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A Study on the Optimum Operating Conditions and Effects of Wastewater
Characteristics in Electrochemical Nitrogen Removal Process

Joo-Hyun Sim - Se-Han Kang - Hyung-Joon Seo’ - Su-Sung Song*

Department of Environmental Engineering, Inha University « *Sudokwon Landfill site Management Corporation

ABSTRACT : This study was performed under four operational conditions for nitrogen removal in metal finishing wastewater. The con-
ditions include electrode gap, reducing agent, the recycling of treated wastewater in Ist step and the simultaneous treatment of nitrate
and other materials. Result showed that the removal efficiency of NOs-N was highest at the electrode gap of 10 mm. As the electrode
gap was shorter than 10 mm, the removal efficiency of NO;-N decreased due to increasing in concentration polarization on electrode.
And, in case that the electrode gap was longer than 10 mm, the removal efficiency of NOs-N increased with an increase in energy con-
sumption. Because hydrogen ions are consumed when nitrate is reduced, reducing reaction of nitrate was effected more in acid solution.
As 1.2 excess amount of zinc was injected, the removal efficiency of NO;-N increased due to increasing in amount of reaction with
nitrate. As the effluent from 1st step in the reactor was recycled into the lst step, the removal efficiency of NO;-N increased. Because
the zinc were detached from the cathode and concentration-polarization was decreased due to formation of turbulence in the reactor. The
presence of NH,-N did not affect the removal efficiency of NOs-N but the addition of heavy metal decreased the removal efficiency of
NO;-N. As chlorine is enough in wastewater, the simultaneous treatment of nitrate and ammonia nitrogen may be possible. The problem
that heavy metal decrease the removal efficiency of NO;-N may be solved by increasing current density or using front step of electro-
chemical process for heavy metal removal.
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Fig. 1. Schematic diagram of the electro-chemical treatment
system for nitrogen removal.
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Table 1. Mole ratio of reducing agent

Zn Sulfamic acid Nitrate
0.8 0.8 1
0.8 1 1
1 0.8 1
Mole ratio 1 1 1
1.2 1 1
1 1.2 1
1.2 1.2 1

Table 2. Summary of the analytical methods

Item Analytical methods
NO<N Full Automatic Water Analyzer
} (BRAN+LUEBBE TRAACS 2000)
cr* ICP-OES
o (Inductively Coupled Plasma, Varian Vista-pro)
Voltage MultiMeter (KEITHLEY 2700)
pH Orion 920A Probe

Conductivity

YSI 30 Probe
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Table 3. Removal efficiency of nitrate and energy consump-
tion on electrode gap

Electrode gap (mm) 1 5 10 15
Removal efficiency of nitrate (%) | 47.4 | 47.8 | 52.0 | 454
Energy consumption (kJ) 41.10 | 34.64 | 33.72 | 37.51
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Fig. 2. Removal efficiency of nitrate on pH of wastewater.

Caniral pH

3.2.2. TA FodulE A4

Fig. 32 A §£9) vlgo wE 2] 24 AARE
< Yehd FolH Fig. 45 YA FYulEdd o oy
A ARES JERA Folth o]&FQ ¥
QAT H 4 AN Ak 5 U3 EH|¢)
(Zn : Sulfamic acid : Nitrate)©|t}. 22y} A4 SHNH=
o] Hl&E FYste zlo] A Ha AA 'BEHRIA
Solr 7] ffaf FAA] FY EHE t2A Atk 1
A}, oldS 1.2v] FSleke 3o A HA AARE
o] 7P &shom A Fdge] BEE Af AARE
o] FFashe A= YEnth

ofdL AtslEo] HAE WESH & FAATAA A
ghdEo] R o] HAHAA WEH e A ()

o ey ofde B FEE FY=o] 100% §HS3H7]
7] Wi o]2F n&E BEYT A F=3HA dok
9B 2 ofds oAl FYHRG HF T B¢
A AAe) ofd o whEFo] kst AL HA Al
A'Eo| Ut Ao A7k

sulfamic acide ©]8% FUHE ooz FJT H
A Ax AARES] A7t Yoy AR A =
AX HYS W JFES vX= o= FHtHIIT) sul-
famic acid®] F¢ Hl&o] Jrlehd Hgte] #AAde= AE

E = AA ol sulfamic acid®] T Hl&o] 713}

(2 o

Ba i 1 Sulamie acid

el

Hemeval efMickency of Wk =% |

05
(LEHIF B F N | 1H [ H 1.2 1112 Al
Fig. 3. Removal efficiency of nitrate on mole ratio of reduc-
ing agent per mole of nitrate.
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Fig. 5. Removal efficiency of nitrate on recycle ratio.
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Table 4. Removal efficiency of nitrate and ammonia nitrogen and energy consumption on wastewater characteristics

Removal efficiency of nitrate (%)

Removal efficiency of

. E tion (kJ
ammonia nitrogen (%) nergy consumption (kJ)

Nitrate 88.17 - 357.43
Nitrate + Ammonium sulfate 86.04 3.54 313.37
Nitrate + Ammonium chloride 89.75 9.87 301.81
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