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Abstract : The rapid advancement of the high-tech electronics industry has led to a significant increase in high-concentration
ammonia wastewater. Various methods have been attempted to reliably treat wastewater containing high concentrations of
ammonia, but no successful technology has yet been developed and applied. In this study, the removal efficiency and
characteristics of ammonia nitrogen was evaluated according to changes in temperature, air loading rate, and liquid loading rate
using a closed circulation countercurrent packed tower type demonstration facility for wastewater containing high concentrations
of ammonia generated in the high-tech electronics industry. The temperature was varied while maintaining operating conditions
of a wastewater flowrate of 20.8 m* h™' and an air flow rate of 18,000 Nm® h™'. The results showed that at temperatures of
45,50,55, and 60°C, the removal efficiencies of ammonia nitrogen (NH3-N) were 87.5%, 93.4%, 96.8%, and 98.7%, respectively.
It was observed that temperature had the most significant impact on the removal efficiency of NH3-N under these conditions. As
the air loading rate increases, the removal rate also increases, but the increase in removal efficiency is not significant because
droplets from the absorption tower flow into the stripping tower. Even if the liquid loading rate was changed by +30%, the removal
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rate did not change significantly. This does not mean that the removal rate was unaffected, but was believed to be due to the
relatively high air load rate. Through demonstration research, it was confirmed that ammonia stripping is a reliable technology

that can stably treat high-concentration ammonia wastewater generated in the high-tech electronics industry.

Keywords : Physicochemical nitrogen removal, High-concentration ammonia wastewater, Ammonia stripping, Electronic
wastewater
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Table 1. Design specifications of packed tower

Tower Inside diameter, Tower height, Packing height, Demister height,
m m m
1% stripper $2.6 2.0 0.3
2" stripper $2.6 2.0 0.3
Absorber 02.6 2.0 0.3
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Figure 1. Process flow diagram.
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Figure 2. Shape of packing material.
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Figure 3. Equilibrium and operating line diagram for packed tower operation.
Table 2. Values and unit of design parameter
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a m’ m> 155.0 155.0 155.0 155.0 Vendor data
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d, m 0.058 0.058 0.058 0.058 Vendor data
D¢ m’ s 2.728x10° 2.804x10° 2.880x107 2.957x10° this study
Dy m* s 3.581x10” 3.964x10” 4.368x10” 4.792x10” this study
G kg m? s 1.217 1.217 1.217 1217 this study
Hyc - 1.581x107 1.881x10° 2.225x10° 2.619x10° this study
L kg m? s 1.079 1.079 1.079 1.079 this study
oc N m’ 3.3x10° 3.3x10° 3.3x10° 3.3x10° Vendor data
oL N m’ 6.878x107 6.795x107 6.710x107 6.624x107 this study
e ke m' s 1.931x107 1.954x10° 1.976x107 1.999x107 this study
L N m’ 5.962x10™ 5.470x10™ 5.041x10™ 4.665x10™ this study
DG kg m? 1.110 1.093 1.076 1.060 this study
oL kg m™ 990.2 988.0 985.7 983.2 this study
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Table 3. Variation in height of a transfer unit (HTU)

Temperature Predicted Measured Increment
T m m %
45 1.219 1.154 -53
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60 0.684 0.655 4.3
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Figure 4. Variations in overall mass transfer coefficient(Kia) depending on temperature.
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Figure 5. Variations in NH3-N concentration inside closed packed tower depending on temperature.

u 1st stripper effluent conc. ™ 2nd stripper effluent conc. @ Lst stripper efficiency ~ ® 2nd stripper efficiency
200
F . ® 93.5% ® 99.0% ] 100%
180 F ® 94.9% ® 95.9% ® 93.6%
[ ® 89.4%
160 F ® 83.7%
- 142, 70 81.5% 1 80%
= 140 F
g : 126.0 S
£ 120 | g
g {1 60% 5
g [ 2
£ 10 F £
g ; 82.0 3
S 80 F 4 s
C 1 40%
= S 2
T 60
z 3 49.3
s 393
40 313 1 20%
20 ' 11.3 77
0 0%
12,600 Nm'/h 14,400 Nm'/h 18,000 Nm’/h 23,400 Nm'/h
Air flow rate

Figure 6. Variations in NH3-N concentration and removal efficiency depending on air loading rate.
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FoP7E 30% S7HeE e alejshd 1 WEE2 F4] of2 AL
2 AU H4 Bohgo] AY T =C|(HTU)} Bl &
Aol Sloll= AAEo] IA HEEHA Ee= o= AHH =R
S Eo|7t FESte] 1 ol 2 AR weET

