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Effective Removal of Nitrate and Suspended Solid in Sequencing Batch Reactor Process Coupled

with Bioelectrochemical Filter

FrETE >, MINE S, BHEIEA
Yanging XU*, Tomohide WATANABE* and Masao KURODA*

Abstract ; Fundamental performance of a novel sequencing batch reactor/bioelectrochemical filter (SBR/BEF) process
which combined recirculating filtration and a biofilter with a multi-electrode system was investigated experimentally. In
this process, the recirculating filtration passed through the studge bed which comprising a stratified layer of activated
sludge and porous carriers. Meanwhile the filtrate was introduced to BEF, in which the same porous carriers were
immersed (fill rate 80 %) and a multi-electrode system was inserted. The obtained results showed that an effective
suspended solid (SS) removal could be achieved by using the sludge bed as filter. In addition, the endogenous
denitrification proceeded in the bed but the rate was small. When the filtrate introduced to BEF, the hydrogen gas
produced by electrolysis of water was directly utilized for denitrification. The denitrification rate in BEF was estimated
10 be around 0.036 mg-N/mg-SS - d at electric current density of 0.76 mA/cm?. The SS concentration reduced below 1.0
mg/! in the treated water, and the total nitrogen removal efficiency exceeded 90% under the condition of 6.25 hr of one

cycle time.

Key words ; sequencing batch reactor, bioelectrochemical filter, recirculating filtration, denitrification rate, solid/liquid

separation
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Fig. 1 Schematic diagram of an experimental apparatus. SP1, SP6 and SP7 represent sampling points.
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Table 1 Characteristics of porous carrier

6 mm DY AEITRE LIz R U Ly > W, Material Polyurethane
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Table 2 Composition of the synthetic wastewater

12)

L000:5,000 mgll o7z, HHEADHEHIERI Parameters oncagation (mg)
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Fig. 2 Operational cycle for SBR/BEE
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Fig. 3 Nitrate concentration in effluent under
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Fig. 4 Denitrification rate as a function of electric
current in BEE

Table 4 Denitrification rate and efficiency of electric current in Bioelectrochemical Expanded Filter

Run No. Current density | Current efficiency for denitrification

(mA/cm?) (mg-N/mg-SS-d) (%)

Run-1 - 0.007 -

Run-2 0.30 0.021 101

Run-3 0.46 0.028 98

Run4 0.61 0.032 89

Run-5 0.76 0.036 82

Run-6 091 0.039 76
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Fig. 5 Schematic diagram of denitrification in
Bioelectrochemical Expanded Filter

—
]

L ; —o-DO & TOC

§ 15 ** S NOx-N
z 12| e
g 9 o
g ;
8 6 %%7 ———— — et & s 2
o) ;
2 3 tai

0 bﬂ@mﬂnﬂpﬂﬂﬂaumqua

0 20 40 60 80 100 120 140

Time(minute)

Fig. 6 Variation of DO, TOC and NO,-N(NO,-N + NO;-
N) during sludge bed
(Recirculating filtration was started after 10 min settling).
Experimental condition: MLSS=2200 mg/l, packing rate
of carrier=30 % and filtration rate=5.3 m/d

recirculating  filtration.
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HERENTWEZ EHIFRTRICBITARERICDETICHS Ll & bEL 60D, I, HiERW
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Fig. 7 DO, TOC, NH;-N and NO,-N(NO,-N + NO,-N) time profiles during typical SBR operation or SBR/BEF
operation for one cycle. The experiments were performed. One typical SBR cycle consists of [a]:anoxic feed,[b]:aerobic

reaction, [cl:anoxic reaction, [d}.gravity settling and [e]:supernatant drawing. One SBR/BEF cycle consists of
[a]:anaerobic feed, [b]:acrobic reaction, [f}recirculating filtration and [g]:filtrate passing through sludge bed.
(MLSS=2200 mg/l, air flow rate=30 J/I hr, volumctic packing ratio of carrier=30 %, filtration rate=5.3 m/d and electric
current of BEF=12.5 mA).
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Fig. 8 Comparison of solid/liquid separation performance of gravity settling in SBR and recirculating filtration in
SBR/BEE Recirculating filtration in SBR/BEF was started after 10 min settling. Experimental condition:SVI=64,
MLSS=2200 mg/! and filtration rate=5.3 m/d).
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