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Wastewater from electroplating plants contains several metallic ions such as iron, nickel and zinc. In general,
neutralization followed by sedimentation has been used for the treatment of electroplating wastewater. However, this process
results in the production of large amounts of heavy metal sludge. The objective of this research is to achieve selective metal
separation, metal recovery and reduction in sludge volume. We have examined the feasibility of a biological process using
iron-oxidizing bacteria in the treatment of electroplating wastewater from steel works. It was proved that iron-oxidizing
bacteria acclimated from activated sludge have the ability to oxidize ferrous ion (Fe*™) to ferric ion (Fe") in electroplating
wastewater. A bioslurry reactor, which promotes both Fe** oxidation and Fe (OH); generation in the pH range from 3.0 to 4.0,
showed an almost complete Fe** oxidization after 2 hours of hydraulic retention time. The produced Fe (OH); was recovered
by sedimentation in the same pH range with almost no trace of nickel or zinc. Nickel and zinc hydroxides were easily

recovered by sedimentation at pH 9.0.
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M EmEREEBRLE, 2720, 58 L4, BLU8A &
O MIX, ERAYXHEKROBEBERIEL, KiL%
DOEERER R ETFE L,
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RIZ, RUN3,RUN4TlIpH=3.0~3.581H 0L TR
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52, RUNSTIZR IS OHRTA 2R 0 & T, pHE
3H~4 0K WMEC LAY, L EEELTMLE,
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DEHET, 1EMOESERZTV, £EHBOLE
RAEFEMUT, RIS ORS)—BE L, MLSSIBE T
ZEL7-2%, RUN1, RUN2TIZ3| Xk & %473, RUN3
CLBE, 10000~30000mg- "' EICHERFINBIIATY—
PEES &RV,
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Fig.1 Experimental apparatus
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Table 1 Experimental schedule

pH of HRT of Experimental

reactor (-)  reactor (h) period
RUN1 2.5-3.0 4 2/2~4/7
RUN2 3.0-3.5 4 4/8~5/27
RUN3 3.0-3.56 3 5/28~6/28
RUN4 3.0-3.5 2 7/1~9/24
RUN5 3.5-4.0 2 9/25~12/25
RUN6 3.5-4.0 1 12/12, 12/18

3. ERHERLEER

31 BRERAVYXFHAKOMR

B AVKHEADKEETable 2127 %, ERAYFHE
K OpHIL, FHEN3.0, BMEREN0.4, TREMN2.9
BRETHY, MOKEHEB LB TALLBEMNEELT
We, 48], kB LM E OIS OpHAI R B, 2.5
~4.0LL TV, 2R 7 A AL HI E T AL EMR
bol, BEAVFHATOEBRES OEEIX, EH,
gk, = TN Thole, BB, Fe®iX, TN T T
ER141mg I, 11lmg [ Thol s, MIELREBE L
REEOT IR RIBETHLRES, FRETH
BHEFNEN105mg I, 56mg IR E Tholz, Ni¥ I
¥l A 46mg-1"1, FREB36me 1!, X, Zn* X EHE
H3203meg 1!, FRMENR180mg- "1 THo7z,

oM, BEAYEHEAPICERIE, EH5.2me- 1Y,
X, VB EH1L.5meg NEBEESENTWE, E5iZ, BX
AvEHEAKFIZERBELTTOCHEY2.6me- "1 E
EENTVWE, ZOXIRTOCERRE L TWBE Y RY
DI ETHHIPETRATHED, M EEEIND
HBEBRILHEOEET ~DEERHHWRENDY, ER
WCEVBEOERBISLELE 26N,

3.2 HE{#EBEICk SFeBEiL L KEELE &

RS Y—>m%ER (RUNT, RUN2)

RUN1 TG OpHE2.5~3.0 (FE12.7), RUN2T
RIS OpHE3.0~3.5 (FHI2)IHEFFL, Fe¥D
Fe* ~DBAILL/KBLE “#oERMP RIS CRIEIC
AT T 2B L7, Fig. 2IZRUNLIDBRUNZIZANT T
DEEE TOMLSSBEUOT-FeDELLEZRT, X,
Table 3IZ&RUNDEEK BL UMLK OFe IR B, BR{L
Rm#E, Table 4IC5 RUNDHEK B L UL B K DES R
BBELRT, 2B, IR LEICBERAYHAD
Fe®iX, BB EBHNHED, T -E ML,

