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On the corrosion protection of carbon steel by sol-gel derived TiO, coating under the il-
lumination of light, the photoelectrochemical behavior of TiO,/steel system is investigated.
The diffusion of Fe ions into TiO, in the heat treatment of the coating process greatly de-
grades the photo-effect of TiO, coating. An Fe oxide layer at the TiO,-steel interface,
formed by oxidizing the steel above 500°C in air before coating, has been shown to retard
the diffusion. The importance of @-Fe,0; in the photo-response of TiO,/steel and the effect
of its changing properties with oxidation temperature are discussed. The results on the ef-
fect of heat treatment condition in the coating process show that the Ti0,/steel specimens
exhibit remarkably less noble photopotentials when the heating temperature is increased
above 800° C, which is related to the crystallization of TiO, above this temperature. The en-
noblement of photopotential caused by the further increase in heating temperature above
500° C is a result of Fe diffusion through the oxide layer at the interface. Under the opti-
mum conditions for steel oxidation and TiO; coating, the feasibility of localized corrosion
prevention by TiO, coating under illumination is clearly demonstrated by the fact that the
photopotentials of TiO,/steel in deaerated solution are much less noble than the repassiva-
tion potential of carbon steel.

Key words : TiO, coating, sol-gel method, heat treatment, oxidation, carbon steel,
illumination, photo-effect, corrosion protection. '

1. Introduction ;

Semiconductor or ceramic coatings on
metallic substrates by sol-gel method have at-
tracted growing research interests during re-
cent years”~%. Owing to the relative simplicity
of this coating process and its ability to pro-
duce coatings with various compositions
which are difficult or even impossible for oth-
er conventional coating methods, the sol-gel
derived coatings endow metallic materials
with some unique properties which are of pro-
found significances in applications. Noticeable
examples are demonstrated by our recent
work on the stainless steel and copper coated
with n-type semiconductor TiO,™?, in which
the Ti0,-coated stainless steel and copper ex-
hibited remarkable photoresponses. The im-
portance of these studies lies in that a new
area in corrosion science has been pioneered :
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the corrosion protection of metals by n-type
semiconductor coating under the illumination
of light.

In the present work, we are concerned with
the photoelectrochemical behavior of carbon
steel coated with TiO, coating by sol-gel
method. In alkaline environments, the passi-
vated carbon steel would suffer pitting and
crevice corrosion® . The feasibility of the pre-
vention of these forms of corrosion by TiO,
coating under illumination is shown by the
fact that the flatband potential, Eg, of TiO,
is well less noble than the repassivation po-
tential, Ex, of carbon steel in alkaline solu-
tion® . Unlike the cases of stainless steel and
copper, it was found that the strong interac-
tion between carbon steel and TiO, due to the
high reactivity of Fe® as well as the oxidation
of the steel during the heat treatment of the
sol-gel process would greatly degrade the pho-
to-effect of Ti0, coating. We also found that
this problem can be solved by the oxidation of
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Fig.1 Photo-effect of the carbon steel directly
coated with TiO, under different heating
temperatures for 10 minutes. Test solution
was aerated 1 m mol/l NaHCO, (pH 11) at
room temperature.

steel before coating. Reported in this paper
are the results showing the importance of an
Fe oxide layer at the TiO,-steel interface and
the effect of the change in the Fe oxide itself
on the photoelectrochemical behavior of TiO,/
steel system.

2. Experimental

Carbon steel sheet with a thickness of 0.8
mm (mass9% C:0.111, Si: 0.013, Mn: 0.367, P:
0.015, S: 0.0056, Al:0.120, Fe: bal.) was used
as provided by Shin Nippon Steel Co.. The
specimens, cut from the steel sheet with a size
of 30X 40 mm, were polished to a mirror finish
by 0.05um Al,Oj, rinsed with acetone, and fi-
nally dried in air. Before TiO, coating the
steel specimens were oxidized in air at differ-
ent temperatures. .

TiO, coating was applied to the specimen by
sol-gel dip coating method. Detailed TiO, sol
solution preparation can be found else-
where? . Coating process was the same as in
our previous paper?! except that the heat treat-
ment of the gel coating was carried out in air
at different temperatures for 10 minutes.

