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Abstract: The corrosion polarization behavior of 43911
ferritic (43911), 316L austenitic (316L), and NO7208 nickel-
chromium-aluminum-iron (NO7208) stainless steels, and
Ti6Al4V titanium (Ti6Al4V) alloys was studied in 4 M
H,SO, + 5% NaCl solution at 35 and 70°C. Corrosion
rate (Cr) of the alloys were generally higher at 70°C.
NO7208 and 43911 alloy exhibited higher resistance to
general corrosion at 35°C (0.067 and 0.050 mm/year)
while Ti6Al4V was the most reactive (0.506 mm/year).
Passivation behavior was evident on the plots of NO7208
and Ti6Al4V alloys. NO7208 pitted at 1.04 V with passiva-
tion range of 0.17 V. Metastable pitting occurred at 0.02 V
and ceased at 0.19 V. Pitting was absent from the polar-
ization plot of Ti6Al4V though it exhibited metastable
pitting at —0.39V and passivated at -0.21V. At 70°C,
NO7208 alloy exhibited the lowest Cr (0.392 mm/year),
while Ti6Al4V was the most reactive at 21.868 mm/year.
Cr of the alloys increased by 97.63%, 91.18%, 82.83%,
and 97.69% at 70°C. Corrosion potential of the alloys
shifted cathodically at 35 and 70°C signifying dominant
cathodic processes. Ti6Al4V exhibited passivation beha-
vior at 70°C with no pitting evidence. Open circuit poten-
tial measurement showed that Ti6Al4V was the most
electronegative and NO7208 alloy was the most electro-
positive due to the significant growth of its protective
oxide. Grain boundary corrosion was visible on 43911
and 316L at 35°C and total surface deterioration at 70°C.
Pseudo corrosion pits were visible on NO7208 and Ti6 Al4V
alloy at 35°C. At 70°C, total surface degradation was visible
on Ti6Al4V and grain boundary corrosion on NO7208.
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1 Introduction