RUNLIZRWT, BEK H DFe® M Fe®iz85% Bk &N
7=o LHL, pHAS3LL T CiIFH DBEMENB VO T, 4
B ISR SR8 0meg R ERE L, —F,
RUN2TIZ, FeDEE{L R IiF95% LA EHY, X, pHMR3LL
&30, Fe*DORBILLEIT L, ZORK R, LEKX
B DOYRRMESR139.5 mg I'"ETHEA L, X, Fig.2lZ5R
T IO, RUN2O EB BB LI, KISHE AN OMLSSHR
ERUT-Fell EbLbRBL, MLSSIEE O EHI1Z, 2L
TKELE —SHOERIZLDEDTHIEEZ DN, K
SR TER LT KB LS ZHOoBEBETERFig. 3IC
R, AR UTKEELE SR EL, 1~20 y mBE
THY, 50% R B IL6 1 mIBE ThoTs,

ZTDEH, RIS OpHE3.0~3. 515 B LI-& i
BT, Fe*DFe* ~DEE{LEKEEILE S 0EmEl
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Table 2 Composition of electroplating wastewater

pH D-Fe Fe’* Zn** Ni*
() (mg-I'Y) (mg-I") (mg-l') (mg-I'
Ave. 3.0 141 111 203 46
Std. 0.4 101 93 90 26
Median 5 g 105 56 180 38
Max. 4.7 1433 1423 628 179
Min. 2.0 9.3 0.9 49 5.0
Number
of data 82 132 132 39 39
¥, 40000 || —o—MLSS RUN2
i 00— T-Fe (pH=3.2)
‘g 30.000
o
20,000
RUN1

‘é (pH=2.7)
& oom | D/j)a/@/mﬂ

. | ameBo a8 .

t~Feb t~Mar 1-Apr 1~-May 1-dun

Date (2002)
Fig.2 Time course changes of MLSS and T-Fe concentration of

the slurry reactor

Fig.3 Produced Fe (OH); in the slurry reactor

Table3  Fe?* concentration of the electroplating wastewater and
the effluent

RUN Number 1 2 3 4 5
Wastewater 4. 53.0 285 164 79.0 59.0
(mg - I'Y)
Effluent . 60 05 03 05 02
(mg+I'Y)
Fe®* oxidation ratio
(%) 85 95 94 99 99
Number of data 17 23 13 43 28

Table4 Disolved Fe concentration of the electroplating
wastewater and the effluent

RUN Number 1 2 3 4 5
Wastewater (mg-I") 127 112 283 111 105
Effluent (mgory 80 95 L1 12 03

D-Fe reduction rat(noo/o) 22 92 95 985 996

Number of data 17 23 16 43 28
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3.3 HRTE&E. pHES O EE (RUN3, RUN4, RUN5)

RUN3MGHRUNSIZHONT THRTA#2hECEMBET ALY

IZ, pHEEZ E& 38, BE2BE L, Table 31
FHRUNDHEK B L ULE K DFe i B LFeX BE {1 IR N
%, Table 4IZ& RUNDHEK B XL UL /K O V5 17 1t Sk 1
Ex5RT, X, Fig ARBRAvFHABIOLE KD
Fe"BEOEBEADIH 2R (RUN5), ZOREEMH
LU TOZERBPLNI 2T, ,

B KDFe IR IS DHRTA#2hETEMBELTY,
Fe™ DRI AREE EEBEFRIF0.5me NS FICiEFH
SR TWe, X, RUNSD XSRS HE O pHE] #E%3.0
~3.50253.5~4. 02 ERIFTHFe* OB L IR IZE

LU doTz, E7c, RERLB Z S0 ERbIVRESH,

ALK R OE RSB E X0 3me N ETIE F LA, L
7o T, RUNSD & (HRT: 2h;pH:3.5~4.0) T4
AREsEbhns,

—5 T, RBRHME, Fig. TR T I3, BRAYS
BEK DOF™ B EPBHICES LB ST, Fe¥ it
EHEER—FNICEL L, LB OLE-EOE AND
BIOISRBEEBEEBH/PSTBEIEREELL, L
PL, ZIOISRATREBE2Z I LEASTHLEYH B
LREAZEELTWS, X, SACEEE ~DEEAVF
PeARKDERZI0B R LZBICHEAOHEEERLE
BE (BRSO KDOFEE 151ng 1Y), LBAD
Fe™ B EEIX1 A % IZ75me 1", &5IC¥ HIZ1%0.6 mg-1!
FTETULE, 20X, ARNEBORELZITLES
Th, BB MEOEE BN ECHE CEE TS
TLEER TERE, INLOEENDL, BERAYFHEAL
BAOSBILEEAE R LA —E0E BT+ 4512
WEETHIEEZLNS,

