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ABSTRACT

Laboratory experiments were conducted to investigate characteristics for removing
ammonia-nitrogens by electrolysis methods. A stainless steel plate is used as the
cathode and either IrO2\Ti plate serves as the anode. Experiments were conducted to
examine the effects of the operating conditions, such as the current density, retention
time, electrode gap, Cl/NHs -N on the NF4 -N removal efficiency. Possible optimum
range for these operating variables are experimentally determined.

The‘NHf—N removal efficiencies between plate type anode and net type anode were
about same effect, but electrolytic power using net type anode is low than plate type
anode. The CI/NH4 -N ratio was about 20.0 kgCl /kgNHs"-N when NH;"-N removal
obtained 73 %. CI'/NH4"-N ratio needs 27.6 kgCl/kgNHa4"-N so as to NH:"-N com-
pletely remove. The removal efficiency of NHs"-N increase with current density,
retention time and CI'/NHs'-N ratio, but decreased with increasing electrode gap.

The relationship of operating conditions and NHs -N removal efficiencies are

NH; -N.. (%) = 14.5364(Current density)” *x (HRT)' %%
(Gap) %28 x (CI/NH, " -N) ! 0024
With adding COD or/and alkalinity, relationships are
NHs"-Nie (%) = 9.8408(Current density)®**x (HRT)"%*

There existed a competition between the removals for NHs -N and CODg¢, during
electrolysis, the removal of NHs*-N was shown to be dominant. NHs*-N removal was
high as addition of glucose and alkalinity.
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Fig. 1. Schematic diagram of electrolytic cell.
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Table 1. Operating conditions of electrochemical treatment

Operating condition Unit Varied range Remarks
Chloride mg/L 5,000~ 25,000 Na(Cl
Current density A/dm® 0.5~5.0 Ammeter
Electrode gap mm 5~25 Human work
HRT hrs 0.5--4.0 Influent pump
CODxy meg/L 15,000 3lucose
NHs -N me/L, 2,000 NH4Cl
Alkalinity (as CaCOs) me/L 6,000 NaHCO;
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Table 2. Analytical methods and instruments

Method and Instrument

pH pH meter (Corning, type 254)
Chloride ion

Free Chlorine
Combined Chlorine

Chloride electrode method(QOrion)
DPD ferrous method
DPD ferrous method

CODer Potassium dichromate reflux method
NH:'-N Ammonia electrode method(Orion)
NO; -N Absorptiometric analysis

NOs-N Ultraviolet absorptiometric analysis
Alkalinity Jenkins method
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Fig. 5. Variation of chloride, free and com-
bined chlorine according to current
density with NHa"-N concentration ;
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Table 3. Variation of NHs -N removal and free chlorine with current density

No. Current d%nsity VANH4'—N AFree Chl(zrine kgNHs -Np./
(A/dm*) (Inf -Eff.: mg/L} (mg/L) kg4 Free Chl,
1 103 85 1.21
2 2 203 208 0.68
3 3 292 688 0.42
4 4 390 899 0.43
5 5 539 1075 0.50

* ¢ Free chlorine in without NH4Cl - Free chlorine in with NHaCl
Operating conditions : NH3*-N 2,000 mg/L, ClI” 5,000 mg/L.. HRT 2hrs and electrode gap 15mm
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Table 4. Variation of NHs"-N removal and free chlorine with HRT

No. HRT (hrs) ANH; -N JFree Chlorine kgNH; -Nyo/
(Inf.-Eff. .mg/L) (mg/L)" kg AFree Chl,
1 0.5 101 130 0.78
2 1 125 210 0.60
3 2 236 300 0.79
4 3 318 393 0.81
5 4 522 444 1.18

* ! Free chlorine in without NH4Cl - Free chlorine in with NH4Cl
Operating conditions : NHa*-N 2,000 mg/L. Cl" 5,000 mg/L. Current density 2A/dm? and electrode gap 15mm
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bined chlorine according to electrode
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tration . 5,000 mg/L{current density
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A8Y29) FEE 25 ~53 mg/LE JERT of
AN Aire A EFHA ¥hon A Fa
9l ¥EE 0.76 ~3.62 mg/LE ¥4 YE Y} 2 9
e Ax 7taR 2aE Aow wodr

HAF7HA ] wE frefRFdae] WEFH 42
Uolol A A& Table 59 JelAch. gzyo}
9 7t o Rell & fFRiRFIL Apole AL

