH 32 steels exhibited an active corrosion
behaviour in which the anodic current density continuously
increased with applied potential. Evidently, the addition small
amount (0.05 wt%) of Sn or Sb to the AH32 gave a beneficial
effects on the corrosion behaviour of the modified alloys
either by decreasing the anodic dissolution rate or by shifting
the corrosion potential in the noble direction. The corrosion
properties examined by potentiodynamic polarization tests
were listed in Table 3.

Figure 3 presents the effect of Sn and Sb on the corrosion
properties of the modified AH 32 steels. The corrosion cur-
rent density (i..») determined using the Tafel extrapolation
and polarization resistance (R;) was calculated by following
Eq. [13];

BB,
R 3 (Bt B

where i is the corrosion current density of each speci-
mens and f, is anodic Tafel slope and f. is cathodic Tafel
slope.

As a result of potentiodynamic polarization tests, the 7.,
of AH 32 steel modified with Sn and Sb addition was lower

)

diagram [14,15]. In present study EIS test were carried out in
acidic chloride solution (0.14 M HCI and 10 wt% NaCl, pH
0.85) at 30 °C every 24 h during 72 h under stable OCP con-
dition. Figure 4 shows a nyquist plot for the modified AH 32
steels with or without Sn and Sb addition. Impedance spectra
of after 3 h immersion showed single semi-circle indepen-
dent of Sn and Sb addition and it clearly indicated the single
step charge transfer phenomenon on the modified AH 32
steels in the presence of diffusion. The diameter of semi-cir-
cle was increased with the increase in Sn and Sb content. On
the other hand, the impedance spectra of other conditions
(24 h, 48 h and 72 h of immersion) showed additional shapes
of plot with semi-circle part. The impedance spectra of the
additional part showed various shapes such as linear and dis-
torted half-ellipse or semi-circle. It clearly indicated that there
was two or more charge transfer reaction on the modified
AH 32 steels in the presence of diffusion. Consequently, the
magnitude of overall impedance was decreased with immersion
time independent of Sn and Sb content. From the impedance
spectrum features of mentioned above, two types of equiva-
lent circuits were established with immersion time (Fig. 5).
The first type of equivalent circuit described the modified AH
32 steel specimens after 3 h immersion. It was composed of
a solution resistance (R;), a charge transfer resistance (R.)
and a constant phase elements describing double layer inter-
face of electrode. Second type of equivalent circuit was com-
posed of Ry, Ry, CPE1, CPE2 and a rust layer resistance (Rus).
CPE]1 is constant phase elements on rust layer and CPE2 is
constant phase elements on interface between rust and elec-
trode. This system is for the modified AH 32 steel specimens
after 24 h, 48 h and 72 h immersion.

The “Z man” program was used to fit the EIS data to deter-
mine the optimized values of the equivalent elements (R,
Ret, Rrust), which were listed in Table 4 and Fig. 6. The R; of
the modified AH 32 steel specimens was measured constant,
regardless of the immersion time and Sn, Sb content and it
was indicated that the solution conditions (pH and temperature)
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Fig. 4. Nyquist plot for the modified AH32 steels in acidic chloride solution (0.14 M HCl and 10 wt% NaCl, pH 0.85) at 30 °C: (a, b) base, (c, d)
0.05 Sn, (e, f) 0.10 Sn, (g, h) 0.05 Sb, and (i, j) 0.10 Sb.
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Fig. 5. Equivalent circuit for EIS data fitting (a) 3 h of immersion and (b) 24, 48, 72 h of immersion.

Table 4. Impedance parameters of the modified AH 32 in steels in
deaerated acidic chloride solution (0.14 M HCI and 10 wt% NacCl,
pH 0.85) at 30 °C with immersion time

Modified AH32 Time(h) R;(QCm’) R (QCm’) Rug (Q-Cm)

3 1329 96.407 -
Base 24 2.454 5253 10.356
48 2.416 0.670 4617
7 2221 1.935 0.282
3 1.302 139.153 -
24 2.328 1.362 13.063
0.05 Sn 48 2.525 1.815 4.877
72 2.469 1.904 1.10
3 1.246 199.593 y
24 1.971 3.26 19.08
0.10 Sn 48 2.255 0.993 5.247
7 2.135 0.707 2.106
3 1.225 119.924 -
24 2.196 13.171 27.377
0.05Sb 48 2.116 1.414 9.128
7 2.284 3316 2.144
3 0.962 197.624 -
24 3.077 71.802 37.146
0.10 Sb 48 2312 25.156 19.053
7 2.442 2.357 5.634

were maintained constant during EIS mesurements. The R
and Ry of the modified AH 32 steel specimens decreased with
the immersion time. Contrary the R and Ry of the modified
AH 32 steel specimens increase with the increase in Sn and
Sb content at the same immersion time. Exceptionally, the Ry
of AH 32 steel modified with Sn addition at 24~72 h of immer-
sion was almost same value than that of base steel.