3.4 FeBILEEOHEE (RUNG)

RUNBIZH T, HRTZ1hETEML, Fe* D ER L E
EEREFEHICRA L (KIB20°C;HRT=1h;pH=3.5~
4.0;DO=3mg-I"'BA k ; MLSS# EE : 20000~34000 mg-
M, ZOFRE, BRAYFHEAKDOF P EH50 mg 110
BE, LBEAKICFT BB HENR -8, 165mg 1!,
334mg It 32Tmg-I"'OHFE, LB KIZENENFe2H
17.5mg-I"!, 166mg-I", 163mg I""BH L1, ZhLDE
Kb, MLSSH7=0D OB EHE X, E1H7.1(6.3~8.1)
mgFe® g 'MLSS h 'R E L E SN, LR -T, B
é‘a}ﬂeﬁhk@l:ez*ﬁ)#ﬁilOOmg NEEIy—{ih

=356, RIS OMLSSIEEE 2920000 mg- I VR EF - e
énfu\;}m ERGHEOHRTRIREEREDOEETHLE

BEEEZLND,

MR L7ZEDIEMLSSOEEIT, KEELE -8 ThY,
WEMEFEERTLOTERY, LAL, 7—aA—F
—ZEoT, ALBEK (Fe?:570mg-I"Y) 1BV DELE
HEEORBELMZMELLLLA, KIS OMLSSE
ELFe " B{LICH I BERHEBICHENHR LR
Liz(Fig.5), Lizd->T, MLSS2 M A& Wiz L AE L g
SIOBEBEZEELTHEATELITEENDILEILN
B, Fin, AR UFEKBEILE “SRITHEEHEN60m? ¢!
EEFTAMNEOBMBRB LS LAY AR, =0
B, SBLLEEORBICAERLEEZONS, X, &
HOBEPEL -BEMOE AL, KIS OMLSSHE

32~

——Wastewater
—8— Effluent

Ferrous ion (mg- 1™}
3

1-Oct 1-Nov 1-Dec
Date {2002)

Fig.4 Time course changes of Fe**concentration in the slurry reactor
(pH : 3.5~4.0 ; Water temperature;20~28°C ; MLSS :
12000~31000mg = ')

120

g 100 | MLSS mg17)
k=1

——
£ 80 0
R A U B B 2300
5 ?50 i —%—22, 400
a E ol —¥— 41, 800
> —e—52, 400
[e) 20

~0— 5, 000

0 :
0 5 10 15 20 25

Fig.5 Relationship between MLSS concentration and oxygen
consumption in the slurry reactor ~ (pH : 3.5~4.0 ; Water
temperature;  20°C ; MLSS : 0~65000mg - I'")

ErEOI#MBETIERNEELVEEbRA,

3.5 MBBEICIIKBIEE—H048

FUSHE DRKEELE 82T — DK, Bhmg I
T Do T TATY—DILEME o FRBRTRE L, 25
—BURENOIRER LS — S8R T — R 1HERL, LDARI YL

A MUz, 1ERRSBEL, X5V —0REORBEL (e
(ﬁ[J/ZELfLo 2RINVEEMRL, 1RFNIEBREN R LTRET
DI, T4 RESFERERDIg FEIREASY VI
S TImIERMNL 7z, Fig. 612MLSSHE BE1366584mg - " D&
DFETRT, ZORE, KREBLE 82TV —IE, #3045 Tk
BBEL, IS BRI EAMICTETHEEEZLNE, 7
=AVRRY— DI LT, KEELE 8RS —0H]
HAYE MR EE A1) B L7z,

S LUESRR ATV, Feb BBATVERED
7039wt % & A TV, S BFe (OH) ,LLTHETEE
RETHIE, 80wt% Ngk 4> DRSy i d, —F T, Zn
iémziﬁ&;tm 5wt%, Nil%0.05wt% T, =

