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Abstract : In this study, TiO; nanotube plate and metal electrodes(Copper, Nickel, Stainless Steel,
Aluminum, Tin, Titanium) were compared on cathodic reduction of nitrate (NO3; =N) during
electrolysis. The electrochemical characteristics were compared based on electrochemical impedance
spectroscopy (EIS). The surface morphology was obtained using scanning electron microscopy
(SEM) method. Brunauer-Emmett-Teller (BET) method was implemented for the specific surface
area analysis of the cathodes. To study kinetics, 90 minute batch electrolysis of nitrate solution was
performed for each cathodes. In conclusion, under the condition of relatively low (0.04 A cm™)
current density, TiO, nanotube plate showed no surface corrosion during the electrolysis, and the
reaction rate was measured the highest in the kinetic analysis.

Keywords ' Advanced oxidation process, TiO, nanotube plate, Anodization, Electrolysis, Nitrate
reduction
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Fig. 1. SEM image showing horizontal(left) and
vertical(right) view of an anodized
TiO, nanotubular layer on Ti plate in
50,000x magnification.
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Table 1. Circuit parameters obtained from nyquist plot using Zsimpwin program for all cathodes

Cu Ni Stainless Al Sn Ti TiO; nanotube
Steel plate
R, 0.5477 1.221 1.048 1.278 1.544 1.815 0.8203
Cal 1.29x107 | 6.37x107° | 1.26x107* 8.39x107° | 1.27x107!| 1.79x1073 3.48x107*
R 0.6338 106.5 332.6 2.100x10° 17.65 57.54 1.304

TiO2 nanotube
plate

Cu Ni
Fig. 3. Surface observation of all different cathodes before and after 2 times of electrolysis in
3,000 mg # ' NaNO; with or without 1.0 % NaCl.
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Fig. 4. The effect of the different cathodes on nitrate removal in concentration vs. time graph

(left) and semi-log plot of nitrate removal efficiency (right) in 3000 mg¢~' NaNO;

electrolyte with 0.5 % NaySO..
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Table 2. Speygeo results for all cathode materials

TiO; nanotube plate®] AL A7 Es] §& 7 7

TiO; nanotube . . .
: Cu Ni Stainless Steel Ti
plate
Shet/geo: real surface area
per geometrical area 8.55x107? 3.40x107* | 2.65x107* 2.73x107* 1.88x107*
(m?* cm™)
- 4 -
600 —=—Cu——Ti g Cu © Ti
o~ —a— TiO, nanotube plate — A Ti_Oz nanotu]?e plate

% 5004\ ™ —~— Ni—— Stainles Steel = 3] ¥ Ni < Stainles Steel

¥ N

@)
£ = A6
g = 2

=
8 =Y 2
= = £
3 ! pe! v

: v
0 — ; : ,
100 20 40 60 80 100
Time (min) Time (min)

Fig. 5. The effect of the different cathodes on nitrate removal in concentration vs. time graph
(eft) and semi-log plot of nitrate removal efficiency (right) in 3000 mg{ ' NaNOjs

electrolyte with 1.0 % NaCl.
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Table 3. knor-n analysis result of all cathodic materials
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kvor —x Cu Ti TiO2 nanotube Stainless Steel Ni
i plate
0.0 % NaCl 0.0460 0.0375 0.0492 0.0391 0.0301
1.0 % NaCl 0.0346 0.0284 0.0341 0.0300 0.0146
54 O Omg/L NaCl
0] oo Img/LngL N — z Z & 1,000 mg/L NaCl o
—a— 3000 mg/L NaCl 2 77 & 3000me/L NaCl
—%— 5000 mg/L NaCl 25 ¥V S000mgLNac
é 2.0
Z'm 1.5 - \V4
% 1.0+
:?/ 0.54
00 : : . . 0.0 : : : : . .
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Fig. 6. The effect of different concentration of chlorine
concentration vs. time graph(left) normalized and semi-log plot of nitrate removal
efficiency(right) in 3000 mg ¢ ' NaNOs electrolyte using IrO,/Ti anode and TiO, nanotube

plate cathode.
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