The test solution, prepared from analytical
grade reagents and de-ionized water, was 1 m
mol/l NaHCOj; adjusted to pH 11 with concen-
trated Na,COj; solution. Without specification,
all the experiments were carried out in the
aerated solutions. Under the deaerated condi-
tions, the solutions were thoroughly purged
with 99.99% nitrogen gas for 30 minutes before
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measurements. The capacitance measure-
ments for the oxidized steels were conducted
using a superimposed sinusoidal signal with a
frequency of 25 Hz, since the donor density,
Ny, obtained at lower frequencies would be
more reliable for a-Fe,0;'”. The measure-
ments of photopotential, Ey, and the polariza-
tion curves under illumination were carried
out using a 500 watt high pressure Hg lamp as
a light source. Electrode potential was re-
ferred to a saturated calomel electrode (SCE).
All the experiments were performed at room
temperature.

XPS examination for the surface analysis of
Ti0,/steel specimens was carried out by ES-
CA 850 (Shimazu Corp.) electron spectrome-
ter using Mg Ka radiation (8 kV, 30 mA) as
the source of excitation. Depth profiling was
obtained by sputtering the surface with neon
ions (2 kV, 15 mA at a neon gas pressure of 4
X107* Pa). The relative concentrations were
calculated from the areas of elements in the

spectra against their respective sensitivities.

The spectra were calibrated against the bind-
ing energy of Au4f; ,,(84.0eV).

3. Results and Discussion
3.1 The importance of an Fe oxide layer at
the TiO,-steel interface

For the carbon steel directly coated with
TiO,, the photo-effect of the TiO, coating was
insignificant, as shown by the variation of Em
with heat treatment temperature in Fig.l.
Slight n-type photo-effects of TiO, coatings
were observed only when the temperature was
raised up to 400 and 500° C with the shift in po-
tential less than 30 mV. These results were
quite different from those in our previous
studies™?, in which the less noble shifts of po-
tentials were found to be more than 200 mV
under the heating temperature of below 300°C
for stainless steel and above 400° C for copper,
respectively. For TiO,/steel system, the im-
portance of an Fe oxide layer between the
coating and the substrate steel is demonstrat-
ed in Fig.2. The steel was oxidized at 500°C
for 40 min before coating. The heat treatment
for TiO, coating was conducted at 400°C for 10
min, which would give rise to a fully crystal-
lized anatase structure with relatively high
photo-efficiency'. It is seen that typical polar-
ization curves were obtained, as in the cases
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Fig.2 Polarization curves of TiO,-coated carbon
steel in aerated 1 m mol/l NaHCO,; solu-
tion (pH 11) at room temperature. The
steel was oxidized at 500°C for 40 minutes
in air. Heat treatment condition for TiO,
coating : 400°C for 10 minutes.

of TiO,/stainless steel and TiO,/Cu. The re-
markable photo-effect of TiO, coating on steel
substrate was indicated by a large shift of po-

tential, about 250 mV, under illumination.

Furthermore, the anodic photocurrent was the
same order of magnitude as that of Ti0,/ITO
system. As discussed in our previous paper? ,
Fig. 2 also shows an important feature of the
photopotential determination for the TiO,/
metal system. Due to the porous structure of
the TiO, coating derived by the current sol-gel
technique, the Ti0,-coated steel can be seen as
a galvanic couple with TiO, acting as a non-
sacrificed anode under illumination. Conse-
quently, the photopotential is determined by
the combination of the cathodic process on
steel surface (O,+2H,0+4e—40H") and the
anodic proces on the TiO, surface (40H™ +4e*
— 0,+2H,0). Previous studies on Cu?
showed that the Eun would be moved toward
less noble direction by the increase of anodic
photocurrent observed on thicker TiO, coat-
ing. Likewise, any change in the cathodic pro-
cess would also result in a change in Eu. Com-
pared with the cathodic polarization curve of
Ti0,/steel, -the reduction of dissolved oxygen
has a much larger overpotential on ITO sur-
face, which led to a Em less noble than that of
Ti0,/steel.

Fig.3 shows the effect of the oxidation dura-
tion at 500° C on the Ep of TiO,/steel with the
Ti0, coating being heated at 400°C for 10 min.
For the steel oxidized for short period of time
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Fig.3 Effect of oxidation time at 500° C on the
photopotential of TiO,/steel in aerated 1 m
mol/l NaHCO; solution (pH 11) at room
temperature. Heat treatment condition for
T10, coating : 400°C for 10 minutes.

