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Study on Biofilm Reaction and Denitrification Rate Using Bio-Electro Reactor System

A @ BIEE REHER
Jianping Li* Tomohide Watanabe*, Masao Kuroda*

Abstract ; In this study, a bio-electro reactor in which H, gas produced by electrolysis of water and organic matter were
used for the reduction of nitrate was investigated. A mathematical model describing the utilization of both substrates in a
biofilm attached on the surface of the cathode was developed. The following three phases were discussed; (1) The relation
between distribution of substance concentration and denitrification rate inside of biofilm by using only electrolysis of water as
electron donor supply. (2) The relation between distribution of substance concentration and denitrification rate inside of
biofilm by using only acetate as electron donor supply. (3) The relation between distribution of substance concentration and
denitrification rate inside of biofilm by using both of electrolysis of water and acetate as electron donor supply. The
calculation results showed that the denitrification rate was significantly increased when H, gas and organic matter were used
simultaneously. The model prediction and experimental results were in fairly good agreements.

Key words ; bio-electro reactor, biofilm model, electron donor, denitrification, hybrid process

| B =4 12./]

HYPPRERRE. ML NAWEEY UORITON TV S, T EEE MR E e U
- BERD SR T BOKRERA UTHEERIT O IAE,. R BEYENS & BELFRRIS ZHAGE
YRR (N ALY bnk) BREL, BNER OKROREEE) ORES, RUKRDOEYRED
DL DR ESHENDHEE K UFBKIEEAD#H 72 & Z ORI S P LT &Iz 2080 | x5z,
7RV EHBIKORIGIE ¥ | WEEERK OB BRI EREFE AV 2 AL o b ImRC K
DIENERHE D R I DWVTHEEIT o1z, . EYIREMIAL. KOBXUMRTRET 2KROft,
IKMOEM BB SHRE UCRRICRIAICE 3 © o BHHHRE UOKRROEBMBRR TR, Aho
EHERET 2 LR E G 258 S SIEOREIERED & 5 IBRO Y2 LT
ML RBEERPE, NEHEEAE S CEZUREEDNH D 1V | AKX BRENEORELICHR
FTHDo, LU, MBI UTBERE UOKROAHDEE, ARG L L TEHROAB DY, £ LT
KFE & EHINHH ROBEAEIC BT 2 EYIRAO BRI RIGIEE S -> T B, EEEICN T 288 A
IR DA IR & OBGRRIEIET+2TCH 5o AT, ML EORREICN LT, MREHRtERE S
TPROARY & ST TROURIZ BN T, BHEGRE LTKROADES, BHROABDE G, & LTKER
& & HITHB R FIRHINA T 25510 B 1 MM RRAEE Ot & =R b KUY EEuE i
W BEEL AR ERIAT B 2 212K BB OWTHERTIRET 20 BERY OFBRER L R U,

R R TR TR
*Department of Civil Engineering, Gunma University



2. FYBEFNVOBEL AR08 :

AIEIT K ARSI B GBI 2T O T M b ARIGR TR I A ERMERHREB LU
R EHTEAEFNEMETILELND S, AR K IHEITETIE. BEORSHSYIC I
BFALEARE LT, BEBICHWERIC X D ERT 2kRHH DD HEEIRINETT S BAICE. BREERUKER
UG B OFMIKRE S ADEIRISHEI N D . — 77, HERMEERIE, WA S EYIRNIC s S h
%. PEBRERB L OREEEYENTHET T BB T A E RN LT TOARR =BT 5.