4.4 E

At AR AFdolA EshE s dRYol ot HeE
| (Closed) =& tF7 SHUHES ol&3sto] Y=oy &
2(NH;-N)J AlA F=E vefstal, 24 25, 37155 1
2lal FeRokg Wt g g7 42 Btk

Aol #7882 2H2E| HEste] FrlshloH,
SEEAARAT (K= ASEo] dSHET 4.5~7.0% A
ZAE QT %S 2ARE 22 02 FEELAHGAS
(Kpaye 1.721e"%005 10719 AoTAE 70, Adae)
EOJ(HTUY= 6.19651e "9™70] AAAE 7Ix= ZAoR
ZAFE A

37| Fohgo] S7FEFE dHYord HAANH;-N)Q| A7
&2 S, 3719 28 S7HAPIE AR #olg F
1282 24 & &2 € & WS 371%F 572 FE W
37§50l 716, A EE AH (droplet) YH7F AH
A A7) (Demister)E 2sto] 27IH0] FYH AYaE&S
AstAl7| B2 UH|(Closed) <23 E7|AAH 49 o5 1L
2oto] Fge] A4S Adstolor

SR8 AA 712 B6Hg, 20.8 m® hlol|A] 30% ZHa
A7 B9 w7t AR BejE|A] Boto] 1t gg E 2
S71olA AEgh divl 7 2.6 2 0.4% FAFOH, 208 m’
h'ol A 30% F7HAIZ1 B0l 2.4% Aasto] Aigoz ¥
& F2 A g AR AE Hg fokeo] e &
9l ECIHTU)2F ¥ BA0l ol AAEC] A HeE
A g ol Ao g FAAY Eol7t F&ste] 11 I
o] A2 Ao=w WtH

Table 4. Variation in NH3-N concentration depending on liquid loading rate, mg L™

Loading L Predicted Measured(ave.)
5 op-l Division 1 ]
m' h Conc., mg L~ Eff., % Conc., mg L~ Eff., %
146 1™ stripper 40.3 94.9 60.7 92.3
' 2" stripper 2.7 99.7 7.0 99.1
166 1* stripper 53.6 93.2 61.3 92.2
' 2™ stripper 49 99.4 6.3 99.2
208 1* stripper 82.6 89.5 78.7 90.0
' 2 stripper 123 98.4 10.3 98.7
270 1* stripper 127.7 83.7 120.0 84.7
' 2" stripper 31.1 96.0 29.3 96.3
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Nomenclature

a: total specific surface area of packing, m* m’

ay:

3

wetted specific surface area of packing, m> m™

A: surface area of column, m’
c: 2.0, if dp < 15mm, 5.23 otherwise

C()Z
Ce:

C fe

CGI
CL:

concentration of NH;-N in the influent wastewater, mg L'
concentration of NHs;-N in the effluent wastewater, mg L™
packing factor, m’

actual gas concentration of NH;-N, mg L™

actual liquid concentration of NH3-N, mg L'

Cp*: liquid concentration of NH;3-N in equilibrium with actual

gas phase concentration, mg L'

d,: nominal diameter of packing material, m

DLI

molecular diffusion coefficient of NHs-N in water, m’ s

Dg: molecular diffusion coefficient of NH;-N in gas, m? s

g gravitational constant, 9.81 m s>

G: volumetric air flow rate through the stripping tower, m’® s

Gy air mass flux rate, kg s m’
G.:

2

. a2
volumetric air flux rate, m* s' m

Hyc: Henry’s law constant, dimensionless
HTU: height of a transfer unit, m

kg:

kLI

KLZ

gas mass transfer coefficient, m s
liquid mass transfer coefficient, m s

overall liquid mass transfer coefficient, m !

Kya: overall liquid mass transfer rate constant, s’

L: volumetric wastewater flow rate, m®> s’

L

L.

liquid mass flux rate, kg s m?

volumetric liquid flux rate, m® s’ m?

NTU: number of transfer unit, dimensionless

S: stripping factor, dimensionless
T: temperature, K

Z: height of the packing in the column, m

MLt
pL:

PG

liquid viscosity, kg m™ s

density of wastewater, kg m™

density of air, kg m™

o: surface tension for packing material, N m™

OL.

: -1
surface tension for the wastewater, N m
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