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Abstract

The biological treatment methods have been widely applied to the treatment of various industrial
wastewater and sewage. The coke oven wastewater generated from blast furnace coke plant has been
purified by using the activated sludge treatment method. Biological wastewater treatment process
utilizes the metabolic function of microorganism to purify wastewater. If COD components and
reductive inorganic compounds could be oxidized by bacteria efficiently, the energy and the cost for
wastewater treatment would become lower. Therefore, Nippon Steel & Sumitomo Metal Corporation
has been working on the development and the upgrade of biological steel-making wastewater treatment

methods. The typical trials in Nippon Steel & Sumitomo Metal are reported in this paper.
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FEH 2 720 o & TR O@H SN THh - 722
b, BEFTOLIK (23— 27 ZATHHPK) GG RLE
A DIEEG R RILL, EiREDEEA A+ VT T
HoTh, HoEZPKHD Fe* & Ferr ICHALT & % gk L
MR EEDOBNZE % A, IRFEA F VDD 2 SRk LHlR &
L C Acidthiobacillus prosperus OITAFH & 155128 > T\
% 9

3.1.3 EHk & B - KR E

5IZHERFT OO o SHOK Z s LB L 72356 O
K ESLER K O Fe i E D #EREZ AL % 7R 7o HRT 14 2h,
MLSS #F£ 13 12000 ~31000mg/L F2FE T 5, MLELKD
Fe* %, KO Fe I BImIC LA 2mE 2 BRITIE
0.5mg/L L FICHERF ST 7z HEAk T @ Fe A
300mg/L PL b & MIc B L723A4121%, Fer BRLIAREDS

30
e % \
= —
o 12 —
6  —
0
500 100% .
[ AN SO e 00 o ] g0, &
2 W e To i S
400 T gi—— | — 80% 3
a ny 8 ! 170% &
g 300 i —n— Wastewater ] 60% -."‘;:)
% 200 \Q —o— Effluent ] jg;’f’“é
- . . . . ] 0 =
i I /9\ Oxidation efficiency | | 30% §
100 g 20% X
P O\O/&O\(MHO—OQ’CP—M 0% ¢
0 - 0% @&
0 1 2 3
Time(month)

X4 EEEEKALIERFORESZE(L
Time course changes of Fe?* and oxidation efficiency of
artificial wastewater and effluent

400

—{—Wastewater

—@—Effluent

Fe?* (mg/L)

Time (month)

X5 EHKNIBRFOBRIFE(L
Time course changes of Fe?* of actual wastewater and
effluent

— 132 —



SKEEHEKALIE (C 85 B AL

BEE2 $HELHAEEDEH
Pilot-scale reactor for iron-oxidizing bacteria

—FREICEAL L, WEOZEEOBANHIEZ D L) 28k
KRB DOWREEZEBNII)/NS L, P T LI ENEFEL
WS, BEEB ST 728 A T b SRERLRE )1 XA T lnl
BT AHZLEMHERLTBY, THIlEHTRETH L,

B, AEMIZOWTIEBEE2IORLZEIET 7V Mo
REL, FEFFEBREE T L TWA,

3.1.4 R 77> b TOMEE

5700L ORICAE % FFOERE T T M W THED - 2k
KOEHFEEAKT A M EFER L7z 3, TOERE TR
L SkER LA OAFAE % fERR L 70 PETG I8 351 2 FEiB R &
L CHIZE (Fe** : 28g/L, NH,N:4mgL, PO,P:1mg/L)
AHWTHIZEELZZEZA, F 1A TH 150 fFE~H=L,
MLSS 49 60g/L IZHEFFC& 720 HIZED - &HEKE H,
pH3.8~42, B#4(HE 900L/min, 7Kilk 20~30T, HRT 2h
THGILE A 5 20 AR L 7L 25, JFUK Fe* MRk
1295~99% & EBEE 72 1), AT T D Ni, Zn IRFEILERIE,
Ni : <0.05%, Zn :<0.05% CHAIGELEDE (Ni:0.75%,
Zn:097%) XL T/hEL, S oERGHEIZLID Y
FA I MEDENAT Y V% iRhZ EPTE 0,

DI, FRERAGHIT & F 7 AR W LB AR DB 3812
FERZR D S A, SRERLAR 2 K& 28 L CH
W53 Ty N A=)V Th 1437 Fe* OEERLER L &E N
ERIESNDLZ R EIL TV h,

3.2 MER(LME Z A /- skiibEK0IE

3.2.1 MEILEMERS pH HFKDEYFEVNIE

AL F A iiAL &2 &4 7 v PRI, &l
mEALAEWITRER T2 COD AL, €D F ALK
NPRETE V720, —RINIZIXZEOREIEHRIR T )
L EAN L TIRACALEL L 722, "HIEIT pH AT %o
L L ZOMBEETIIEMIA NP ERER D20, L)
LA BT OB FEATREE e > TE 7o