(5 min), the photo-effect was weak, nearly the
same as the steel without oxidation. As the
oxidation time increased, Em changed greatly
toward less noble direction and leveled off
when the oxidation time exceeded 20 min.
With regard to the poor photo-effect shown in
Fig.1, X-ray diffraction examination of the
TiO,/Fe powder, prepared by heating the
dried TiO, sol mixed with Fe, FeO, FeO,,
and Fe,04, respectively, ruled out the possi-
bility of the formation of any Ti compounds
with Fe at 400°C. To understand the Fu change
in Fig.3, XPS technique was applied to exam-
ine the TiO,/steel under various conditions.
For the steel oxidized at 500°C for less than 20
min, a significant amount of Fe was detected
on the TiO, coating surface. The binding ener-
gies of Fe 2p;3,,(710.4 eV) and Ti 2p;,,(458.9
eV) can be associated to Fe,O; and TiO,, re-
spectively, which were consistent with the re-
sults of X-ray diffraction studies. The depth
profiles are shown in Fig. 4 with the steel be-
ing oxidized at 500°C for 10 min (Fig. 4a) and
20 min (Fig. 4b). For the specimen with short-
er time of oxidation, the concentration of Fe
in the coating was so high that a pure TiO,
coating no longer existed. Consequently, poor
photo-effect could be expected for such a spec-
imen covered with a mixture of Fe,0; and
TiO,. When the oxidation time increase above
20 min, the surface layer mainly consisted of
TiO,, which may explain a remarkable
change in FEu toward less noble direction
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Fig.4 XPS depth profiles of TiO,/steel. Heat
treatment condition for TiO, coating :
400° C for 10 minutes. The steel was oxi-
dized in air at 500°C for 10 minutes (a) and
500°C for 20 minutes (b).

shown in Fig. 3. A further discussion on the
importance of an oxide layer at the Ti0,-steel
interface involves the oxidation kinetics of Fe
since the heat treatment required for TiO,
coating may cause the oxidation of steel dur-
ing coating process. Two possible origins of
Fe in the coating are : i) corrosion of the steel
when in contact with sol solution which con-
tained H,0 and HCI ; ii) diffusion of Fe into
TiO, coating as a result of oxide growth dur-
ing heat treatment. It is supposed that the lat-
er would be more possible. As shown in Fig.
4b, oxidation of the steel at 500° C for 20 min
led to an insignificant diffusion of Fe into
coating. At this temperature, the scale formed
on steel surface was reporied to consist of
Fe;0, with a thin layer of Fe,04 on it?. The
coverage of the a-Fe,0; layer would be in-
creased with the oxidation time near 500° C*®or
at higher oxidation temperatures. Under these
circumstances, the rate of following oxidation
at 400 with relative high Py, during the heat
treatment in the sol-gel process would be very
low'. Thus the Fe diffusion during coating
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Fig.5 Effect of oxidation temperature on the pho-
to-effect of TiO,/steel in aerated 1 m mol/1
NaHCOj; solution (pH 11) at room temper-
ature. Heat treatment condition for TiO,
coating : 400°C for 10 minutes.

process was greatly suppressed.

3.2 Behavior of oxidized steel without TiO,

coating

The effect of oxidation temperature on Ep
was examined up to 900° C. Fig.5 shows that
while all the specimens exhibited strong
photo-effects under these oxidation conditions,
the change of Emx with oxidation temperature
is significant. At the oxidation temperatures
of 500, 700, and 900° C, the resultant Ey, were
nearly same, about —500 mV, while noble Eun
of —350 mV and —400 mV were observed at
600 and 800° C, respectively. XPS examination
revealed that the diffusion of Fe was hindered
by the Fe oxides under these conditions. It fol-
lows that the above results reflect the change
of the properties for the Fe oxide formed at
various temperatures, which have influences
on the Ey because the specimen was a hetero-
junction of TiO, with Fe oxides in nature. In
fact, such a heterojunction is much complicat-
ed since the Fe oxides have a structure of
Fe,0,/Fe,0, below 570° C and FeO/Fe;0,/
Fe,04 above 570°C*®, Both FeO and Fe O, are
p-type semiconductors, while a-Fe,04 is an n-
type semiconductor. The beneficial effect of a-
Fe,05 has been discussed in previous section,
however, its high resistivity (104Q+cm for un-
doped a-Fe,0;) should not be overlooked. A
detailed study on the effect of the property
change of Fe oxides on the photoelectrochemi-
cal behavior of this heterojunction is beyond
our concern, however, some electrochemical
measurements of the steel substrates oxidized
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Fig.6 Dark polarization curves of the oxidized
steel in aerated 1 m mol/l NaHCO; solu-
tion (pH 11) at room temperature. The
steel specimens were oxidized in air for 20
minutes at various temperatures. )