The sum of the R, and the R, defined a total resistance (R,),
indicating the total corrosion resistance of the AH 32 steels.
Figure 7 shows the change of the R, according to the immer-
sion time for modified AH 32 steel specimens. As a result,
the R, of the modified AH 32 steel specimens decreased with
immersion time and increased with the increase in Sn and Sb
content at the same immersion time. Especially in case of 3 h
of immersion, the R;ratio to each other modified AH 32 alloy

(0, 0.05 Sn, 0.10 Sn and 0, 0.05 Sb 0.10 Sb) was similar to the
R, ratio to each other confirmed by the results of potentiody-
namic polarization test. These results were due to the same single
charge transfer reaction of each test (EIS test and potentiody-
namic polarization test) which is caused by similar environ-
ment at initial stage. However, the other cases (24 h, 48 h, and
72 h of immersion), the R, ratios to each other are different to
the R, ratio to each other confirmed by the results of poten-
tiodynamic polarization test. In this case, the electrode sur-
face state of the each modified AH32 steel specimens was
changed which causes two or more charge transfer in the pres-
ence of diffusion and ion diffusion in the rust was formed on
the surface of AH32 steels.

3.2. Immersion test on simulated inner bottom plate

Immersion tests on simulated inner bottom plate were con-
ducted in acidic chloride solution (0.14 M HCl and 10 wt%
NaCl, pH 0.85) at 30°C for 72 h which is same solution
composition of the electrochemical experiments. The corro-
sion rate of the AH32 steel specimens was determined using
by formula which was mentioned experimental part. The
calculated results were given in Table 5. The corrosion rate
of AH 32 steel modified with Sn and Sb addition was lower
than that of base steel, and the corrosion rate decreased with
the increased in Sn and Sb content. The ratio of corrosion
rate of each specimen from the immersion test was not similar
to the ratio of corrosion current density of each specimen from
the potentiodynamic polarization test. The reason of ratio
difference was considered that the corrosion rate of AH32
steel specimens from the results of the immersion test is the
summation of anodic corrosion reaction at every moment during
immersion. On the other hand, corrosion current density of
specimens from the results of the potentiodynamic polariza-
tion test is the summation of anodic corrosion reaction at
instant initial stage (~1 h immersion).

3.3. Surface analysis
After 72 h of immersion in acidic chloride solution (0.14
M HCI and 10 wt% NaCl, pH 0.85) at 30 °C, the corrosion



Corrosion of AH 32 Steel in a COT

200l .  HCI+NaCI(10 %) pH 0.85 at 30 °C
—=—Base —e—Sn 0.05 —a—Sn 0.10
(a)
150
£
Q
g 100t
mQ.l
50
0
3 24 48 72
Immersion time (h)
25
HCI+NaCI(10 %) pH 0.85 at 30 °C|
—=— Base
20 —4—5n 0.05 (©
—e—5Sn 0.10
s
o
=3
- 10f
2 [
14 L
5L
of

24 ) 48 72
Immersion time (h)

871

200 HCI+NaCI(10 %) pH 0.85 at 30 °C
—u=—PBase —*—S5b 0.05 —+—5b 0.10
(b)
150 |
E -
Q
._C_:, 100 |
mu
50 -
0
3 24 48 72
Immersion time (h)
40
HCI+NaCl(10 %) pH 0.85 at 30 °C
—u=— Base
—4—5b0.05 (d)
30+ —e—Sb 0.10
e
(4] 20
3
& g0l
0

24 48 72
Immersion time (h)

Fig. 6. Impedance parameters of the modified AH 32 steels in deaerated acidic chloride solution (0.14 M HCl and 10 wt% NaCl, pH 0.85) at
30 °C with immersion time (a) R with Sn, (b) Ry with Sb, (¢) Ry with Sn, and (d) Rys with Sb.
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Fig. 7. Effect of Sn, Sb contents and immersion time for R, from EIS test in deaerated acidic chloride solution (0.14 M HCI and 10 wt% NacCl,

pH 0.85) at 30 °C. (a) Sn and (b) Sb.

Table 5. Results of immersion test on simulated inner bottom

Specimen Base 0.05 Sn

0.10 Sn 0.05 Sb 0.10 Sb

Corrosion rate (mm/y) 3.30 1.90

1.50 2.20 1.20

products of surface were examined by XPS and survey spec-
tra were described in Fig. 8. The XPS spectra of AH 32 steel
modified with Sn showed Sn 3d, O 1s, Fe 2p and Cu 2p peaks
(Fig. 8a) and those of AH 32 steel modified with Sb showed
Sb 3d, O 1s, Fe 2p and Cu 2p peaks (Fig. 8b). These peaks
clearly indicated the existence of Sn oxide, Sb oxide, Fe oxide

and Cu oxide, either singly or combination. XPS peak 41
program was used to obtain the binding energy of each XPS
peak and were listed in Table 6 [13-19].

