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Study on the Improvement of Nitrate Removal Efficiency 1in
Multi—Step Electro—chemical Process

Joo-Hyun Sim - Se-Han Kang - Hyung-Joon Seo’

Department of Environmental Engineering, Inha University

ABSTRACT : In this study, the nitrate removal efficiency was examined under a variety of operating conditions, such as different doses
of the reducing agent, different electrode types, different HRTs(hydraulic retention times), and different current densities, using the
multistep electrochemical process. The nitrate removal efficiency increased and the input energy decreased when the reducing agent was
used, and almost no difference was found between the electrode types in terms of their nitrate removal efficiency and current effi-
ciency. So that the Zn reducing agent could be recovered, though, the B-type electrode was chosen(step 1: Pt-Zn; step 2: Pt-Zn; step
3: Pt-Zn; step 4: Pt-Zn). HRT experiments were carried out on constant electric current density unrelated HRTs and various electric
current density related HRTs: the constant amount of electric current per unit volume. As a result, HRT and the electric current
density caused concentration polarization and the lack of an applied current. That is to say,the lower the HRT, the greater the decrease
in concentration polarization and in the amount of applied current per unit volume. Therefore, optimal conditions were found through the
experiments that were conducted on HRT and electric current density. When a spacer was installed in the process, the nitrate removal
efficiency and energy efficiency increased even more because the diffusion likewise increased.
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Fig. 1. Schematic diagram of the electro-chemical treatment
system for nitrogen removal.
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Table 1. Operating conditions of experiments
Cathode(Anode=all Pt)|Current density(A/m?)

Experiment] HRT ste ste
P (min)  |Type P P
1234|112 3 4
A [Ti|Ti|Ti|Ti
I, 1I 60 25 1100| 50 | 25

B |Zn|Zn|Zn|Zn
11-1  160,40,30,15| B |Zn|Zn|Zn|Zn| 50 | 25 |12.5]|12.5
11-2  160,40,30,15| B |Zn|Zn|Zn|Zn|100| 50 | 25 | 25

60 50|25 (125125

40 75 (37.5|18.75|18.75
111-3 B |Zn|Zn|Zn|Zn

30 100| 50 | 25 | 25

15 200(100| 50 | 550
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Fig. 2. Nitrate removal efficiency and current efficiency on
reducing agent dose.

Table 2. Amount of nitrate removal per unit consumption energy
on reducing agent dose

Dose of No dose of
reducing agent reducing agent
mg NO;™-N/L 95.4 84.4
Wh 164.0 179.9
mg NO;-N/L-Wh 0.58 0.47
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Fig. 3. Nitrate removal efficiency and current efficiency on two
types electrode.
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Fig. 4. Nitrate removal efficiency on various HRT under same
current density. [(a) : low-current density is applied,
(b) : high-current density is applied]
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Table 3. Amount of nitrate removal per unit consumption energy
on various HRT under same current density

Low-current density(A/mz) High-current density(A/mz)
60 | 40 | 30 | 15 | 60 | 40 | 30 | 15

mgNO3-N/L | 793 | 71.2 1 69.8 442|789 |79.2|856 559

Wh 41.5(36.4 | 257 |37.1 828 |79.8|785]159.6

mg NO3-N/L-Wh| 1.91 [ 1.96 | 2.72 | 1.19 | 0.95 [ 0.99 | 1.09 | 0.35
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Fig. 6. Nitrate removal efficiency on various HRT and
various current density.

Table 4. Current efficiency and amount of nitrate removal per
unit consumption energy on various HRT and various
current density

Hydraulic retention time(HRT, min)

60 40 30 15
Current efficiency(%) 292 26.5 343 31.7
mg NO3-N/L 79.3 78.2 85.6 70.7
Wh 36.4 59.5 78.5 280.2
mg NO;-N/L-Wh 2.18 1.31 1.09 0.25
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