Nitrate Removal Rate in a Continuous Column
Denitrification Reactor Using Hydrogen
Generated by Electrolysis with Carbon Anodes
and Stainless Cathodes
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Abstract

An autotrophic continuous denitrification process, using hydrogen generated by electrolysis with
activated carbon anodes, were experimentally demonstrated to be an effective nitrate removal process.
Several fixed bed columns with polypropylene packing and honey-come shaped activated carbon anodes
and stainless rod cathodes were set in thermostat chamber of 30°C, and then potassium nitrate enriched
tap water, nitrogen concentration of 30mg-N-/"!, was supplied at various flow rates and electric
currents. Although the anode is in the same column where microbes grow, sufficient nitrate removal
was observed. For example, 949 of nitrate was removed at the HRT of as short as 1.8h for an electrical
current of 6mA. A model assuming successive nitrate and nitrite reductions and plug-flow process,
nitrate reduction rate=/%[NO,~] [H,], and nitrite reduction rate=A[NO,~] [H,]'® was constructed.
Calculated results with &=1.37<mmol~'-h™! and k=23.3/**>mmol~'%+h! agreed well with the all the
experimental results.
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Fig. 1 Hlustration of experimental apparatus
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Table 1 Experimental condition

Exp. | Col. |Cument| HRT | H, prod.(theor.)
No. | No. | [mA] | [h] {mmol/h]

1 30

2 30

4 30

2113 dav10  0a12
2 4 15

1 6.0

~ 0.224
3 6.0 0~2
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Fig. 2 Changes in pH, nitrate and nitrite concentration
with stepwise decrease in HRT

FRBEE L iR EEL, IR, HNREE
HERBEPZIBYOLTL-01F, YEEEER LYK
ERHHERBENDLETCH DI LN NE, 2D LI,

BREDKFZBIC L o TITONLTWBE I EDBIETH D L%
ZHN5b,

KFRFB LRSS CBWTE, ASROERCE
W, HBREREES YIRS S L35k %2, M
HREEREEOY— RS, LI mMEND
A8100D T DERE UTC, Kurt 523 BRSO HEE
DHEHBREROETEZHEL 27D EZITVE, B
Z 5 <, B, O HEEADETOBRE L, HEE» S
BTREZANOBTOBBICBOL T BEESHL LI
MAEMBEL D, HBEBERRTEENMELEL THWS

50—

i

BTt

B NO,NInf.  ANONEf
© NONEf.  — Model
3 6
= I=1.5 mA <
5 i
) Bam g =
g’ 14 8
E NO,N 15 &
g 8
& L {12 &
g ! I'vo, IS
5 Y 18
(53 2
g g
S o : : o S
0 2 4 6 8
HRT [h]
- 3 6 =
. =3 mA ol
o o
5 7
=) [=]
g 2 E
£ E
5 8
B 1 NON ®
8 5
=} o
5 |5}
o [#]
g 8§
=3
O 0k O
0
3 6
= 1-6 mA ol
x 5 &N
% wE B -~
=} 2] 4 Q
=1 H, E
E 3 &
o =3
[=1
.é > 2 E
=] a [=)
3 2 g
£ 8§
S ° 0
0 0.5 i 15 2

HRT [h]
Fig. 3 Effect of HRT on nitrate and nitrite concentra-
tion, broken lines show the theoretical HRT to
remove all the nitrate
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Table 2 The values of & and % at different columns and
electric currents

Exp. | Col. | Current k, k, Standar
No.| No.| [mA] exror (S,)
1 3.0 1.4 3.0 0.06
2 3.0 1.2 29 0.03
113 30 1.2 35 0.11
4 3.0 1.1 2.8 0.08
2 1.5 1.4 33 0.06
5 4 1.5 1.3 3.7 0.05
1 6.0 1.2 3.4 0.07
3 6.0 1.3 35 0.05
%Cf"—‘ ~f1CaCr (5)
Loty CaCo— b CoCF (6)
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Table 3 Reaction rate constants values and standard
error at different order of reactions

I
MCICR | kaCECR |k, | k,| Standard

a| B| x|0o error §,)
i1 0 110 07 16 023
0 1} 041 1.9] 20| 213
171y 0 1 2.8| 2.0, 0.76
1] 1 170 1.6] 2.5 0.19
1) 1) 1 1| 14 28] 009
1] 1 1] 1.5 13| 33| 007
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