Consequently, the SnO, was observed at the corroded sur-
face of AH 32 steel modified with Sn and it act as protective
oxide against corrosion and inhibited the anodic corrosion
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Fig. 8. Full range XPS survey from corroded surface of the modified AH32 steels (a) Sn addition modified AH 32 steels and (b) Sb addition

modified AH 32 steels.
Table 6. XPS peak analysis for surface corrosion product of the
modified AH32 steels
Specimen  Peak  Binding Energyv) Product Ref
Base Cu 2ps» 934.72 Cu(OH), 16
Cu 2p]/2 952.57 CUZO 17
Cu 2ps» 934.49 Cu(OH), 16
Cu 2p1/2 952.59 CuZO 17
0.05Sn  Sn 3dsp 486.65 SnO 18
Sn0O, 19
Sn 3ds, 495.09 SnO, 20
Cu 2ps» 934.23 Cu(OH), 16
Cu2pin 952.59 Cu,0O 17
0.10Sn  Sn 3dsp 486.73 SnO 18
Sn0O, 19
Sn 3d3/2 495.17 Sl’lOz 20
Cu 2ps» 934.63 Cu(OH), 16
0.05Sb  Cu2pi» 952.54 CuO 17
Sb 3ds, 530.13 Sb,0s 20
Cu 2ps» 934.54 Cu(OH), 16
Cu 2p1/2 952.64 CuZO 17
0.10 Sb Sb 3ds, 530.23 Sb,0s 21
Sb 3d;, 539.78 Sb,0s 22
4 || — Sn1: 0.05 wt% Sn a
1.4x10 Sn2:0.10wt% Sn | sn 3d,, ®
1.2x10* -
= Sn 3d,,
Z 4 oxt0
2
| =}
=
S 8.0x10°
6.0x10°
4.0x10°
500 496 492 488 484 480

Binding Energy (eV)

reaction. Thus, AH 32 steel modified with Sn showed low
corrosion rate in immersion test and high polarization resis-
tance in electrochemical test. Figure 9(a) presented XPS peaks
of Sn 3d; and Sn 3dsy, respectively. The magnitude of XPS
peaks of Sn 3d was increased with increase in Sn content.
The SnO, content of corrosion product on the surface was
increased with the increase in Sn content in the modified AH
32 steels.

On the other hand, the Sb,Os is known for element to give
corrosion protectiveness and to inhibit the anodic corrosion
reaction. The results indicated that AH 32 steel modified with
Sb showed low corrosion rate in immersion test and high
polarization resistance in electrochemical test. Figure 9(b)
presented XPS peaks of Sb 3ds, and Sb 3dsy,, respectively. In
case of AH 32 steel modified with 0.05 Sb additions, XPS peak
of Sb 3d;» was not observed. However, AH 32 steel modified
with 0.10 Sb additions, XPS peak of Sb 3d;, was observed and
overall magnitude of XPS peaks of Sb 3d was higher than
those of AH 32 steel modified with 0.05 Sb additions. The amount
of Sb,Osin corrosion product on the surface was increased
with the increase in Sb content in the modified AH 32 steels.

6x10°
———S5b1: 0.05 wt% Sb Sh 3d (b)
. || .——sb2: 0.10 wt% Sb 5/2
5x10"
—~  4x10*
®
£ .
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Fig. 9. Effect of Sn, Sb contents of XPS data from corroded surface of the modified AH32 steel (a) Sn and (b) Sb.
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4. CONCLUSIONS

1. All the modified AH 32 steels exhibited active corro-
sion behaviour in acidic chloride solution (0.14 M HCI and
10 wt% NaCl, pH 0.85, 30 °C) which is described inner bot-
tom plate corrosion environment of COT. As Sn and Sb content
increases, the polarization resistance (R,) of the modified AH
32 steels was increased as confirmed by calculated results
from potentiodynamic polarization test.

2. The effects of Sn and Sb on the charge transfer kinetics
of the modified AH 32 steels in acidic chloride solution
(0.14 M HCl and 10 wt% NaCl, pH 0.85, 30 °C) were exam-
ined by the EIS test. The total resistance (R,) of the modified
AH 32 steels decreased with increasing immersion time and
increased with increasing Sn and Sb content at the same
immersion time.

3. The corrosion rates of the modified AH 32 steels decrease
with with increasing Sn and Sb content according to weight
loss measurement from immersion test on simulated inner
bottom plate corrosion environment of COT.

4. The addition of Sn or Sb created the protective surface
corrosion products on modified AH 32 steels including SnO,
and Sb,Os. These oxides operated as high corrosion inhibitor
to anodic corrosion reaction then it makes low corrosion rate
of the modified AH 32 steels.
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