B C OBRMELS |

W+2% = H 0
IKEH R B4R E U= RICHIRERIG

INO; +5H, = N,+4H,0+20H @
B e UTHRERIET 3 & TS, B ETIVSA L U BERIIREEEUG

8NO; +SCH;COOH = 4N, + 10CO, + 6H,0 + 80H 3)

FEsAHE—-DOE AR L UCEEHIRER{TS L EOX 3) Ot ERBIRY S5 h A ON Hd.
107g-CigN L7325,

SCHEPREAAIL, SERAIRETH D LIET 5o MUAABIEEEYIRRHRNC 3 2 ROy E R )
I, SIEREEE OEERIIR S0 Y L LT, EYIRREI 51 2 S SObHIEE & AR
LWERET 5. HOA A U aisr G ICBIL, ARBR TR, EEICX D ESDPERS N IO T, B L
ORI & ZMERBEIL, By @) OLSICEDIND Y.

N= — zuFCGV® — DVC+CV @)

N7 T 9D [g/mt « sk z: A A OEML u: BEE: m> - gl - sl F: 77357 —FH [Cmol]. G :
A A PE [g/m’). © : BAL [v]. Dy SFIEEERE [mYs]. V : WARSHREE [ms]. 22T, KEREED
DEFELECEES NS I L EER LT, BREIEAINZ L LI, A4 VBB T 2 BXUKEIORR
NE L BHTERHDOE TS, Hix, AYIEOREE 7 | BEEMOEEMT 220 | JMAOPIER S 52
L gE I, SEYIEAOSHRBEBRIIRIHI N OOH LM, TSR > TORN. Lizho
To K% L A ORE DR, WERERIED SOt e R s e ACE B Lz D) |
WL S KFEA RERUE, Faraday AINCHEV, &z, ARUKREH ALTEIZERE L, ZOBEFEEIE. Mok
ICHARTTMNCRE | BERRELIRIR SN, 510, BT

B N B B U A R OSSR DI =t U
RERE L OEMRDFTC L 63— ELRET . RERNE. i HO
HEFKERB L UM SR BHR & b Monod BEE A TRS HCO,
3. AEmRICNTBRIGEFIVOBENL, Figl DL5IZR3. '
7=, Figl lORLEL SIS, BEREE-S YRR 2R S UCEY
EEATCERED b, MEDREDTT, ERIREIBITS , K N,
PHERA LSRR, KR, BHROSRIBHIEIC D\ T EYIBEANTCOWER o A
TRIFRDL S IcFRINS.
fttssss : p, Ca _ Lnam o ( e L) R T
dx K, +C, Kp+Cp K. +C, . NO,
2
ok - b, d gh ) My max " Cn €K . Gy © Cathode. biofilm
K, +C, Ky + Cpy



2 ' :
d & Pnmax Cp e v _C %)
>~ =

+Cc‘

e D

Cc

dx K, +Cp K,

SEEDD B, G LTI Faraday HIICHEDV T, RIS & 2 KBAEROBHABIE D #INT, BER
FHL RO S35,

x=0 (FEREKIH) x=L (RSO
dac dC, C -C
D" —_n -0 D” —n _ n,imn n
dy dy K¢
c, -1 dc c
-Dh"—h‘s_ _Dh.___h_=__/L (8)
dy dy K-
dC dC C.; —C
DC_L -0 DC_L R U S
dy dy K¢

ZZT, Kk :&ﬁﬁﬁ%@éﬁﬁtbi‘%@% [m?cathode/m-reactor] . C,: MHEMZREE [gN/m’] | G, : E1EK
s [pH/m'] | C,: BRI [gC/m'] .« G : FARBMSSRIE [oN/m'] . Gt RAERKE
W (=0) [eH/m’] . C: ARHREE [cC/m’] . Co* @ WoRIK GRHIK) REBMEESEIE [gN/m'] |
G AR (TRVK) WATRSRIE [eH/m'] . G @ WAk (Wittik) BHe [gC/m’] | D, : Byt
KRS 2 A YIREAESEEERR [ns] . Dy 1 KB 2 PSR [m?%s] . D, : FHIC
KT B YRS [m2s] . F : Faraday ©8K [Omole] o ©: @ [Am?] . K, : B9iEe
FICHT BRI [N ] L K, KERTNS 2 AR (g m®] | K, : FHERICH BATATER [g-C/m’] |
L YR [m] o 44 o o BEKIERGMERZNEGHE (o Ne-VSs] | € @ 0 [pVvsm®] . x (BB
B Iml . o, vt zEmies [, » o @k [, o s [s] . 3o, 2oL3i@she
HEERITH U TR O & 3 REERTARIC & b, SIOHLRT