DFERMND, SR OSBOSEEIIZEARNIC
au'éébéézi%zf‘gz’téo

1000 CBo——

—&— No addition
—C— Polymer addition

» @ o
o o o
o -1 =3

Sludge Volume (m])
Lnd
o
=]

|
|
|
i
|
|

o

0 10 20 30 40 50 60
Time (minutes)
Fig.6  Settleability of produced iron hydroxide in the slurry reactor
(MLSS:66854mg- 1" ;pH:3.2)
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Ll ERoBE#% O EEBEAKRICIIME 270y
BEEIN, PPFEBEZELTWE, Fig. TKRRIGH# D
MLSSIEEEL1RF R TE Rt O LB AHRICE ENST-Feit
EoOBFERYT, MLSSI# EE 2366584mg ' DB &, L&
FHE P DBk 7R BE X 37 ~39mg - [Tt , SSIE EE 1106 ~
108mg*I'!, ThHol-, T=F v ZRI—DEHEMIZE-T
b, TOXORBMELAKBLE —SOREICISENR
LT, X, LBAZBEFOMMRKBILE &1, K
J A8 OMLSS#R B I WM $ 2 [ A botz, 2Dk
Bob, thBEoBEE T, B KT ICHMMEARKERLE
TEARHTAILIIESITIRETONZVWER DN,
ZOZEEFRTUNbDOE&REIR NS EEDOEFEAITIE
B D 20R, tho& B OB NEEXDOE A I,
R KERLE S OMHERIM T AR BLETH
BDBENEZIOND, 2B, ZOLI MM KBRS =
B AR mOKEEEABEB CRETEDIILE
FESRL T3,

3.6 MEBREEICKIESR —vHyILOLE

ZRUNIZBITA2ERAYF KB L O it 1 40 EE K
ICEENANIEIn* DR E #Table b, Table 61277,
ZORREPD, KIGREIZBITH5pHO I A32.55:54.00
FHH T, RIS ICBWTNZEZnZ I R B/ LTV
W2k, X, SREDELRBHBHITLAL BN LNRERX
Nz, TORERIIX, =y, HEDOpHEERIERE D
BREL—E LTS,

EHIZ, WHEEILOFHAKEIEREL, pHEIZHEL,
KER(LER $, KEML=vr VB REET-1%, KEMLEH B
FOKBM b= r V2 E ATV DR E R LT, &R
L7z/KEs b #Egn, KB b =27V ORIESFIE, 1~50 um
DOFEHICHY, 50%RIZIT15 p mBBELHRDORTY U L0
MRV RED STz, ZDATY—FUDAR Y H—IZHEIMLT,
FEL, BRATORRE/LZHELKE (SS=352mg 1), 2
RINEHERL, 7oA RES TERER Ol " BEEATY
PINZH L CImIEIN LT, Z0fEREFig. 81057 T, KBk
HEEAB LUK b= V2 EHETDEATY—IE, 105D
LEFEETIZIEREICBER Sy BES e, X, 7T=34 %KY
< —DEIMZEST, K LA B L UOKER{L =07 /L DA
HCEEERM EL, X, EBAETICHER 7oy 0
FRBBIZEAL Abied oTc, OO R HILME4y B
BIEIZE - T, KB LA B L UKE L=y 7V DRFTY—D
E X FTREEE 2 oD, Fig. QITIL B 408, sz
KERLE 82 AL LERTy VB L UUKELESS, K
Bty Ve EERELIZATY VR RS

Fig.9 Produced sludge of iron hydroxide (Left side) and produced sludge of nickel-zinc hydroxide (Rightside)
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Fig.7  Relationship between MLSS of the slurry reactor and T-Fe
concentration of the effluent

Table 5 Average Ni**concentration of the wastewater and the effluent

RUN Number 1 2~4 5
Wastewater (mg-1™") 50 48 37
Effluent (mg-I") 51 47 36
Number of data 9 21 9

Table 6 Average Zn*concentration of the wastewater and the effluent

RUN Number 1 2~4 3
Wastewater (mg-1") 119 228 202
Effluent (mg-I") 118 217 201
Number of data 9 21 9

’-la-‘ —&— No addition
: —{0— Polymer addition
g
s
>
U
)
=
@
“‘_‘]
0 10 20 30

Time (minutes)

Fig.8  Settleability of produced nickel and zinc hydroxides in the
slurry reactor  (SS:352mg * I ; pH: 9)

4. % ]

BRAVFHEAME o 2ANLDATY IR £ B DY
WEAMEREBIIREZBMEL, SkEMLMELZERALEX
FV—BIRISEBOEAMZREFTOBER AT THED
bRAETOHKEHAOVTHRII LI, ZORER, LToZl
ZHOLNITLE,

WHEB Y

—33



156 B X —Original Paper

DEEBRMSIEL-SGBLEMELRAVT, EE
DEBERAVFHEAICE ENIFBIE N THAEI LS
R L=,

2) R DpHEZ3.0~4.01ZHI L, Fe* DR DEE{L
EAKREBILE Z S OERER — O TITRIATY—RIG
WERMLE, CORBER, AFV—KIGHEIZBWT, Fe?
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