Photo-generated cathodic protection of mild carbon steel
using electrophoretically deposited layers of TiO;
nanoparticles
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Carbon steel suffers from corrosion when exposed to the atmosphere. Various methods have
been employed to prevent corrosion, such as alloying with elements more noble than base metal,
using protective coatings and providing cathodic protection. Sacrificial cathodic protection is one of
the methods used, and it is a versatile and powerful approach for preventing the corrosion of
carbon steel. Zinc is one of the most commonly used coatings for sacrificial cathodic protection,
which provides superior corrosion resistance for carbon steel [1, 2]. The zinc coating provides
corrosion protection by being sacrificially dissolved. This occurs because the electrochemical
potential of zinc is more negative than that of steel. The zinc coating provides protection while it is
dissolving itself, but the duration of protection is limited by the amount of zinc in the coating. A
newly introduced approach instead uses photocatalytic TiO, as an anti-corrosion coating material,
which is non-sacrificial [3-7]. A TiO, coating is a good insulation layer because of its
electrochemical stability, and it can be used as a photo-generated anode for non-sacrificial
protection due to its photocatalytic activity. Under solar illumination, a TiO, coating can shift the
electrochemical potential of a steel substrate toward values lower than the corrosion potential of
steel. In the present work, we evaluated the photo-generated cathodic protection provided by TiO,
coatings on the mild carbon steel. There have been many attempts to deposit nano-sized materials
onto steel, such as physical vapor deposition, chemical vapor deposition, electrochemical vapor
deposition and deposition by plasma technologies [10-14]. Deposition processes that can take
place at room temperature and ambient pressure should be advantageous in many ways
compared to the aforementioned methods, which require high temperatures and a vacuum
environment [15]. The colloidal deposition route is a typical example of an ambient pressure, room
temperature process. Colloidal deposition methods include electrophoretic deposition, which can
be used to deposit nano-sized functional materials on a solid substrate. EPD has recently been
attracting attention as a powerful method for the fabrication of nano-structured, thin ceramic
composite films on conductive substrates. It can be used for a variety of applications, and it is
simple and cost effective [16-19]. In the present work, we used electrophoretic deposition (EPD) to
deposit TiO, photo-catalysts onto carbon steel to fabricate a corrosion protection layer. The
corrosion protection performance of the EPD layer was evaluated in terms of photo-generated
cathodic protection. In order to compare the photo-generated cathodic protection behaviors of the
EPD layers on carbon steel, we also deposited a TiO, EPD layer onto ITO (Indium Tin Oxide)
glass and AISI Type 304 stainless steel and used those as reference specimens.The surface
morphology of the deposited sample was observed by scanning electron microscopy (SEM). The
composition of the EPD layer and the degree of reduction were determined by X-ray diffraction
(XRD) with CuKa radiation. The optical properties of the electrodes were also characterized with a
UV-Vis diffuse reflectance spectrophotometer. Furthermore, the anti-corrosion performance was
evaluated by using various electrochemical testing techniques. Open circuit potential (OCP)
measurements and the potentiodynamic polarization test were conducted on EPD samples using a
Gamry Reference 600 with a PCI4 Controller. The same tests were carried out under the same
conditions with UV irradiation to evaluate photo-generated cathodic protection. A 200 W mercury-
xenon lamp was used as an ultraviolet (UV) light source. The coated specimen, saturated calomel
electrode (SCE) and graphite rod counter electrode were immersed in 3.5% NacCl. In some cases,
the electrochemical corrosion test was carried out at different pH levels..
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