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Abstract

Biological oxidation of ferrous iron is useful for the treatment of acid drainage containing
high concentration of ferrous iron, since a hydroxide of ferric iron easily precipitates at pH 4 by

adding CaCoO;.

The kinetics of ferrous iron oxidation was studied in batch experiments. The effects of
dissolved oxygen and initial ferrous iron concentration on the rate of ferrous iron oxidation by
Thiobacillus ferrooxiadns were expressed by Monod-type equations. The best support medium
for the attachment of iron oxidizing bacteria was macroporous ion exchange resin IRA938.
Then, the possibility of continuous oxidation of ferrous iron was tested with a fluidized bed
reactor. By use of this resin as a support medium, the continuous experiments in the fluidized
bed reactor with a retention time of 20 minutes showed that more than 90 % oxidation of ferrous
iron had been maintained in the duration of two months.

Based on these experimental results, a mathematical model which describes the behaviour of
ferrous iron in the fluidized bed reactor was developed. This model well expressed the effluent

ferrous iron concentration at a steady state.

Key words: Thiobacillus ferrooxidans, acid drainage, ferrous iron, fluidized bed reactor,

biological oxidation
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Fig. 1 Fluidized bed reactor
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Fig. 2 Effect of ferrous iron concentration on the rate
of ferrous iron oxidation by T. ferrooxidans
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Fig. 6 Mixing properties of fluidized bed reactor
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Fig. 11 SEM of IRA938 covered with ferric hydroxide
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effluent ferrous iron concentrations

38—

DIERTSEERETDH H 1, XA THHE Fer i
EXFATES,

4. REREELHERR & NEMEMFEDLEE

AR PNEREORBKRE B CERNERTH D,
CCTCEBLhHRYERR CONBEKER L BT
WAy =7 » 7OBES B —Bixc&Eiow
2, T TRRISHEEASEY D O Fe BRLEE O &
NOETHREFT S, HBSHR & L CRIERESILEEK
IMEEFRAVAE & 3 519, ARBRCTEAFRIMAKEL.5-
h!, WA Fer*i#E0.5g /-1 C1.9] DERLIETI0%LL
LoBLRE B, f5 T, BALEEX]1.1gFe?t [t
h1&is, —7, BREOBILETIEEAREES40m?.
h™!, WA Fe*t IR 313130.4g+ [ TH D, 580me D
I+ oBAR B LR TR Y, BAEER.23
gFe?te[-1eh 1L 7e%, lbEX Y, AEBTILS ZEE
BECBILEENBOND Z ERG05,

5. #& B

AR TEShIMBEELDB LLUTO X 51Tk
%,
(1) SBBLME D Fe M LEE i« BIET W1 Fe* i
E D2 Monod Bl TE & h, TALEBILERE X
3.6X10-°mgeh~'ecell™!, fAFEH1L140mg* "' TH -
726
(2) BV O Fe*B{LEE I XIFT DO »¥E
% Monod B TE & h, MFMELIL0.16mg-["'TH-
726
(3) HMLMEOMNEEMELE LT, AERTOEMA
W T A # v A Hs fE IRA9SSHIRE TH - 7o
(4) FHKDEEXTHIRVIREIK %L BT Fert D
ERRLATIRETH B, i L, HEEEEDOKBRILE
28R X BEAERES T, BLIRNEAL L kA
TWAKD pH #ET X2 LEBH 5,
(5) SERLAE TEAN L0 cellom L FRET
&7, ZOERMBEBREN S ENBREBRECD 555
BIHERICEBEXE L, ABRRISHE»EHTH B
& 75%‘7% D 7‘:0
(6) LA ~D Fe*t DILEL & #HEN TD Fe** DHE
EBLT, HBHKTO Fe*DEB 2 RTETFTAER
», BERCOWTTID S, il FetaRTX%
FE LI, kK, BSERTEONCEERROER
FVTHH Fer BERHE LIk R, ERIEY LED
BLELBL,
EHEE

ABRETOChch, EFRFEERE, BFRATE
E G, BERAFI ), BETE (BE, EET

KETHE T




TREBIRIC & 2 SRERTE & Sk PEK D LER 12 BE S % FF 58 305

B OHEKRIsHNIE B, i, SER{LAEE DA
IS B EFENRBETEELNE X CRMILER
AEHMREEEFNMOERICEE LR Lo TV E E
L, CZRELTHERXYRELET,

(RFZHE BF63E12A30H)

s £ X &

1) FAHAERHEFTEZHRA976) R KOEAS
REKEEE,

2) BEMLAIT6)MRILKAED EEBIbIcO\WT, EFERKE
fieESE, GLBERERGSESEEMev4—, 3A1-1
~19.