Demand for cost effective and highly corrosion resistant
alloys in astringent environments at room and elevated
temperature is of utmost importance due to the long-term
cost advantages, prolonged service life, and decrease
in maintenance cost. Industrial operating conditions
in petrochemical plants, chemical processing industry,
fertilizer production, desalination, heat exchangers,
manufacture of intermediate chemicals, marine applica-
tion, energy generation, automobiles etc., consists of,
and release reactive anions detrimental to the functional
lifespan of metallic alloys. The anions are responsible
for moderate to accelerated deterioration of the alloys.
This deterioration phenomenon is scientifically known
as corrosion. Corrosion is broadly interpreted as the che-
mical or electrochemical interaction of metallic alloys
with their operating environments resulting in the dete-
rioration of their physical, mechanical, metallurgical,
microstructural, and aesthetic properties. The inherent
tendency of metallic alloys to return to their original state
of lower energy in the form of ores is responsible for the
reaction [1-6]. Metallic alloys such as ferritic stainless
steels, austenitic stainless steel, martensitic alloy, nickel
chromium alloys, titanium alloys etc., are broadly utilized
in corrosive environments where carbon steels, low grade
alloys, and general 304 stainless steels are unable to sur-
vive for extended periods. Resistance of stainless steels
to corrosion results from the evolution of an unreactive
film on the steel exterior. The strength and properties
of the protective oxide is a product of microstructural
and metallurgical properties of the alloys, and the quanti-
tative presence of some important alloying elements.
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However, under certain conditions with respect to reac-
tive anion concentration and their combinations in addi-
tion to elevated temperatures, the protective oxide of
metallic alloys, undergo repetitive active—passive transi-
tion behavior, crack propagation, thinning, and under
extreme cases immediate collapse. This results in general
and localized corrosion of the alloys. Localized corrosion
of metallic alloys is a major industrial problem due
to their insidious nature, difficulty in detection, and
severe compromise of structural integrity [7-13]. In pet-
rochemical plants, localized corrosion is responsible
for a substantial damage of metallic alloys eventually
being responsible for lost production, epileptic opera-
tion, and excessive cost of repairs and replacement.
During petrochemical operations, corrosion due to
hydrolysis of salts accelerates the deterioration of
the alloy in operation. Hydrogenation is another con-
sequence resulting in impairment of their mechanical
properties [14,15]. Elevated temperature applications of
metallic alloys are directly accountable for the priority given
to the selection of appropriate metallic alloys for specific
industrial applications. High temperature operating envir-
onments enhance the reactivity of anionic molecules which
in turn are aggressive to the surface integrity of metallic
alloys resulting in the formation of oxides, carbides, sul-
fides, etc. These causes the prevalent equipment failure and
decline in machine and equipment reliability and func-
tional lifespan [16]. The resistance of the protective oxide
on metallic alloys in high temperature operating conditions
is of utmost importance [17,18]. Investigation has demon-
strated that high temperature significantly determines the
passivation characteristics of metallic alloys [19,20]. How-
ever, it is worthy of note that the combined effects of high
temperature and high anionic concentration are deleter-
ious to the corrosion resilience of metallic alloys and
resilience of their protective oxides. The kinetics of the pro-
tective oxide evolution and growth is subject to the rate
constants of the surface reactions of anionic species and
diffusion through the oxide which can be exacerbated by
high temperature e.g., 2205 duplex stainless is resistant to
Cl™ anionic stress-corrosion cracking in non-complex NaCl
media at 665°C [21,22]. One of the major consequences of
a weakened protective oxide is the initiation and growth
of corrosion pits [23-27]. Corrosion pits are often difficult
to recognize leading to leaks, damaging fractures, and cat-
astrophic breakdowns. Hence the significance of more
assessment of the corrosion resistance of metallic alloys.
43911 ferritic steel (43911) is extensively applied where oxi-
dation and corrosion resistance are of utmost importance
such as tubular manifolds and exhaust system compo-
nents, food processing industries, and breweries. Nickel
chromium aluminum iron (NO7208) is an age-hardened
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nickel-based superalloy that combines excellent creep strength
with thermal stability, weldability, and fabricability. It
is used in the manufacture of air and land-based tur-
bines, airplane exhaust nozzles as well as high tem-
perature automotive gaskets and seals. 316L austenitic
stainless steel (316L) is a marine grade stainless steel
with lower carbon content than 316 steel. It is applied in
marine environments, chemical processing industry,
food production, manufacture of pharmaceutical equip-
ment, and wastewater treatment. Ti6Al4V titanium alloy
(Ti6Al4V) is an o + B titanium alloy which combines
high strength with low density, high fracture toughness,
excellent corrosion resistance, and superior biocompat-
ibility. It is used in the production of aerospace parts,
gas turbines, in chemical processing and marine appli-
cations, and additive manufacturing. This study focuses
on the electrochemical characteristics of 43911, 316L, NO7208,
and Ti6Al4V titanium alloy in 4 M H,SO, + 5% NaCl solution
at 35 and 70°C. Emphasis is given to the passivation beha-
vior and localized corrosion reaction of the alloys within
the electrolyte.

2 Experimental procedure

2.1 Materials preparation

43911, 316L, NO7208, and Ti6Al4V obtained from McMaster
University, Ontario, Canada, Vienna University of Technology,
Vienna, Austria, and University of Johannesburg,
Johannesburg, South Africa were analyzed with Phenom ProX
Scanning Electron Microscope (Model No. MVE0224651193)
at the Central Laboratory, Covenant University to identify
their elemental composition. The nominal (wt%) constituent
of the alloys are presented in Table 1. 43911, 316L, NO7208,
and Ti6Al4V alloys were cut using hacksaw into 2 samples
each, totaling 8 samples with dimensions of 3 mm x 5 mm
(length x breadth). A Cu wire was attached to the alloy sam-
ples using a soldering iron and the samples were embedded
in pre-hardened resin mixture. The exposed area of the
embedded samples was thereafter grinded with sandpaper
of 80, 120, 220, 600, and 1,000 grit sizes according to
ASTMG59-97 [28], burnished with 6 um diamond polishing
solution, and later sanitized with deionized H,0 and C;H¢O
in accordance with ASTM G1-03 [29].