at various temperatures may provide useful
information relevant to our purpose. Shown in
Fig. 6 are the dark polarization curves of the
oxidized steel specimens (without TiO, coat-
ings). It is seen that the anodic behaviors un-
der different oxidation temperatures are quite
different from each other. Firstly, the oxida-
tion at 600° C resulted in a higher dissolution
rate than at 500°C. At these two temperatures,
the anodic currents exhibited a slight decrease
with the increase of potential near 100 mV.
Since a-Fe, 03, on the top of the oxide layer, 1s
very stable in alkaline solution, high dissolu-
tion rate can be considered to result from a
thin, or alternatively, discontinuous a-Fe,0,
layer'®, Secondly, the anodic dissolution
greatly decreased when the oxidation temper-
ature was higher than 600°C, and the lowest
anodic current and the most noble Ewur were
observed at 800° C, which was due to the in-
creased thickness and continuousness of the a-
Fe,0; layer, as would be expected. Finally,
for the steel oxidized at 900°C, the anodic cur-
rent exhibited a much flatter increase with po-
tential and a very less noble Ecor.

The Mott-Schottky plots for the capacitance
data of the oxidized steel specimens are shown
in Fig.7. At 500°C, C-2~E exhibited a very
good linearity while a negative slope portion
was observed in the noble potential region (>
—200 mV), suggesting the effect of the p-type
Fe;0,. The effect of Fe;0, became so strong
at 600°C that the linearity of the C-2~E curve
was very poor, which is in good agreement
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Fig.7 Mott-Schottky plots for the oxidized steel
specimens in deaerated 1 m mol/l NaHCO,
solution (pH 11) at room temperature with
a frequency of 25 Hz. The steel specimens
were oxidized for 20 minutes in air at vari-
ous temperatures.
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Fig.8 Donor density, Ny, and flatband potential,
Ew, as a function of oxidation temperature
for the steel specimens oxidized for 20 min-
utes in air. Test solution was deaerated 1 m
mol/l NaHCO; (pH 11) at room tempera-
ture.

with the results in Fig.6. Above 700°C the neg-
ative slope portion was no longer observed
and the C-2~E curves showed two linear re-
gions with different slopes typical of a-
Fe,0,. The temperature dependence of both
the donor density, N, calculated from the
slopes in the less noble potential region with
the dielectric constant of a-Fe,0,, €, taken as
120, and the flatband potential, Ew, extrapo-
lated from the linear region, are shown in
Fig. 8. It is seen that the N, decreased with
temperature above 700°C. For the Ew, an obvi-
ous less noble shift was found from 800 to
900° C, while at lower temperature the change
of Ew with temperature appeared to be less
significant. Fig. 9 shows the photocurrent at
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Fig.9 The effect of oxidation temperature on the
photocurrent at +100 mV for the steel spec-
imens oxidized for 20 minutes in air. Test
solution was aerated 1 m mol/l NaHCO,
(pH 11) at room temperature.

100 mV of the oxidized steel as a function of
oxidation temperature. The interesting fea-
tures are that the photocurrent was rather
smaller than the dark current at 600°C and
that the photoelectrolysis process was greatly
enhanced for the steel oxidized at 900°C.
Combing the results from Fig.6 to Fig.9, an
explanation given to the photopotential behav-
ior in Fig. 5 can be described as followings.
The weak photo-effect at 600° C resulted from
the effect of Fe;O,. The poor coverage of a-
Fe,05 on the steel surface may bring about
the direct contact of TiO, with FezO4. Under
these circumstances, an energy barrier would
be formed at this p-n junction, which would
hinder the migration of the photo-excited elec-
trons in the conduction band of TiO, to ap-
proach the steel substrate. With the increase
of oxidation temperature, the effect of Fe;0,
would be eliminated by the improved coverage
of a-Fe,05. The noble Eu of Ti0,/steel at 800°C
(Fig.5) can be attributed to the decreased N,
of the a-Fe,03(Fig. 8), which would be expect-
ed to influence the charge transfer in a -
Fe,04, as can be inferred from the small pho-
tocurrent of a-Fe,0, formed at 800°C (Fig.9).
At 900°C, although the Ny of a-Fe,0,; was fur-
ther decreased, the charge transfer process
was different, as evidenced by the different
slopes'™ of the dark E~1i polarization curves
shown in Fig. 6 and the largest photocurrent
shown in Fig. 9. Furthermore, Fig. 8 shows a
significant less noble shift in Eg from 800°C to
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Fig.10 Effect of the heat treatment temperature
on the photopotential of Ti0O,/steel in aer-
ated 1 m mol/l NaHCOj; solution (pH 11)
at room temperature. The steel was oxi-
dized at 900°C for 10 minutes in air.