KMORELEW %, 225 THRILT 5 2 L I3

— 133 —

WETH LD, ERPEIERL TV AT EER LA % F)
H3TIEERILTTRE TdH b0 Bl 2 1L, Acidithiobacillus
thiooxidans 1%, DT ORIGRD X912, RO T TH
I L AW BRILT 22 EHHN TV A,

48,05 +0,+2H,0 —25,0> +40H (1)
+) 25,07 +70,+6H,0 —> 880, + I2H*  (2)
48,0.> +80, + 4H,0 — 8SO,> + 8H* 3)

COME L, EALEW 2 BRI HBREL L A )V F —
FHLC WALk FEZ LT 50812 7> Twb, L7z
o T, HKFIZEERI AL L 2 WIKEECTH I3 2 0
T, AR OBI BT RE L & 2720 & AT ORI,
pH 7% 2 ~3.5 BEOBIEFE CIHETH Y, pHA LIS
B DI AR T § %0 E X CTHIEFZET VA )M
TIHEHEO BRI E B LR ORI AR K Th - 720

Z 2T pH D T ARG B IR A A 9 % firs i e A LA
WOWEHEZE 2, R6IIRT Ny F L)V FERREE I
MLSS = 1500mg/L @ FRFGIRZHEML, T1IRI S
HEKD pH % 12 R ICHRIE L 7214, BAMHE R A% 8h
LB L) IEBHER RN L 720 MEEAE pH I 5~7, 1R
il 5.4L/min, JKiEIZ 20T E L7z, ZO8E, M7I10R
T LI 12 HRIIEF Al A 4+ 3i23e sk
TBY, TRIGEEHR LY pH A TEIEEZ b Ot
HERALAE DI TED L #RER L 720 BIZNYF LA
JVEBRIZCTF HiBE A 4 > 400 ~ 500 mg/L DK %
femK L, HRT % 8, 6, 4, 3, 2h L4 IR L-L 2 A,
HRT 3h F CHLEIK COD 20mg/L DLFIZMLBEICX 52 L %
TEREL 720

NYFURVERRFRLD, FERLOTERESENI &
WHERTE/2DT, 34 ay v 7F 2 VEEEFEL 72

?H Sensor
|I | ]

ORP Controller

]

v

!

Effluent

Reactor

Sedimentation
Tank

Wastewater

Tank Solenoid Valve

Pump
Blower

M6 ~NUFLANIEBRES
Bench-scale experimental reactor

F1 EEHKAER
Compositions of artificial wastewater
Na,8,0,-5H,0 lg* NH,Cl 0.02g
Ca(H,O), HO  0.6g CaCl, 0.05¢g
MgCl, 0.02¢g Distilled water 1L
*$,0, =452mg/L
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Time course changes of S,0,>~ during acclimation in
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LAIHEL 72 25, HRT 2h F TIELEEK COD<15mg/L &

x2

N0y b 7T NREREMH
Test conditions of pilot-scale plant

Wastewater quality (average)

pH 124 S,0. 197mg/L
COD 158mg/L  S* 29mg/L
Seed sludge Sewage sludge
Reactor conditions HRT 3-30h
ORP" +100mV
pH 67
Return sludge ratio Around 25% of

wastewater flow rate

Temperature 3-15°C
Nutrients dosing Ammonium sulfate 5Smg-N/L

Phosphoric acid 1 mg-P/L
Coagulant dosing ~ FeCl, 5mg/L

Polymer 0.5mg/L

* ORP: Oxidation-reduction potential

6| 8
9
Wastewater FeCly
—l l? Polymer
1 |
3 e EAOD;
— ° ot pr—; St
2 10 Tank
K8 /4Oy hTZ>b7O0-2—h
Flow sheet of pilot-scale experimental plant
(1. Wa§tewate_r tank, 2.Pump, 3.Reactor (1mx1mx2mh), Pub  Wastomater Tank Reator ot Tank
4. Sedimentation tank (1.2m¢ x1.6mh), 5. Efflunet tank, 6.
pH sensor/controller, 7.H,SO, dosing, 8. ORP controller, 9. 9 EREETO-
Blower, 10. Sludge return pump) Flow of experimental reactor
=3 HEREM
Test conditions
Condition-1 Condition-2 Condition-3 Condition-4 Condition-5
Wastewater Flow rate 1.4L/min 2.2L/min 2.9L/min 4.3L/min 5.3L/min
C i 24L
pH control tank apac:llt}./
pH condition pH 11
Capacity 520L
Media 60% volume of reactor
Reactor
HRT 6h 4h 3h 2h 1.5h
COD loading rate 0.2kg/m’/day 0.3kg/m’/day 0.4kg/m?/day 0.6kg/m’/day 0.8 kg/m’/day
oOH g MF & # #4055 (2016) — 134 —
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Time course change of COD,,, of actual wastewater and
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MBBR #EDMFIH 72> TlE, B 12 1R T FEERIEED
W52 Halothiobacillus J&\ZJ& 3 % SAB-1 %% & 751
LB L ZIRINL, EHKOMAKRHERE AT o720 FEHE
KIFANT T DExEGteizo, HrihL7zh vy Ah55Ehi
R0 LR OB % HE 3 2 8 &05d - 7275,
AL B IREOTEIAR % B SAE A FE D 20% 424
L CHEfEEK L7228 25, HEROREIEICHEIR
COD 88mg/L (*F34), Ca* 436mg/L (V) #&irdziik
% HRT 2h T COD 20mg/L DL FIZELC X7, 2B, FEHE
KA HWTIEOTEREIC L 2 WP hEg L7282 A, &
4TRT LR T Ly UBIR RO EHEARIC A A
RHMAFHELRT VI EBIEZL 7,