7 5~20 mme HellMe 332~365 mg/LE &

z}o] & Holx| gtont, 25 mm AFHAME 265
mg/LE F3ith B/ L Aold B E IR
Yole] AAZL 0.38~1.58 kgNHs -N/kgFree-
Chlorine 2 A Ao] F45 otz dE1|o}
2 A7 A FelRFAL Al A=
o] F& u AFAHQ Aoz Jehwhd AT
e FAzHoE 8 o FEFE A fHoAY
o] 2e] Ealeo] Zm Alzke o

o2 10 mme| o] Ay i ® dkEut

o

oft Ov N
=
=}
o,
oX.
o

0|2 HII8(CI/NHs -N)of| w2

w
o
02

ff
o

CEEYebd Aid g da HrEd] wE g
ole] HM3lE Fig. 109 Jehfdct HFUE 2
A/dm®, AFAZ 2 A2, AF2HF 15 mme] 2
oA ermuobyd Fa 1,000~2,000 me/Lol @
°]&€ 5000~25000 mg/LE APt #z
2.5. 5.0, 10.0, 12.5 keCl /keNH,"-No| 2
A7, 20.0 keCl /keNH -N& 22 obd
24 1.000 mg/Lol @aole 20.000 rng/LE
7¥g Ztolct,
das oL $7185E gEUel AAEE
A=l Bol orpu]ole] AAE Wi "t
e Ro gladth Chiang 57
daol 2 A hake Wsta 7l Aol
K

o] F7tetrE dhE Yol AA

o%
ofN
)
i}

=
. 2

2 o
o

ofy b s of
4

fo £ do

jsteA

E)E_
3R
W2

Table 5. Variation of NH4+'~-N removal and free chlorine with electrode gap

No. |Electrode gap (mm)| 4NH;'-N (Inf-Eff.:mg/L) AJFree Chiorine (mg/L)* | keNH;' -N,o/ kgdFree Chl.
1 5 575 364 1.58

2 10 402 332 1.21

3 15 226 365 0.62

4 20 204 350 0.58

5 25 101 265 0.38

* © Free chlorine in without NHsCl - Free chlorine in with NH4Cl
Operating conditions : NHs*-N 2,000 mg/L. CI” 5,000 mg/L, Current density 2A/dm? and electrode gap 15mm
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Fig. 12. NHs"-N removal according to re-
tention time with chloride concen-
tration ; 5,000 mg/L. and COD¢, con-
centration : 15,000 mg/L or NH; -
N concentration : 2,000 mg/L or
alkalinity 6,000 mg/L(current den-
sity 2 A/dm?, electrode gap 15 mm).
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Table 6. Variation of pH, free chlorine, combined chlorine and NOs-N with COD or/and alkalinity

NH:'-N NH;'-N + COD¢; NH;"-N + CODe + Alkalinity
Current density Free Com. Free Com. Free Com.

2 VO - D

(A/dm”) pH chlo. chlo. NO-N of chlo. chlo. NOsN pH chlo. cho. NO-N
Raw 6.5 0 0 0.0 5.9 0 0 0 8.0 0 0 0.2

1 3.6 4 14 0.5 3.6 4 22 0.9 7.7 2 11 18.0

2 3.0 8 40 15 3.8 & 42 1.3 75 4 13 25.2

3 2.3 23 70 2.0 2.9 9 63 1.9 7.3 9 23 35.1

4 2.1 21 95 28 2.5 15 115 2.7 7.1 17 15 32.3

5 2.2 25 91 3.6 24 16 133 34 72 11 22 21.2
HRT(hrs)/Raw | 5.9 0 0 0.1 5.6 0 0 0.1 8.2 0 0 0.7
0.5 34 8 14 04 3.9 5 8 0.5 7.9 1 8 216

1 2.7 10 37 0.6 3.2 7 26 0.7 78 3 15 46.3

2 2.5 12 42 1.3 2.9 9 43 15 78 2 2) 46.4

3 2.1 13 50 3.2 2.5 8 65 2.3 77 4 25 438

4 2.4 6 30 3.6 2.3 9 83 3.0 7.6 5 27 32.0

Unit © mg/L(except pH)
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Table 7. The sensitiveness of operating conditions about NHs"-N removal

Double condition C“”(';/mdi?;swy (};ISST) E;ﬁ;‘;gf CI/NH "N rei‘j\jal—g@
with NH4Cl and NaCl (equation (1))
Base 4 2 10 5 39.8
Current density 3 2 10 5 35.1
HRT 4 4 10 5 30.0
Electrode gap 4 2 5 5 79.3
ClI'/NHs -N 4 2 10 10 79.8
with NH4Cl, NaCl, glucose and alkalinity(equation (2))

Base 4 2 15 2.5 48.5
Current density 8 2 15 2.5 74.6
HRT 4 4 15 2.5 100
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