2.2 Test solution

Conventional grade recrystallized NaCl (obtained from
Loba Chemie PVT. Ltd, India) was concocted into cubic
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Table 1: Nominal (wt%) constituent of 439ll, 316L, NO7208, and Ti6Al4V alloy

Element P S C Cr Ni Al Mn Ti Fe Mo Si Co O H N Y \'
Ti6Al4V

% Comp. — - 0.08 — - 6 — 89.35 0.3 — — — 0.2 0.015 0.05 0.005 4
43911

% Comp. 0.04 0.03 0.03 19 05 0.15 1 0.5 7772 — 1 — - — 0.03 — -
316L

% Comp. 0.045 0.03 0.03 18 13 — 2 — 62.9 3 1 — - - — - —
NO7208

% Comp. — — 0.06 20 56 1.5 0.3 21 1.5 85 0.15 10 — — — — —

concentrations of 5% in 400 mL of 4 M H,SO, solution by
adding 20 g NaCl into a beaker, filling up to 400 mL of the
required dilute H,SO,, solution concentration. Dilute H,SO,
was prepared from conventional grade reagent of the acid
(98%, purchased from Sigma Aldrich, USA).

2.3 Electrochemical test

Potentiodynamic polarization tests were performed at 35
and 70°C with a ternary electrode configuration within a
transparent beaker containing the acid-chloride electro-
lyte (placed on a portable heating device) and a thermo-
meter using Digi-Ivy 2311 electrochemical device plugged
to a computer system. Polarization curves were plotted at
sweep rate of 0.0015V/s from -0.8 to +1.75V in accor-
dance with ASTM G102-89(2015) [30]. Cp (Cp, A/cm?) and
corrosion potential (Cp, V) values were determined by the
Tafel extrapolation technique. Corrosion rate (Cgr) was
determined as indicated below:

_ 0.00327*Cp*Eq

R ’

D ey

where Eq represents the sample equivalent weight (g).
0.00327 represents Cr constant [31]. Open circuit poten-
tial (OCP) analysis was executed at 0.2 V/s step potential
for 5,400s to analyze the active/passive reaction and
thermodynamic state of the alloys in 4 M H,SO, + 5%
NaCl solutions at 35 and 70°C [32].

2.4 Optical microscopy characterization

Optical representative images of 43911, 316L, NO7208, and
Ti6Al4V alloy surfaces in 4 M H,SO, + 5% NaCl solution at
35 and 70°C were studied and compared using Omax
microscope.

3 Results and discussion

3.1 Potentiodynamic polarization studies

The corrosion polarization behavior of 439ll, 316L, NO7208,
and Ti6Al4V alloys in 4 M H,SO, + 5% NaCl solution at
35 and 70°C are shown in Figure 1a and b. Data (Cg, Cp,
Cp, polarization resistance, and cathodic and anodic Tafel
slopes) obtained from the polarization plots are revealed in
Table 2. 43911, NO7208, and 316L alloys exhibited similar
cathodic polarization slope configuration (Figure 1a) indi-
cating that the mechanism of H, evolution and O, reduction
reaction are similar at 35°C. Second the alloys react simi-
larly with respect to activation control mechanisms. This is
established from the close relationship between the Cp
values in Table 2 which differ from —0.208 and —0.288 V,
indicating that the mechanism of the redox electrochemical
processes are similar. The plot configuration of the cathodic
polarization slope of Ti6Al4V differs from the ferrous alloys
indicating that the mechanism of cathodic reaction differs.
Hence, its Cp of —0.496V varies significantly from the
corresponding potential values of the ferrous alloys.
The general cathodic reaction mechanisms are shown
in the following equations [33]:

2H,0 + 2~ - H, + 20H",
2H" - 2H - 2e- - H, - 2¢,

@)
3)
(4)