DI, FREERLHR 2 7 R 12D
THMEELEE MBBR EOEAMET 217V, L0 ExhE
TRALBS U RE & 70 B 2 & B AR L T\ b

3.3 RAKEMBRIMIBADEMFRE T IILOER
3.3.1 RKEMBERETIEBENES

I— 7 ZARET AL AN IAET HEKIE, TYEST
ANV ZIZED T YRS TG R 725, BRAE
+5COD RS (77—, FHEE, T4 7 V)
REEEE G RIS X ) L L T b, TNETOR
TRULER RIS % B BRI CEB S N T & 2, Ll

effluent pH Sensor pH Sensor
Nutrients B ORP Sensor
Agitator Q Q Blower
50 i i i i i Wastewater HCI Pump NaOH -
! HRT i HRT | HRT ! HRT | HRT —l Pump | |
40 F ' 6h ' 4h ! 3 1 2h ! 15h i
- : : : : : ]
<30 o : H | .
2 i i H i i :
= ! H H H H —— = "
@ 20r : : : : PO
i | i ' pH Control ] 0 O 0 O i
10 [ ; | Tank [
\ w :
0 s —~op “oH O ,
ponge type media ] ] i
0 10 20 30 (20 v/v%) =
Time(day) Reactor (Cap.30L)
11 SEHKALIERFDOALIEK SS DRREEEAL 12 EREE7O—
Time course change of SS of effluent Flow of experimental reactor
=4 HEAFEEICLS SSHBEE
SS attached on various media
Materials of media Polyurethane ‘ Polyester Polypropylene Polyethylene
Size of media 10mm % 10mm X% 10 mm
Average COD of effluent (mg/L) 9 13 13 11
SS attached on media (kg-SS/m?) 6.3 6.7 6.8 6.3
Inorganic component in attached SS (kg-SS/m?) 1.2 2.3 3.1 1.8
Organic component in attached SS (kg-SS/m?) 5.1 44 3.7 45
— 135 — ;oA 8k & B o %4055 (2016)
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CH,0H + 70, — 6CO, + 3H,0 (5)
S,0,* +20, + H,0 — 280, + 2H* (6)
SCN™+20, +2H,0 —» SO, +NH,* +CO,  (7)

SHZEIE, T /=, FAEER, FA YT VERD
COD #ELR U Z N2 238, 057, 1.1 &%k,

F7-, R5ILFER, UCHEER/ ST A—%, K62
#Ta 20w, FOG#EEGR~ M) 7 A%RT,

333 BKFRAPBENI I 2L -3
GEKIEMTSRET VAV, 72—, FAiEE I



SKEEHEKALIE (C 85 B AL

K5 LFEMR RICERE/STXA—4%
Stoichiometric and kinetic parameters
Items Definition Unit
Spie Phenol concentration mgCOD/L
Ser0s Thiosulphate concentration mgCOD/L
Seen Thiocyanate concentration mgCOD/L
Component concentration Sea Dissolved oxygen concentration mgCOD/L
Xote Phenol degrading biomass concentration mgCOD/L
X0 Thiosulphate degrading biomass concentration mgCOD/L
Xgen Thiocyanate degrading biomass concentration mgCOD/L
Y, Yield of phenol degrading biomass mgCOD/mgCOD
Stoichiometric parameter Y05 Yield of thiosulphate degrading biomass mgCOD/mgCOD
Yoon Yield of thiocyanate degrading biomass mgCOD/mgCOD
Hope Growth rate of phenol degrading biomass 1/day
Horos Growth rate of thiosulphate degrading biomass 1/day
7. Growth rate of thiocyanate degrading biomass 1/day
Reaction rate parameter Ko Saturation constant for S, | mgCOD/L
K05 Saturation constant for S, . mgCOD/L
Koen Saturation constant for S_ . mgCOD/L
K, Saturation constant for S , mgCOD/L
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Stoichiometric matrix and kinetic rate expressions p,
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OUR test apparatus
(1.Data logger, 2. Air pump, 3.Heater, 4. Acid/alkali
feeder, 5.D0 sensor, 6.pH sensor, 7. Activated sludge, 8.
BOD dilution water, 9.Nitrification inhibitor, 10.
Component, 11. Water bath, 12. Stirrer)
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Time course of components biodegradation in coke oven

wastewater and model simulation
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