3. Table 1 parameter value used in this study
X G Cb < Value Unit Ref
X==. H,=—1—_ ‘H,_ . H, =—% 526 T
L Chin Chasat Cein K . /]
©) C . 1491 [gH/ m’]
c Cn O (gH/nt]
G Coin P G Cein D, 1522%10° [m¥s] 12~15)
nT ok, Rk ©7k D,  6080%10° [ms] 12~15)
b D, 8712%10™ [m%] 12~15)
Egs. (5) ~ (7) & Bgs (012D &K 2 Ic&KSh 5. F 9.6485 % 10* [Crmole]
, K, 350X 10" [eN/m'] 12,15)
dPH,  Hy Gy Gty e L H, H, o & 260x10 [gH/m’] 1215)
2 - + ) K, 1875 [e-C/nf] 12,15)
dx D, K, {1+ GgiH,) G.(1+GyHy) Gu(1+G H,) L 20x10° (m]
5 2 Mo 4861x10°  [gN/g-VSs] 12,15)
d°Hy G P by €L H, Hy € 40x10° [gvSm®]  16)
2 = ' : o) o 03571 [g-H/gN]
5 P n 10 (-]
d°H, Cpin'V lyma ¢ L H, H, ¢ 18X 10" ~ [s]
— 2 = 12) 72X10

& DK, K 1+G,H, 1+GH,




BRSE X=0 (BHER) X=1. (EYREOBAKREEERR) T

(13

daH ’ dH *
._lL=O _—lL_ (]_Hn)
ax X Dn-x~¢
- dH L
By it Dy __ )
ax Dy Cysat " F ax Dy k¢
dH dHe L *
—£ o0 —_— = (1-H.)
ax dX D.'x-¢
L L p
P, = Py = =
"Dk f R ks € Dk f
) c, c.
* C % X *
H, -—2& Hy =2~ He ==
Cn,in Ch,sat cin

Eas. (10) ~ (12) OMinzis/i%C. Runge-Kutta 3258 L. Shooting method % FIV\C, 555

iz 3 &L 5 i & ke 7z .

AEUEEEIC R U Esd. Tblel ISRTEBDTHD. LB, BE

I8 A—F 0, B D Sh HER ER AR AR S SRR A U R O T2 BUSHE~ DR

VEEERIEEIS, 45N/’ T & L. B BLUC/NEELELE ST, HENWIEIRE,
B A& IR OB REEEREL & SAEE

fhis L UMESRIT e LI B JET IR ENR Uz, AW

HTS

K . BEEDSGR P9EBHI UTHDE. BB, Cu, FERNATEKREE G0°C. ARMEL am ZFF

[eWm'] ) #£S.

3. HRRRBLUER

3.0 1 BEOHRICH DHEYHEASICYIEERE i & IESRE OBIR
Fig 2 (R 11h (B0 2 BRasis s 258 5 L ONBTORRIRE M OB R 2 e 2O

HRT: 11h

Current:200mA

L:200pm

_ nitrate-N

J 0.08
-1 006

j 0.04

hydrogen cone [-]

- 0.02

1 0.04 0.8 F
. nitrate-N E;
0.8 L
i —_ 06
~ T T |
g 06 - IIRT: 11h s 9 T
o S g
° i Current:50mA 0.02 g ©04
204 % L: 200um %" &
: : s 0.2
.02+ )
L hydrogen -
0 T T T T T T O 0
0 02 04 06 08 1 0

demensionless length [-]

f
0.2
demensionless length [-]

0.4

0.6

T
0.8

Fig.2 The distribution of substrate concentration inside the biofilm when hydtogen

gas produced by electrolysis of water was used as electron donor
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