Inspection of the Cy outputs in Table 2 shows that
43911 which exhibited the least Cg of 0.050 mm/year ana-
logous to Cp and polarization resistance of 4.63 x 10°
A/cm? and 5,545 Q, respectively, is the most resistant to
general corrosion, while Ti6Al4V displays the highest
general Cr result at 0.506 mm/year corresponding to
polarization resistance of 589.5 Q. Corrosion of the metallic
alloys is caused by the electrochemical action of SO,>” and

0O, + 4H" + 4e- — H,0.
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Figure 1: Corrosion polarization plots of 439ll, 316L, NO7208, and Ti6Al4V alloys in 4 M H,SO, + 5% NaCl solution at (a) 35°C and (b) 70°C.

Table 2: Corrosion polarization data for 43911, 316L, NO7208, and Ti6Al4V alloys in 4 M H,SO, + 5% NaCl solution at 35 and 70°C

Sample Gy Corrosion Co (A/ecm®)  Cp (V) Polarization Cathodic Tafel Anodic Tafel
(mm/year) current (A) resistance, R, (Q) slope, B, (V/dec) slope, B, (V/dec)
35°C
43911 0.0050 4.63 x 10°° 4.63x107° —-0.208 5545.0 -7.992 43.290
316L 0.100 9.31x10°° 9.31x10°® -0.288 2761.0 -6.714 12.110
NO7208 0.067 6.45 x 107° 6.45x 107 -0.235 3987.0 -9.433 5.268
Ti6Al4V  0.506 4.36 x 107> 436 x 10> -0.496  589.5 -9.145 2.341
Sample Gy % Change  Corrosion Cp (A/cm?) Cp (V) Polarization Cathodic Tafel Anodic Tafel
(mm/year) in Gy current (A) Resistance, slope, B, (V/dec) slope, B,
R, (Q) (V/dec)
70°C
43911 2.099 97.63 1.95 x 107% 1.95 x10™* -0.210 131.50 -11.53 2.911
316L 1.134 91.18 1.06 x 107* 1.06 x 107* -0.270 243.50 -8.262 3.317
NO7208 0.392 82.83 3.75 x 10~ 3.75x 10 -0.172 684.70 -9.624 33.150
Ti6Al4V 21.868 97.69 1.89 x 1073 1.89 x 107> -0.501  13.63 -6.559 1.552

Cl” species which adsorb at weak regions on 43911, 316L,
and NO7208 alloy surfaces during redox reactions resulting

in an intermediate complex, and invariably the accelerated
collapse of their protective film [34,35]. The following
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equations describe the corrosion processes of the ferrous
alloys [36,37];

Fe + H,SO, — FeSO, + H,, (5)

Fe + 2NaCl + 2H,0 — H, + FeCl, + 2NaOH, (6)
Cr0; + H,SO, — Cu(S04); + Hy0, 7
Cp0s + 6NaCl — 2CrCl; + 3Na,0. (8)

Cr of Ti6Al4V is due to the accelerated deterioration of the
inert film on its surface. In accordance with the reaction
equation below, Ti6Al4V oxidizes in the acid-chloride elec-
trolyte to Ti** and discharges therein:

Ti - T3+ + 3e. 9)

The protective film on Ti6Al4V evolves due to the growth
of TiO,, with respect to the equation below [38,39]:

Ti + 0, — TiO,. (10)

TiO, is a product of the reaction between Ti6Al4V and
adsorbed 0,. Dissolution of TiO, is assumed to occur
owing to the combined reaction effect of SO, and Cl”
anions which consequentially hinders the growth of the
protective film by chemically displacing the adsorbed O,
and through the substitutional process of competitive
adsorption. SO,>” tends to complex with Ti** enhancing
its corrosion [40,41]. TiO, reacts with Cl-, SO,>~, and O,
(equations (6)—(8)) [42] within the electrolyte according
to the following equations:

2Ti + 3H2804 - le(SO4)3 + 3H2, (11)
5T102 + 4NaCl + 02 d Na4Ti5012 + 2C12, (12)
6T102 + 4NaCl — Na4Ti5012 + T1C14 (13)

Cl™ anion reacts with substrate Ti6Al4V [43,44], signifi-
cantly contributing to the collapse of the protective oxide
(equations (9)—-(13)).