900° C. Therefore the mismatch of the conduc-
tion bands of TiO, and a-Fe,0; would be de-
creased, which also favored the migration of
electrons generated in TiO, to cross the TiO,-
Fe,0, interface'?.

3.3 Effect of heat treatment temperature

on the photopotential of Ti0O,/steel

The above results show that the optimum
oxidation temperatures for the least noble Epx
were 500, 700, and 900° C. Generally, no signifi
cant effect of oxidation time prolonged above
10 min was found at these temperatures. The
oxide scale obtained at 900° C appeared to be
very good, especially with high adhesiveness
to the steel. Therefore, the steel oxidized at
900° C for 10 min was chosen as the substrate
to investigate the effect of heat treatment tem-
perature of TiO, coating. The results, together
with the Em of the oxidized steel without TiO,
coating, are shown in Fig.10. For the coatings
heated at 200 and 300° C, the Eu were nearly
same. Under these heating conditions, the
photo-effect from TiO, coating is evidenced by
the Em about 100 mV less noble than that of
the oxidized steel without TiO, coating. An-
other temperature independent region was
found to be around 400 to 500° C with much less
noble Eu than the previous one. From 300 to
400° C, the remarkable change in Ep toward
less noble direction should be related to the
crystallization of amorphous TiO, to anatase
in this temperature region!”, since the crystal-
lized TiO, coating would be more favorable
for the photoelectrolysis process than the
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Fig.11 XPS depth profiles of TiO,/steel. Heat
treatment condition for TiO, coating :
600° C for 10 minutes. The steel was oxi-
dized at 900°C for 10 minutes in air.

amorphous one, as discussed in our previous
paper. Raising the temperature above 500° C
led to an ennoblement of Eux. XPS examina-
tion (Fig.11) demonstrated that a significant
amount of Fe had diffused into the coating,
indicating that a-Fe,0; could not retard the
diffusion of Fe, in other words, that the oxide
growth was outward in nature at higher tem-
perature®. In fact, the diffusion of Fe ions to
form new a-Fe,04 on the original scale surface
was so remarkable at 700° C that a recogniz-
able TiO, coating in the XPS depth profiles
did not exist. In this case, the Eu of Ti0O,/steel
was even more noble than that of the oxidized
steel (Fig. 10), which can be explained by the
fact that the photo-effect of a-Fe,0, was dete-
riorated by doping with high concentration of
Ti0,?.

3.4 The feasibility of corrosion protection

of carbon steel by TiO, coating

Under present TiO, coating technique, the
least noble Eun of TiO,/steel was about — 500
mV within the investigated coating and steel
oxidation conditions, which was more noble
than the repassivation potential for the crevice
corrosion, FEr.crey, of carbon steel (about — 750
mV vs. SCE)® . As well known, the Eg of
TiO, is close to the standard potential of hy-
drogen evolution™ , which corresponds to a
value of about —890 mV at pH 11. Theoretical-
ly, the relative positions of the Ep of TiO,,
which is the least noble limit for the Eun of
TiO,, and the Er crev, of carbon steel predict
the possibility of the prevention of localized
corrosion for carbon steel. The noble Eu of
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Fig.12 Polarization curves under illumination for
TiO,/steel with different thicknesses of
Ti0O, coating. The steel specimens were
oxidized at 900° C for 10 minutes in air
with TiO, coating being heated at 400°C
for 10 minutes. Test solution was aerated
1 m mol/l NaHCO, (pH 11) at room tem-
perature.