3) FEE—ERU976) A2 TV TV —F v, HEREY I =T 4
747,

4) SARERE, FHEFEBKkA970) LA O 8 & T OB,
&M OKRE, KON, 11(7D), 17-21,

5) BREES, FEEBKRQITEETNKFICERT 5% E
BREMEOME, KAERM, 16(9), 1-21.

6) Dugan, P.R. (1987) Prevention of formation of acid drain-

Vol.12 No.5(1989)

age from high-sulfur coal refuse by inhibition of iron-and
sulfur-oxidizing microorganisms, Biotechnology and Bioen-
gineering, 29(1), 41-48,

7) Silverman, D.G. and Lundgren, D.G. (1959) Studies of the
chemoautotrophic iron bacterium Ferrobacillus ferroox-
idans, J. of Bacteriology, 17, 642-647.

8) Levenspiel, O. (1972) Chemical Reaction Engineering,
Chapter 9, Second Edition, Wiley International Edition.
9) Flemming, H. (1987) Microbial growth on ion exchangers,

Water Research, 21, 745-756.

10) Macdnald, D.G. and Clark, R.H. (1970) The oxidation of
aqueous ferrous sulphate by Thiobacillus ferrooxidans, The
Canadian J. of Chemical Engineering,, 48, 669-676.

11) Perry, R.H. and Chilton, C.H. (1974) Chemical Engineers’
Handbook, Section 16, McCGRAW-HILL International Stu-
dent Edition.

12) ARE R (1980) EMRIGTH, 89pp, EXENE.

13) BhgESE 4R (1985) il & RUGEEE, 272pp, ket y 1 =v
T4 747,

14) &EIFEFHEM1988) IHRRILILEKABEREOHE,

-39



295

3

X = B

MBNVRIZ & 2 SRR S RHEK DAIB IZBE ¥ 5 A 5T
#BH MZ* Valentin Nenov** A#f #FEHR* MR JREE* KB ER*

* BEFRFELHFHEATHR %% University of Chemical Technology, Burgus, Bulgaria
COREHEEBZ Voll2 Nos (1989) pp.297~305>

HRECERED 2 Mgy EUHAENET 554, SBME T2 ML, Zo®dhind s hEN
Thh T2, ARFRTRZOE 1 REOBMILET OB, WEKE AV HE oW TE DMK B L
2o

¥, ES5ERT 2 MEERLEE R IFT DO, W 2 MEEE OB\ W THRE L, iz Monod Bt
SNBTEDThote, Fie, SBLAEOMNEFEMEL LTk, AEROEEN TIA + v A RIEIE RE T
H o T, RICTRENR & AT 2 fligk D BIILERZFT - 7o T DOFER, HRT 23205 RE TI0% LI 0B Lk
/B ENTER, IbiL, 2MESOBEADIE L BEATOHRBEYEE L THREBKA TO 2 lighkE o
Zitx e 7 LL, BERCOWTHRE 2 MSBELYRTRAeFE L, ZoRK L W EHERTELRICE
EXxAviug, SERFEEOMMBE®HhE LB,

HBTFHPRBICL I 2 EHREBERLEYIC L 2T KFL
JIE  H* glLoszms R FHEE:

* PR RELEAEPER
COKEGERF Voll2 Nos5 (1989) pp.306~312>

R FHPRTEOSBHM TELNEEMTrHE TV 7erzsrry, 5 F27rr=51 Y, 1,1, 1-}
VrmRr=RY, cs-1,2-Yr7rrzFUYRIO], 1-C 2 re= 2 VI AT ABLRYERL -,
cas-1,2-vr7me=Frvi]l,1-v7anzgz Vil K4, btV s7rue=FLrvi]l,1,1-F)srn
=2 VY ONRERM EE L DT, T, ZOMIBOMTRKONER, WEETIEIRESATA» ) HERE
BRHTHD, EBEBCTRIBBCL Y Bico Tk, ZLT, EHAARERLAMC L 5B RIGERED > b
BLECEBEYROICHET LS, BEBEECEEL TRV EE L bR,

b, $BHATHCHSES10m OFF T 2 T AOBERLEL D, EHSEERERILEYORE
KA, BAEHF ELRLORLCD 5 HFOFERRROBIC X 2HELZITH LEL bR,

Vol.12 No.5(1989) -29