5TiO, + 4NaCl + 2H,0 — Na,TisOp, + 4HCl,  (14)
TiCl, + 2H,0 — TiO, + 4HCl, (15)

2HC1 + Ti — TiCL + Hy, (16)

4HCL + Ti — TiCl, + 2H,, (17)

2TiCL + O, + 2H,0 — 2Ti0, + 4HCL (18)

However, findings from other investigations show
that during the redox reaction processes, several reaction
mechanism occurs simultaneously [45-47]. In the pre-
sence of Cl~ anions, SO,* anions are inclined to exhibit
inhibiting effect on the stability of passive films due to
competitive adsorption between the anions in interaction
with the alloy at the passive film—electrolyte layer. This
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leads to a pseudo protected but highly reactive metallic
surface [48-50].

It must be noted that the Cp values in Table 2 at 35°C
corresponds to the Cy of the metallic alloys. The more
electronegative the Cp, i.e., the greater the degree of
cathodic shift, the higher the Cy of the alloy. This signifies
that the cathodic reaction mechanisms strongly influence
the corrosion resistance of the alloys inside the acid-
chloride electrolyte. Increase in experimental tempera-
ture from 35 to 70°C significantly increased the Cy of
the alloys. The percentage variation ranges from 82.83
to 97.69%. Ti6Al4V exhibited the highest percentage
variation in Cy with a value of 21.868 mm/year at 70°C.
However, NO7208 exhibited the lowest percentage
change in Cy signifying the highest resistance to cor-
rosion in mildly high temperature operating condi-
tions with Cy output of 0.392 mm/year. The Cp values
show 43911 and Ti6Al4V alloy further shifted to cathodic
potentials at 70°C, while 316L shifted to anodic values
signifying dominant anodic dissolution reaction processes.
At this point, the mechanism of cathodic reaction processes
generally differs as shown in the cathodic polarization plot
configuration. C of Ti6Al4V shows that it is the most vulner-
able to general corrosion at high temperature in extreme
process environment.

3.2 Potentiostatic studies

Potentiostatic studies of the localized corrosion resilience
of NO7208 and Ti6Al4V metallic alloys were studied. The
protective oxide of NO7208 and Ti6Al4V metallic alloys
were exceptionally resistant to the corrosive reactions of
S0,%" and Cl™ anions especially at 35°C. The properties
of the protective oxide are subject to the concentration of
the anions and electrolyte temperature [51-54]. Meta-
stable pitting activity and passivation behavior were
missing from the polarization plot of 43911 and 316L alloys
due to the collapse of their passive protective films
through mechanisms earlier proposed by other authors
following anodic polarization compared to NO7208 and
Ti6Al4V [55-62]. The electrochemical action of SO,%>~ and
Cl” anions completely destroyed their protective oxide
and prevented their reformation during the redox electro-
chemical process. The anions transit from the metal film-
electrolyte layer to the metal-film layer, dominating the
reaction mechanism therein. The reaction mechanisms
were further exacerbated by the overwhelming concen-
tration of anions. Table 3 shows the potentiostatic data
for NO7208 and Ti6Al4V alloys in 4 M H,SO, + 5% NaCl
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Table 3: Potentiostatic data for NO7208 and Ti6Al4V metallic alloys in 4 M H,SO, + 5% NaCl solution at 35 and 70°C

Passivation
range (V)

Pitting Pitting

Passivation
current (A)

Passivation

Metastable
pitting

Metastable
pitting

G (V)

Alloy

current (A)

potential

V)

potential (V)

current (A)

potential (V)