Ti0,/steel may result from the effect of sub-
strate on the cathodic process of the speci-
mens, as suggested by the results in Fig. 2.
As discussed in section 3.1, a much less noble
Ey can be obtained by increasing the pho-
tocurrent of the TiO,coating. Fig.12 shows the
effect of coating thickness on the polarization
curves under illumination with the steel being
oxidized at900°C for 10 min and the TiO, coat-
ing being heated at 400° C for 10 min. The
thickening of TiO, coating was in the same
manner as reported previously!” with every
one dip coating corresponding to about 0.1 um.
It is apparent that the photocurrent increased
significantly with the coating thickness. How-
ever, the less noble change in Ex was limited,
a decrease of about 100 mV from one dip to
six dips of TiO, coating, comparing to an or-
der of magnitude increase in photocurrent.
The limited decrease in Em can be attributed
to the nearly unchanged cathodic behavior un-
der different coating thickesses, indicating the
porosity of the Ti0, coating?. Fig. 13 summa-
rized the results of the effect of coating thick-
ness on the Eum of Ti0,/steel in both aerated
and deaerated solutions. The remarkable dif-
ference of Em between aerated and deaerated
solutions confirmed the imporiani role played
by the dissolved oxygen in determining the Ew
of TiO,/metal system!. A very important
feature to be noted in Fig. 13 is that the Ep, in
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Fig.13 Effect of coating thickness on the photopo-
tentials of TiO,/steel in both aerated and
deaerated 1 m mol/l NaHCO,; (pH 11) at
room temperature. The steel specimens
were oxidized in air at 900°C for 10 min-
utes with TiO, coating being heated at
400° C for 10 minutes. The dotted line rep-
resents the repassivation potential,
ER, crrv, of carbon steel and the dashed
line is the hydrogen evolution potential,
Ey, at pH 11.

deaerated solution for the specimens with
more than two dips of coating reached a very
less noble level corresponding to the FEg of
Ti0,. The sigﬁiﬁca’nce of these results is the
indication that the localized corrosion of car-
bon steel can be prevented by the sol-gel de-
rived TiO, coating under the conditions of a
proper thickness of the coating and the sup-
pressed cathodic process of Ti0,/steel system.
Since the reduction of dissolved oxygen takes
place mainly on the metal surface? , the re-
sults in Fig. 13 suggested a way of further de-
creasing the Em of TiO,/steel in the presence
of oxygen by decreasing the porosity of TiO,
coating resulted from the sol-gel process,
which will be our future work of this research
series.

With the increase of coating thickness from
one dip to two dips, Fig. 13 also shows that the
E in deaerated solution experienced a re-
markable decrease, while the further thicken-
ing of TiO, coating brought about limited
change in FEm. In deaerated solution, the
Ti0,/steel specimens with more than two dips
of coating exhibited Eux close to the En of TiO,
(near the standard potential of hydrogen evo-
lution). In the case of Ti0,/Cu?, the Emn was
found to be very close to the Er of TiO, and in-
dependent of the coating thickness. Referred
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to the Lo of Ti0,/ITO with one dip coating al-
so shown in Fig. 13, the noble value of Eu for
Ti0,/steel with same thickness implies that a-
Fe,03 had some influence in the less noble po-
tential region.

4. Conclusion

As a preliminary study on the corrosion
protection of carbon steel by sol-gel derived
TiO, coating under the illumination of light,
the photoelectrochemical behavior of TiO, /
steel system was investigated. It was found
that the noble photopotential for the steel di-
rectly coated with TiO, resulted from the dif-
fusion of Fe into the coating in the coating
process. An Fe oxide layer at the TiO,-steel
interface can retard this diffusion and greatly
improve the photo-response of Ti0,/steel. Un-
der high temperature (>500°C) treatment for
Ti0, coating, Fe diffusion was observed even
in the presence of Fe oxide layer and was re-
sponsible for the noble photopotential.
Amongst various forms of Fe oxides, a-Fe,04
was considered to be important for obtaining
the less noble photopotential while the proper-
ty change of a-Fe,O; with oxidation tempera-
ture was shown to influence the photo-effect of
Ti0, /steel. Although the photopotentials ob-
served under the optimum coating conditions
were still more noble than the repassivation
potential for crevice corrosion of carbon steel
in the aerated solution, the feasibility of the
prevention of localized corrosion by TiO, coat-
ing under illumination was clearly demon-
strated by the significantly less noble pho-
topotential of Ti0O,/steel in deaerated solution.

(Manuscript received February 2, 1995 ; in
final form June 26, 1995)
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