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Removal of COD and T-N caused by ETA from Nuclear Power Plant
Wastewater using 3D Packed Bed Bipolar Electrode System
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Abstract

Ethanolamine (ETA) is mainly used to prevent corrosion of pipe in secondary cooling system of nuclear power plant, Condensed ETA

in wastewater could increase COD and T-N when it was emitted to natural water system. Compared to conventional treatments, elec-

trochemical oxidation process using packed bed bipolar electrodes was adopted to treat COD and T-N, According to arrangement of

feeder electrode, single packed bed bipolar electrode reactor and multi-paired packed bed bipolar reactor were developed and con-

ventional zero-valent iron (ZVI) was selected as conducting bipolar electrode, Bipolar electrodes were coordinated three-dimensionally

in the reactor, The experimental results showed that COD and T-N was little removed in unit system at different pH condition (pH 8

and 11) on 100V, However, in multi-paired system that applied 600V, COD was eliminated 80.85% (anode-cathode-anode, A-C-A)
and 85.11% (cathode-anode-cathode, C-A-C), respectively. T-N was also removed 96.88% (A-C-A) and 90.63% (C-A-C), simultane-
ously, Current efficiency was estimated both single and multi-paired system At unit bipolar packed bed reactor, current efficiency was

almost zero, however in multi-paired system, current efficiency was 300~500% at A-C-A and 250~350% at C-A-C_ Current efficiency

was over 100% hence it was confirmed that this system is more effective than conventional electrochemical oxidation system.

Key words : ethanolamine, packed bed bipolar electrode reactor, electrochemical oxidation, nuclear power plant wastewater
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Fig. 1. Steam cycle and wastewater treatment process of
power plant
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Fig. 3. (a) Single packed bed bipolar electrode reactor and (b) multi-paired packed bed bipolar electrode reactor, Feeder electrodes
were arranged in the order of cathode (down)-anode (up) at single packed bed bipolar electrode reactor and arranged as
cathode-anode-cathode, anode-cathode-anode at multi-paired packed bed bipolar electrode reactor,
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Table 1, Chemical properties of ammonia and ETA (Rhee S,

2007).
Unit Ammonia ETA
Molecular

weigh g/mol 17.03 61.08
Density g/mL 0.0818 1.0180

Molting Point ¢ -77.75 10.5
Boiling Point c -33.35 170.8
Diffusivity 10” - cm?/s 1.957 1.124

Table 2, Experimental conditions and characteristic of synthe-
sized ETA contained wastewater

Single packed bed M;gﬁ_e%dggg
bipolar electrode P
reactor bipolar electrode
¢ reactor
Applied electric
pplied electric 100 100
potential (V)
Flow rate 10 10
(mL/min)
Packed bed ratio
(Bipolar electrode/ 1:2 1:2
Insulator,V/V)
COD (mg/L) 785 94
T-N (mg/L) 112 12.8
Conductivity
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(mS/cm) 9 '
EBCT (min) 100 100
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Fig. 4. Concentrations of CODcr, T-N, NH,* and NO," in efflu-
ent during the reaction time ((a) pH 8 and (b) pH 11).
Initial concentration of COD was 927 mg/L and T-N
was 160 mg N/L at pH 8 and initial concentration of
COD was 785 mg/L and T-N was 112 mg N/L at pH
11, respectively,
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O|FOJR| A 3t AO R FH5ITt, AdutH o
2 CODL T-N9] A A7} pH 8 & 1181 AL =

T 8O (HH)T 520 = o] FZo|X| A ¢Fok7] o

413 |7



Journal of Korean Society of Water and Wastewater
Vol 26, No3, pp409-421, June, 2012

3D 33T |2aHE ol&st T ETAO sl
FLE Ha L COD & T-N HAH

ol #Hl4=2] 7] pH AJEj7F ETA| <Ja
H CODeF T-N& #7|gstz oz Ae|sh=t|
F8 AR ol gt AES WHith

3.1.2 HEE=TI| e =0ilA CI'H pH i3}
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AkslE]o] HCIO &= OCl & AJA3HH (Chiang
5. 1995), ol& 4](2) 9 (3)° w2t coD ¥
T-N9o| H7|s}shd 7HgAkske] JaFS =t
(Van Hege %, 2004; Yeon %, 2007).
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Fig. 5. Concentration of chloride (Cl) and pH in effluent during
the reaction time ((a) pH 8 and (b) pH 11). Initial concen-
tration of CI- was 2,320 mg/L at pH 8 and 2,040 mg/L
at pH 11, respectively
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Fig. 6. Schematic diagram and equivalent circuit diagram of by-
pass current on a single bipolar electrode
(where Rfa and Rf,c : resistance of feeder electrode,
Cf,a and Cf,c : capacitance of feeder electrode, Rs : re-
sistance of solution, R1 and R2 : Ohmic resistance at
interface between electrode and solution, Rb,c and Rb,a
: resistance of bipolar electrode, Cb,c and Cb,a : capaci-
tance of bipolar electrode)
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Fig. 9. CODcr, T-N, and NO, concentrations during reaction
time, (a) is A-C-A and (b) is C-A-C multi-paired packed
bed bipolar electrode reactor, Initial concentration of
CODcr was 94 mg/L and T-N was 12.8 mg/L.
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Table 3, Removal ratio and removal rate in A-C-A and C-A-C system, Reaction rate was calcuated by assuming as first order reaction,

tf is termianl time of reaction,

Removal Removal
k , (min™ t.(min k  (min™ t.(min
COD (%) o (D) (min) T-N (%) e (N7 [(min)
pH 8 10.79 240 35 - 240
single
pH 11 - 150 25 - 150
A-C-A 80.85 0.0189 240 96.88 0.1332 240
Multipaired
C-A-C 85.11 0.0418 240 90.63 0.1708 150
13Jx 8
18, ~O CF (mglL)
pH 17

Cl- (mglL)

0 3
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—"— Cl- (mgL)
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Fig. 10, Concentration of Cl- and pH at (a) A-C-A and (b) C-A-C system during the reaction time, Initial concentration of

Cl- was 8.2 mg/L.
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Fig. 11. Degree of temperature and intensity of current during
the reaction time ((a) A-C-A and (b) C-A-C system),
Initial current at A-C-A was 0.11A and C-A-C was 0,12A,
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Fig. 12, Relation between temperature and current in the
packed bed bipolar electrode reactor
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trons in ETA degradation pathway were assumed as 14,
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