35°C

-0.17

3.30 x 10~

1.04

2.50 x 10~
2.54 x 10~°

0.19
-0.21

3.05 x 107*
7.39 x 10~

0.02
-0.39

-0.235

NO7208

—-0.496

Ti6Al4V
70°C

1.62 x 1074

-0.41 2.80 x 1073 -0.13

-0.501

Ti6Al4V
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solution at 35 and 70°C with metastable pitting activity
present. Metastable pits are transient corrosion pits
which nucleate and grow for a few seconds before dis-
appearing due to passivation of the steel at potentials
less than the pitting potential [63]. At 35°C, Ti6Al4V and
NO7208 exhibited metastable pitting behavior. Meta-
stable pitting on Ti6Al4V polarization plot occurred at
potential and current of ~0.39 V and 7.39 x 10~ A, respec-
tively compared to NO7208 at 0.02V and 3.05 x 10 “A.
This signifies that Ti6Al4V has a higher resistance to
metastable pit formation compared to NO7208. This is
further confirmed from the wider metastable pit region
on the polarization plot of NO7208. Occurrence of meta-
stable pitting on Ti6Al4V was gradual where there was a
delayed transition. However, on NO7208, the transition
was instantaneous over short potential range. Both alloys
passivated at potentials of —0.21 and 0.19 V, and current
of 2.50 x 107 and 2.54 x 10~ A. At a potential of 1.04 V,
stable pitting activity is obvious on the anodic polariza-
tion plot of NO7208, signifying breakdown of its
protective oxide. However, this occurred almost instan-
taneously due to short transpassive behavior on the
polarization plot [64,65]. The passivation range shows
the resilience of NO7208 passive film before it collapses.
In accordance with Machet et al. [66], the protective
oxide on NO7208 consists of a furthermost film of Ni
(OH),, a middle film of Cr(OH);, and an interior film of
Cr,05 oxide protecting the alloy. Passivation behavior
was totally missing on the polarization plot of NO7208
alloy at 70°C. Increase in temperature of the electrolyte
significantly influenced the stability of NO7208 passive
film especially within the acid-chloride environments
due to the accelerated agitation and diffusion of the
reacting species [66—68]. According to Ahn et al. [69],
reaction of corrosive anions with the protective oxide of
NO7208 increases cation vacancies which are respon-
sible for the collapse of its oxide. Ti6Al4V did not exhibit
stable pitting activity throughout because of the strength
of its protective oxide. However, the plot in Figure 1a
shows that the passive film is marginally unstable. At
70°C, Ti6Al4V exhibited metastable pitting and passiva-
tion behavior. Metastable pitting occurred at —0.41V and
2.80 x 107> A, while passivation due to the formation of
stable TiO, occurred at —-0.13V and 1.62 x 107*A. The
anodic polarization plot in Figure 1a and b, and the poten-
tiostatic data show that Ti6Al4V does not pit, i.e.,
it undergoes localized corrosion degradation or stable
pitting activity despite having the highest general Cg.
TiO, remained resilient or in the active phase through
formation of complex precipitates during potential
scanning [70].



DE GRUYTER

3.3 OCP analysis

OCP plots representing the active—passive transition
behavior and thermodynamic corrosion tendency of 4391,
316L, NO7208, and Ti6Al4V alloys in 4 M H,SO, + 5% NaCl
solution at 35 and 70°C are displayed in Figure 2a and b.
The OCP plots in Figure 2a and b confirms the Cy data of
the alloys from potentiodynamic polarization. The plots
show Ti6Al4V is the most electronegative with respect to
the OCP plots of the other alloys [71]. At 35°C, Ti6Al4V OCP
plot initiated at —0.425V (0 s) and progressively decreased
to cathodic potentials till —~0.616 V at 400s. Beyond this
point relative thermodynamic balance was achieved till
5,400s of exposure. At 70°C, Ti6Al4V plot started at
-0.657V (0s) and culminated at —0.665V (5,4005s) sig-
nifying higher corrosion tendency. Negligible potential
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fluctuations are obvious on Ti6Al4V plot at 70°C compared
to the plot at 35°C. Comparison of Ti6Al4V OCP plots
at both temperatures show that increase in temperature
increases the inclination of the alloys to corrode due to
decrease in activation parameters for corrosion to occur.
NO7208 plots were the most electropositive due to the
growth and formation of its passive oxide, which signifi-
cantly decreased its tendency to corrode [72-74]. At 35 and
70°C, the OCP plots initiated at —0.258 and —0.164 V, and
culminated at —0.125 and —0.127 V representing marginal
but increased tendency to corrode. 43911 and 316L were the
intermediate plots with similar plot configuration at both
temperatures due to similarity in the characteristics of
the passive film evolved on the alloys during scanning.
Increase in electrolyte temperature marginally increased
the thermodynamic tendency of both steels to corrode.
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Figure 2: OCP plots of 439ll, 316L, NO7208, and Ti6Al4V alloys in 4 M H,SO, + 5% NaCl solution at (a) 35°C and (b) 70°C.
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Figure 3: Optical morphology of (a) 439ll, (b) 316L, (c) NO7208, and (d) Ti6Al4V before corrosion test.

3.4 Optical microscopy characterization

The surface morphology of 43911, 316L, NO7208, and
Ti6Al4V metallic alloys prior to corrosion, and following
corrosion at 35°C and at 70°C are laid out in Figures 3a-5d
at magnitudes x40 and x100. The alloy morphologies
before corrosion in Figure 3a—d are generally similar. How-
ever, Figure 4a-d presents morphological descriptions
indicating corrosive wear which differ significantly from
each other. The morphologies of 4391l and 316L in Figure
4a and b reveal the phase structures, grain boundaries,
severe etching, and corrosion at the grain boundaries
[75,76]. However, no obvious confirmation of pitting corro-
sion despite the presence of significant concentration of Cr
content within the alloy microstructure. This signifies the
total destruction of their protective oxide by the combined
reactive nature of SO,> and Cl~ anions inside the electro-
lyte, thus exposing the substrate alloy to accelerated gen-
eral deterioration [77,78]. The morphology of NO7208 and
Ti6Al4V (Figure 4c and d) shows that the protective film on
their surface are resistant to deterioration although minor
pseudo corrosion pits are obvious on NO7208, while the
exterior of Ti6Al4V deteriorated slightly. At 70°C, the mor-
phology of both alloys [Figure 5a—d] deteriorated severely.

Deterioration on 43911, 316L, and Ti6Al4V appears to be
general surface deterioration over the entire alloy surface,
while on NO7208, deterioration occurred mostly at the
grain boundaries in addition to etching of the surface.

4 Conclusion

NO7208 and 43911 stainless steel alloys exhibited the
highest resistance to general corrosion at 35°C, while at
70°C NO7208 alloy was the most resistant. NO7208 and
Ti6Al4V titanium alloy demonstrated sufficient resilience
to localized corrosion due to resilience of their passive
films as shown on the potentiodynamic polarization plot.
While NO7208 and Ti6Al4V underwent metastable pitting
activity at 35°C, only NO7208 pitted at a certain potential,
while no pitting behavior occurred on Ti6Al4V. However,
at 70°C, total destruction of the passive film on 439ll,
316L, and NO7208 alloys results in lack of passivation
behavior, while Ti6Al4V passivated and did not pit during
potential scanning. Cp of the alloys generally transited
to higher cathodic values. OCP measurement showed
NO7208 exhibited the most resilient passive film, while
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Figure 4: Optical morphology of (a) 439ll, (b) 316L, (c) NO7208, and (d) Ti6Al4V alloys following corrosion in 4 M H,SO, + 5% NaCl solution
at 35°C.
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Figure 5: Optical morphology of (a) 43911, (b) 316L, (c) NO7208, and (d) Ti6Al4V alloys following corrosion in 4 M H,SO, + 5% NaCl solution
at 70°C.
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Ti6Al4V was the most electronegative. Optical images
showed the microstructural properties of the alloys behave
differently in the acid chloride environment. While dete-
rioration of the alloys were along the grain boundaries,
total surface deterioration was evident on Ti6Al4V alloy.
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